PROGRAMME d’e-learning
College des Enseignants en Neurochirurgie

Prise en charge Neurochirurgicale de la Douleur

Responsable de I'e-module « Douleur » : Responsables scientifiques du projet :
Philippe RIGOARD Jean-Luc BARAT & Philippe RIGOARD

Partie B :
Partie A : Neurochirurgie Partie D:

Douleur |ésionnelle « Camp de base »
de la douleur

Module 11 :
« Evidence-Based Medicine » en neuromodulation
Dr Jimmy VOIRIN

En partenariat avec:

o L .
Société Francaise

de Neurochirurgie SFCR

Société Francaise de Chirurgie rachidienne S F




Liens d’intéeréts

Financiers:

Medtronic SBOStOIl dOOIOO

cientific

Non Financiers:

[[=Ye i Tatelll — | Abbott S]éloes}:{-)tlllﬁc

VET|M

REBALANCING SPINE

MMEEIEICE GRUGNENTHAL

mieux Vivre avec ma douleur

Douleurs Evaluation - Diagnostic - Traitement (2020) 21, 11—19

E Douleurs

Disponible en ligne sur Elsevier Masson France
ScienceDirect EM|consulte
www.sciencedirect.com www.em-consulte.com

FAITES LE POINT

Stimulation médullaire : une thérapie )
efficace face a certaines douleurs )
chroniques mais ignorée

Spinal cord stimulation: An efficient but ignored therapy for chronic pain

Jimmy Voirin®"-*, Philippe Rigoard¢, Denys Fontaine®
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Neuromodulation

Définition :
INS =

Non Iésionnelle (non destructrice)
Réversible
Modulable (effet thérapeutique / effets secondaires)

Peut étre :
Interne (SCS, DBS, MCS, DRG, PNS...) ou externe (TENS, rTMS, TdCS, eVNS...)
Electrigue / magnétique / pharmacologique / optogéenétique.....



De la lésion a l1a neuromodulation

Repetitive transcranial magnetic stimulation
Conditions treatable with repetitive transcranial
magnetic stimulation
1) Neuropathic pain
2) Fibromyalgia
Deep brain stimulation 3) Chronic headaches
Conditions treatable with deep brain stimulation
1) Refractory complex regional pain syndrome
2) Refractory neuropathic pain

Direct cranial stimulation
Conditions treatable with direct
cranial stimulation

1) Fibromayalgia

2) Neuropathic pain

Motor cortex stimulation
Conditions treatable with motor cortex stimulation
1) Refractory complex regional pain syndrome
2) Refractory neuropathic pain

Spinal cord stimulation

Conditions treatable with spinal cord stimulation
1) Failed back surgery syndrome

2) Complex regional pain syndrome

3) Peripheral neuropathies

Dorsal root ganglion stimulation

Conditions treatable with dorsal

root ganglion stimulation

1) Focal complex regional pain
syndrome (often after surgery)

Peripheral nerve stimulation

Conditions treatable with peripheral nerve stimulation
1) Post-stroke neuropathic pain

2) Mononeuropathies of the trunk or extremity

Transcutaneous electrical nerve stimulation
Conditions treatable with transcutaneous
Electrical nerve stimulation

1) Neuropathic pain

Neuromodulation for chronic pain

Helena Knotkova*, Clement Hamani*, Eellan Sivanesan*, Maria Francisca Elgueta Le Beuffe, Jee Youn Moon, Steven P Cohen, Marc A Huntoon
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Anaesthesia 2020, 75,775-784 doi:10.1111/anae.15036

Original Article

— — — B 10 kHz spinal cord stimulation for the treatment of non-
B I a I S et c rl t I q u es surgical refractory back pain: subanalysis of pooled data

from two prospective studies
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Effectifs faibles : >2 EVA — 2 bras de 42 patients

chacun ou 24 en crossover

Rapidité de I'innovation technologique

Effet de report de la thérapie précédente sur la
nouvelle en crossover (Washout)

Placebo vs sham ;

Placebo = IPG éteint — risque de levée d'aveugle
par augmentation délai recharge

Sham = IPG ON + intensité nulle — comportement
peu modifié vis-a-vis recharge
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Table 7. Reporting Recommendations for RCTs of SCS for Pain

REPORTING RECOMMENDATIONS FOR RANDOMIZED CLINICAL TRIALS OF SPINAL CORD STIMULATION FOR TREATMENT OF PAIN

The following information should be clearly reported

Reporting

e Source of funding and specific role of funder in compensation, study design and analysis

Study design

e Parallel group, cross-over, other

e Posting of a protocol detailing a priori inclusion criteria, outcomes assessed (with clear delineation of primary and secondary endpoints, and if
multiple endpoints are primary, methods for multiplicity adjustment) and statistical methods employed on a website such as www.clinicaltrials.
gov.

Study methodology

e Clinical eligibility criteria

e Duration of washout in cross-over trials

e Extent and methodology of blinding

® Methods of randomization and its concealment

e Role of screening phase in enrollment of participants

e |nitial settings and adjustment parameters for SCS units

e Allowance of concurrent treatments

e Methods to ensure balanced expectation of benefit of both researchers and patients (equipoise) between groups, and also balance of non-
intervention treatment between groups (eg, programming time, psychological support, physical activity, rescue meds, etc.)

Outcomes
e Primary and secondary outcomes
. . The Journal of Pain, Vol 22, No 2 (February), 2021: pp 127-142

e Assessment of adverse events, including what and how these were assessed l |S A S P Available online at wwwpain.org and wwwsciencedirect.com
Statistical analysis Py

. . . US ASSOCIATION FOR THE STUDY OF PAIN <
e Number of participants and reasons for withdrawing FLSEVIER
e Similarity of groups at baseline and methods for accommodating differences
e Type of analysis (superiority, noninferiority, etc.) Systematic Review of Research Methods and Reporting =
e Sample size calculations, power analyses, and assumed effect size Q”a"tly of Raf"d°m'zed Clinical Trials of Spinal Cord

. . . Stimulation for Pain
¢ Methods for dealing with missing data
|nterpretation Ewan McNicol,* McKenzie Ferguson, ' Kathleen Bungay,’ Emily L. Rowe,® Sam Eldabe, -+ *
. . g . . g . Jennifer S. Gewandter, ' Salim M. Hayek,* Nathaniel Katz,**** Brian H. Kopell, 19

L4 C ||n|ca| Slgnlflca nce Of any StatIStlca”y Slgnlflca nt dlfference John Markman, *** Al Rezailm Rod S. T;:]y|or,iii'§§§ Dennis C. Turkﬁ”W Robert H. Dworkin,

tt Richard B. North,**** and Simon Thomson 't



. biomedicines

Review

Concept of the Number Needed to Treat for the Analysis of Pain
Relief Outcomes in Patients Treated with Spinal

Cord Stimulation

Ashley Bailey-Classen 1, Amar Parikh 2, Nima Adimi 3, Deborah Edgar %, Alice Yan %, Anand Rotte °
and David Caraway 5*

NNT for ITT NNT for PP
. . Treatment Control Follow-up - Treatment Group vs.  Treatment Group vs.
SHidyfATHEAD Destsn Group Group Time RalmAreca ITT Control Group PP Control Group
(95% CI) (95% CI)
RCT % .
North 2005 [32] (open-label) t-SCS Reoperation 29Yr Comb. pain 5.00 (2.53, 250.00) 2.79 (1.63,9.77)
PROCESS: Kumar RCT z
2007 [30] (open-label) t-SCS CMM 3 Mo Leg pain 2.20 (1.64, 3.35) 2.13 (1.59, 3.25)
PROCESS: Kumar RCT .
2007 [30] (open-label) t-SCS CMM 6 Mo Leg pain 2.64 (1.87, 4.51) 2.57 (1.81, 4.41)
PROCESS: Kumar RCT .
2007 [30] (opentiahid t-SCS CMM 12 Mo Leg pain 4.08 (2.58,9.78) 3.74 (2.36,9.09)
PROCESS: Kumar RCT ¢
2008 [33] (Gpelaba) t-SCS CMM 24 Mo Leg pain 3.27 (2.27, 5.80) 2.90 (2.03, 5.05)
Controlled
Turner 2010 [42] cohort t-SCS PCM 6 Mo Leg pain 759 (_3722'39’ 3.99) 8.08 (—384.11, 4.00) t+
(open-label)
Controlled
Turner 2010 [42] cohort t-SCS PCM 12 Mo Leg pain 16.58 (—15.19,5.36) t+  15.24 (—14.19,4.96)
(open-label)
Controlled
Turner 2010 [42] cohort t-SCS PCM 24 Mo Leg pain 110.50 (—7.57, 6.66) t 63.57 (—6.82,5.62) t
(open-label)
SENZA-RCT: RCT .
Kapural 2015 [34] (opervlabel) 10 kHz SCS t-SCS 3 Mo Back pain 2.62 (1.96, 3.95) 2.47 (1.86, 3.67)
SENZA-RCT: RCT .
Kapural 2015 [34] (open-label) 10 kHz SCS t-SCS 3 Mo Leg pain 3.58 (2.44, 6.77) 3.55 (241, 6.78)
SENZA-RCT: RCT g
Kapural 2015 [34] (open-label) 10 kHz SCS t-SCS 6 Mo Back pain 4.08 (2.63,9.02) 4.08 (2.59, 9.57)
SENZA-RCT: RCT .
Kapural 2015 [34]  (open-labely 10 KHZSCS t-SCS 6 Mo Leg pain 3.78 (2.52, 7.60) 3.77 (2.49, 7.77)
SENZA-RCT: RCT i
Kapural 2015 [34] (open-label) 10 kHz SCS t-SCS 12 Mo Back pain 3.70 (2.48,7.31) 3.66 (2.43,7.42)
SENZA-RCT: RCT A
Kapural 2015 [34] (open-label) 10 kHz SCS t-SCS 12 Mo Leg pain 3.70 (2.48,7.31) 3.66 (2.43,7.42)
SENZA-RCT: RCT .
Kapural 2016 [35] (open-label) 10 kHz SCS t-SCS 24 Mo Back pain 3.54 (2.40, 6.71) 3.68 (2.39, 8.03)
SENZA-RCT: RCT :
Kapural 2016 [35] (open-label) 10 kHz SCS t-SCS 24 Mo Leg pain 3.95 (2.58, 8.45) 4.23 (2.59, 11.54)
SUNBURST: Deer RCOT ; g
2018 [40] (open-label) Burst stim. t-SCS 3 Mo Comb. pain 14.29 (—16.06, 4.94) t 13.71 (—15.81, 4.78)
. Externally
SUREF: Bolash 2019 RET powered 10 10-1500 6 Mo Back pain 7.78 (—16.83,3.16) +  10.25 (—17.65, 3.97)
[36] (open-label) Hz SCS
kHz SCS
PROMISE: Rigoard RCT t-SCS + 5
2019 [37] (eperlaben g OMM 6 Mo Back pain 11.10 (6.04, 68.13) 8.70 (4.98, 34.47)
PROMISE: Rigoard RCT t-SCS + 2
2019 [37] (open-label) OMM OMM 6 Mo Leg pain 4.62 (3.16, 8.59) 3.67 (2.60, 6.24)
: <1.2kHz
WHIZSOIEIEﬁ"“h (Oplzgfﬁiel) subperc. t-SCS 3 Mo Comb. pain  10.00 (—17.99,3.91) + -
SCS
EVOKE: Mekhail RCT (double-  Closed-loop :
2019 [38] blind) sCs t-SCS 3 Mo Comb. pain 5.15 (2.85, 26.66) 6.16 (3.23, 67.14)
EVOKE: Mekhail RCT (double-  Closed-loop g
2019 [38] blind) SCS t-SCS 3 Mo Back pain 4.79 (2.72,19.81) 5.47 (2.97, 34.51)
EVOKE: Mekhail RCT (double-  Closed-loop - - _ _
2019 [38] blind) oS t-SCS 3 Mo Leg pain 957 (—19.78,3.85)+  19.71 (—11.50,5.31) +
EVOKE: Mekhail RCT (double-  Closed-loop .
2019 [38] blind) SCS t-SCS 12 Mo Comb. pain 5.15 (2.83,29.17) 7.10 (—148.78, 3.47)
EVOKE: Mekhail RCT (double-  Closed-loop - . _
2010 [38) blind) s t-SCS 12 Mo Back pain 5.15 (2.81, 31.50) 6.84 (—79.46,3.28) +
EVOKE: Mekhail RCT (double-  Closed-loop .
2019 [38] blind) SCS t-SCS 12 Mo Leg pain 5.15 (2.83,29.17) 7.10 (—148.78, 3.47) +
Fishman 2021 [39] RCT DTM SCS +-SCS 12 Mo Back pain  6.24 (—98.36,3.02) + 425 (2.36, 21.37)

(open-label)
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Random sequence generation (selection hias)
Allocation concealment (selection bias)
Adequate blinding of participants?

Adequate blinding of assessors?

Incomplete outcome data (attrition bias)
Selective reporting (reporting hias)

Free from carry-over effects?

DBS targets:
ACC (dACC, sgACQ) 5

PFC (OFC) 2

Postero-inferior hypothalamus 1
Insula/amygdala 1
Floor of 3rd ventricle 1
Sensory thalamus 1

Non-invasive cortical
stimulation:

PMC 128

PFC (DLPFC, MPFC, OFC) 44
PSC/SSC 10

ACC (dACC) 2

Occipital cortex 2

PVG/PAG 1
VS/ALIC 1

. Opercular-insular cortex 1
- Posterior parietal cortex 1

Other
modalities:
VNS 9

TENS 7

TSS 4

Invasive PNS 2

SCS/DRS 217

Study Size
other bias | Stereotactic Clnical study
- and Functional

% 26% 50%
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Neuromodulation for Pain: A Comprehensive
Survey and Systematic Review of Clinical Trials and
Connectomic Analysis of Brain Targets
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TENS vs Boldt Limited data, Not calculat- 40 (1study) @ooo Limited data, pooled analysis not performed
sham 2014 not calculable ed Very
\ Brosseau Limited data, Not calculat- 78 (3stud- @oee Limited data, pooled analysis not peﬁo+n4
2003 not calculable ed ies) Very
low
Gibson (0to 10 VAS) Not calculat- 728 (15 @ooo  Significant methodological limitations across
2017 -1.58 (95% ClI ed studies) Very the five pooled trials as well as small sample
-2.08t0 -1.09) low size of trials and issues with participant blind-
Pooled ing in trials
analysis:
207 (5 stud-
ies)
Hurlow Limited data, Not calculat- 88 (3 stud- @®ooo Limited data, pooled analysis not performed
2012 not calculable ed ies) Very
low
Johnson No data Not calcula- 0 (no stud- n/a No studies identified
2015 ble ies)
Johnson Not calculable Not calculat- 315(8stud- @ooe  Pooled analysis not performed
M 2017 ed ies) Very
8 reviews / 51 RCT / 2985 pts o
Khadilkar ~ Not calculable Not calculat- 485 (4stud- @ooo  Pooled analysis not performed
2008 ed ies) Very
low
H 1
Gibson W, Wand BM, M‘eads C, Catlgy MJ’,O Connell NE. . . . . Kroeling Not calculable Not calculat- 472 (6stud- @ooo  Pooled analysis not performed
Transcutaneous electrical nerve stimulation (TENS) for chronic pain - an overview of Cochrane Reviews. 2013 ed ies) Very
Cochrane Database of Systematic Reviews 2019, Issue 4. Art. No.: CD011890. low
DOI: 10.1002/14651858.CD011890.pub3.
Rutjes Not calculable Not calculat- 465 (12 @000  Pooled analysis was performed but the analy-
2009 ed studies) Very sis combined sham and no treatment studies
low and compared these against active TENS. For

this overview, the result is therefore severe-
ly compromised. The estimate of the effect is
deemed 'not calculable'

We are unable to confidently state whether TENS is effective in relieving pain in people with chronic pain. This is due to the very low quality
of the evidence, and the overall small numbers of participants included in studies in the reviews. Issues with quality, study size and lack of
data meant we were unable to draw any conclusion on TENS-associated harms or side-effects or the effect of TENS on disability, health-
related quality of life, use of pain-relieving medicines or people's impression of how much TENS changed their condition.



rTMS

42 RCT
Target .

M1:31/DLPFC :7/S2:2/AntCing: 1/

ST:1
Frequency (5Hz) : 12 low / 30 high

Sham : angled coill, electric scalp
stimulation, coils (2 types, 2-sided
blinded....

Méta-analysis : 27 RCT -627 pfts
QOL

cagVenture .‘\'
True double-blinded
TMS research s
\ F "o | Induced electric
i = current ¢
EeEe—=
L - S - Normal
e hyperpolarization
€ Coils with active & placebo side ; u > ;
250+ MagVenture A/P soluti ¥ b '
(M it glook?o@n ure solutions q - 1 v
@€ 16 studies published . ——
Induction of LTD in
Nociceptive Ad fibres
Y
&~ & —
o Pain relief
Transcranial magnetic
stimulator
rTMS compared with sham for chronic pain
Patient or population: adults with chronic pain
Settings: laboratory/ clinic
Intervention: active rTMS
Comparison: sham rTMS
Outcomes Effect size Relative and absolute effect No of participants Quality of the evidence
(average % improvement (reduc- (studies) (GRADE)
tion) in pain (95% Cls) in rela-
tionto post-treatment score from
sham group)*
*Where 95%Cls do not cross the
line of no effect.
Pain intensity (0 to < 1 week SMD -0.22 (-0.29 to -0.16) This equates to a 7% (95% Cl 5% 655 (27) SOO0 low!
postintervention) to 9%) reduction in pain intensity,
measured using visual analogue or a 0.40 (95% CI 0.53 to 0.32)
scales or numerical rating scales point reduction on a 0 to 10 pain
intensity scale
Disability (0 to < 1 week postin- SMD-0.29,95%Cl -0.87 t0o 0.29 - 119 (5) SO00
tervention) very low?
measured using self-reported dis-
ability/pain interference scales
Quality of life (0 to < 1 week MD-10.80,95%Cl -15.04 to -6.55 - 105 (4) 800 low?

postintervention)
measured using Fibromyalgia Im-
pact Questionnaire

O’Connell NE, Marston L, Spencer S, DeSouza LH, Wand BM.

Non-invasive brain stimulation techniques for chronic pain.

Cochrane Database of Systematic Reviews 2018, Issue 3. Art. No.: CD008208.
DOI: 10.1002/14651858.CD008208.pub4.



tDCs

Current

» Time

tACs
tRNS
—

TdCS

Current

Current

38 RCT

Type : 26 parallel / 10 crossover
Target : M1 : 34 / DLPFC : 4

. 2mA (18), TmA (6), unspecified (14)

tDCS compared with sham for chronic pain

Patient or population: adults with chronic pain
Settings: laboratory/ clinic

Intervention: active tDCS

Comparison: sham tDCS

Outcomes Effect size Relative effect No of participants
(average % improvement (reduc- (studies)

tion) in pain (95% Cls) in rela-

tionto post-treatment score from

sham group)*

*Where 95%Cls do not cross the

line of no effect.

Quality of the evidence
(GRADE)

Pain intensity (0 to < 1 week SMD-0.43 (-0.63 to -0.22) This equates to a 17%(95%Cl 9% 747 (27) SO0 very low!

postintervention)
measured using visual analogue
scales or numerical rating scales

to 25%) reduction in pain intensity
or a 0.82 (95% Cl 0.42 to 1.2)
point reduction on a 0 to 10 pain
intensity scale

Disability (0 to < 1 week postin- SMD -0.01, (95%Cl -0.28 to 0.26) - 212 (4) SDOO low?
tervention)

measured using self-reported dis-

ability/pain interference scales

Quality of life (0 to < 1 week SMD 0.66,95%Cl 0.21 to 1.11 - 82 (4) SDO0 low?

postintervention)
measured using different scales
across studies

O’Connell NE, Marston L, Spencer S, DeSouza LH, Wand BM.

Non-invasive brain stimulation techniques for chronic pain.

Cochrane Database of Systematic Reviews 2018, Issue 3. Art. No.: CD008208.

DOI: 10.1002/14651858.CD008208.pub4.



Autres techniques
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CES (Cranial Electrotherapy Stimulation) : 5 studies non significant for pain but
one for QOL.

RINCE (Reduced Impedance Non-Invasive Cortical Electro-stimulation) : 1 small
RCT in filbromyalgia, non significant

tRNS (transcraniual random noise stimulation): No RCT
Non invasive VNS:

Case series in tfrigeminal neuralgia, fiboromyalgie, chronic pelvic pain,
headache

Left Ear Auricular : 1 RCT vs Sham (46pfts) (significant only for headache days

Transcutaneous Magnetic : none

Straube A, Ellrich J, Eren O, Blum B, Ruscheweyh R. Treatment of
chronic migraine with transcutaneous stimulation of the auricular

branch of the vagal nerve (auricular t-VNS): a randomized,
monocentric clinical trial. ] Headache Pain. 2015;16(1):543.
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Deep Brain Stimulation for Chronic Pain: Results of Two
Multicenter Trials and a Structured Review

Robert J. Coffey, MD

Medtronic Drug Delivery, Bronxville, New York

Galafassi 11 studies; one RCT and Intervention: deep brain stimulation;  Only three studies reported negative results including  Very low-quality evidence for effectiveness;

etal (2020)* ten case series or control: one study used sham the only sham-controlled study; effectiveness most studies were uncontrolled; the only sham-
retrospective reviews stimulation, most had no comparator; ~ generally varied between 50% and 60%; follow-up controlled study was negative for the primary
(n=304) with peripheral primary outcome: pain improvement  periods ranged from 12 to 78 months (two did not endpoint but reported improvement for affective
neuropathic pain, central  (inferred) note follow-up); only neuropathic pain consensus was  component of pain; AMSTAR-2 rating: low
pain, phantom pain, CRPS, for SCI (poor results)

facial pain, FBSS, brachial
plexopathy, etc



Measure Baseline
Mean
PDI
Score 54.56
>50% improvement N/A
MADRS
Score 11.22
>50% improvement N/A
BDI
Score 10.89
>50% improvement N/A

Short-Form McGill Pain Questionnaire
S-PRI
Score 11.89
>50% improvement N/A
A-PRI
Score 4.56
>50% improvement N/A
T-PRI
Score 16.44
>50% improvement N/A
VAS
Score 69.89
>50% improvement N/A
PPI
Score 3.78
>50% improvement N/A

DBS ON

DBS OFF

Difference, DBS OFF vs DBS ON

Mean or %"

47.79

11%

9.02
44%

8.86

45%

12.77

10%

3.48
39%

16.25
14%

76.25
11%

3.65
10%

Mean or %"

47.95

12%

10.87
19%

10.54

27%

12.39

6%

4.34
18%

16.73
10%

79.43
12%

3.78
3%

Estimate”

0.16
1.05

1.85
0.30

1.68

0.44

—0.38

0.55

0.86
0.35

0.48
0.65

3.18
1.05

0.13
0.27

95% Confi-
dence Interval

-2.97
0.96

—1.15
0.11

—0.71

0.26

—2.05

0.04

—0.20
0.17

—1.87
0.12

—0.61
0.96

—0.18
0.11

3.29
1.15

4.86
0.83

4.08

0.77

1.29

6.73

1.91
0.73

2.82
3.52

6.98
1.15

0.45
0.63

?

0.920

0.270

0.230
0.020°

0.170

0.004°

0.660

0.640

0.111
0.005¢

0.690
0.620

0.100
0.270

0.400
0.002°

Randomized Clinical Trial of Deep Brain
Stimulation for Poststroke Pain

Scott F. Lempka, PhD,"? Donald A. Malone, Jr, MD,® Bo Hu, PhD,*
Kenneth B. Baker, PhD,> Alexandria Wyant, BA,
John G. Ozinga, IV, MSPAS, PA-C," Ela B. Plow, PhD,"*’ Mayur Pandya, DO,’
Cynthia S. Kubu, PhD,'? Paul J. Ford, PhD,® and Andre G. Machado, MD, PhD'

Screening
Diagnosis of poststroke pain
syndrome (2 6 months)

Deep brain stimulati
Stimulator
programming

Informed consent; medical history;
evaluation; MRI

ion (DBS)
tion and

T
Randomization and double blinding

DBS OFF | 5 months Neurological examination (sensory and motor)
{0 Pain assessment
====]  Neuropsychological cognitive assessment
Battery of outcome measures
Crossover Functional neuroimaging (MRI and MEG)

DBS OFF
S0t -
i i
DBS ON
18 months of unblinded Stimulation Feeeeeeeececeeceeeneeaaand
(n=9)




DBS

Deep Brain Stimulation for Pain in the Modern Era:
A Systematic Review

Leonardo A. Frizon, MD** BACKGROUND: Deep brain stimulation (DBS) has been considered for patients with



MCS




MCS

COPYRIGHT © 2015 THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES INC.

Motor Cortex Stimulation for Neuropathic
Pain: A Randomized Cross-over Trial

Julia A.E. Radic, Ian Beauprie, Paula Chiasson, Zelma H.T. Kiss,
Robert M. Brownstone

MPQ Total Score
N W A 1 o N ®
o o o o o o o

=
15

=)

Baseline Low High

Level of Stimulation
—— Subject 1 Subject 3 Subject 5
—— Subject2 = Subject 4 Subject 6



MCS

0
VAS_pre (36) VAS_post (26) VAS_IFU (26)

Clinical Significance of Invasive Motor Cortex
Stimulation for Trigeminal Facial Neuropathic
Pain Syndromes

Dirk Rasche, MD BACKGROUND: Invasive neuromodulation of the cortical surface for various chronic
Volker M. Tronnier, MD, PhD pain syndromes has been performed for >20 years. The significance of motor cortex
stimulation (MCS) in chronic trigeminal neuropathic pain (TNP) syndromes remains



80

60

40 1

20

VAS

40

20

PreM1 Mé6 M9-12

MP Q-PRI
P=0.1827

400 -

300 A

200

100

PreM1 Mé6 M9-12

PreM1 Mé6 M9-12

BPI
7 P=0.1470
60
11}
L S—— ;
20 -
PreM1 M6 o2
MP Q-RATIO
0.8 - P=0.1262
0.6 -
0.4 - % ________________ % ___________________ %
o
0.2 -
PreM1 M6 o
MQS
60 P=0.1208
40
g T .
20 S ‘%
0
e M6 M9-12
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Motor cortex stimulation for the treatment
of refractory peripheral neuropathic pain

Jean-Pascal Lefaucheur,” Xavier Drouot,’ Patrick Cunin,2 Rémy Bruckert,> Héléne Lepetit,?

Alain Créange,® Pierre Wolkenstein,* Patrick Maison,” Yves Keravel® and Jean-Paul Nguyen®

Patient inclusion

:

‘Three-month preoperative evaluation
Tnformed consent (n = 16)

Implant of cortical stimulation lead and stimulator (n = 16)

Postoperative evaluation 1 month after implant: M1 (n = 15)

Randomization (n = 13)

itched

Neurostimulator
remained "off"

!

Follow-up
evaluation: M
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Motor cortex stimulation for chronic

neuropathic pain: results of a double-blind
randomized study

(®Clement Hamani, > Erich T. Fonoff," Daniella C. Parravano,® Valquiria A. Silva,>
Ricardo Galhardoni,® Bernardo A. Monaco,’ Jessie Navarro,” Lin T. Yeng,?
Manoel J. Teixeira’> and Daniel Ciampi de Andrade??

Double-Blind Phase Single-Blind Phase Open Label Phase

3mo 1imo 3mo 3mo 6mo

scores and Washout —

testin
E o —



SCIENTIFIC
REPORTS

natureresearch

M) Check for updates

Motor cortex stimulation in
o oot BHC Newology (20191648 chronic neuropathic orofacial pain
https#/doi.org/10.1186/512883—019—1273—y BMC Neurology synd romes: a systematic review
and meta-analysis

Dylan Henssen®%3%, Erkan Kurt?3, Anne-Marie Van Cappellen van Walsum?, Tamas Kozicz(®?*,
R E s EA R c H A RT I C L E OPen ACCESS Robert van Dongen* & Ronald Bartels(®?

M t t t' I t' . t t. @ Studies Estimate (95% C.I.) :
otor cortex stimulation: a systematic :
4 . . updates Kolodziej, Hellwig et al. 2016 85.600 (79.851, 91.349) . S
literature-based analysis of effectiveness tomnljess dryeni e o '
. . Ebel, Rust et al. 1996 77.500 (48.905, 106.095) .
and case series experience Brown, Ptsatal 2005 | €.200 (44.746, #1850 :
Buchanan, Darrow et al. 2014 54.200 (32.375, 76.025) 4
« Lefaucheur, Drouot et al. 2009 42.600 (16.820, 68.380)
Jia-Jie Mo, Wen-Han Hu, Chao Zhang, Xiu Wang, Chang Liu, Bao-Tian Zhao, Jun-Jian Zhou and Kai Zhang ® Pirotte, Voordecker et al. 2008 67.100 (46.135, 88.065) '
Rasche, Ruppolt et al. 2006 36.100 (17.630, 54.570) :
Sachs, Babu et al. 2014 24.600 (9.078, 40.122) -
[ Pre-VAS 3 Post-VAS I Improvement Hosomi, Saitoh et al. 2008 47.500 (7.180, 87.820) n
Perdok, van Dongen et al. 2009 63.200 (51.495, 74.905) ——
*kk *xk * 'L‘ Raslan, Nasseri et al. 2011 100.000 (100.000, 100.000) E =]
107 dexen "ﬂ; — — *% — Nguyen, Velasco et al. 2008 66.300 (22.201, 110.399) .
o fudald [ Carrol, Joint et al. 2000 55.000 (55.000, 55.000) a
Rainov, Fels et al. 1997 66.000 (48.399, 83.601) —_—
81 Sokal, Harat et al. 2015 25.000 (-24.061, 74.061)
65.1% Velasco, Arguelles et al. 2008 70.000 (50.459, 89.541) —%—
6 Slotty, Eisner et al. 2015 6.250 (-5.946, 18.446) — |
Anderson, Kiyofuiji et al. 2009 30.000 (30.000, 30.000) . .
47.3% 46.5% Esfahani, Pisansky et al. 2011 61.300 (37.537, 85.063) L
4 35.2% A0.6% Henssen, Kurt et al. 2018 58.900 (55.076, 62.724) —
20.8% 34.1% Tanei, Kajita et al. 2011 53.000 (43.008, 62.992) ——
1
24 Overall (1*2=10000 % , P< 0.001) 55.808 (37.831, 73.784) —re——
|
¥ L T . T T 1
oH -3.5% -20 0 20 40 60 80 100
Stroke Stroke Stroke (Non- Trigeminal Plexus Phantom Spinal Post-radicular
(Total) (Thalamus) thalamus) Neuropathic Pain  Avulsion pain Cord Injuries  Plexopathy
24




Autres cibles

ONS
SPG
PNS

. Saper JR, Dodick DW, Silberstein SD, et al, ON-
STIM Investigators. Occipital nerve stimulation for
the treatment of intractable chronic migraine: ON-
STIM feasibility study. Cephalalgia 2011;31:
271-85.

. Lipton RB, Goadsby PJ, Cady RK, et al. PRISM study:
occipital nerve stimulation for treatment-refractory
migraine. Cephalalgia 2009;29(Suppl 1):30.

. Silberstein SD, Dodick DW, Saper J, et al. Safety and
efficacy of peripheral nerve stimulation of the occip-
ital nerves for the management of chronic migraine:
results from a randomized, multicenter, double-
blinded, controlled study. Cephalalgia 2012;32:
1165-79.

THE LANCET
Neurology

ARTICLES | VOLUME 18, ISSUE 12, P1081-1090, DECEMBER 01,2019

Safety and efficacy of sphenopalatine ganglion stimulation for chronic cluster

headache: a double-blind, randomised controlled trial

Prof Peter J Goadsby, MD 2 Soma Sahai-Srivastava, MD « Eric J Kezirian, MD « Anne H Calhoun, MD « David C Matthews, MD

Peter J McAllister, MD » etal. Show all authors

Between July 9, 2014, and Feb 14,2017, 93 patients were enrolled and randomly assigned, 45
to the sphenopalatine ganglion stimulation group and 48 to the control group. 36 patientsin
the sphenopalatine ganglion stimulation group and 40 in the control group had at least one
attack during the experimental phase and were included in efficacy analyses. The proportion
of attacks for which pain relief was experienced at 15 min was 62:46% (95% Cl 49-15-74-12) in
the sphenopalatine ganglion stimulation group versus 38-87% (28-60-50-25) in the control
group (odds ratio 2:62 [95% CI 1-28-5-34]; p=0-008). Nine serious adverse events were
reported by the end of the open-label phase. Three of these serious adverse events were
related to the implantation procedure (aspiration during intubation, nausea and vomiting,
and venous injury or compromise). A fourth serious adverse event was an infection that was
attributed to both the stimulation device and the implantation procedure. The other five
serious adverse events were unrelated. There were no unanticipated serious adverse events.
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De la lésion a l1a neuromodulation

Repetitive transcranial magnetic stimulation
Conditions treatable with repetitive transcranial
magnetic stimulation
1) Neuropathic pain
2) Fibromyalgia
Deep brain stimulation 3) Chronic headaches
Conditions treatable with deep brain stimulation
1) Refractory complex regional pain syndrome
2) Refractory neuropathic pain

Direct cranial stimulation
Conditions treatable with direct
cranial stimulation

1) Fibromayalgia

2) Neuropathic pain

Motor cortex stimulation
Conditions treatable with motor cortex stimulation
1) Refractory complex regional pain syndrome
2) Refractory neuropathic pain

Spinal cord stimulation

Conditions treatable with spinal cord stimulation
1) Failed back surgery syndrome

2) Complex regional pain syndrome

3) Peripheral neuropathies

Dorsal root ganglion stimulation

Conditions treatable with dorsal

root ganglion stimulation

1) Focal complex regional pain
syndrome (often after surgery)

Peripheral nerve stimulation

Conditions treatable with peripheral nerve stimulation
1) Post-stroke neuropathic pain

2) Mononeuropathies of the trunk or extremity

Transcutaneous electrical nerve stimulation
Conditions treatable with transcutaneous
Electrical nerve stimulation

1) Neuropathic pain

Neuromodulation for chronic pain

Helena Knotkova*, Clement Hamani*, Eellan Sivanesan*, Maria Francisca Elgueta Le Beuffe, Jee Youn Moon, Steven P Cohen, Marc A Huntoon

N q

panding area of pain medicine that incorporates an array of non-invasive, minimally Lancet2021;397:2111-24
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Annals of Oncology 16: 825-833, 2005
doi:10.1093/annonc/mdil56
Published online 7 April 2005

Original article

An implantable drug delivery system (IDDS) for refractory
cancer pain provides sustained pain control, less drug-related
toxicity, and possibly better survival compared

with comprehensive medical management (CMM)

T. J. Smith'*, P. J. Coyne!, P. S. Staats’, T. Deer’, L. J. Stearns*, R. L. Rauck’, R. L. Boortz-Marx®,
E. Buchser’, E. Catala®, D. A. Bryce’, M. Cousins'’ & G. E. Pool® for the Implantable Drug Delivery
Systems Study Group

10 an
9 p=0.002 p=0.23 30 p =0.0003 p=0.01
. 8 o 8
o o
g . 3 7
g S z 6
o 5 L 5
» 3
2 3 = 4
s 3 =z 3
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1 E 1
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0 2 o
c"':' =’;':,"° 'DDS(,:T?:,"M c"('i‘;':)"e 'DD?,:T’;;"““’ CMMAlone | IDDSImplanted | CMMAlone | IDDS Implanted
(n=92) (n=56) (n=72) (n=35)
4 Weeks 12 Weeks 4 Weeks 12 Weeks

Figure 2. Reduction in VAS pain scores from baseline at 4 and 12 weeks
(as treated). The difference between ‘non-IDDS’ and ‘IDDS’ is significant
(P=0.002) at 4 weeks, but the difference narrows at 12 weeks, as CMM
patients cross over to IDDS and obtain relief of pain, and the number of

natiante diminichac (DN N2\

Figure 3. Reduction in toxicity from baseline to 4 weeks (as treated). The
difference between ‘non-implanted’ and ‘implanted’ is significant
(P=0.0003) at 4 weeks and at 12 weeks (P=0.01).

| 202 Randomized

1 Protocol deviation
1 Withdrew consent

[
99 CMM

|

16 Died

6 Withdrew Consent
1 Lost to Follow-up
5 Implanted

71 Not Implanted

|

76 4-week Follow-up

l

14 Died

5 Withdrew Consent
1 Lost to Follow-up
19 Implanted

37 Not Implanted

[

| 56 12-week Follow-up

I

24 Died

1 Withdrew Consent
0 Lost to Follow-up
9 Implanted

22 Not Implanted

[

| 31 6-month Follow-up

101 IDDS

I

7 Died

8 Withdrew Consent
0 Lost to Follow-up
24 Not Implanted

62 Implanted

I

| 86 4-week Follow-up

24 Died

4 Withdrew Consent
1 Lost to Follow-up
12 Not Implanted

45 Implanted

| 57 12-week Follow-up

10 Died

0 Withdrew Consent
2 Lost to Follow-up
9 Not Implanted

36 Implanted

| 45 6-month Follow-up




Ziconotide for treatment of severe chronic pain w =

Achim Schmidtko, Jorn Létsch, Rainer Freynhagen, Gerd Geisslinger

Pharmacological management of severe chronic pain is difficult to achieve with currently available analgesic drugs, Lancet2010;375:1569-77

Harpoon

Staats etal (2004)° Wallace et al (2006)* Rauck et al (2006)> Proboscis
Titration schedule Fast* Fast* Slowt Harpoon sac
Treatment duration 10-11 days 6-11days 21days Veromidoet
Population Patients with pain (VASPI score =50 mm) Patients with severe chronic pain (VASPI score Patients with severe chronic pain (VASPI score
associated with cancer or AIDS 250 mm) of non-malignant cause 250 mm) of any cause Venom
Number of patients given Z/P 71/40 169/86 112/108 bulb
Pain reported
Neuropathic (Z/P) NR 757%] 76:7% 75:9%/71-3%
Non-neuropathic (Z/P) NR 13-0%/12-8% 35:7%/32-4%
Mean baseline VASPI score for Z/P 74178 80/77 81/81
group (mm)
Mean decrease in VASPI scores after Z/P  51-4%/18-1% (p<0-001) 31-2%/6-0% (p<0-001) 14-7%/7-2% (p=0-036)
Adverse events
Nervous systemi Dizziness (50-0%)S; nystagmus (45-8%); Dizziness (53-5%)S; nystagmus (40-0%)S; Dizziness (47-3%)§; somnolence (22-3%); confusion
somnolence (23-6%)S; confusion (20-8%)§; abnormal gait (27-1%)S; somnolence (12-4%); (17-9%)S; ataxia (16-1%)S; abnormal gait (15-2%)S; B w-MVIA Cy‘s —Lys——Gly—Lys
abnormal gait (12:5%)§ confusion (11-8%); amblyopia (10-6%)§ memory impairment (11-6%)§ Ala— Glly
Digestive system¥ Nausga (%9~2%)S; vomiting (18-1%)§; Nausea (48-8%)S; constipation (18-2%); vomiting Nausea (41-1%); diarrhoea (18-8%); vomiting (15-2%) C: |
constipation (12-5%) (14-1%)S o |ys L?/s X
Other systems¥ Fe}/er (25v0%).S; postural hypotension (23-6%)S;  Pain (1.6v5%)S; headache (16-5%); uringry Asthenia (22:3%); headache (15-2%); pain (10-7%) HN—Cys /,Cys | | AP —ler
urinary retention (18-1%)§; headache (15:3%) retention (15-3%)S; postural hypotension (11-8%) 2 | Tl|1r ;ys —Ser — Arg—Leu—Met
Z=ziconotide, P=placebo, NR=not reported. *Fast titration: initial dose 9-6 g per day, a dose increase 7-14 times per week, maximum dose per protocol 57-6 g per day, time to maximum dose 5-6 days. tSlow Lys Gly —Ser/»"

titration: initial dose 2-4 pg per day, a dose increase 2-3 times per week, maximum dose per protocol 21-6 pg per day, time to maximum dose 21 days. $Adverse events reported in >10% of patients treated with

| 7
Gly —Ser—Arg—Cys
ziconotide. §Occurred with significantly greater frequency with ziconotide than with placebo (p<0-05). y 9 Y

Table: Overview of randomised placebo-controlled clinical studies with ziconotide “igure 1: Conus magus
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Effectiveness and Safety of Intrathecal Drug
Delivery Systems for the Management of Cancer
Pain: A Systematic Review and Meta-Analysis

Rui Duarte, PhD' ©; Sue Copley, MSc’; Sarah Nevitt, PhD’;
Michelle Maden, PhD"; Ali Mohammed Al-Ali, MD*>; Denis Dupoiron, MD*;
Sam Eldabe, MD?

a %
N Mean Weight
Study (follow-up) difference (95% ClI) (REML)
Prospective :
Brogan et al,2015 59 N -3.34 (-4.08,-2.60) 1199
Brogan et al,2020 32 e -2.30 (-3.17,-1.43) 15.56
Dupoiron et al,2011 97 —_— -4.35 (-5.20,-3.51) 15.99
Smith et al,2002 | 71 — -3.90 (-4.70,-3.10) 16.74
REML subtotal (I"=77.0%) <> -3.48 (-4.33,-2.63) 65.84
Retrospective
Brogan and Winter,2011 29 —_— -3.41 (-4.25,-2.58) 16.18
Chen et al, 2020 | 43 —— -3.80 (-4.52,-3.08) 17.98
REML subtotal (I"=0.0%) <> -3.64 (-4.18,-3.09) 34.16
REML overall (I2 =62.7%) <> -3.53 (-4.06,-3.00) 100.00
T T — T T

-6 -5 -4 -3 -2 -1 0

Average or maximum pain (NRS or VAS) and correlation = 0.383
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Intervention Manufacturer Studies, Total
n studies, %
eSCS Medtronic 41 19.1
Boston Scientific 36 16.7
Abbott 18 8.4
Nevro 10 47
Nuvectra 5 23
Stimwave Technologies 3 14
Saluda Medical Pty Ltd 2 0.9
Biotronik 1 0.5
Finetech/Ardiem Medical | 0.5
GiMer Medical 1 0.5
Meagan Medical 1 0.5
PINS 1 0.5
Not specified 57 26.5
tcSCS NeuroEnabling Technologies 2 0.9 i 3
Anatomical Concepts 1 0.5 S =
BioMedical Life Systems 1 0.5 V4
DJO Global 1 05 M M 4 M
e 18 ectrode de stimulation épidurale
Restorative Technologies 1 0.5
Not specified 21 9.8
tsDCS neuroConn GmbH 1 0.5 N [
Soterix Medical 1 0.5 >
Not specified 4 19
[]
TENS Enraf-Nonius 1 0.5
iSCS Not specified 1 0.5
SMS Not specified 2; 0.9
Total® 215 100

Neuro-stimulateur interne
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——@—— Implantation of neurostimulator adjacent to the spinal cord: OPCS-4 code A48.3

——@—— Attention to neurostimulator adjacent to the spinal cord: OPCS-4 code A48.4

~———@——— Insertion of neurostimulator electrodes into the spinal cord: OPCS-4 code A48.7

Spinal Cord Stimulation for Neuropathic Pain in
England From 2010 to 2020: A Hospital Episode

Statistics Analysis
Rui V. Duarte, PhD'; Sarah Nevitt, PhD'; Rachel Houten, MSc’;

Morag Brookes, MSc; Jill Bell, BEd*; Jenny Earle, BA*; Rod S. Taylor, PhD*>;

Sam Eldabe, MD?
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Pain Physician 2021; 24:293-308 ¢ ISSN 1533-3159

Expenditure Analysis

Spinal Cord Stimulation Trends of Utilization and
Expenditures in Fee-For-Service (FFS) Medicare
Population from 2009 to 2018

Laxmaiah Manchikanti, MD', Vidyasagar Pampati, MSc', Bramha Prasad Vangala, MBBS?,
Amol Soin, MD3, Mahendra R. Sanapati, MD', Srinivasa Thota, MD', and
Joshua A. Hirsch, MD*




Méthodologie

Table 4. Levels of Evidence for Therapeutic Studies* Littérature : 1/1/2012-1/7/2022

Level Type of Evidence . .
- — P — — Meta-analyses/ Randomised Controlled Trials (RCT)
a Systematic review (with homogeneity) of RCTs R
1b Individual RCT (with narrow confidence intervals) / etudes de cohortes prOSpeCtlveS
lc All-or-none study
2a Systematic review (with homogeneity) of cohort .
studies Inclusion : douleur
2b Individual cohort study, including low-quality RCTs
(e.g., =80% follow-up) .
2c “Outcomes” research: ecological studies EXCIUSIOH .
3a Systematic review (with homogeneity) of
case-control studies Rééd H h
3b Individual casecontrol study eeducation marche
4 Case series (and poor quality cohort and
case-control study) 11116 7 1101 ;
5 Expert opinion without explicit critical appraisal Instabilite pOSturale d OTigine neurOIOglque
or based on physiology, bench research, .
or “first principles” Etat neurovegetatlf
RCT. randomized controlled trial.
*From the Centre for Evidence-Based Medicine (Web site). Available Modulation débit sanguin cérébral
at: hup://www.cebm.net. Accessed December 17, 2010.

The Levels of Evidence and Their Role 1in

Evidence-Based Medicine 2 considérations Importantes

P i | Placiie i Recomermcrioe Juty 2011 Paresthésies induites empéchent la réalisation d'un
levin C. :-];ln astic an cconstructive sSurgery e u ’\,"
o o, M Dt Tes double-aveugle avec groupe placebo ou sham
mm——— £ REVIKYS « absence de preuve ne signifie pas absence
d’efficacité »

Preferred reporting items for systematic review
and meta-analysis protocols (PRISMA-P) 2015
statement

David Moher'", Larissa Shamseer’, Mike Clarke?, Davina Ghersi®, Alessandro Liberati’, Mark Petticrew®,
Paul Shekelle®, Lesley A Stewart® and PRISMA-P Group



PROGRAMME d’e-learning
College des Enseignants en Neurochirurgie

Prise en charge Neurochirurgicale de la Douleur

Responsable de I'e-module « Douleur » : Responsables scientifiques du projet :
Philippe RIGOARD Jean-Luc BARAT & Philippe RIGOARD

Partie B :
Partie A : Neurochirurgie Partie D:

Douleur |ésionnelle « Camp de base »
de la douleur

Module 11 :
Section 4b2 : « Evidence-Based Medicine » en

Indications

neuromodulation
Dr Jimmy VOIRIN

En partenariat avec:
o .7 r .
Société Francaise

s Neurochirurgie SFCR % etV

Société Francaise de Chirurgie rachidienne FETD s; {




BON USAGE DES TECHNOLOGIES DE SANTE

Neurostimulateurs médullaires implantables :
une technique de dernier recours
Les neurostimulateurs médullaires implantables sont des dispositifs médicaux concus pour déllvre
une stimulation électrique a visée antalgique par l'intermédiaire d’électrodes implantées en regard des
cordons postérieurs de la moelle épiniére. lls sont utilisés dans les douleurs chroniques, notamment
dans des situations ou la prise en charge médicamenteuse ou les techniques non interventionnelles onf
échoué. Le courant é&mis substitue a la douleur des paresthésies locales.

La HAS a récemment revu I'ensemble de la gamme des dispositifs existants pour mieux préciser leurs
indications. Celles-ci apparaissent limitées aux échecs des autres méthodes de contréle de la douleur,

faisant des neurostimulateurs médullaires des dispositifs de dernier recours.

Compte tenu du faible niveau de preuve disponible pour les systémes implantables de neurostimulation
médullaire, aucune des données cliniques retenues ne permet de distinguer les indications des sys-
témes en fonction de leurs caractéristiques techniques. Il apparait seulement préférable de réserver les
systémes rechargeables aux patients forts consommateurs en énergie.

HAS

Ce document a été élaboré a partir du rapport d'évaluation technologique de la Commission nationale d’'évaluation des dispositifs médicaux
et des technologies de santé (CNEDIMTS) : « Evaluation des systémes implantables de neurostimulation médullaire (mars 2014). »
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Ce rapport, comme I'ensemble des publications de la HAS, est disponible
sur www.has-sante.fr

Mars 2014



Indications actuelles




BON USAGE DES TECHNOLOGIES DE SANTE

Neurostimulateurs médullaires implantables :
une technique de dernier recours
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Des indications relativement limitées

“ Les indications des systemes implantables de neurostimulation meédullaire retenues par la HAS sont les
suivantes :
» Douleurs chroniques d’origine neuropathique, apres échec des alternatives thérapeutiques, secondaires a :
+ un syndrome douloureux chronique radiculaire ou tronculaire d’origine diabétique, zostérienne, traumatique ou
chirurgicale, persistant depuis au moins un an ;
+ un syndrome douloureux régional complexe (anciennement algodystrophie) de type | ou Il persistant depuis au
MoIiNs SiX Mois.
» Douleurs chroniques d'origine ischémique, apres échec des alternatives thérapeutiques, secondaires a une maladie
de Buerger (thrombo-angéite oblitérante touchant d’abord les arteres des membres inférieurs).

“ Les douleurs d'origine ischémique secondaires a lartériopathie chronique oblitérante des membres inférieurs ne
sont pas retenues comme indications de la neurostimulation médullaire, compte tenu de l'insuffisance des preuves
cliniques.



Algodystrophie / Syndrome Douloureul
Complexe Regional (SDRC)

RCT (2/1 : 54 patients
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Effect of spinal cord stimulation for chronic complex
regional pain syndrome Type I: five-year final follow-up
of patients in a randomized controlled trial

MARIUS A. KEMLER, M.D., PH.D.,! HENRICA C. W. DE VET, PH.D..?
GERARD A. M. BARENDSE, M.D.;? FrRANS A. J. M. VAN DEN WILDENBERG, ML.D., PH.D.,!
AND MAARTEN VAN KLEEF, M.D., PH.D.? - — -
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A Comprehensive Outcome-Specific Review of
the Use of Spinal Cord Stimulation for Complex

Regional Pain Syndrome

T © 2016 World Institute of Pain, 1530-7085/16/$15.00 —
Pain Practice, Volume ee, Issue o, 2016 eo—eoe
Ognjen Visnjevac, MD*; Shrif Costandi, MDT; Bimal A. Patel, DO*; Girgis Azer,
MD7T; Priva Agarwal, MD*; Robert Bolash, MD'; Nagy A. Mekhail, MD, PhD"

Score Description Implication

1A+ Effectiveness demonstrated in various RCTs of good quality. The benefits dearly outweigh Positive recommendation
risks and burdens

1B+ One RCT, or more RCTs with methodological weaknesses, demonstrate effectiveness. The
benefits clearly outweigh risks and burdens

2B+ One RCT, or more RCTs with methodological weaknesses, demonstrate effectiveness. Benefits
closely balanced with risks and burdens

2B+ One or more RCTs with/without methodological weaknesses yielding contradictory results, Consider, preferably for
leading to an uncertainty in estimating benefits, risks, or burdens study-related application

2C+ Effectiveness only demonstrated in prospective observational studies, or well-designed

retrospective studies. There is no conclusive evidence to the effect, but benefits appear to
closely match risks and burdens

o There is either no literature, or there are only case reports available, or the date is of low Study-related application-pnly

quality and retrospective, but these are insuffident to prove effectiveness and/or safety

1A— Lack of effectiveness is demonstrated in various RCTs of good quality. The risks and burdens Negative recommendation
clearly outweigh the benefits

1B— One RCT, or more RCTs with methodological weaknesses, demonstr ate a lack of effectiveness.
The risks and burdens clearly outweigh the benefits

2B— One RCT, or more RCTs with methodological weaknesses, demonstrate no superiority over
control treatment. The risks and burdens outweigh the benefits

2C— Observational studies indicate no or too short-lived effectiveness. The risks and burdens

outweigh the benefits

Outcome Score Implication

Perceived pain relief 1B+ Recommended

Pain score improvement 1B+ Recommended
Resolution of CRPS signs 0 Study-related application
Functional status improvements 2B+ Considered, study related
Quality of life 1B+ Recommended
Psychological effects 2B+ Considered, study related
Sleep hygiene 0 Study-related application
Analgesic requirements 2C+ Considered, study related

Satisfaction with SCs 1B+ Recommended
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SPINAL CORD STIMULATION VERSUS REPEATED
LUMBOSACRAL SPINE SURGERY FOR CHRONIC PAIN:
A RANDOMIZED, CONTROLLED TRIAL

(2 RCT)
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for neuropathic pain: A multicentre randomised controlled tnal
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Leg pain (mean VAS score)
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How Should we Use Multicolumn Spinal Cord
Stimulation to Optimize Back Pain Spatial
Neural Targeting? A Prospective, Multicenter,
Randomized, Double-Blind, Controlled Trial

RCT (1:1, 103 patients 2012-2015)  ter sy

Philippe Rigoard, MD, PhD">* ©; Maxime Billot, PhD';
Pierre Ingrand, MD, PhD? Isabelle Durand-Zaleski, MD®;

AN ° Manuel Roulaud, MSc’; Philippe Peruzzi, MD% Phong Dam Hieu, MD’;
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109 randomly assigned

! '

6 ineligible

Kevin Nivole, MSc'; Sophie Duranton, PharmD?%; Nicolas Naiditch, MSc’;
L ]

55 allocated in group Mono

54 allocated in group Multi ‘

55 implanted with a 53 impl. d with a
surgical lead surgical lead

Pas de placebo g

2 failed trial
| i l screenin, 1
screening/explanted — - - v - 1 epidural hematoma/explanted
54 implanted with a 50 impl. d with a
| neurostimulator | ’ neurostimulator |
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Meta-analysis / Review
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Grabow et al., Clin J Pain 2003 R

Cameron et al., JNS 2004 R 84% 62%
Turner et al., Pain 2004 R NNT =3 NA
Taylor et al., Spine 2005 M NA 62% (3222pts)
Taylor et al., Eur J Pain 2006 M A(l) /D (Nl NA
Cruccu et al., Eur J neurol 2007 R B B

Frey et al., Pain phy 2009 R NA 1B
Atkinson et al., J Clin Neurosci 2011 R Intfermediate Strong
Cruccu et al. Eur j Neurol 2016 R Weak Weak
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Evaluation of the Effectiveness of Percutaneous
Octapolar Leads in Pain Treatment with Spinal
Cord Stimulation of Patients with Failed Back
Surgery Syndrome During a 1-Year Follow-Up:
A Prospective Multicenter International Study

Pairnn Practice. Voliorne 17, Isswiee 4, 2017 428437
Kliment Garzinsky, MD, PhD*; Roald Baardsen, MD"; Hendrik P. Buschman, PhD?*
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Spinal cord stimulation for chronic refractory pain: Long-term
effectiveness and safety data from a multicentre registry
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Epidural spinal cord stimulation for neuropathic pain:
a neurosurgical multicentric Italian data collection
and analysis

Elena Virginia Colombo - Carlo Mandelli - Pietro Mortini - Giuseppe Messina -
Nicola De Marco - Roberto Donati - Claudio Irace - Andrea Landi -

Angelo Lavano - Massimo Mearini - Stefano Podetta - Domenico Servello -
Edvin Zekaj - Carlo Valtulina - Ivano Dones

Parameters Baseline 12 months Primary outcome P value
No-Trial
Axial VAS 30 20 0 % (one patient)
Lower limbs VAS 90 (80-90) 30 (20-50) 68.8 % <0.001
Prevalent VAS 90 (80-90) 30 (20-50) 71.4 % <0.001
Trial
Axial VAS 80 (55-90) 40 (10-65) 56.3 % 0.003
Lower limbs VAS 80 (70-90) 30 (10-60) 60 % <0.001
Prevalent VAS 80 (70-90) 30 (10-60) 59.5 % <0.001

Table4  Quality of life outcomes
Parameter Baseline 12 months P value
No-Trial
EQSD Index 0.38+0.36 066+0.10 0.044
EQS5D VAS 53.3+27.4 789+10.5 0.025
ODI 47.0+14.1 19.8+104 <0.001
SF-36 PCS 284446 43.1x7.3 <0.001
SF-36 MCS 35.6+8.1 40.3+6.1 0.245
Trial
EQSD Index 0.26+0.33 0.65+0.28 <0.001
EQSD VAS 41.4+20.4 68.3+179 <0.001
ODI 47.7+13.9 249+19.0 <0.001
SF-36 PCS 209+58 42.5+10.9 <0.001
SF-36 MCS 389+10.1 442+10.0 0.164
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Cost and Health Outcomes Patterns in Patients
Treated With Spinal Cord Stimulation
Following Spine Surgery—A Register-Based
Study

Emma Jonsson, MSc* ©; Amanda Hansson-Hedblom, MSc*;

Terje Kirketeig, MD™; Peter Fritzell, MD, PhD®"; Olle Higg, MD, PhD**;
Fredrik Borgstrom, PhD*'t

CONCLUSIONS

In summary, the initial spine surgery appeared not to have
any effect on pain, Qol, or costs in patients who were eventu-
ally treated for SCS. It is expected that patients who are treated
with SCS after spine surgery would have worse outcomes of
the spine surgery compared with the total spine surgery group,

In relation to SCS

In relation to spine surgery
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| ————— All patients To-be SCS patients |

In this study, more than 70,000 patients who underwent lumbar

spine surgery were identified, whereof 239 patients (0.39%) were
identified to have subsequently received permanent SCS. The

as it is highly probable that they have received SCS for Cost/intervention/yr QALYs/intervention/yr Incremental
persisting pain. However, the to-be SCS patients were notably Authors CMM scs CMM e Cost/QALY
worse off in terms of pain intensity and quality of life already Farber et al'® $10103.9 $9611 N/P N/P N/P
at the baseline spine surgery. This may warrant for investigating Zucco etal'® €6567 €13216 N/P 0.173* €3222
h ibili f id e . h . f scs Annemans et al'” €5374 €5761 0.22| 0.343 €3153
the possibility of identifying these patients for treatment Kumar and Rizvi'® $CDN $CDN 0.173 0242 $CDN
even before the spine surgery. There might be a proportion of ' . 7676 8322 9293
patients who could benefit from SCS treatment, but who in fact Hollingworth et al $19151 318195 N/P N/P 3?;?220
were not treated with SCS, potentially due to restricted access. Taylor eta €5466 €5934 0.271 0.354 €5622
In this study, it was not possible to identify these patients as

we did not have data on, for example, patient history and clini- AO

cal examinations. Future research may investigate whether there
are potential improvements in health outcomes and cost-
savings if more patients with persistent pain following spine
surgery could be identified and treated with SCS, as well as
patients could be ruled out for spine surgery based on
baseline data.
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A Systematic Review of Economic Evaluations Reporting the )
Cost-Effectiveness of Spinal Cord Stimulation =
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Spinal cord stimulation in patients with painful diabetic neuropathy: @Cmss\hﬁ
A multicentre randomized clinical trial
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Spinal Cord Stimulation and Pain
Relief in Painful Diabetic
Peripheral Neuropathy: A
Prospective Two-Center
Randomized Controlled Trial

Diabetes Care 2014,37:3016—-3024 | DO!: 10.2337/dc14-0684
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Durability of High-Frequency 10-kHz
Spinal Cord Stimulation for Patients
With Painful Diabetic Neuropathy

Refractory to Conventional Treatments:

12-Month Results From a Randomized
Controlled Trial

Diabetes Care 2022;45:e3-e6 | https://doi.org/10.2337/dc21-1813
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Autres douleurs neuropathiques . \ 1|

Post-Zostériennes : 3?@ ) =
10 CS - 245 patients &&»@e
Mean VAS reduction = 64.4% (Texakalidis et al., Stereo Funct neurosurg 2019;97:55-65) ) +

1 RBP : 2C+ (recherche) (Van Wijck et al., Pain Pract 2011; 11(1):88-97) l %
2 RCT : SCS vs PRF (Liu et al., Pain Physician 2020: 23:263-270, Wan et AL. Pain Phy 2022:24:215-222) B ”
1 méta analyse (Xue Medicine 2022, in press)

HIV :
2 CS : Knezevic et al. Pain Physician. 2015 Jul-Aug;18(4):E643-50 / Abd-Elsayed et al. J Clin Anaesth 2016 28:74-7
Lyme :
1 CS : Shui et al. pain Phy 2012 15:511-4
Toxiques :
Post-chimiothérapie : 4 CS
Cancer:
4 CS +7 case
1 review Cochrane : Peng et al. Cochrane Database Syst Rev. 2015 Jun 29;(6):CD009389
Postopératoires :
Herniorapphie: 2 CS : Elias, M. Neuromodulation 2000, 3, 155-157; Lepski, Neuromodulation 2013, 16, 84-88.
Post-Thoracotomie : Graybill et al. Pain Phy 2011 14:441-5



Neuromodulation: Technology at the Neural Interface

Rocotvoct Soptombor 17,2013 Rovbocs: Bnuary 7, 2014 Accoptec: Fobruary 28, 2014
(onlinelibrary wiley.com) DOE: 10.1111/ner.12208

The Appropriate Use of Neurostimulation of the
Spinal Cord and Peripheral Nervous System for
the Treatment of Chronic Pain and Ischemic
Diseases: The Neuromodulation
Appropriateness Consensus Committee

Timothy R. Deer, MD'; Nagy Mekhall, MD, PhD? David Provenzano, MD’; Jason Pope, MD’; Elllot Krames, MD*;
Michael Leong, MD®; Robert M. Levy, MD, PhD*®; David Abejon, MD’; Eric Buchser, MD**; Allen Burton, MD"'";
Asokumar Buvanendran, MD''; Kenneth Candido, MD'’; David Caraway, MD, PhD"?; Michael Cousins, MD'%;
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Table 9. Recommendations for Disease-Speaciic Indications and Considerations Made by the Neuromodulation Appropriateness Consensus Committee of the
International Neuromodulation Society Using US. Preventive Services Task Force Criterta

Disaase-spechic indications USPSTF evidence USPSTF recommendation
strength (9) strength (9)
The use of SCS early In the trseatment algorithm for falled back surgery syndrome In the absence of I A

neurclogical progression requiring surgical intervention with persistent adal and radiculas
complaints (121,125-127)

The use of SCS should be either conventional SCS or DRG stimulation when the pain s dominantly -2 8
radicular In nature
The use of cervical SCS for the treatment of upper extremity pain of newopathic pain syndromes n-2 A

affecting the upper extremities, Including, but not imned to, radiculopathy
The use of SCS for the treatment of CRPS-1 and CARPSI I

A
The use of SCS with pacemakers appears to be safe In most settings (128) ] C
The use of newostimulation has bean shown to have a better outcome If usaed eardy in the course of n3 ]
the disease process: SCS and PNS would be considesed earlier, when passible, and secommended
to be trialed within the first two years of chronic pain (129,130)
High-fequency stimulation or burst stimulation may be helpful In treating axaal back pain and those ] | comnsensus panal strong
with tonic stmulation resistance
DAG stimulation should be trialed for disaete aseas of newopathic pan -3 8
The NACC recommends SCS as an early intervention In patients with Raynawd's syndrome and other 3 C

painful 1Ischemic vascular disorders; If iIschemic symptoms persist despite Initlal surgical or
reasonable medical treatment, SCS should be trialed (131)



SCS Study Quality Analysis: Complex Regional Pain
Syndrome

USPSTEF: Level 1 evidence based upon one randomized trial with
SCS + PT vs PT alone for CRPS.

mIMP-QRB: The one randomized trial was judged to be of high
quality and would be classified as Level 1 evidence. The lack of
other randomized trials in this category limits the generalization
of the results, as at least two randomized trials are required for
classification as Level 1.

Cochrane criteria: Supports the findings of mIMP-QRB, as the
Cochrane evaluation for the Kemler et al. study [17] demon-
strated low to moderate risk of bias.

SCS Study Quality Analysis: Axial Back and Radicular
Pain

USPSTEF: Level 1 evidence based upon five RCTs for SCS in the
treatment of low back pain with and without radicular pain, neu-
ropathic pain, and neuropathic pain of other origin.

mIMP-QRB: Level 1 evidence based upon five studies of high-
quality design consistent with construction using the CONSORT
methods.

Cochrane criteria: Supports the findings of the mIMP-QRB crite-
ria as the five studies meet criteria for low to moderate risk of
bias.

Pain Medicine, 21(7), 2020, 14211432

doi: 10.1093/pm/pnz353

Advance Access Publication Date: 29 May 2020
Review Article

OXIORD

A Systematic Literature Review of Spine Neurostimulation
Therapies for the Treatment of Pain

Timothy R. Deer, MD,* Jay S. Grider, DO, PhD, MBA," Tim J. Lamer, MD,* Jason E. Pope, MD,*

Steven Falowski, MD," Corey W. Hunter, MD,! David A. Provenzano, MD,'!

Konstantin V. Slavin, MD,** Marc Russo, MD,"" Alexios Carayannopoulos, DO, MPH,**%%
Jay M. Shah, MD,1! Michael E. Harned, MD," Jonathan M. Hagedorn, MD,* Robert B. Bolash
Jeff E. Arle, MD, PhD, """ Leo Kapural, MD,*** Kasra Amirdelfan, MD,*** Sameer Jain, MD, 11

, MD, ***

Liong Liem, MD,**** Jonathan D. Carlson, MD,"""" Mark N. Malinowski, DO,**** Markus Bendel, MD,*

Ajax Yang, MD, 5% Rohit Aiyer, MD,"1 Ali Valimahomed, MD, FAAPMR, **#** Ajay Antony,

MD, Tt

Justin Craig, MD," Michael A. Fishman, MD,***** Adnan A. Al-Kaisy, MD,****% Nick Christelis, MD, 1117
Richard W. Rosenquist, MD,*** Robert M. Levy, MD, PhD,***#*** and Nagy Mekhail, MD, PhD***



Et ailleurs?

Choix de
Fimplant

Indications pour
les douleurs
d’origine
neuropathique

Indications pour
les douleurs
d’origine
ischémique

indications

Inscrit sur la LPPR

Implantation d'un
neurostimulateur
rechargeable si -

- la duréee de vie du dispositif
non rechargeable primo
implanté < 20 mois, ou

- seuil de stmulation > 35V
ou 4.5 mA 3 llissue de la
peériode de simulation test.

Implantation d’'un
neurostimulateur non
rechargeable 3 pile 3 haute
capacite d'énergie pour les
douleurs bilatérales ou
atendues.

Douleurs chronigques
neuropathiques imeductibles,
apres echec des autres
moyens thérapeutiques,
secondaires a -

- des radiculalgies
chroniques (sciatalgies.
cruralgies, cervico-
brachialgies) ;

- une lésion nerveuse
periphérique, post
traumatique ou post
chirurgicale ;

- une amputation (algo-
hallucinose) :

- un syndrome= douloureux
réegional complexs
(dystrophies sympathiques
réflexes. causalgies
periphériques).

AOMI.

Haute Autorité de Santé. Evaluation des systémes implantables de neurostimulation médullaire. Service

d'évaluation des dispositifs. Saint-Denis La Plaine : HAS ; 2014.

Inscrit sur une liste limitative.

Implantation d'un
neurostimulateur
rechargeable si la durée de
vie du dispositif non
rechargeable primo implante
<2 ans.

Douleur chronique apres
echec des traitements
conventionnels. Les
aticlogies de la douleur
neuropathigque ne sont pas
définies formellement mais :
- syndrome d'échec de
chirurgie du rachis =
accepte ;

- syndrome douloursaux
regional complexe = exclu :
- autre — sur accord du
medecin conseil.

- Maladie de Buerger ;
- AOMIL.

Pancreatite chronigue.

Implantation d'un
neurostimulateur
rechargeable aprés
négociation entre I'hopital et
I'Assurance maladie.

Douleurs chroniques
neuropathiques irmeductibles
apres echec des traitements
gonventionnels secondaires
a:

- syndrome d'échec de
chirurgie du rachis ;

- syndrome douloureux
regional complexe ;

- douleur du membra
fanwome ;

- lésion du plexus brachial ;
- polyneuropathie
diabatique ;

- névralgie postherpétique.

- Angine de poitrine
réfractaire ;
- AOMI.

Decision dimplantation suite
3 négociation entre le centre
implanteur &t les assuraurs.

Douleurs chroniques
neurcpathiques iméductibles
apres echec des traitements
conventionnels secondaires
a:

- syndrome d'echec de
chirurgie du rachis ;

- syndrome douloureux
regional complexe

- douleur du membre
fantome ;

- lésion nerveuse
peripherigue :

- lésion medullaire :

- lésion traumatique du
plexus brachial.

Angine de poitrine réfractaira.

[ Frmee | Beigigue | Alemagne | PaysBas | RoysumeUm

Deéecision prise au vue de la
complexité de |la douleur et
du seuil de stimulation
requis. Dans le cas ou
plusieurs dispositifs sont
eligibles, le moins cher doit
étre choisi.

Douleurs neuropathiques
chroniques.

Absence de prise en charge.

Accepte uniguement dans le
cadre de la recherche.



Arteriopathie Obliterante Membres
Inférieurs / Buerger o O

Spinal cord stimulation for non-reconstructable chronic critical leg ischaemia.
Cochrane Database of Systematic Reviews 2013, Issue 2. Art. No.: CD004001.
DOI: 10.1002/14651858.CD004001.pub3.

Limb salvage after 12 months was significantly higher in the SCS group (risk ratio (RR) 0.71, 95% confidence interval (CI) 0.56:t0
0.90; risk difference (RD) -0.11, 95% CI -0.20 to -0.02). Significant pain relief occurred in both treatment groups, but was nmiore
prominent in the SCS group where the patients required significantly less analgesics. In the SCS group, significantly more patierits
reached Fontaine stage I than in the conservative group (RR 4.9, 95% CI 2.0 to 11.9; RD 0.33, 95% CI 0.19 to 0.47). Overall, no

Analysis I.1. Comparison | Limb survival, Outcome | Amputations (12 months).

Review: Spinal cord stimulation for non-recanstructable chronic critical leg ischaemia

Comparison: | Limb survival significantly different effect on ulcer healing was observed with the two treatments.
Outcome: | Amputations (12 months)
Risk Risk
Study or subgroup 5CS Conservative Difference Weight Difference
N /N M-HFixed 55% Cl M-H Fixed 25% C Analysis 3.1. Comparison 3 Clinical improvement, Outcome | Reaching Fontaine stage Il.
Amann 2003 21173 18/39 — 24.1 % -0.17 [-0.36,001 ] ) ) o - ) :
Review:  Spinal cord stimulation for non-reconstructable chronic critical leg ischaemia
Claeys 1996 7145 8/41 204 % -0.04[-020,Q.12] Comparison: 3 Clinical improvement
ESES 24160 29/60 285 % -008 [-0.26,009] Outcome: | Reaching Fontaine stage |l
Jivegard 1995 9/25 1326 — T 12.1 % -0.14[-041,0.13]
~ Risk )  Risk
Spincemaille 2000a 6/19 9/18 —— 88 % 0.18[-0.50,0.13] Study or subgroup SCs Control Difference Weight Difference
n/N n/N M-H Fixed 95% Cl M-H Fixed,95% Cl
Suy 1994 Sé Al T 6.2% -005[-041,031] Claeys 1996 8/45 4141 5 694 % 030[0.13,047]
Total (95% CI) 238 195 - 100.0 % -0.11 [ -0.20,-0.02 ] Suy 1994 920 1118 —a— 306 % 039 0.15,0.64]
Total events: 72 (SCS), 81 (Conservative) Total (95% CI) 65 59 - 100.0 % 0.33 [ 0.19, 0.47 |
Heterogeneity: Chi> = 1.63, df = 5 (P = 0.30); I> =0.0% Total events: 27 (SCS), 5 (Control)
Test for overall effect: Z = 2.41 (P = 0.0186) Heterogeneity: Chi2 = 037, df = | (P = 0.54); 12 =0.0%
Test for subgroup differences: Not applicable Test for overall effect: 7 = 4.66 (P < 0.00001)
Test for subgroup differences: Not applicable
-1 -0.5 0 0.5 | o 05 0 05 |

Favors SC5 Favors control Favours conitrol Favours SCS



Angor refractaire

Study Dresign Pat pop Lost to follow-up  Intervention Follow-up Results Complications
de Jongste et al. RCT 24 | SCS vs placebo 2months + | year | vear: Six dectrode dislocations
1] -QoL 1t
-lschemia || (n.s)
de Jongste RCT 17 3 SCS vs walling 8 weeks + 1 year 8 weeks: Two electrode dislocations
et al. [4] list -Working capacity 1
(B w) and then -Ischemia |}
all SCS -Symptoms J}
-Qolf
I year:
-Working capacity 1
Dol A
Mannheimer RCT (ESBY -study) 104 {21 women/ 8§ deaths (1 SCS/ SCS vs 6 months -Symptoms |} {same both 0
et al. 23] Bimen) 7T CABG) CABG{51/53) groups)
-Working capacity 1
{more in CABG)
-Mortality {1.9% SCS vs
13. 7% CABG)
Hautvast et al, [13] RCT 25 0 SCS + standard 6 weeks SCS + standard treatment: 7
Lrea trmen | -Working capacity 1
vs standard -Symptoms |}
Lreatmen | -0ol
Ekre [8] RCT (ESBY follow up) 104 209 deaths (13 SCS vs CABG 5 years 6 months: SCS: | scinfection and 3
SCS/16 CABG) QoL 1 in both groups (n.s) electrode dislocations
5 years:
QoL { in both (n.s)
-Mortality 28% (n.s)
Andrell [1] RCT (ESBY follow up) 104 17 deaths SCS vs CABG 2 years SCS group: SCS: | seinfection and 3
(5 SCS/10 -Hospitalisation | electrode dislocations
CABG, other: -Cardiac morbidity |}
0/2) -Total costs |}
McNab [24] RCT 68 T{3SCS/4 SCS vs PMR 12 months -Exgrase time ff 0 infections, electrode
PMR) deaths: (34/34) -Symptoms | dislocation 1, generator
1/0 Dol ) dislocation 2 {SCS)
(no difference betwesn
ETOUpsE)
-Time o angina {} in SCS
Eddicks [7] RCT {cross-over design) 12 SCSatl 4 months -Symptoms |} 0
stimulation 4 weeks x 4) -Walking distance {
regimes vs with all regimes vs placebo
placebo stimulaton
stimulation
Jesurun [17] CT (retrospective) 57 ? SCS ws external ? SCS: mortality 6.5% similar Unipolar electrode 834
control group Lo external control group) reop.; Quadripolar
electrodes: 3%4 reop.
Jessurun [16] T 24 ? SCS vs controls 4 weeks Symptoms similar after 7

4 weeks of non-stimulation

® Lunds Univ

Pain 140 (2008) 501-508

PAIN

‘www_elsevier.com/locate/pain

Spinal cord stimulation in severe angina pectoris — A systematic
review based on the Swedish Council on Technology assessment
in health care report on long-standing pain

Mats Borjesson **, Paulin Andrell®*, Dag Lundberg ®, Clas Mannheimer **

® Multidisciplinary Pain Center, Sahlgrenska University HospitallOstra, Smorslottsgatan, 416 85 Giteborg, Sweden
ity, Lund, Sweden



Spinal Cord Stimulation for Refractory Angina Pectoris
A Systematic Review and Meta-analysis
Xiaoxiao Pan, MS,* Hongguang Bao, MD,{ Yanna Si, MD,{ Chenjie Xu, MS, T

Hao Chen, MS,T Xianzhong Gao, MS,7 Xinyi Xie, MS,7 Yajie Xu, MS,*
Fan Sun, MS,* and Lingqging Zeng, MS¥*

(Clin J Pain 2017;33:543-551)

Group (No. Follow-
References Patients) up Time Outcome Parameters
Bondcsson SCS (78) 6 and Excrcise ume,
ct al'! Control (43) 12mo changes in CCS
De¢ Jongsle SCS (8) IZmo Excrcise ume, VAS scorce,
ct al' Control (9) SAQ, nitroglycerin usc
Dyer et al'® SCS (10) el 2 Lixercise time,
Control (10) and changes in CCS
24 mo Outcomes No. Patients No. RCTs Estimated Benefit (95% CI) r
L‘icth::(li Csfgstgﬂn) e N%‘X%ﬁ?; ‘S’,S:Q Exercise time after intervention 286 8 MD 0.49 (0.13, 0.85) 0.008
Greco et al'® SCS (23) 3 and Exercise time Changes in CCS classes 229 3 OR 2.12 (1.19, 3.76) 0.01
Control (23) 24mo VAS score by g 6 MD 0.50 (— 0.81, 0.20) 0.001
Hautv:lxgt SCS (13) 6wk Exercise time, Physical limitation 171 -4 MDD 2.69 (—8.75, 3.38) 0.39
ot al L :c'ggg'z?;n"al;ﬁ;‘;’s\s Angina stability 173 a MD — — 1.94 (—7.55, 3.67) 0.50
Jessurun SCS (12) 2 and Nitroglycerin use, angina Angina f'requepcy R 174 4 MD 9.03 (- 15.70, 2.36) 0.008
et al2® Control (12) 4wk attacks Treatment satisfaction 174 4 MD = 6.87 (2.07, 11.66) 0.008
Lanza et al?! SCS (10) 3, 6, and Exercise time, VAS score, Disease perception 174 - MD = 834 (—14.45, —2.23) 0.007
Control (15) 12mo SAQ, nitroglycerin use Nitroglycerin usc 204 " MD = —0.64 (—0.84, —0.45) =< 0.00001
Mannhcimer SCS (10) 6 mo Excrcise ume,
ct al?? Control (10) timce Lo angina Pain intensity was scored with VAS score.
McNab SCS (34) 12mo Excrcisc time, changes in CI indicates confidence interval; MDD, mcan difference; OR, odds ratio; VAS, visual analog scale scores of pain.
ct al® Control (34) CCS., SAQ
Vulink et al** SCS (20) 3 and VAS score,
Control (20) 12mo nitroglycerin use
Zipes et al®®  SCS (23) 6 mo Lixercise time,

Control (23)

VAS score, SAQ,
nitroglycerin use
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Douleurs Neuropathiques
Perineales

3 études de cas .
Reichart et al. Schmerz 2009;23:640-644.
Rigoard et al. Neurosurgery 2012, 71: E/57-63
Buffenoir et al. Neurourol Urodyn. 2015, 34, 177-182.
1 RCT : PHRC CHU Nantes
6 cenfers
SCS vs OMM

Postoperative neuropathic pain after Alcock nerve decompression

Under recruitement (until 2022)



Douleurs Visceérales

Colon irritable

Pain intensity (VAS)
o

=}

Pain attacks (no. per day)

Am J Physiol Regul Integr Comp Physiol 308: R887-R894, 2015.
First published March 18, 2015; doi:10.1152/ajpregu.00022.2015.

Therapeutic value of spinal cord stimulation in irritable bowel syndrome:

a randomized crossover pilot study

p <0.04 . . 1 . 1 . 1
. r Goran Lind.," Jaleh Winter.," Bengt Linderoth.
p <0.03
_ -1
|
| _ N
i / N
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8 I = 8 |
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Prestim Early stim Late stim o ¥ ¥
Prestim Early stim Late stim
Sumiauon period
A *— e w —e Period without stimulation
Stim>8-12 hid Stim>8-12 hid
- — —0 — . - e
< >< >< >< >< >
“Prestim”™ “Early stim” No stim™ “Late stim” “Poststim™
B Stim>8-12 h/d Stim>8-12 h/d
- e . o— — -
< >< >< >< >< >
“Prestim” No stim” “Early stim” “Late stim™ “Poststim™
Tlmplam
f T T Y T 1
0 2 8 14 26 28 weeks
< >< >< >< >< >
2 weeks 6 weeks 6 weeks 12 weeks 2 weeks

and Per M. Hellstrom?

Assessed for
eligibility (n=63)

Excluded (n=53)
Not meeting inclusion
criteria (n=42)
Declined to participate
(n=8)
Other reasons (n=3)

Randomized (n=10)

v

h

Allocated to group A (n=5)
Received allocated
intervention (n=5)

Did not receive allocated
intervention (n=0)

Allocated to group B (n=5)
Received allocated
intervention (n=4)
Did not receive allocated
intervention (withdrew
participation) (n=1)

A 4

Lost to follow-up (n=0)
Discontinued intervention

(n=0)

Lost to follow-up (n=0)
Discontinued intervention

(n=0)

v

Analyzed (n=5)
Excluded from analysis
(n=0)

Analyzed (n=4)
Excluded from analysis
(n=0)




Douleurs Visceérales

Received: June 8, 2019 Revised: August 11,2019 Accepted: August 20, 2019

(onlinelibrary.wiley.com) DOI: 10.1111/ner.13051

Spinal Cord Stimulation for Management of
Pain in Chronic Pancreatitis: A Systematic
Review of Efficacy and Complications

Chathura Bathiya Ratnayake, MBChB*" ©;

Amanda Bunn, BHSc(Physio), MBChB*T;

Sanjay Pandanaboyana, MBBS, MS, MPhil¥;

John Albert Windsor, BSc, MBChB, DipObst, MD**S

Pancréatite chronique:

Author Year Study type Pain scales SCS trial Overall follow- Overall patients Patients included
period (days) up (months) in study (N) in the review (N)

Segura et al. (21) 2019 Case report VAS 7 6 1 1

Vergani et al. (12) 2014 Case series VAS 7 48-120 2 2

Al-Mahrougqi et al. (20) 2012 Case report VAS 7 16 1 1

Kapural et al. (19) 2011 Retrospective VAS /-14 12 30 20

cohort study

Kim et al. (22) 2009 Case report VAS, PRO, PPI, KBPI 14 1 1

Kapural et al. (10) 2008 Case report VAS, PDI 14 3 1 1

Khan et al. (11) 2005 Case series VAS 57 68 9 5

Sphincter Oddi dysfunction: 1 case : Kang Hun Lee et al. Korean J Pain
Vol. 28, No. 1, 2015

Loin Pain Hematuria Syndrome: CS : Richter et al. Pain Pract 2019 19:440-
3/ Kim et al. Pain Phy 2011 14:55-9

Bannayan-Riley-Ruvalcaba syndrome: 1 case ; Yakovlev, WMJ 2009, 108,
323-326.



Chronic Abdominal PAIn

Treatment of Chronic Abdominal Pain With 10-kHz
Spinal Cord Stimulation: Safety and Efficacy Results
From a 12-Month Prospective, Multicenter,
Feasibility Study

Leonardo Kapural, MD, PhD'?, Mayank Gupta, MD3, Richard Paicius, MD%, Wyndam Strodtbeck, MD®, Kevin E. Vorenkamp, MDS,
Christopher Gilmore, MD?, Bradford Gliner, MS®, Anand Rotte, PhD®, Jeyakumar Subbaroyan, PhDé and Rose Province-Azalde, MS®

a Study Flow b Lead Placement
a 1 b 100%
8.3
5 |
s 8! ~ 80%
3 o
+ )
=6 @ 60%
§ 2
® s
> 4 2.2 23 23 & 40%
g T c
® s
rotocol s ! — n-
ol 22 < 20%
0 0%
0 3 6 12
Months Following Implant

73.3%

3mo

72.6%

6 mo

74.2%

12 mo




Miscellanées (Series de cas)

Post-AVC : 5Cs-125pts : success rate (6.7%-60.6%)

Moelle attachée: 2Cs: Novik et al. World Neurosurg 2019 122:278-28, Tyagi JNS 2016
18(1):105-10

Syndrome jambes sans repos (2 CS) : Adil et al., Stereo Funct neurosurg
2019;97:31-36), Byrne et al. AAPract 2019; 13:110-3

Arthrose époule : 1 case Susa et al. Surg Neurol Int. 20181;9:54

Neuropd’rhie pe’ri’res fibres: 1 case : Eckmann et al. Case Rep Med. 2017; doi:
0.1155/2017/6969285.

Melorheostosis : 1 case : zaveri et al. Neuromodulation 2014 17(3):286-8
Ery’rhromélolgie . 1 case : Matzke et al. Reg Anesth Pain Med. 2016 Sep-Oct;41(5):619-20
Lépre : 1 case: Brandmeir et al. Neuromodulation Dec;18(8):762-4

Migroine . 1 cohort prospective HF cervical 17 pts (Level4): Arcioni et al. Eur J Pain. 2016
Jan;20(1):70-8.
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Implantation

Pain Ther (2021) 10:849-874
https://doi.org/10.1007/s40122-021-00269-6

Check for
updat

REVIEW

Pain Relief and Safety Outcomes with Cervical 10 kHz
Spinal Cord Stimulation: Systematic Literature Review
and Meta-analysis

Ganesan Baranidharan - Beatrice Bretherton - Craig Montgomery -
John Titterington - Tracey Crowther - Christopher Vannabouathong -

Jason A. Inzana - Anand Rotte

Study Events Total

Al-Kaisy 2015(15) 6 8 - 0.8
Amirdelfan 2020(16) 33 37 ——— 0.9
Burgher 2020(30 25 32 - 0.8
Sayed 2020(29) 36 47 — 0.8
Verrills 2020(38) 23 27 T 0.9
Fixed effect model 151 —— 0.8
Random effects model A—— $>] 0.8

Heterogeneity: 12°=0%, 72=0,
p=0.50

040506 0.7080.9

4%
35%
17%
24%
20%

100%

v '\Ilu| LAY

Proportion [95%CI] (fixed) (ra

ndom)

4%
35%
17%
24%
20%

100%




Implantation

Received: March 29, 2019 Revised: May 15, 2079 Accepred: June 6, 2019

(onlinglibrary. wiley.com) DOI: 10.1111/ner.13019

Anatomic Lead Placement Without Paresthesia
Mapping Provides Effective and Predictable
Therapy During the Trial Evaluation Period:
Results From the Prospective, Multicenter,
Randomized, DELIVERY Study

Jason E. Pope, MD*; Stefan Schu, MD'; Dawood Sayed MD¥;
Ahmed M. Raslan, MD?®; Ganesan Baramdharan, MD"; iF Robert D. Heros, MD**;
Bram Blomme, PhD'' ©; Robyn A. Capobianco, PhD''; Timothy R. Deer, MD**

NRS score
5 6

) Abbott

AP Group

PM Group

@Pre-implant

0 End of initial trial period

10




Implantation

Comparison of Paresthesia Mapping to
Anatomical Placement in Burst Spinal Cord
Stimulation: Initial Trial Results of the
Prospective, Multicenter, Randomized, Double-
Blinded, Crossover, CRISP Study

Adnan Al-Kaisy, MD* ©; Ganesan Baranidharan, MD";

Stefano Palmisani, MD*' David Pang, MD*; Onita W|II BSc Hons*;
Samuel Wesley, BSc Hons* Tracey Crowther, RN'; KarI Ward, RN';
Paul Castino™; Adil Raza, MPH ; Filippo Agnesi, PhD

Enrollment / Screening / Baseline Visit

SCS trial implant 100 Average Back Pain VAS

Randomization 80 .‘-

60
Trial using AP Lead Trial using PM
Lead 40 [
20
Trial Assessment 1 ‘ ‘
0

Trial using PM Trial using AP Lead Baseline Trial AP Trial PM
Lead (n=43) (n=43) (n=43)

Average Leg Pain VAS

Average VAS Score

Trial Assessment 2

100
(4
NO: Exit S 80 {
v
study Q 60
>
& 40
YES: Permanent Implant I
3 20
3, 6, 12 month Follow Up Visit Assessment 0
) ) ) Baseline Trial AP Trial PM
AP lead: lead implanted using Anatomical
positioning (n=43) (n=43) (n=43)

PM lead: lead implanted using Paresthesia
Mapping-based positioning

) Abbott

Comparison of Paresthesia Mapping With
Anatomic Placement in Burst Spinal Cord
Stimulation: Long-Term Results of the
Prospective, Multicenter, Randomized,
Double-Blind, Crossover CRISP Study

Adnan Al-Kaisy, MBChB' ©; Ganesan Baranidharan, MD* ©;

Haggai Sharon, MD, PhD'*%; Stefano Palmisani, MD"; David Pang, MD’;
Onita Will, BSc Hons'; Samuel Wesley, BSc Hons' ©; Tracey Crowther, RN%;
Karl Ward, RN?; Paul Castino”; Adil Raza, MPH’; Yagna J. Pathak, PhD’ ©;
Filippo Agnesi, PhD’; Thomas Yearwood, MD, PhD’

Enrollment/Screening/Baseline visit

Score for Leg

Average VAS

' | IR
SCs triaiimplant II “i ii Ii z: .ii ** !* 12IM!

Randomization d
100

v v g
| Trial using AP lead | | Trial using PM lead I I £,
‘ Trial assessment 1 i I g : II l I

| TrialusingPMlead | |

Trial using AP lead ‘ i

Py x

| % 08
Trial assessment 2 ‘ g os % “
i % 04 i $ I
50% VAS reduction . 202 I H
at either trial —»{ NO: Exit .

assessment visit? study Basslng  SManths|  (8Months: 12 Manths onths 6 Months 12 Months
' -m,,ping.
| YES: Permanent implant |

I 3-,6- and12-month follow-up visit assessment l

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
= Very dissatisfied or dissatisfied Neither satisfied or dissatisfied Satisfied or very satisfied



Assessed for eligibility (n=137)

Excluded (n=30)

+ Declined to participate (n=27)

+ Other reasons (n=3)

¢ Duplicated enrolment in error (n=2)

« Did not receive allocated intervention

Does a screening trial for spinal cord stimulation in

patients with chronic pain of neuropathic origin S
have clinical utility and cost-effectiveness (TRIAL-
STIM)? A randomised controlled trial

Sam Eldabe®*, Rui V. Duarte®, Ashish Gulve?, Simon Thomson®, Ganesan Baranidharan®, Rachel Houten®,
Susan Jowett®, Harbinder Sandhu', Raymond Chadwick?, Morag Brookes?, Anu Kansal?, Jenny Earle", Jill Bell",

Jennifer Robinson?, Sarah Walker', Shelley Rhodes', Rod S. Taylor” pem———— Py——— po——
(n=0) (n=37) (n=48)

{ 1
Allocated to screening trial and implantation Allocated to implantation only strategy (NTG)
strategy (TG) (n=54) (n=51)
+ Received allocated intervention (n=47) + Received allocated intervention (n=49)
+ Did not receive allocated intervention
(withdrew prior to implant) (n=2)

Randomised (n=105) |

Unsuccessful screening trial (n=5) Successful screening trial (n=42)

Lost to follow-up (n=0)
Discontinued intervention || Lostto folow-up (n=0)
(AE/SAE) (n=2) Missed 3 month visit (n=1)
Missed 3 month visit (n=3)

Lost to follow-up (n=0)
[ Withdrawal from study (n=3) 1
Missed 3 month visit (n=2)

I Lost to folow-up (n=0) = s b St iy 5 Lost to folow-up (n=1)
C 6 month C: 6 month C 6 month
(n=2) (n=39) (n=48)

Clinical effectiveness—primary complete case analysis of primary and secondary outcomes at 6-month follow-up.

TG (n = 41) NTG (n = 48) Between-group difference
Baseline mean (SD) or Follow-up mean (SD) or Baseline mean (SD) or Follow-up mean (SD) or Mean difference or odds ratio P
n/N n/N n/N n/N (95% CI)
Primary outcome
Pain NRS: 75(1.1) 4.3 (2.4 75(1.1) 4.5 (2.5) 0.2(=1.2100.9 0.74
Clinic
Secondary
outcomes
PainNRS: 4d 7.3(1.1) 41 (2.4 7.4(0.9) 4.8 (2.6) 0.3(—0.81t01.4) 0.60
Pain relief — 15/41 (37%) — 19/48 (40%) 12041017 0.73
=50%
Pain relief — 23/41 (56%) — 28/48 (58%) 1.3(0.5103.2) 0.55
=30%
EQ-5D-5L 0.32 (0.22) 0.57 (0.24) 0.30 (0.24) 0.53 (0.27) —0.06 (—0.16 t0 0.04) 0.23
PGIC — 38/39 (97%) — 41/47 (87%) 0.2 (0.0 to 2.6) 0.20
oDl 56.1 (13.6) 36.2 (18.4) 57.6 (14.9) 41.4 (23.4) 1.7 (—5.8109.2) 0.65




Autres cibles

Dorsal root ganglion stimulation yielded higher
treatment success rate for complex regional pain
syndrome and causalgia at 3 and 12 months:

a randomized comparative trial

Timothy R. Deer™*, Robert M. Lewy®, Jeffery Kramer®, Lawrence Poree®, Kasra Amirdelfan®, Eric Grigsby',
Peter Staats®, Allen W. Burton", Abram H. Burgher', Jon Obray’, James Scowcroft<, Stan Golovac',
Leonardo Kapural™, Richard Paicius", Christopher Kim?®, Jason Pope?, Thomas Yearwood®, Sam Samuel®,

W. Porter McRoberts®, Hazmer Cassim’, Mark Netherton®, Nathan Miller', Michael Schaufele”, Edward Tavel”,

Timothy Davis", Kristina Davis®, Linda Johnson®, Nagy Mekhail®

) Abbott

Peripheral Nerve Stimulation

¢¢0

Jean Lemarie,

Peripheral Nerve Stimulation of Brachial Plexus
Nerve Roots and Supra-Scapular Nerve for
Chronic Refractory Neuropathic Pain of the
Upper Limb

Benedicte Bouche, MD*; Marie Manfiotto, MD?; Philippe Rigoard, MD, PhD*5;
MD7"; Veronique Dix-Neuf, MDTY;
Michel Lanteri-Minet, MD**TT#¥; Denys Fontaine, MD, PhD**

Neuromodulation: Technology at the Neural Interface

Neurormodulabon chnolcgy at the Neural Interface

Received: December 2, 2017 Revised: February 19,2018 Accepted: March 9, 2018

(onlinelibrary wiley.com) DOE 10.1111/ne. 12055

Peripheral Nerve Field Stimulation for the
Management of Localized Chronic Intractable
Back Pain: Results From a Randomized
Controlled Study

Eugene Lipov, MD*; Jay Joshi, MD®; Bennet Davis, MD";
Kevin D. Cairns, MD MPH**; Giancarlo Barolat, MD**

W. Porter McRoberts, MD*; Richard Wolkowitz, MD'; D Joseph Meyer, MD";

(onlinelibrary.wiley.com) DOI: 10.1111/ner.12784

A Randomized Controlled Trial of
Subcutaneous Nerve Stimulation for Back Pain
Due to Failed Back Surgery Syndrome: The
SubQStim Study

Sam S. Eldabe, MB, ChB, FRCA ©%*; Rod S. Taylor, PhD*;

Stefaan Goossens, MD¥; Benedlcte Bouche, MDS; Ismail Giiltuna, MDY;
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Difféerentes modalitées de stimulation

Name Frequency Pulse  Amplitude Waveform Comment
width
Low frequency 10-100 Hz 100- 1-10 mA Traditionally paresthesia-
1000 Hﬁ H based, manually adjustable
us ' output. Also called “tonic,”
although this technically
describes any waveform with
constant evenly spaced pulses.
Burst Passive charge recovery: 500 ps 1-5mA o { l Several types of burst
40-Hz intrabursts of 5 H' ” \ ”‘ ” ”‘ stimulation, some with passive,
pulses at 500-Hz interbursts others active charge recovery
Active charge recovery: W Fixed output, typically below
Up to 8 0-Hz intrabursts of  20- 1-5mA paresthesia threshold
3-7 pulses at 2- to 1200-Hz 1000
interbursts T
High frequency 1-10 kHz 30to 1-5 mA Fixed output, typically below
150 ps paresthesia threshold.
High charge 300-1200 Hz 150- 1-5 mA wewn B B B B B A Fixed output, typically below
800 ps paresthesia threshold.
owwew  PEEEERRRRRRRNN [ 70
e I 0 T PR PUSES
gh duty cycle).
voone o IRRRRRRNERRRRRRRRRRRNANN|
ECAP-controlled 10-100 Hz 100- Automatically adjusted for —— Stimulation amplitude adjusted
closed loop 450 ps  every pulse (usually within o A AT AT AT A A= based on physiologic response
1-10 mA). - to stimulation, eg, evoked
E": A— A— n— R— A— 'Hf— compound action potentials
== VvV ="  (ECAPs), to maintain a target
physiologic response
amplitude.
Multiple contact 10-1000 Hz 100- 1-5mA Stimulation amplitude on each
calibrated field shape 350 ps contact adjusted to

preferentially modulate
different areas of the spinal
cord

I AIN PAIN 162 (2021) 1935-1956

Research design considerations for randomized
controlled trials of spinal cord stimulation for pain:
Initiative on Methods, Measurement, and Pain
Assessment in Clinical Trials/Institute of
Neuromodulation/International Neuromodulation
Society recommendations

Nathaniel Katz*, Robert H. Dworkin, Richard North, Simon Thomson, Sam Eldabe, Salim M. Hayek, Brian H. Kopell,
John Markman, Ali Rezai, Rod S. Taylor, Dennis C. Turk, Eric Buchser, Howard Fields, Gregory Fiore,

McKenzie Ferguson, Jennifer Gewandter, Chris Hilker, Roshini Jain, Angela Leitner, John Loeser, Ewan McNicol,
Turo Nurmikko, Jane Shipley, Rahul Singh, Andrea Trescot, Robert van Dongen, Lalit Venkatesan



Haute frequence

>

=
Q

NeEevMro

9 —ge=Traditional SCS
9 =ge=Traditional SCS
8 == F10 Therapy
8 —@=HF10 Therapy .
— E 7
E 7 ? k=]
&~ wv 6
v 6 <C
. = s
s 5
o
ke r — — a 4 —a
& a * - 3 — e >e -
s v 3
2 3 -
S 2 —— " * 5 - > .
1
1
0
0 6 9 12
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Assessment (mo)
Month 3 Month 6 Month 12
241 Participants assessed for eligibility Back pain responders
HF10 therapy, % 84.3 76.4 78.7
Traditional SCS, % 43.8 51.9 51.3
43 Excluded Relative ratio (95% Cl) 1.9 (1.4-2.5) 1.5(1.2-1.9) 1.5 (1.2-1.9)
43 Screen failures Back pain remitters
HF10 therapy, % 65.2 59.6 68.5
Traditional SCS, % 313 36.7 36.3
198 Randomized Rela?lve ratio (95% ClI) 2.1(1.4-3.0) 1.6 (1.1-2.3) 1.9 (1.3-2.7)
Leg pain responders
HF10 therapy 83.1 80.9 78.7
Traditional SCS, % 55.0 54.4 51.3
Relative ratio (95% Cl) 1.5(1.2-1.9) 1.5(1.2-1.9) 1.5 (1.2-2.0)
) - - Leg pain remitters
101 Assigned to HF10 therapy 97 Assigned to traditional SCS HF10 therapy, % 76.4 68.6 67.4
97 Trialed with SCS system 92 Trialed with SCS system Traditional SCS, % 375 443 425
90 Successful SCS trial 81 Successful SCS trial Relative ratio (95% CI) 2.0(1.5-2.8) 1.5 (1.2-2.0) 1.6 (1.2-2.1)

7 Unsuccessful SCS trial
4 Not trialed
2 Medical contraindication
1 Withdrew consent
1 Lost to follow-up

11 Unsuccessful SCS trial
5 Not trialed
4 Withdrew consent
1 Medical contraindication

90 Implanted participants included in
the 3 mo primary and 12 mo
secondary analyses

81 Implanted participants included in
the 3 mo primary and 12 mo
secondary analyses

Responder: =50% reduction in pain from baseline. Remitter: pain score of <2.5. Relative ratio (95% CI): ratio of responder or remitter rates for HF10 therapy
to traditional SCS with 95% Cls. Rates in bold represent the primary endpoint comparison. 10% noninferiority P value <0.001 at all endpoints. Between-
group P value <0.001 at all endpoints.
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Novel 10-kHz High-frequency Therapy (HF10 Therapy)
Is Superior to Traditional Low-frequency Spinal Cord

Stimulation for the Treatment of Chronic Back and Leg Pain
The SENZA-RCT Randomized Controlled Trial

Leonardo Kapural, M.D., Ph.D., Cong Yu, M.D., Matthew W. Doust, M.D., Bradford E. Gliner, M.S.,
Ricardo Vallejo, M.D., Ph.D., B. Todd Sitzman, M.D., M.P.H., Kasra Amirdelfan, M.D.,

Donna M. Morgan, M.D., Lora L. Brown, M.D., Thomas L. Yearwood, M.D., Ph.D.,

Richard Bundschu, M.D., Allen W. Burton, M.D., Thomas Yang, M.D., Ramsin Benyamin, M.D.,
Abram H. Buraher. M.D.
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Pain Medicine 2017; 18: 2401-2421
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Original Research Arlicle

Prospective, Randomized Blind Effect-on-
Outcome Study of Conventional vs High-
Frequency Spinal Cord Stimulation in Patients
with Pain and Disability Due to Failed Back
Surgery Syndrome

Jose De Andres, MD, PhD, FIPP, EDRA,*! Vicente
Monsalve-Dolz, PhD,* Gustavo Fabregat-Cid, MD,
PhD,* Vicente Villanueva-Perez, MD, PhD,*
Anushik Harutyunyan,** Juan Marcos
Asensio-Samper, MD,* and

Nerea Sanchis-Lopez, MD*

Conventional SCS group HF 10kHz SCS group

78 participants assessed for eligibility

> 18 excluded not fulfilling inclusion criteria

60 participants randomized

/\

29 patients HF 10-kHz group

3 unsuccessful trial

29 trialed with SCS sysem

l

basal, 3 mo, 6 mo and

26 patients HF 10-kHz group analyzed

12 mo

4

| patient Hip’s Surgery, 12 mo after implant

(N=29) (N=26) Difference®

Age, mean (SD), y 53.79 (11.46) 51.62 (9.31) 0.446
Maleffemale, % 37.9/62.1 57.7/42.3 0.116
Pain diagnosis, %

Failed back surgery syndrome 100 100
Previous back surgery, % 100 100
Baseline NRS, mean (SD) 7.60 (1.06) 7.69 (117) 0.33
Baseline pain detect, mean (SD) 18.86 (7.17) 16.23 (6.85) 0.329
Baseline ODI, mean (SD) 27.18 (5.21) 26.96 (5.18) 0.33

HF = high frequency; NRS = numeric rating scale; ODI = Oswestry Disability Index; PD-Q = Pain Detect Questionnaire; SCS =
spinal cord stimulation.

EI—'-HWE-I..I‘IIJ‘IH.IMHJE

Imiplant

31 patients conventional SCS
31 trialed with SCS sysem
2 unsuccessful trial

l

29 patients conventional SCS analyzed
basal, 3 mo, 6 mo and 12 mo

y

2 patients lead migration required surgical revision
| patient Herpes Zoster 3 mo after implant

MEANS (+SD) OF NRS

Follow-up

'[ - F

_ail = 2
1 * T
= High-frequency
group
Convermonal-
frequency grodp
3 maonths & months 12 months
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Analgesic Efficacy of High-Frequency Spinal
Cord Stimulation: A Randomized Double-Blind
Placebo-Controlled Study

Christophe Perruchoud, MD*; Sam Eldabe, MBChB, FRCA, FFPMRCA';

Alan M. Batterham, PhD'; Grace Madzinga, RN, Dip HE Adult, BSc (Hons)';
Morag Brookes, RGN, BSc (Hons), PG Dip Health Research’; Anne Durrer, RN*;
Marilu Rosato, RN*; Nora Bovet, RN*; Samantha West, RN, BSc (Hons)';
Micheéle Bovy, MD¥*; Blaise Rutschmann, MD*; Ash Gulve, MD?;

Fay Garner, RGN, Dip (Pain Management)'; Eric Buchser, MD DEAA*

Sequence 1 Conventional High Frequency Conventional
Randomisaton end of study
SRS W Conventional Sham Conventional High Frequency J The overall proportion of patients responding to HF stimulation
Data Data Data Data . . .
t t ' t ' was 42.4% (14/33 patients) vs. 30.3% (10/33 patients) in the sham
condition (Table 2). There was a statistically significant “period
Visit 1 Visit 2 Visit 3 Visit 4 Visit 5

. ; 2 weeks of conventional spinal 5 days data collection
Conventional cord stimulation
., 2 weeks of high frequency (5 kHz)
High Frequency spinal cord stimulation
2 weeks of sham (placebo) spinal
Sham cord stimulation

effect, whereby 51.5% (17/33) of patients improved at visit 3 and
only 21.2% (7/33) at visit 5, irrespective of treatment received (mean
difference in proportions = 30.3%; 9-51%; p = 0.006).

In sequence 1 (HFSCS first), 9/17 patients responded to HFSCS vs.
2/17 to sham. The difference in the proportions of responding
patients (HFSCS 52.9% minus sham 11.7%) is 41.2%. In sequence 2
(sham first), 5/16 patients responded to HFSCS vs. 8/16 to sham.The
difference in proportions (HFSCS 0.325 minus sham 0.5) is —0.188,
i.e. 18.8% in favor of sham. The mean benefit of HFSCS vs. sham is
given by the average of these two values that is a proportion of
0.112% or 11.2% (95% Cl, —10.1% to 32.5%; p = 0.30).
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Prospective, Randomized, Sham-Control,
Double Blind, Crossover Trial of Subthreshold
Spinal Cord Stimulation at Various Kilohertz
Frequencies in Subjects Suffering From Failed
Back Surgery Syndrome (SCS Frequency Study)

Adnan Al-Kaisy, MD*; Stefano Palmisani, MD*; David Pang, MD¥%;
Karen Sanderson, RN*; Samuel Wesley*; Ye Tan, MS*; Sheryl McCammon;
Andrea Trescott, MD*
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Received: October 22, 2017 Revised: November 13, 2017 Accepted: November 13, 2017

(onlinelibrary.wiley.com) DOI: 10.1111/ner.12746

Effects of Rate on Analgesia in Kilohertz
Frequency Spinal Cord Stimulation: Results
of the PROCO Randomized Controlled Trial

Simon J. Thomson, MBBS*; Moein Tavakkolizadeh, MDT;
Sarah Love-Jones, MBBS¥; Nikunj K. Patel, MDS; Jianwen Wendy Gu, PhDY;
Amarpreet Bains, PhD**; Que Doan, BS"; Michael Moffitt, PhD"Y
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I 229 subjects provided Informed Consent

|

I 140 subjects randomized

N=75 N=65

68 completed End of Period 1 | I 61 completed End of Period 1|

} }

I 62 completed End of Period 2 l I 57 completed End of Period ZI
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Table 2. Pain Scores in All Randomized Subjects (N = 140) Based on The

Treatment Assignment.

Outcome Baseline Subperception  Supraperception

mean (SD) N SCS mean SCS Mean
(SD) N (SD) N

Mean overall 73 (11131 47(19) 123 51(009) 124
pain (VRS)

Mean low back 69(16) 131 42(19) 123 48 (1.8) 124
pain (VRS)

Mean leg pain (VRS) 6.1 (23) 131  39(22) 123 43 (22) 124

Mean overall NA 574 (240) 119 549 (25.6) 124
pain (PPR)

Mean low back NA 56.1 (24.1) 118 519 (27.7) 122
pain (PPR)

Mean leg pain (PPR) NA 550 (264) 112 52.7 (285) 119

End of Period 2

Period 1

End of 9 mo. 12 mo.
Informed  Baseline ~ Activation Visit Pertod 1 | Actvaion Period 2 Visit visit
Consent Visit (Day 0) Visit Visit Visit
| i
Period 1 Period 2

Stable b w Supra-Perception 5 Sub-Perception ’
Meds = £ 9 Sub-perception
for 28 2 3 @ preferred group
days g @ Sub-Perception = Supra-Perception

[

Up to 21days 7 days

-

) 1 1 2 J
T T T T

90 days 3.7 days 90 days

T

365 days

Outcomes of a Multicenter, Prospective,
Crossover, Randomized Controlled Trial
Evaluating Subperception Spinal Cord
Stimulation at <1.2 kHz in Previously
Implanted Subjects

James North, MD¥; Eric Loudermilk, MD"; Albert Lee, MD¥;

Harsh Sachdeva, MD®; Demetrios Kaiafas, MD"; i

Edward Washabaugh, MD**; Samir Sheth, MD T, ; James Scowcroft, MD*¥;
Nagy Mekhail, MD, PhD®S Benjamm Lampert, MD

Thomas Yearwood, MD, PhD™; Erik Shaw, DO™; Joseph AtaIIah MD*¥;
Carroll McLeod, MD S; John Han, MD =£Cong Yu, MD’

Mark Sedrak, MD™ 1{ Rene Lucas, MD** ; Andrew Trobrldge, MDS555;
Joseph Hegarty, | MD"%. Nathan Miller, MD™ ; Lilly Chen, MD*11T;
Roshini Jain, MS*117
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High-Frequency Impulse Therapy for Treatment of
Chronic Back Pain: A Multicenter Randomized
Controlled Pilot Study
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Figure 4. A) lllustration of burst waveforms with active recharge
or passive recharge. B) Changes in spinal neuron firing rate
from baseline after burst with active recharge or passive.
Following burst spinal cord stimulation (SCS) with passive re-
charge, the normalized firing rate was significantly lower over-
all {P=0.019) and at five, 10, and 15 minutes relative to baseline
(blue *P < 0.04). Conversely, five minutes after burst SCS with
active recharge, the normalized firing rate was increased rela-
tive to baseline (*P< 0.006) and zero minutes (red *P< 0.003).
Figures used with permission from Weisshaar et al. [83].
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Success Using Neuromodulation With BURST ) Abbott
(SUNBURST) Study: Results From a Prospective,
Randomized Controlled Trial Using a Novel
Burst Waveform

Timothy Deer, MD*; Konstantin V. Slavin, MD ©%; Kasra Amirdelfan, MD¥;
Richard B. North, MD?%; Allen W. Burton, MDTY;

Thomas L. Yearwood, MD, PhD**; Ed Tavel, MD'T; Peter Staats, MD*%¥;
Steven Falowski, MDSS; Jason Pope, MD"Y; Rafael Justiz, MD**%;

Alain Y. Fabi, MDTTt; Alexander Taghva, MD ©¥%¥; Richard Paicius, MD¥¥;
Timothy Houden, MD%5%; Derron Wilson, MD %19
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Stimulation Tonique
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A Prospective, Randomised, Double-blind,
Placebo-controlled Study to Examine the

Effectiveness of Burst Spinal Cord Stimulation

Patterns for the Treatment of Failed Back
Surgery Syndrome

Stefan Schu, MD, PhD¥; Philipp J. Slotty, MD¥*; Gregor Bara, MD¥*;
Monika von Knop*; Deborah Edgar, PhD'; Jan Vesper, MD, PhD*
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Preferred frequencies and waveforms for spinal cord
stimulation in patients with complex regional pain syndrome: A
multicentre, double-blind, randomized and placebo-controlled

crossover trial

N. Kriek', J.G. Groeneweg', D.L. Stronks', D. de Ridder, F.JP.M. Huygen'

1 Center for Pain Medicine, Erasmus MC - University Medical Center Rotterdam, The Netherlands

2 Department of Surgical Sciences, Section of Neurosurgery, Dunedin School of Medicine, University of Otago, Dunedin, Hew Zealand

Primary outcome

Overall statistical

parameters (n = 29) Standard 500 Hz 1200 Hz Burst Placebo outcome*
Visual analogue scale,  39.83 (4.7)* 40.13 {4.94)° 42.89 (4.79)¢ 47.98 (5.26)° 63.74 (3.51)»° Fuq = 7.834; p < 0.001
mean (SE) [95% Ci} [30.19-49.47] [30.02-50.24] [33.09-52.70] {37.22-58.75] [56.56-70.91]
McGill pain scores,
mean (SE} [95% Ci]
Average pain 4.70 (0.40)* 5.10 (0.45)® 5.31 (0.46)° 5.66 (0.49)° 7.07 (0.28)"° Fu4 = 11.370; p < 0.001
[3.89-5.50] [4.18-6.03] [4.36-6.26} {4.65-6.66] [6.50-7.63]
Distribution of
stimulation
preferences Standard 500 Hz 1200 Hz Burst Placebo Total
Preferred stimulation, 14 (48.3) 6 {20.7) 4 (13.8) 4 (13.8) 1{3.4) 29 {100)
n (%)
Best user-friendliness, 14 (48.3) 8 (27.6) 1 (3.4 6 (20.7) 0 {0) 29 {100)
n (%)
Comfortable, n (%) 14 {48.3) 7 {24.1) 4(13.8) 4{13.8} 0{0) 29 (100
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A Comparison of 1000 Hz to 30 Hz Spinal Cord
Stimulation Strategies in Patients with Unilateral
Neuropathic Leg Pain Due to Failed Back Surgery
Syndrome: A Multicenter, Randomized, Double-
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Effectiveness of high dose spinal cord stimulation for non-surgical

intractable lumbar radiculopathy - HIDENS Study Baseiine 1 month 3 months 12 month

-
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Long-term safety and efficacy of closed-loop spinal cord @x®

CrossMark

stimulation to treat chronic back and leg pain (Evoke): E

a double-blind, randomised, controlled trial 2 saluda MEDICAL

Fixed-output, open-loop

Nagy Mekhail, Robert M Levy, Timothy R Deer, Leonardo Kapural, Sean Li, Kasra Amirdelfan, Corey W Hunter, Steven M Rosen, Shrif ] Costandi, 251
Steven M Falowski, Abram H Burgher, Jason E Pope, Christopher A Gilmore, Farooq A Qureshi, Peter S Staats, James Scowcroft, Jonathan Carlson,
Christopher K Kim, Michael | Yang, Thomas Stauss, Lawrence Poree, on behalf of the Evoke Study Group™

20

157 Fixed-output 7
104 A

59 4

Stimulation current (mA)

Summary
Background Spinal cord stimulation has been an established treatment for chronic back and leg pain for more than  Lancet Neurol 2019

0 T T T T T 1 T T T T T

| 328 patients screened for baseline evaluation

Fixed-output, open-loop Closed-loop
800 N . - T . " -
Variable spinal cord activation Consistent spinal cord activation

Heartbeat

4.{ 194 did not meet eligibility criteria
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Lying down

600 Cough

g %‘_ back —
| 134 randomly assigned | %-ﬁg If-smard Cough Lean
| %_EL 4007 Heartbeat
¢ ¢ §§ 200
67 assigned to closed-loop 67 assigned to open-loop (control)
(investigational)
G;HJ::I;%a\;EEaSCgr;l;}:em %r;?r?alled with SCS system ° 50 100 1§o 200 2§o 30'0 0 50 100 15'0 200 25:0
63 successful 57 successful Time(s) Time (s)
4unsuccessful 10 unsuccessful
3 months 12 months
52.::3]9 dirr;i-month ITT analysis 4r;i:j::hgdirr; V3v-m°”'h ITT analysis Closed-loop group Open-loop group Difference (95% Cl)  p value Closed-loop group Open-loop group Difference (95% Cl)  p value
2 chose not to getimplant 2 chose not to get implant
! 2 had an adverse event unrelated —» 1had an adverse eventunrelated  VAS percentage change from baseline*'l‘:l:
to device or stimulation to device or stimulation
o <omplance L missed 3-month it Overall pain 73-8% (28.0) 59-4% (35-8) 14-4% (3-0t025-8)  0-013 72:3% (29-0) 56-2% (38-5) 16-0% (3-6t028:5)  0-012
0 missed 3-month visit
Back pain (hierarchical secondary 72:1% (29-4) 57-5% (36-4) 14-6% (2.9t026-3)  0-015§ 69-4% (30-6) 54-0% (39-5) 15-4% (2-5t028-3)  0-020§
62 includedin 3 N th ITT pri 63 included in 3 th ITT pri OUtcome)
Included In 3-mMon’ primary Inclu n 3-mon primary
lysi lysi i i i iy N . . . . . . . 1. o B
;’;"*cfr:plete S5 monthist ;‘;ig:plet w3 monthuist Leg pain (hierarchical secondary 76-8% (28-3) 67-8% (35'5) 9-0(-2:4t020-4)  0-00069  72:9% (31-0) 62-1% (37-5) 10-7% (-1-8t023-3)  0-00079
4 presumed non-responders 10 presumed non-responders OUtcome)
4 unsuccessful in SCStrial 10 unsuccessful in SCS trial
VAS responder rates*||
3 missingin12-month T analysis 5 missingin12-monthiTTanalsis ~ Overall pain =50% reduction (primary 51/62 (82%) 38/63 (60%) 21.9% (6-6t037-3)  0-0052§ 49/59 (83%) 36/59 (61%) 22.0% (6:3t037-7)  0-0060§
3withdrew 4withdrew outcome)
Y 2 voluntary withdrawals » 1voluntary withdrawal
oot folow D 3adverseeventsunrelaedto  Back pain 250% reduction (hierarchical  50/62 (81%) 36/63 (57%) 23.5% (7-8t039-2)  0-0033§  47/59 (80%) 34/59 (58%) 22.0% (5-8t038-3)  0-00795§
MISSe -month visr’ VI imulati
1 missed 12-month visit Secondary OUtcome)
Leg pain 250% reduction 50/62 (81%) 43/63 (68%) 12-4% (-2-7t027-5) 0-00209  49/59 (83%) 36/59 (61%) 22:0% (6-:3to37-7)  0-0060§
59 included in 12-month ITT analysi: 59 included in 12-month ITT analysi: o
55 completed 12 morthvist 48completed 2 monthit VAS high responder rates™||
4 presumed non-r nd 11 presumed non-r nder: . .
 onsuccesstlinSCS il o unsucceseolinSCs il Overall back and leg pain =80% reduction  36/62 (58%) 27/63 (43%) 152% (-21t0325) 000230  33/59 (56%) 22/59 (37%) 18-6% (1.0t036:3)  0-039§

1withdrew because of loss of

(hierarchical secondary outcome)
efficacy
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Durability of Clinical and Quality-of-Life Outcomes of Closed-Loop
Spinal Cord Stimulation for Chronic Back and Leg Pain
A Secondary Analysis of the Evoke Randomized Clinical Trial

Nagy Mekhail, MD, PhD; Robert M. Levy, MD, PhD; Timothy R. Deer, MD; Leonardo Kapural, MD, PhD;
Sean Li, MD; Kasra Amirdelfan, MD; Corey W. Hunter, MD; Steven M. Rosen, MD; Shrif J. Costandi, MD;
Steven M. Falowski, MD; Abram H. Burgher, MD; Jason E. Pope, MD; Christopher A. Gilmore, MD;
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Lawrence Poree, MD, MPH, PhD; and the Evoke Study Group

328 Patients assessed for eligibility

194 Ineligible

134 Enrolled/randomized

67 Assigned to closed-loop intervention

8 Discontinued treatment
4 Unsuccessful trial
1 AE unrelated to device or
stimulation
2 Voluntary withdrawal
1 Noncompliance
v

59 Received implantation

7 Discontinued treatment
2 AE unrelated to device
or stimulation
3 Voluntary withdrawal
1 Noncompliance

1 Lost to follow-up

v
52 Treatment ongoing at 24 mo
50 Completed 24-mo follow-up
2 Missed visits

v
67 Included in the primary analysis®

67 Assigned to open-loop group (control)
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1 AE unrelated to device or
stimulation
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0 Noncompliance
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54 Received implantation
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3 AE unrelated to device
or stimulation
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Impact of Spinal Cord Stimulation on Opioid Dose
Reduction: A Nationwide Analysis

Original Article
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®o 80 TABLE 3. Significant Factors Associated With Completely Weaning
8 Off Opioids for All Patients Taking Opioids During the Last Quarter
o Before SCS, as Determined by Multivariate Logistic Modeling
=
.,g 60 Adjusted OR (95% Cl) Pvalue
c Pre-SCS trial MME dose group
.1<:2 40 1 <20 MME 4.85 (376, 6.25) <.001
o 20-50 MME 2.50 (1.93,3.23) <.001
8‘ 50-90 MME 1.34 (0.97,1.85) .08
a 20 >90 MME Reference -
Long-term use of opioids
Yes 0.26 (0.21, 0.30) <.001
0- - No Reference -
Baseline 12 months Use of other pain medications
Figure 4 Opioid use categorised in morphine milligram equivalents (MME) at baseline and 12 months following 10 kHz spinal Yes 0.75 (0.65, 0.87) <.001
cord stimulation treatment. 0 MME (blue) 1-49 MME (green) 59-90 MME (orange)> 90 MME (brown). No Reference -
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Yes 0.75 (0.60, 0.94) 0.01
No Reference -
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Systematic Review

Comparison of Spinal Cord Stimulation
Waveforms for Treating Chronic Low Back Pain:
Systematic Review and Meta-Analysis

Jay Karri, MD', Vwaire Orhurhu, MD?, Sayed Wahezi, MD3, Tuan Tang, MD*,
Timothy Deer, MD5, and Alaa Abd-Elsayed, MD®

BURST WAVEFORM TONIC WAVEFORM
Weighted Weighted
Mean Mean Mean Difference Mean Difference
Author, Year Pain Score SD Total PainScore SD Total D+L, Random, 95% ClI D+L, Random, 95% CI Weight

Devos, 2014 3.5 22 24 49 25 24 -1.40(-2.73,-0.07) —— 16.15
Schu, 2014 4.7 2.5 20 y & | 1.9 20 -2.40 (-3.78,-1.02) : 15.68
DeRidder, 2015 3.2 23 102 49 23 102 -1.69(-2.31,-1.07) - 24.95
Courtney, 2015 2.8 17 22 54 20 22 -260(3.71,-150) —— 18.80
Deer, 2017 4.4 25 100 49 23 100 -0.50(-1.17,0.17) | et 24.42
Total (95% CI) 268 268 -1.64(-2.43,-0.84) <> 100.00
Heterogeneity: Tau?=0.56, Chi? =14.38, df=4 (P=0.006): 12=72.2% T T ) ¥

Test of Overall effect: Z =4,02, P<0.0001 FAVORS BURST FAVORS TOMIC
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Spinal Stimulation for the Treatment of
Intractable Spine and Limb Pain: A Systematic
Review of RCTs and Meta-Analysis t

Tim J. Lamer, MD; Susan M. Moeschler, MD; Halena M. Gazelka, MD;
W. Michael Hooten, MD; Markus A. Bendel, MD; and M. Hassan Murad, MD

| 080 Citations obtained by the
search strategy

1033 Citations excluded by screening
titles/abstracts

Y

¥
47 Fulltext articles assessed for
eligibility

!

| Citations obtained by screening
reference lists

3| Articles excluded:
-4 articles were technical reports only
-5 articles were not comparative studies
-8 articles did not report pain outcomes
-14 articles had only short-term followup

Y

Y

|2 Trials met the inclusion criteria and
were reported in |7 manuscripts

Patients with 50% or more pain relief

Study Events, Events,

author, year OR (95% CI) treatment control  Follow up
Conventional SCS vs medical

Devos et al, 2014 —_— 31.67 (3.84,261.27) 25/40 1120 6 months
Slangen et al, 2014 + 2041 (1.08,38557) 9/22 0/14 6 months
Kumar et al, 2007 —— 9.23 (2.87,29.68) 24/50 4/44 6 months
Subtotal (I-squared=0.0%, P=.567) ‘ [13.01 (496,34.17) 58/112 5/78

New technology vs conventional

Kapural et al, 2016 —— 2.77 (1.42,5.40) 62/85 35/71 24 months
Deer et al, 2017 (Pain) —— 2.55(1.23,5.32) 49/66 35/66 [2 months
Deer et al, 2017 (Neuromaodulation) —— .44 (0.82,2.52) 60/100 S51/100 24 weeks
Subtotal (I-squared=24.5%, P=.266) ’ 207 (1.35,3.19) I71/251 121/237
Conventional SCS vs repeat spine surgery

North et al, 2005 —— 6.90 (1.54,31.01) 9/19 326 35 moriths
Subtotal (I-squared =%, P=.) ’ 6.90 (1.54,31.01) 9/19 326

NOTE: Weights are from random effects analysis

I
00259

I
386
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Systematic review and meta-analysis of placebo/sham controlled randomised trials of spinal

cord stimulation for neuropathic pain

Rui V Duarte, PhD'® Sarah Nevitt, PhD! Ewan McNicol, PharmD”* Rod S Taylor. PhD*° Eric
Buchser, MD® Richard B North, MD’ Sam Eldabe, MD?®

Pain Intensity
Visual Analogue Scale (0 to 10 cm) or Numeric Rating Scale (O to 10)

Study Mean

D Difference (95% CI) Infervention Conlrol
'

Al-Kaisy 2018 (1) —— : 161(314, 008) 5882H7 Sham
'

Al-Kaisy 2018 (2) - —— > -026(-1.82,1.30) 3030Hz Sham

Al Kaisy 2018 (3) " —— > 032(183,119) 1200Hz Sham
I

Krnek 2017 (1) < - - -2.39(-4.59, -0.19) Standard Pracebo
'

Kriek 2017 (2) < —— T 2.36 (165, 0.07) S500Hz Placebo
'

Knick 2017 {3) < - . -2.09(-4.32,015) 1200tz Pracebo
1

Kriek 2017 (4) —— - -158(399,084) Baurst Placebo
1

Pemuchoud 2013 : 0.09 (-0.68,0.85) 5000Hz Sham
'

Schu 2014 (1) € - _360(493, 227) Barst Macebo

Schu 2014 (2) ‘ “1.20 (221, 0.19) Tonc500Hz FPracebo

Tiepkema Cloosiermans 2016 : —e— 020( 1017, 061) Hughamp busst Low amp. burst
)

Wolter 2012 . E— -0.88 (-1.32, 0.44) Subthreshokd Pracebo
1

Overall (Lsquared - 658%, p - 0.001) Q -1.15(-1.75, -0.55)
'
'

NOTE: Weights are from random effects analysis '
L

T T T T T
-4 -3 = =1 0 1

favours Stimudation favours Control



Conclusion

Peut-on réfléchir en 2021 comme en 2013 pour la SCS?
De quoi disposons-nous maintenant ¢

1 recommandation société savante 1A

18 RCT dont 8 avec placebo ou sham

2 méta-analyses

Combien d’entre vous propose ou envisage une SCS pour un
patient avec lombo-radiculalgie majoritairement
neuropathique (DN4) postopératoire repondant a la TENS?

Combien d’entre vous propose ou envisage une SCS pour
des douleurs neuropathiques d'origine diabétique, post-
zostérienne, ou d'une maladie de Buerger?

Peu de patients proposes en pratique et delai CETD long
Frein = meconnaissance



Quiz : question

1. Par principe, une technigue de neuromodulation est uniguement et
seulement :

O Implantée

O Electrique

O Réversible

O Non lésionnelle

O Au niveau du systeme nerveux central
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2. Les indications reconnues en France par I'HAS de la stimulation médullaire
sont :

O Douleurs neuropathiques du diabéete de type |

O Syndrome douloureux complexe regional de type ||

O Douleurs neuropathiques trigeéminales postopératoires

O Artériopathie Oblitérante des membres inférieurs de fout type
O Douleurs neuropathigues post-zostériennes
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3. Les Indications de stimulation medullaire dont les résultats antalgiques
sont reconnus comme significativement supérieurs au fraitement medical
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O Angor réfractaire
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4. Quelle(s) modalité(s) de stimulation ont-elles démontré leur supériorité
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controlé ¢

O Stimulation paresthésiante

O BurstDR®

O Stimulation tonique en cluster
O DTM®

O Closed-loop stimulation (ECAP)
O Aucune des 5 propositions
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5. Quels sont les points pouvant remetftre en question la solidité
méthodologigue d'une RCT en neuromodulation de la douleur ¢

O 2 bras spécifiques groupe placebo et groupe sham

O Populations étudiées hétérogenes dans les indications
O Objectif principal fondé uniqguement sur I'EVA

O Financement non-institutionnel

O Résultats a 6 semaines
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