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Objective: We conducted a systematic review about patient selection, efficacy, and safety of
neuromodulation with electrical field stimulation (EFS) of dorsal root ganglion (DRG) in vari-
ous painful conditions. We also analyzed conclusion statements as well as conflict of interest
and financing of the included studies.

Methods: All study designs were eligible for inclusion. We searched MEDLINE, CINAHL,
Embase, PsycINFO, and clinical trial registries until September 7, 2018. We assessed risk of
bias by using Cochrane tool for randomized controlled trials (RCTs).

Results: Among the 29 included studies, only one was RCT, majority being case series and
case reports. The evidence is based on studies with small number of participants (median: 6,
range 1-152) with various painful conditions. Neuromodulation with EFS of DRG was mostly
performed in participants who have failed other treatment modalities. Most of the authors of
the included studies reported positive, but inconclusive, evidence regarding efficacy of neuro-
modulation with EFS of DRG. Meta-analysis was not possible since only one RCT was included.
Conclusion: Available evidence suggest that neuromodulation with EFS of DRG may help
highly selected participants with various pain syndromes, who have failed to achieve adequate
pain relief with other pharmacological and nonpharmacological interventions. However, these
findings should be confirmed in high-quality RCTs with sufficient numbers of participants.
Keywords: DRG, pain, neuropathic pain, chronic pain, neurostimulation, electrical

stimulation

Introduction
Neurostimulation is a widely used therapeutic approach to treat various painful con-
ditions including complex regional pain syndrome (CRPS),'~ chronic low back pain
(LBP),*¢ groin pain,’® and pelvic pain.*!° Neurostimulation as a therapeutic method
uses electrical energy, that is, electrical field stimulation (EFS) in order to functionally
activate or inhibit neuronal groups, networks, or pathways and to achieve pain relief.'"!2
Primary sensory neurons and their somata in dorsal root ganglia (DRGs) are
important sites where pathologic changes that lead to neuropathic pain occur, creat-
ing an opportunity for selective neuromodulation.'*!* Data from animal model studies
demonstrated that neuromodulation with EFS of DRG has several advantages com-
pared to spinal cord stimulation (SCS), allowing more precise positioning of stimula-
tion leads with increased flexibility and reduced contact size and spacing, leading to
better pain relief.!>1316 Although the neuromodulation mechanism of DRG EFS has
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not been clearly elucidated, several animal studies showed
that the branching point into peripheral and central process
of pseudounipolar sensory neuron, that is, T-junction,'” has
a filtering role in the propagation of action potentials from
periphery to the spinal cord'® and can be used as a target for
therapeutic stimulation that can lead to reduction of pain.!>!?

Our group has recently published a systematic review
about the use of neuromodulation in the context of pain
from in vivo and in vitro preclinical animal model studies
that showed that neuromodulation with EFS of DRGs had
generally positive therapeutic effects in the context of pain.”
However, we found low methodological quality of included
studies, as well a need for using standardized models and
outcomes to better understand how DRG stimulation reduces
pain in animal models."” Heterogeneity of preclinical models
used to study neuromodulation in the context of pain precludes
any quantitative synthesis of results from different studies."

Despite scarcity of data from preclinical models, DRG
stimulation has already been used extensively in clinical
settings.!?> Moreover, in February 2016, the US Food and
Drug Administration granted premarket approval to Axium
Neurostimulator System (Spinal Modulation, Inc., Menlo
Park, CA, USA, recently bought by Abbott Laboratories,
Sunnyvale, CA, USA) after demonstration of its beneficial
effect based on the ACCURATE study of Deer et al.! The
ACCURATE study was the only randomized controlled trial
(RCT) performed in the field comparing neuromodulation
with EFS of DRG with SCS for the treatment of CRPS
and causalgia, with 152 participants. The study results
demonstrated higher treatment success rate of DRG EFS
neuromodulation compared to SCS.! CRPS, for which
Axium Neurostimulator System was approved, is defined as
chronic pain of neuropathic origin after injury of limbs such
as fractures, surgery or sprains, limb immobilization or as a
reflection of internal neural damage.? Reported prevalence
of CRPS is <2% in most retrospective series.?!

Several reviews about neurostimulation of DRG have
been published recently. However, they mostly had a nar-
row focus, limited to painful condition or neuromodula-
tion target, and they all had a number of methodological
limitations.?>?* Recently published best practices on DRG
stimulation by Neuromodulation Appropriateness Consen-
sus Committee (NACC) gave a comprehensive overview of
the topic, with focus on stimulation devices and procedure
techniques, whereas selection of participants was mentioned
briefly.* The aim of this systematic review was to create
comprehensive evidence synthesis about efficacy and safety
of neuromodulation with EFS of DRG for the treatment

of various painful conditions, with particular emphasis on
participant selection.

Methods

Study design

We conducted a systematic review in accordance with the
methods and guidelines from the Center for Reviews and
Dissemination (CRD)* and the PRISMA statement.?

Protocol and registration

The protocol of this systematic review was developed a priori
and registered in the PROSPERO database (registration
number: CRD42017076502).

Eligibility criteria

Participants

We included primary studies that analyzed participants with
any type of pain syndrome and any intensity of pain.

Interventions
EFS of DRG, regardless of the parameters of stimulation.

Comparators

Any type of comparator was eligible. We also included stud-
ies that had analyzed EFS neuromodulation of DRG without
a comparator group.

Outcomes

The main outcome measures were pain intensity and serious
adverse events (SAEs) as they were defined in included manu-
scripts. Secondary outcome measures were any other safety
data and any other pain-related outcomes. We considered all
follow-up periods with no cutoff criteria.

Study designs

All study designs were eligible, including case reports.
Although RCTs are considered the highest level of evi-
dence of interventions in medicine, we were concerned that
few RCTs were conducted in this field and that exclusion
of nonrandomized study designs (NRSDs) would give an
incomplete summary of the current evidence-base about
the effects of the analyzed intervention in terms of efficacy
and safety. We used the Cochrane Handbook definitions®’
to determine the study design if the study design was not
explicitly described in the manuscript. If a study reported
cases, we considered it to be case series if it presented >10
participants, according to the definition of the Cochrane
Handbook. We also reported study design definitions given
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by authors of included studies to present heterogeneity among
definitions of NRSDs.

Information sources

We searched the following four databases: MEDLINE,
CINAHL, Embase, and PsycINFO. We also searched
ClinicalTrials.gov and WHO’s International Clinical Trial
Registry Platform to identify the ongoing studies. Databases
were searched from the date of their respective inceptions
and the date of the last database search was September 7,
2018, whereas for trials registry, the date of last search was
October 2, 2018.

References and citations of the included studies and any
potentially relevant reviews were analyzed in order to find
additional eligible studies that may not have been retrieved
by the database search.

Search strategy

A computer-based search strategy was designed and conducted
with the assistance of an expert medical librarian, who also
peer-reviewed the final version of the search strategy. Search
strategy for MEDLINE via OVID (Table S1) was developed
first and adapted for other databases subsequently. Studies
published in any language were considered. Searches were
conducted separately in each database, and subsequently the
records were exported to EndNote X5 citation software (Clari-
vate Analytics, Boston, MA, USA). Duplicates were removed,
first by software and then manually. Reference lists of all the
included studies were searched. Citations and references of
the included studies were downloaded from Web of Science.

Study selection

Two authors independently screened titles and abstracts of the
bibliographic records retrieved via the database search (SD
and LFH). Two authors also independently screened full-text
manuscripts of potentially relevant studies (IV and TM). In
each step, disagreements were resolved via discussion or
involvement of a third author (DS). When involvement of a
third author was deemed necessary, the third author would
suggest the solution, with arguments, and this was in all cases
accepted by the co-authors.

Data collection process and data items

A data collection form was developed for this study and
piloted using five included studies and subsequently revised
the form as appropriate. Two authors (IV and TM) indepen-
dently extracted data in duplicate. The following data were
extracted: name of the first author, year of publication, study

design, intervention and comparator, number of participants,
participant characteristics including inclusion and exclusion
criteria, baseline characteristics, previous therapy and painful
condition, follow-up period, parameters of stimulation and
stimulator used, position of leads, studied outcomes, and
study results regarding efficacy and safety of intervention.

Risk of bias (RoB) assessment

To assess RoB in the included studies, we used the Cochrane
RoB tool for RCTs, which has seven domains, addressing
bias related to random sequence generation, allocation con-
cealment, blinding of participants and personnel, blinding of
outcome assessors, incomplete outcome data, selective report-
ing, and other potential sources of bias. For each domain, we
reported our judgment, that is, whether the risk was low, high,
or unclear, and we provided a supporting comment, which
explained our judgment. RoB was assessed per domain level;
we did not assess RoB on outcome level, and we did not assess
overall RoB on an entire study level. RoB assessment was
included in our narrative analysis and conclusions.

We aimed to use the Risk of Bias in Non-randomized
Studies of Interventions (ROBINS-I) tool for cohort studies,
but we did not have such studies in our sample.?® Two authors
independently analyzed RoB (KV and SD), and discrepancies
were resolved by the third author (LP).

Synthesis of results

We grouped the results according to painful condition treated
with DRG stimulation. Studies that included participants with
multiple etiologies were grouped into the painful condition
category with highest number of participants and mentioned in
other categories if relevant. The results are presented in a narra-
tive and tabular form. We planned to conduct meta-analysis of
outcomes from RCTs, but meta-analysis was not possible since
only one RCT was included. In addition, we analyzed reporting
of conclusion statements for efficacy and safety in manuscript
abstracts. We extracted verbatim those conclusion statements
and divided them into five categories: positive conclusive, posi-
tive inconclusive, negative conclusive, negative inconclusive,
and not reported. We categorized as inconclusive conclusion
statements that used conditional wording about the efficacy or
safety and/or indicated that more evidence is needed.

Results

Electronic databases searches yielded 2,811 records. An
additional 1,473 studies were identified through supplemen-
tary search of references, citations, and other reviews. After
identifying and removing duplicate records, 2,133 unique
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records remained for eligibility determination and inclusion.
We analyzed a total of 39 manuscripts in full text, excluded 10
of them, and finally included 29 studies in narrative synthesis.
A flowchart is presented in Figure 1, whereas characteristics of
included studies are described in Tables 1-3. Studies excluded
from further qualitative synthesis (N=10) and reasons for their
exclusion are presented in Table S2. Ongoing studies found
in clinical trial registries are presented in Table S3.
Included studies had various study designs: 1 RCT, 8
before and after comparisons, 2 case series, and 18 case
reports. Liem et al (2013, 2015) reported the results of the
same study with data shown for 6 months® and 12 months
follow-up time periods,” so we considered both of them.
Two studies from van Velsen et al analyzed the same patient;
therefore, we left both the references but included it in
analysis only once.?** Due to a large number of case reports
and case series, overall, the included studies were with very
small median number of participants 6 (range: 1-152). Only

one included RCT and two observational studies had higher
number of participants.

Pain syndromes analyzed in included

studies

Included studies analyzed the following painful conditions:
CRPS, 331736 L BP 363740 groin pain,™** pelvic girdle pain,*!°
peripheral neuropathy,?=°# peripheral diabetic neuropathy,*
phantom limb pain,* chronic intractable pain in the coccyx,*
chronic testicular pain,* anterior cutaneous nerve entrapment
syndrome (ACNES),* loin pain hematuria syndrome (LPHS).*

Studies awaiting classification

No results have yet been published for several completed
clinical trials retrieved via search of clinical trials regis-
ters. One study was classified as completed with no results
(NCT02169401). The trial authors informed us that the
manuscript has been submitted. Other studies were classi-

S Records identified through Records identified through other
b= database searching sources
2 n=2,811 n=1,473
=
(0]
)
Records after duplicates removed
n=2,133
(o]
£
c
[]
(0]
3]
2 Records screened
n=2,133 Records excluded
n=2,094
- FuII-texfto?rglci: I(iesilissessed Full-text articles excluded:
£ "91biity n=1 incidental DRG
° n=39 . .
S stimulation
o n=2 outcomes measured
not of interest for SR
Studies included in n=3 DRG was not stimulated
qualitative synthesis n=1 computa_tlon_al madel
n=29 n=1 combination of
stimulation of DRG and
nerve
o n=1 subset of already
g published results
2 studies included in n=1 description of
C

quantitative synthesis

implantation technique

(meta-analysis)

n=0

Figure | Study flowchart.
Abbreviations: DRG, dorsal root ganglion; SR, systematic review.

submit your manuscript

806

Dove

Journal of Pain Research 2019:12


www.dovepress.com
www.dovepress.com
www.dovepress.com
https://osf.io/n3dz9/
https://osf.io/n3dz9/

Vuka et al

Dove

(panunuo))
%€'95 Aq uonanpa ‘0'9FS €€
(ST=N) syauow 9 3e SYA
%LF8'09
Aq uonnpau ‘/°gHy'gE
(0€=N) sypuow ¢ 18 SYA
%8FL 09
Aq uononpau ‘9'9Tg 6€ Idg
((ZT=N) sypuow T I8 SYA Aq Suiuonouny [edisAyd e
%S SFI1'SS SWOd 4q pooly e (sauedion.ed
Aq uonanpau ‘€'yF6HE as [43 8) ssad pue
‘SN 4938 393M | SYA -03 4q 31| jo Aend e SNI J33ye :uoneauejduil (sauedidn.ed
%199 Aq uononpau SVA Aq Aisusiul ured e syjuow 9 pue JUSUBWIR 6) SdYD
syoalqns YEF1'9T ‘SNL 494. SYA uoneasuas eisayisa.ed ‘€T oPIM | 65 (£100)
paodad s3v |9 $T Ul SIVS 6 1'TF9°LL 'SV duljaseg pue el 3y e pue SNL 4oy :poluad fer| vd [e 19 war
SV e
a8ueyd
a8e1uaouad QYA e
Adyads uonenwing e
W §OS uonoeysnes 193[qng e
Ul %€S PUe (%7 p/) wie oya 1dg Aq AalioAss ured e
Ul SEM SS320NS SYIuoW 7| Iy SO 4q pooly e
(%£°55) 9€-4S 4Aq 31| o AEnd e
wJe §OS Ul ueyy Jajeaud Ausuaaul eissyzsa.ed
Ajjeonsness si (%7'|8) w.e UO 1093 [eUONISO o
5YQ Ul SyIuow § e ss330Ns 11D1yap [ediSojoanau
JUSWIIES.) PIASIYDE OYM pa3e|2J-uoneNWNS
s123lqgns jo uontodoud ay | 9oualuadxe 1ou pip (11
SOS W %S°¥ | G'9C sypuow 7| 3B SYA pue ‘%05< Aq auljaseq
pue we 5y 8'€7 'Syauow § e SYA wouJy pasnpaJ syauow
wue Ul %5°0| o49M /°08 ‘SVA duljaseg € 7€ 9409s GyA (I
$DS ul s393lgns og JVS jJo sored ay | :dnou8 gDs ‘aseyd [e13 Ja3ye jo1 (sauedidn.ed
4Aq s3v 67 pue wue ‘wae sos Ul | 0°G| ‘syauow 7| 3 SYA ured SYA %05< (1 9L SOS 7€) eidjesnes
oY ul s13lqgns pue wJe Hyq ul '€ Syauow ¢ 3. SYA }jo pasodwod 33ed 9/ pue Sd4D
G¢ Aq s3y paiejad g ‘s103lqns ¢ ul 9°08 SVA duljaseg $S922NS JudUIED.I} syauow :uoneNWnNs (2107
-aunpasoud 7§ Pa.44n220 s3yS | :dnoa8 oyq 'SV Aq Aisusaul ured e Tl Pue ‘9 ‘g o9¥a 10Y |e 32 493
swoJpu£s ured [euoidaa xajdwo)
ejep Ayojes aayjo A31suayul sjuedpaed udisap
Aue :synsay 3JVS :s3nsay ured .oy Aoed1yys :synsay saJnseaw awod3nQ dn-mojjo4 Jo JaquinN Apmig Apmg

9YQ Jo S43 INOge saIpNnIs JO SONsIISIdBIRYD) | d|qeL

807

submit your manuscript

Journal of Pain Research 2019:12

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Vuka et al

(panunuo))
7—1 syauow § pue | 18 SYN J9uy|
| :sAep g 38 SYN «(S100) [
patiodau 10N paiodau 10N 6—9 'SYN duljaseg SUN 4Aq Aisuaiul ureqd e syuow § | e} 19 [9ssng UBA
uonesipaw ued jo asn e 3004
€-0 :porad [er 38 SYN SYN 4q uonouny e stpuow 5(6100) I
patiodau JoN paiodau JopN 01-8 :SYN duljaseg SYUN 4Aq Asusiur ureqd e 9 pue ‘s ‘7| S Nie) 19 sequIeS
y—€40
Ausuaiul ured unoy-47 pue
‘UO PauLINY DIABP LIIM JI[ad
ured %09 :syzuow /| 38 SYN 1d9 Aq sariAnde Ajiep dwms
JEIIER] Yyim c_an_ JO @delRU| e quil| JaMoT
ured %67 :yauow | 38 SYN IQO 4q Aupqesiq o syauow +(8107)
paiodau 10N paliodau JoN 8-/ :SYN duljaseg SYN 4Aq Asusiur ured e /| pPue | | Nie} |e 32 99005
Seos
sjuedipnJaed 3dO 4Aq uonipuo) e syauow
aunpadoud [ea1uns ay3 usamiaq a|qeedwod SVA Aq Aisusaul uied 71 PuB ‘9 ‘€ ¢|
10 3IASp 03 dNp 2J9M uOnEBINWINS HY(] 40 J2Yl0UE JSAC poyIdw (s3urod awn Jauy
syuedipnaed 7 Aq paJ4ndd0 D@ ©3 anp ured Jo uononpay uone|NWils sUo oy € 7e) polad (8107) Ie
pasualiadxa s3y € S3VS ON 89 ‘SVA duljaseg aduaIapud susned e [e112 skep 9| Cl vd 39 |9ssng ueA
%09 sem ured
||e49A0 133 jo Juswarosdul
%0§ 35e3] 38 SulAaIydE
s123[qns jo uonuodoud ay | 1dg
%y 8T%E 95 Aq paroadwi Aq Buiuonouny [edisAyd e
ured [jesaro dn-moj|oy SWOd 4Aq pooly e (£100)
syauow g| 01 dulaseq wo.4 as [e 39 war se
921A9p 03 S00°0>d ‘€'9F9°€€ -03 Aq 3y jo Auend o awes §5g4
s1o9lgns paieppa (%S°/€) ((§Z=N) syauow 7| 38 SYA SVA Aq Aisusiul uied e 43 pue S4y4D
67 SSoJoe pariodad € Yoiym jo 1'TF9°LL uopeJaus3 eisaylsaed :uoneauejduwi As100)
SJuSAS A19jes 98 Pa44n220 s3VS 6 :(Z€=N) SVA3uleseg pueajes 3y e sypuow 7| usUBWLIRg ve [e 19 wan
ejep Ayayes Jayjo Ayisuayup syuedppJaed uBisop
Aue :synsoy s3VS :s3nsay ured Joy Aoed1yys :synsay saJnsesaw awod3nQ dn-mojjo4 Jo JaquinN Apmig Apmis

(panunuop) | ajqeL

Journal of Pain Research 2019:12

submit your manuscript

808

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Vuka et al

Dove

(panunuo))
ured u1 uondNpaJ %G ISed| I8
paiiodau %G/ pue uondnpad
%0¢€ 2se3] 38 Supualiadxe sJy e
%88 WM (£000°0=d) 3|eds Juiod-£ uo
Jnoignue o) %TETY% 0L SeM JISIA [euly a3uey) jo uoissaudw

uonoeau a|qissod

pue auljaseq usamiaq ured

[eqo|D paied sueIsAyd e

auo pue ‘uonesdiw Ul uondNpaJ a8eJaAe Yy | 3|eds 34| squui|
pes| ‘uoneAndeul %.9 Aq uononpau juiod-| | Aq uonipuod dn Jo/pue yun.ay
92IASp papNul ‘81T :dn-moj|o} 1sE| 38 SYA ur JuawaAosdw) e -MO||0} 1SE| puE ay1 jo ured
pUE 321A3p 01 %8| Aq uononpau 2sIA dn-mojjo} [euly A]pAnnesadorsod 9|qelde.ul
PEMIERENET S 41 921ASp 03 paieja. ‘£ 1765 APAneiadoisod SyA a3 e yolja. ured jo (skep ¢ jo J1uoayD
ts323lqns 9 ui Ya1ym jo suou W E=4 93eausduad paaiedIad e wnwiuiw) (€100
pa1Jodau SIuaAd | ‘partodal s3ys € :(s303lgns g) A duljaseg SVA Aq Asusiul uied e sAep /—¢ ol vd e 38 492
ured >peq mon
G SYauOW g I8 SWYA Aw.axa
6-8 :SYN duljaseq 7 uaned Jamon
IR «(£107)
ured %0 SYIUOW § IB SYA J21unH
paiodau 10N paiiodau 10N 6-8 :SYN dulaseq :| 3usney SYN 4q 124 ureq o syauow g z Mo} pue 3uej
o131 ured %052 pey
(%¥°1£) s12lqQns £ a2y jo §
S0°0>d
“%¥'91F%L 19 Aq uonanpa.
‘LTIFEOE syuow 7| 38 SYA
S00°0>d
‘%TEIF%1°€9 Aq uononpau
‘€1 1F°6T 'SYpuoW 9 38 SYA
%0°E1F%+'89 4q
uonanpaJ 100°0>d ‘9'l 1F1°9T
:(£=u) syauow ¢ 18 SYA (10T
S00°0>d ‘%1779 Aq uonanpa. ‘e 39 493Q
‘0°01F0°0€ Yauow | 38 SYA ‘£10T ‘e 3
100°0>d ‘%€01FT'S9 IV e war) Apnas
Aq uondnpaJ ‘ww 9°/F| LT g [oDoJn3 syauow 7| pue 8 J93.e| & Jo
SN 43348 5j99M | B SYA Aq 31 Jo Aend e ‘9 ‘€ T ‘SjoIM :uoneauejdwiy 14ed auom
paJ4nd20 uononpaJ %6’ |8 SWOd 4q pooly e S ‘yauow | JUBUBWLIDY syuedidiied
suonzeoyjdwod pa44nado ‘THFOp| poliad [ern 38 SYA Idg Aq ured jo 3oedw) e jpam | pue I 5(§107) e 32
Jayzo oN s3VS ON TYT6'LL ‘SYA duljoseg SVA Aq Aisuaaul uied e potsad el :poruad je| Nie) ua14Ang ueA
ejep Ayojes aayjo SJUDAD 3SA9ApE A31suayul sjuedpaed udisap
Aue :s3nsoy SNOLI9S :s3|NsaYy ured .oy Aoed1yys :synsay saJnseawl awod3nQ dn-mojjo4 Jo JaquinN Apmyg Apmig

(panunuop) | a|qeL

809

submit your manuscript

Journal of Pain Research 2019:12

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Vuka et al

(panunuoy)

s83] punom
uJnq |e3uspiooe

uondINIISqo
[#moq ‘SdYD
3upsixaaud

Jo 3ujuasiom
‘yaene dIwayds!
JudIsuea) IsAd
29wy ‘gjmsy
Jeueriad
‘uoneoijdde
(ezuaand)
updresdes e
Suimojjoj ured
‘uondayul J9ppe|q

6=N ‘%6 €EEF%8 9%

‘uoissaudap ‘ured ‘aamdund Jo uondNpaJ :54yD
93wy ‘dydepesy [e4np I2ySp 01=N ‘%9T69F%L €V 40 (€1=N)
uoneiuejdwnsod Jojow julisue.y uonoNpaJ a8eJaAe eIdjesne) eidjesne)
‘uoddul punom ‘uonaul 123p0d TT=N ‘%6'9EF%LYS 3 SVA SV e (¢z=N) ssad
aus auejdw ‘ous SN ‘uondajul as Ul uondNpaJ 93eI9AR :SSg4 as squil| JaMo|
uejdwi sy e ured uejdwy ‘9sop.ao syauow 7| 1B SYA -O3 Aq 3y Jo Auend o Jo>junay
‘ured paseaJoul pue uonespaw o1 uononpau SWOd Aq pooly e ay jo ured
uoRE|NWRS JO $SO7 aNp yaesp 3UQ %05< PRy (%6¥) 6v/¥T Id9 d|qedeny|
:s323[qns g ul s3ys :$123[qns | ul 'y :SYuow 7| 1B SYA £q Suuonouny edisAyg e s{auow | pue 99 ‘SNI (6100
-uou 6 jo |B0 | S3VS Sl o [eo] 8 ‘SVA dul|dseg SVA 4q Aaisuaiul ured e ‘9 € ‘1 YPIM | 99 vd e 39 uaAnH
uoissaudap
‘uondajul 4appe|q 100°0>d ‘%S'S¥ Aq uonanpa.
‘ayoepeay ‘L'6FH0F ‘syuow 7| 38 SYA
s109lgns a4n3ound %8°05 Aq uononpau
7| SSO.DE pap.oda. Jeanpasod “P'6TS LE SYUOW 9 IB SYA sy e
(%0°ST) suoisiaaa ‘@anpadsoud L' €F6°€L 'SVYA 491 duljaseg as
pes| ¢ snid ay1 Buimoj|oy 100°0>d ‘%T++ Aq uonanpad -03 Aq ay1] jo Aend e
uo131994ul punom yaduaaas 39| Jo ‘S6F9 b syuow 7| 38 SYA SWOd 4q pooly e
‘a11s uonesue|dwi sso| Auesodway %7'8€ Aq uononpau 1dg
343 38 340JWOdsIp (%€€€) s3vS ‘96FT6Y SPpUOW 9 3T SYA 4q Bujuonouny [edisAyg e syauow 7| pue 5(8107)
(%£'91) s3IV T yjo 230 0TF9'LL ‘SVYA |[e49A0 duijaseg SVA Aq Aususaur uied e ‘9 ‘€ | S|PIM | vd [e 19 uadAnH
eyep A3oyes uayjo SJUDAD 3SJ9ApPE Ayisuazul udisep
Aue :synsoy SNOLI3S :s)|NSaYy ured Joy Aoedyys :synsay saJnseaw awod3nQ dn-mojjo4 Jo JaquinN Apmig Apmis

(panunuop) | ajqeL

Journal of Pain Research 2019:12

submit your manuscript

810

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Vuka et al

Dove

(panunuo))

paJinbau
9poJ3dd|e
|euonippe ue
‘uonyedola.
popaau Jojetauad
‘[eln3 3s31 ayd
Suranp uonssyul

JUSWRINSESW 3Ul[dsEq 3Y)
01 paJedwod uaym (S00°0=d)
saeak ¢ J49ye pue ‘(100°0=d)
sJeaf 7 pue | ‘syuow ¢ Jo)e

ue ‘pes| ays ured ui aseaJdap Juediudig
Jo o8eyeaug G'p= UP|A :S4834 € I8 SYA |ag e
(%291) = UPJA :s4eak 7 18 SYA |dg e saeak ¢ pue
suonedijdwod §'€= UPI 183k | 38 SYA SOd e ‘T°I ‘sypuow I | :dn-mojjoy

pamoys €= UPW 'stpuoul € 38 SYA Iad e € ‘(skep 01-€) sieak g 2y +(8107) e
patioda 10N s123lgns aAlY 8= UPL SV duljaseg SVA Aq Aususaul uied e potrsad el %3 vd 19 g|jedioly
ured uloan
$S94 o1 °np
Squi| JaMO|
Jojpue >un.aa
oy jo ured
€] syauow ¢ 3e G\YA ured 8o siyzedoanau
87 SV duljaseq ured 3o a8esn uonedipa|y e s|qedenul
uolsiAaL paJinbau 8z JIDd s1uoayD
JeY2 UoneISIW Syauow ¢ 18 SYA ured yoeg 1d0 e syauow ¢ pue «(8100)

paiodau 10N Joje|nwinas suQ 1L 'SVYA duljaseq ured >pdeg SVA Aq Aisuaiul uieq e Tl ‘DPIM T S No) [EERET!

Jl9d e
1s-as
dn-moj|o} yauow-9 -3 Aq ay1) Jo Aend e syauow
7e ured 8] o %95 pue ured Ido e 9 pue ‘g ‘7 pue s(£107)
pariodau 10N paxiodau 10N >2eq J0j JuswaAoIdwi %99 SVA Aq Ausuaiul uieq e ‘S)99M G pUE § | e} [e 393919
Juswaded (ured
921A9P Jo ssa|p.edau squil| JaMmo|
‘%6°6S Sem uondnpa. Jojpue sunJy
ured [[eaaA0 a8eJ9AR Y| s1yredouanau
syuedionaed | /7 v 9|qeidR.IUl
SVA Ul uonanpaJ 9%,97-%0 d1uo.yd)
syuedpnued | /g ured >deq
paatasqo ULSVA Ul uoldnpaJ 909—%ST SV e MOJ| §Sad
uopesijdwod paJ4nd20 (%¢£9) swuedpnaed apnidwie uonenWng e EETYY (9100
4330 oN SIVS ©N | [/£ Ul :SWA Ul uononpad %09 SVA 4q Asusaur ureq e 9 Pue’y 1 vd [€ 33 JIUIBAA
ejep Ayajes aayjo SJUDAD 3S49ApE A31suayul sjuedpaed udisap

Aue :s3|nsoy SNoLISs :s3|nsoy ured a0} Aoedyo :sy|nsay sa4nsesaw awo23nQ0 dn-mojjog 30 J9quinN Apmys Apmig

(panunuop) | ajqeL

81l

submit your manuscript

Journal of Pain Research 2019:12

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Vuka et al

(panunuo))

ured ui

uonINPaJ %G8 [ell SAep 7 Iy
6 :SYN 2uljaseq 3/ usney

0 :[e1 sAep 7 38 YN
(umousjun gyN) swn swos
J9)4E PauINIaI ING ‘SIUSWIBDIY
JUDIBYIP YIM PIdNpaJ Sem
ured ‘9 :GyYN dul|aseq :9 JUdNEY
T sypuow 7| 38 SYN

9 :SYN duljaseq :G uaney

ured ur uononpaJ

%09 ‘[e11 sAep € 18 SYN

8-/ ‘SYN Bul[sseq -y Jusned
T-| “[er sAep / 38 YN

8 :SYN duljaseq :¢ uey

0 :syauow 7 38 SYN

6-8 :SYN duljaseq :g auaned
Csyauow 7]~ 38 SUN

6—L ‘SYN Bulfsseq | Jusned

juaned yoea

1didsnuew J0J JuaIaYIp +(6107) Suey
padodai 10N paodau 10N ® Jo saundy ui paruoday SYN Aq Asusaul ured ‘syauow 7 |—€ / e} pue Js3unH
ured a|p.18 J1A]9d
ol
SYIUOW 7 PUE 99M | JB SYA

G6 'SVA dul|9seq :§ JudiIed (syauow ¢ pue

ol T jo porsad dn

ISYIUOW T PUB Y99M | 1B SYA -MO||0} 3Y3 U0}

06 :SVA dUl|3seq 7 Jualrey snl a.e syynsad

PEYNEN.[¢) 0 :syauow u1 uaAI3 eaep)
suones|dwod paJ4na20 € PUE $599M T 3B SYA 3yl Jo AEend e syauow 7| pue 100 e
43430 ON s3VS ON 06 ‘SYA Ulj9seq ;| Judey SVA Aq Aisusiul uied e ‘9 ‘6 ¢ oM | € Nie) 19 BWApINZ

syuedidnJed jo €£7/6] 410 %9°78 SeaM

Ul IG\A Ul uondnpad %406< 89—( :@3ued

syuedidnaed Jo €7/ | 40 ‘%8 L ‘SHPOM 0°9Z

Ul ISWA Ul uonanpad %408< IUBIPW ‘SH99M

%9’ SF%Y | L 30 (W3S) €vF8°LT

JuswaAoIdw UBSW B €T/ 0T sem poliad
{(gz=u) dn-moj|o} 38 SYA dn-moj|o} +(5100)
paiiodau 10N paiiodau 10N 8| FS¥L 'SVYAdUl[aseg SVA Aq Aisusaul uied e a3eJany ST o) [e 39 nyag

ejep Ayayes 4ayjo SJUDAD 3SJIAPE Ayisuayun syuedppJed uBisop

Aue :synsay SNOLI3S :s)|NSaY ured Joy Aoed1y)a :sy|nsay S9JNseaw dwod3nQ0 dn-mojjo4 Jo saquinN Apmis Apmis

(panunuop) | ajqeL

Journal of Pain Research 2019:12

submit your manuscript

812

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Vuka et al

Dove

(panunuo))

%58 Aq

paAJIasqo uomldNpaJ ‘| SYauow g I8 SYA
suoned||dwod paJinad0 ¢] ‘el Aep-7 Jole SWYA (8107 B39
Jaylo oN s3VS oN ‘6 'SVA duljeseg SVA Aq Aisusaur urey syauow 7 | Nie) USS[SA UBA
Ayzedounau
|esaydiiad
a1yaedolpi
| [Syauow 7 38 SYA — ured 100y
paiiodau %58 Aq uonesipaw ured jo asn 9|qeIdE.NU|
9J4oMm suonedijdwod pa44nd20 uononpaJ ‘| :sAep / 1 YA uonsunyg syuow «(8107) B39
J3yio oN S3VS ©N 6 ‘SYA dul|oseg SVA xn Ajsuanug ured T pue skep / | o) UDS[9A UBA

¥ :sysuow oz pue 7| 3 SUN

C:syauow 9 vyl 38 SYN

(%82 J0

JuawaAoadwi) 7 isyauow T e

SUN (%5779 J0 3uswanodwi)

3sa. 7€ ¢ :poliad [eLn 1ao
40 skep o] Sulnp SYN Aq Aijqesip jo 23.485Q syuow

Aep aya Buinp g OdW 0T PUE ‘Tl ‘9 +(L107)
paiiodau 10N paiodau 10N pUE 1s3J 1€ 8 ISYN duljaseg SUN Aq Aisuazul ured T ‘shep 0| | Mo} |e 19 ourely

%8 SEFHT Y9

Aq uononpau £'GTFE 8y

Syauow 7| 18 SYA

%1"LTF%9°59 Aq uonanpa.

‘T61FH 6 syauow 9 18 YA

pajuejdxe aq o3 %Y 1 TF%06'€9 Aq uonoNnpa. sav
aunpadoud ayy o3 wa3sAs paJinbau ‘1'91F9°8% :uoneiuejdw pa3ejaJ-aunpadoud pue g :dn-mojjoy

pa3eja. aydepeay uawadpojsip JuauewJad 431y SYA suonedi|dwod ad1A g syjuow g | pue syuow 7| Iy «+(8107)
a4n3dund |eanpisod peo S E€1F9°6/L ‘SVYA 2ul|eseg SVA xn_ xu_wcwu:_ ured ‘9 € ‘| VPIMm | ol o) |e 39 aqep|3
Ayyedounau jesaydiiad onnaqelp Suipnpuil Ayyedounau jesaydiiag

(uononpau

ured %¢p) ¢ sypuow 9 1€ SYN
Isdom OdW a(9100) I
paiiodau 10N paiiodau 10N Je Q] Pue / :SYN duljeseg SUN 4q Asusaul ured syjuow 9 | ¥D 19 pue|moy

ejep Ayojes aayjo SJUDAD 3SA9ApE A31suayul sjuedpaed udisap

Aue :synsoy SNOLI3S :S3|NS9Y ured Joj Aoedyo :sy|nsay S24Nnseaw awod3nQ dn-mojjog Jo JaquinN Apms Apmys

(panunuop) | a|qeL

813

submit your manuscript

Journal of Pain Research 2019:12

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Vuka et al

*3[eds Soeue [BNSIA ‘SYA

tuoneaue|dwi Jorejnwns HY( jo poriad el ‘SN L ‘ASAINS Ya[eaYy WLIO) 1IOYS ‘9¢-4S (UBSW JO JOJID PJBPURIS ‘||JS ‘UONEINWIS P.I0d [eulds ‘S {SIUSAS ISJOAPE SNOLISS ‘S/S ‘el

Pa3]|0J3U0D PIZIWOPUE. ‘| DY 3[eds Jal[a. ured ‘Syd s9181S POO| JO 34o.dd ‘SINOd ‘@[eds Suiziydouaseres ured ‘SO Xxapu| Ajigesiq uled ‘|dd Xapu] Ajigesiq AnsamsQ ‘|QO 2[eds Suney dlswnN ‘SYN ‘@Jreuuonsangdd ured (199 ‘OdIW
‘ured >oeq MO| ‘dgT ‘paaueidwi Joejnwias DY 3usurwIad ‘SN| 2934 paAdIad [eqo|8 ‘IdD) ‘Dwoapuds AuaBuns djoeq pajie) ‘SSg4 ‘DJreuuonsanb suoisuswip-aAY 004N ‘Q5-0O7 ‘uoljSues 100 [eSIOp ‘DY ‘UWN|OD [eSIOp ‘(] ‘sALIS
ased ‘gD ‘awolpuAs ured [euoiBad xa|dwod ‘SdyD ‘24odau ased YD LI9)e puUE 340jaq P3|[0JIU0d ‘ygD) ‘AJoludAul ured Jaliq ‘|dg ‘A101udAul uoissaudap ddaq ‘|qq ‘uosiiedwod Jae PUE 240J3q ‘g {SIUBAD ISJIAPE ‘STY :SUOIIBIADIQQY

saeak
€ pue ‘syauow

paAJasqo JUsWRAOW y—€ saeah € 18 QYN 9 ‘oM &(£100)
suonesidwod Jojejnwins pue | 'syauow 9 pue | e SYN uonedipaw uied jo asn S ‘yauow >juopuadeydg
Jay10 oN uonesSiw pea 6 :SYN duieseg SUN Aq Aisuaiul ured o | ‘SPam T | No) pue Bwapinz
SswoJpu£s ernjewsy ured ulo
8 'sjauow 9 38 SUN
8 :SYN duljaseq :G Juaney
'€ isypuow 7| 18 SYN
9 syauow 9 18 YN
8 :SYN dulj9seq i Jusney
6 ‘syauow 9 38 YN
s193[gns § ul 6 ‘SYN uljaseq € Juaney
UONEB|NWIISIIAO ¥ syauow 9 18 YN
pue ‘s A1o11eq S :yauow | 38 QYN
auy e ured 6 ‘SYN dul|9seq ‘7 Jusheq #(8100)
‘93eyea.q pes) 0 :syauow 7| 38 SYN asn uonedIpal| e sypuow uswnoy
paiiodad 10N ‘uoi3ed0[sIp pesr] 8 :SYN duljaseq | uaney SUN Aq Aisuaiul ured o 71 pueg S o) pue o}y
Swo.4puAs 3uswde.ljzus 9AI9U SNO3UEBIND JOIIJUY
%08-%0L 30 Ja124 5(6100)
ured paureasns weak | 18 SYA Aydanpy pue
paiiodau 10N paiiodau 10N ps1iodau 10U :SyA Suljeseg SVA Aq Aisusiul ureq e Jeak | | Nie) ureuesseH
ured Jejnd13saj s1uoayd
pa1Jodau uononpaJ
9J9m suonedidwod pa.4un20 ured %06 SYIUOW § IB SYA +(8107) IB3°
Jay10 oN s3VS ON 8 'SV duijeseg SVA Aq Ausuaiul uieq e syauow 4 | No) ouepJolD
x4A2203 ay3 ui ured ajqe3deazul d1uoaYyD
aWI3 ISAC paysIuUIWIp Jo1j9
ured syuedidnaed g jo € u) JEIEY
6’ 1€FTS ured use2.3 40 %(g Se
93eJaAE UO SEM UONDONPA Pauljap SBM SS3IINS @
ured jo a8eausduad sy 9sn uonedIpay e
paiodau 1'£T+6'8¢€ as (sysuow
a4am suoped)|dwod pa..nd20 :dn-moj|oy 3sE| 38 SYA -03 Aq 3y Jo Ajend o ¥ 03  wouy) w(5107)
Jay1o oN s3vS ©N S'01+9°€8 ‘SVA duljeseg SVA 4Aq Aaisuaiul ured e slpuow €976 8 e) |e 32 aqep|3
ured quij wojueyd
eyep A3oyes uayjo SJUDAD 3SJ9ApPE Ayisuazul syuedpiied udisep
Aue :s3|nsoy SNoLISs :s3|nsoy ured Joj Aoedlyo :synsay sa4nseaw awod33nQ0 dn-mojjo4 J0 JaquInN Apms Apmig

(panunuop) | ajqeL

Journal of Pain Research 2019:12

submit your manuscript

814

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Vuka et al

Table 2 Inclusion and exclusion criteria and baseline characteristics of participants

Study Inclusion criteria/previous Exclusion criteria Baseline characteristics
treatment
Complex regional pain syndrome
Deer et al e CRPS and/or peripheral o Back pain was the greatest region of pain DRG arm:
(2017)! causalgia for at least 6 months e Pregnant or nursing, plans to become pregnant e 51.3% of females
with chronic, intractable pain e Escalating or changing pain condition 30 days ® 94.7% white race
o Age between 22 and 75 years prior to study enrollment o Average age 52.4 years
¢ Naive to stimulation e Involved in medically related litigation e Average body mass index
e Minimum baseline VAS 60 mm o Corticosteroid therapy at an intended site of 30.5 kg/m?
in the area of greatest pain stimulation 30 days or RF 3 months prior to e Average duration of
e Failed at least 2 prior study enrollment chronic lower limb pain
pharmacologic treatments o Pain medication(s) dosage(s) was not stable for 7.5 years
from 2 different drug classes at least 30 days prior to study enrollment SCS arm:
e Stable neurologic function 30 e Previously failed SCS therapy e 51.3% of females
days prior to screening e An active implantable device e 92.1% white race
e Free from psychological ¢ Pain only within a cervical distribution o Average age 52.5 years
pathology that contraindicated e Cognitive, physical, or sensory impairment e Average body mass index
an implantable device e An indwelling device 28.9 kg/m?
o An active systemic infection e Average duration of
¢ Medical comorbidity that contraindicates chronic lower limb pain
placement of device 6.8 years
e Participation in another clinical investigation Comorbidities and
within 30 days prior to study enrollment medications taken for subject]
o Coagulation disorder or uses anticoagulants conditions were similar in
¢ Diagnosed with cancer within 2 years prior to both arms. No statistically
inclusion significant differences were
e Imaging findings within 12 months prior to found among the baseline
study enrollment characteristics between
o |s prisoner treatment arms
Liem et al e Chronic, intractable pain in o Presence of an escalating or changing pain e |7 females and |5 males
(2013)° the trunk, limbs, and/or sacral condition within the month prior to enrollment e Mean age of men 58.9£8.9
region for at least 6 months e Pain only within a cervical distribution years
e >|8 years old e Corticosteroid therapy at an intended site of e Mean age of women
e Minimum baseline VAS 60 mm stimulation within the 30 days or RF treatment 46.9+12.5 years
o Failed other treatment within the 3 months prior to study enroliment e Subjects had chronic pain
modalities (pharmacological e Had a coagulation disorder of neuropathic origin of
and/or surgical) e Had an indwelling device varying etiologies
e Have stable pain medication e Had an active implantable device
dosage for a minimum of 30
days prior to study enrollment
e Have a stable pattern of
neurological symptoms
Liem et al Same as Liem et al (2013)® Same as Liem et al (2013)? Same as Liem et al (2013)?
(2015)2
Goebel et al o Ineffective treatment with NA e Male
(2018)* pamidronate, steroids, opioids (age not written)
e Failed SCS e CRPS in a period of 6
o Repeated intensive years prior to DRG
rehabilitation program with stimulation
limited success
¢ Intravenous immunoglobulin
over a 6 month period
Skaribas et al e Previous back surgery NA o 4 females, | male
(2019)% e Allodynia, hyperpathia, o Age between 49 and 71
edema, purplish discoloration years
indicating vasomotor changes,
and decreased range of motion
of the affected foot

(Continued)
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Table 2 (Continued)

etal (2015)

Study Inclusion criteria/previous Exclusion criteria Baseline characteristics
treatment
van Buyten Same as Liem et al (2013)? Same as Liem et al (2013)? e 6 females, 2 males

Average age 43.9+5.6
years

Range: 18-65 years

e VAS score at baseline
77.944.2 mm

van Bussel et
al (2018)*

e CRPS for a minimum of | year
or longer

e >|8 years old

e Minimum baseline VAS 50 mm
or higher

e No improvement in symptoms
after 2| year of treatment
according to the Dutch
guidelines for CRPS

e Previous neurostimulation

e Depression or anxiety disorder

e Pregnancy or pregnancy desire within | year

e Body mass index >35 kg/m?

o Life expectancy

e Participants unable to complete the
questionnaires

e An active implantable device

e Anticoagulant drug therapy or disturbed
coagulation

e Immunocompromised participants

o Drugs/medication/alcohol addiction

|| females, | male

Mean age 38.7 years
(range 22-57 years)

e VAS score at baseline 68

mm

® None of the included
subjects had demonstrable
nerve injury in the affected
knee

van Bussel et o Extensively treated with NA e 48 years old women
al (2015)* different types of oral e 5 years of symptoms
medication
e Lumbar sympathetic block
resulted in no clinically
significant relief of symptoms
o Physical therapy failed
Yang and o Failed SCS NA e 43-year-old female
Hunter e 2 years of symptoms
(2017)%* o Baseline NRS 8-9

50-year-old female

9 years of symptoms
Baseline NRS 8-9

Low back pain

Deer et al
(2013)*

e Chronic, intractable
neuropathic pain of the trunk
and/or limbs

e >|8 years old

e Failed other treatment
modalities including opioid
and nonopioid-based pain
medication, physical therapy,
epidural steroid injections,
selective nerve root blocks,
trigger point injections,
medial branch radiofrequency,
intrathecal pump implantation,
and SCS

e No change in medications,
surgery, injections, or other
treatment for a minimum of 30
days prior to study enrollment

o Consistent pattern of pain and
neurological symptoms for a
minimum of 30 days prior to
study enrollment

e Previous posterior fusion

o Severe foraminal stenosis at the expected
target level

e Presence of indwelling implantable devices such
as cardiac devices, spinal cord or peripheral
nerve stimulators, or vascular access catheters

e Pregnancy

Pain patterns could not be >50% in the axial spine,

but axial spine participants were not excluded

5 females, 5 males
Average age of men 52+5

years

Average age of women
3914 years

(Continued)
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Table 2 (Continued)

Study

Inclusion criteria/previous
treatment

Exclusion criteria

Baseline characteristics

Huygen et al
(2018)¢

e Back pain due to FBSS

o Axial LBP as either primary or
secondary region of pain
Minimum baseline VAS >60
mm

Successful DRG stimulation
trial with better than 50% pain
relief

o At least one lead permanently
implanted at an L2 or L3 DRG

Not reported

e 12 participants, 33% male

Average age 51.1 years
Baseline VAS 77.6+2.0
mm

All subjects had also leg
pain

6 subjects had foot pain
2 subjects had buttock
pain

Huygen et al
(2019)%

e >|8 years old

Chronic pain for at least
6 months

Minimum baseline VAS
of >60

in the thoracic, lumbar, and/or
sacral distributions

Failed other treatment
modalities including
pharmacological therapy,
physical therapy, and
interventional pain procedures
for chronic pain

Psychologically appropriate for
the implantation

Pain limited to the lower body:

Pain primarily in cervical distribution

e Unstable pain condition

e Corticosteroid or radiofrequency treatment at
the intended site of stimulation prior to study
enrollment

Presence of an active implantable device

Coagulation disorder or use of anticoagulants
e Cancer

Pregnancy

64% females
Average age 52+ 1.5

years
e Range from 30 to 80 years|

Weiner et al
(2016)*

e Chronic intractable
neuropathic pain of the trunk
and/or lower limbs due to
FBSS

e >|8 years old

Minimum baseline VAS of >5

Speaking English or Spanish
Pass a psychological evaluation

e Have the cognitive ability
to use the external
transmitter

Visceral pain
Hyperalgesia or allodynia of the lower back

Allergies to system components
o Active cancer treatment

Drug dependence

Pregnancy
Inability to comply with the study requirements

o 55% female

e Mean age 63 years

Billet et al
(2017)°

Microdisectomy with no
results

Anterior lumbar interbody
fusion performed

e Medical management

with tramadol HCI and
paracetamol

PRF treatment followed by
ablation of the facet joint did
not provide pain relief

NA

e Patient had traffic accident
resulting in traumatic disc
herniation

(Continued)
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Table 2 (Continued)

Study Inclusion criteria/previous Exclusion criteria Baseline characteristics
treatment
Billet et al e Chronic intractable o Malignancies, postherpetic neuralgia, active o 2 females, 4 males
(2018)* neuropathic pain of the trunk systemic infection ¢ Mean age 53 years
and/or lower limbs due to FBSS e Immune-compromised, insulin dependent e Range 33-67 years
e >|8 years old o Diabetes not controlled through diet and/or e Four subjects reported
e Minimum baseline VAS >50 mm medication also leg pain
o Refractory to conventional o Bleeding complications, coagulopathy issues
medical management o Life expectancy of <| year
e Speaking Dutch or French e Active implanted device
e Pass a psychological evaluation e Pregnancy
e Have the cognitive ability to o Inability to comply with the study requirements
use the external transmitter
o Live within a radius of 75 km
Groin pain
Morgalla et e Chronic neuropathic pain in e Previous spinal surgery at the level of the e |3 females, 21 males
al (2018)* the groin intended implantation of the DRG leads e Mean age 50.4 years
e Pain confirmed by a clinically e Cardiac pacemakers, vascular access catheters, e Range 24-84 years
detectable sensory loss, other spinal cord stimulators, or peripheral e History of pain for longer
hyperalgesia, or allodynia, nerve stimulators (PNSs) than 6 months
within an anatomic concordant e Psychiatric disorders including anxiety and ¢ Mean duration of pain 2.5
area of a nerve or a root depression years, from 0.5 to 8 years
dermatome
o Failure of pain treatment
using various medication,
interventions, or even
hospitalization
e No further indication for
another surgical intervention
in the area of the previously
operated groin
Schu et al e Chronic, intractable e Previous posterior fusion e Mean baseline VAS
(2015)® neuropathic pain of the groin e Severe foraminal stenosis at the expected (N=25) 74.5+1.8 mm
e >|8 years old target level e The most frequent
o Failed other treatment e Presence of current indwelling implantable diagnosis was
modalities including devices herniorrhaphy (N=12)
oral medications and/or e Pregnancy e Other subjects had a
interventional procedures or variety of pain etiologies,
surgical intervention many related to
postsurgical pain
¢ No data about age or sex
Zuidema et e Pain refractory to NA e 36 years old men, 5 years
al (2014y antineuropathic medication of chronic pain, baseline
(pregabalin and amytriptyline) VAS 90 mm
e No results with TENS and PRF e 39 years old female, 6
and local corticoid infiltration years of chronic pain,
baseline VAS 90 mm
e 46 years old female, 4
years of chronic pain,
baseline VAS 95 mm
Pelvic girdle pain
Hunter and o Pain refractory to medication, NA e 4 females, 3 males
Yang (2019)° neurolysis, surgery, and, in e Age range from 36 to 63
some cases, SCS years
e Variation in location and
presentation of pain, suspected
cause/etiology, and associated
symptoms

(Continued)
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Table 2 (Continued)

al (2016)"°

gabapentin, and steroid
injections

On the day of admission,

the patient received oral
treatment with paracetamol

| g four times daily, diazepam
5 mg, MST 60 mg twice

daily, Zomorph (morphine
sulfate) 10 mg twice daily and
amitriptyline 25 mg once daily

Study Inclusion criteria/previous Exclusion criteria Baseline characteristics
treatment
Rowland et e Failed trials of physiotherapy, NA e 37-year-old female

e 9 years of chronic pain
e Baseline NRS 7

Peripheral neuropathy including diabetic peripheral neuropathy

etal (2018)”

Eldabe et al e Chronic intractable pain due ¢ Unstable neurological symptoms e 10 male diabetic
(2018)% to diabetic polyneuropathy of o A baseline VAS score of <60 mm participants
the lower limbs for at least 6 e Pregnancy e Mean age 65.2 [SD 8.8]
months ¢ Implanted neuromodulation devices years
e >|8 years old e mean duration of PDPN-
o Stable pain medication for related symptoms 7.0 (SD
minimum 30 days prior to 3.1) years, ranging from 3
study enrollment to |1 years (n=5)
o Failed previous interventions e Average baseline VAS 79.6|
including SCS (SD 13.5) mm
e Patient primary pain area was
considered any part of the
lower limbs including leg, thigh,
shin, calf, and foot
Maino et al o No results with multiple NA e 74-year-old men
(2017)* medications including o Baseline pain NRS 8
gabapentin, pregabalin, e Chronic pain for 6 years
duloxetine, amitriptyline, o Hyperlipidemia, left
mirtazapine, lidocaine patches, common carotid artery
topical capsaicin 8%, and stenosis, coronary artery
cannabis disease, and a depressive
o TENS, physical therapy, disorder
acupuncture, and a e Oral daily doses of aspirin
corticosteroid infiltration with 100 mg and atorvastatin
no results 20 mg
o |ce packs and pressure applied
on left foot provided some
relief at night
van Velsen e Use of neuropathic pain NA o 45-year-old Caucasian
et al (2018)® medications such as male patient
gabapentin, pregabalin, e Chronic pain for 2 years
topiramate, and duloxetine
and opioid analgesics such
ashydrocodone, tapentadol,
oxycodone, and methadone
with no results
e Traditional SCS did not give
satisfactory pain relief
van Velsen Same as van Velsen et al (2018)* NA e 45-year-old Caucasian

male patient
e Chronic pain for 2 years

(Continued)
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Table 2 (Continued)

Study

Inclusion criteria/previous
treatment

Exclusion criteria

Baseline characteristics

Phantom limb pain

Schapendonk
(2017)*

analgesics (pregabalin,
amitriptylin, and duloxetin)

e Use of opioid and nonopioid
analgesics (paracetamol,
oxycodone, and tramadol)

e Use of perindopril

e Minimal invasive techniques
(quadratus lumborum block,
repeated neurolytic celiac
plexus blocks, and splanchnic
nerve blocks) with no results

e TENS and catheter-based renal
denervation with no results

Eldabe et al Not reported Not reported e 5 females and 3 males
(2015)* e Age range from 28 to 76
years
¢ Baseline medication
use including clonidine,
bupivacaine, morphine,
pregabalin, oramorph,
amitriptyline, tramadol,
zomorph, lansoprazol,
targin, amineurin, ariclaim,
lyrica, palexia, clonazepam,
oxycodone, gabapentin,
tryptizol, and fentanyl patch
Giordano et e Multiple coccygeal blocks, NA e 37-year-old-female
al (2018)* trigger point injections, e 8 years of chronic pain
epidural steroid injections with ¢ Medication regiment
no results consisting of oxycodone 10
e SCS failed mg PO BID, dexketoprofen
25 mg PO QID, duloxetine
60 mg PO QD, trazodone
100 mg PO QD, and
pregabalin 75 mg PO BID
Hassanain o Trial of antineuropathic medications | NA ¢ 45-year-old men
and Murphy in the form of a combination of e History of obesity, type
(2019)%* amitriptyline and gabapentin Il diabetes mellitus and
e PRF trial for 3 months (provide obstructive sleep apnea
60%—70%) pain relief
Mol and e Patient |: failed neurectomy, NA o 35-year-old female, BMI
Roumen resection of neuroma, use of 35.4, chronic pain for 6
(2018)* opiates years, baseline pain NRS 8
o Patient 2: failed neurectomy, e 26-year-old female, BMI
use of pain medications 26.7, chronic pain for 6
e Patient 3: use of pain years, baseline pain NRS 9
medication e 50-year-old men, BMI 25.
e Patient 4: infiltration with 7, duration of pain not
lidocaine, neurectomy given, baseline pain NRS 9
e Patient 5: neurectomy and e [8-year-old female, BMI
TENS 20. 5, baseline NRS 8
e 60-year-old men, BMI not
given, chronic pain for 2
years, baseline NRS 8
Zuidema and e Use of antineuropathic NA e 37-year-old women

Chronic pain for 2 years

Patient history: urolithiasis
and tonsillectomy
Allergy to NSAIDs

Abbreviations: CRPS, complex regional pain syndrome; DRG, dorsal root ganglion; FBSS, failed back surgery syndrome; LBP, low back pain; NA, not applicable; NRS,
Numeric Rating Scale; NSAID, nonsteroidal anti-inflammatory drug; PRF, pulsed radiofrequency; SCS, spinal cord stimulation; TENS, transcutaneous electrical nerve
stimulation; VAS, visual analog scale.
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Table 3 Parameters of electrical field stimulation of dorsal root ganglion

Study Comparator Parameters of Stimulator used (electrode Position of the
stimulation and device) leads
Complex regional pain syndrome
Deer et al SCS Pulse width: For DRG stimulation: Axium From T10 to S2
(2017)! 3 months, Neurostimulator System (Spinal depending on the
306.4+148.1 ps Modulation, Inc.) — up to 4 leads dermatomal target
(range 30-1,000 implanted; for SCS: commercially corresponding
ps); 12 months, available system (Restore Ultra to the subjects’
289.8+133.8 ps and Restore Sensor; Medtronic, primary region of
(range 90—1,000 ps) Minneapolis, MN, USA) — up to 2 pain
Frequency: 3 leads implanted
months, 20.817.1
Hz (range 1048
Hz); 12 months,
19.0+5.1 Hz (range
10-36 Hz)
Amplitude:
3 months,
915.41822.0 yA
(range 75-6,000
pA); 12 months,
827.4+657.1 pA
(range 754,000
HA)
Liem et al No Pulse width: 362 ms Axium neurostimulator and 4 According to
(2013)? comparator Frequency: 46 Hz quadrupolar percutaneous leads individual location
Amplitude: 907 pA and wireless programmer devices and distribution of
(Spinal Modulation, Inc.) pain (not specified)
Liem et al No Pulse width: 362 ms Axium neurostimulator and 4 According to
(2015)2 comparator Frequency: 46 Hz quadrupolar percutaneous leads individual location
Amplitude: 907 pA and wireless programmer devices and distribution of
(Spinal Modulation, Inc.) pain (not specified)
van Bussel SCS Not written in Two 4-contact leads and DRG L3 and L4 DRG
etal (2018)*' manuscript stimulator (St. Jude Medical Inc.,
Little Canada, MN, USA)
Goebel et al No Not written in Not written in manuscript L4 DRG
(2018)* comparator manuscript
Skaribas et al No Not written in Two quadrupolar DRG electrodes SI
(2019)% comparator manuscript
van Bussel No Pulse width: 170 ps Three quadrupolar DRG L2-14
etal (2015)% comparator forlead | and 2 (L2 stimulation leads (refer to Liem et
and L3) and 160 ps al (2013); without giving company
for lead 3 (L42) or stimulator details)
Frequency: 20 Hz
Amplitude: L2, 700
uA; L3, 1,030 pA;
L4, 500 pA
van Buyten No Not written in Quadrupolar percutaneous leads According to
etal (2015)% comparator manuscript and Axium stimulator (Spinal individual location
Modulation, Inc.) and distribution
of pain
Yang and SCS Not written in Axium stimulator (Spinal L3 and L4
Hunter manuscript Modulation, Inc.)
(2017)%
(Continued)
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Table 3 (Continued)

Study Comparator Parameters of Stimulator used (electrode Position of the
stimulation and device) leads
Low back pain
Deer et al No Pulse width: 200 ps; Quadrupolar DRG stimulation Thoracic, lumbar,
(2013)* comparator Frequency: 68 Hz; leads (Spinal Modulation, Inc.) and sacral spinal
Amplitude: 800 pA and external stimulator (Spinal levels
Modulation, Inc)
Huygen et al No Pulse width: Axium neurostimulator (Spinal L2 or L3 DRG.
(2018)° comparator 269+17.0 ps, range Modulation, Inc.) — up to 4 leads One lead was
80440 ps were implanted per subject, leads placed at each of
Frequency: 21.310.6 in bipolar configuration the LI, L4, L5,
Hz, range 20-30 Hz and S| DRGs in
Amplitude: subjects with foot
591.9+50.3 pA, range and buttock pain
1,750-1,130 pA
Huygen et al No Not written in Axium neurostimulator (Abbott Not written in
(2019)* comparator manuscript Laboratories) manuscript
Weiner et al No Pulse width: 500 us The Stimwave Freedom SCS LI-L5
(2016)* comparator Frequency: 100 Hz System, including stimulator and
electrode (Stimwave Technologies
Incorporated, Fort Lauderdale,
FL, USA)
Billet et al No Pulse width: 30 us Two Freedom 4A electrodes with L2
(2017)° comparator Frequency: 10 kHz four contacts and Freedom SCS
Amplitude: 1.5 and external device (Stim Relieve LLC)
2.5 mA
Billet et al No Pulse width: Two Freedom 4A electrodes with T9 and L2
(2018)* comparator 10—1,000 ps four contacts; each electrode
Frequency: 2-10,000 array contains four contacts
Hz (3 mm in diameter with 4 mm
Amplitude: 1-24 mA spacing) (Stimwave)
Groin pain
Morgalla No Not written in Not written in manuscript T12, LI, and
etal (2018)* comparator manuscript L2 (mostly
combination of LI
and L2)
Schu et al No Pulse width: 137 ms Axium neurostimulator system TI1 up to L3;
(2015)8 comparator Frequency: 60 Hz and quadrupolar DRG stimulation Subjects received
Amplitude: 6.32 mA leads (Spinal Modulation, Inc.) 1,2, or 3 leads to
cover their pain
area. All leads were
placed unilaterally
Zuidema No Not written in Axium stimulator and DRG lead TII,TI2,and L2
et al (2014)7 comparator manuscript (Spinal Modulation, Inc.)
Pelvic girdle pain
Hunter and No Not written in Not written in manuscript LI and S2
Yang (2019)° comparator manuscript
Rowland No LI: 2 leads were implanted; no Ll and L2
etal (2016)'° comparator Pulse width: details given about company or
200-530 ps stimulator
Frequency: 2040
Hz
Amplitude: 575-650
uA
L2:
Pulse width: 300 ms
Frequency: 2040
Hz
Amplitude: 750 mV
(Continued)
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Table 3 (Continued)

Study Comparator Parameters of Stimulator used (electrode Position of the
stimulation and device) leads
Peripheral neuropathy including diabetic peripheral neuropathy
Eldabe et al No Based on patients’ Up to 4 quadrupolar leads and L2 and L5
(2018)* comparator feedback, stimulation fully implantable neurostimulation
was programmed for system (Abbott Laboratories)
either subperception
or paraesthesia with
participants able to
adjust parameters
using a wireless
controller
Maino et al No Pulse width: 670 ps Quadrupolar DRG lead (Axium, L5
(2017)* comparator Frequency: 40 Hz Spinal Modulation, Inc)
Amplitude: 1.88 mA
van Velsen No Not written in 4-contact Axium™ lead (St. Jude L5 and S|
etal (2018)% comparator manuscript Medical, Plano, TX, USA)
van Velsen No Not written in Bilateral leads, 4 leads in total L5 and S|
etal (2018)% comparator manuscript (4-contact Axium lead, St Jude
Medical, St Paul, MN, USA),
stimulator not specified
Chronic testicular pain
Hassanain No Pulse width: 130 ps Proclaim DRG LI
and Murphy comparator Frequency: 20 Hz Implantable Pulse Generator IPG
(2018)%* Amplitude: 0.55-0.6 (Abbott Laboratories) and Axium
mA Neurostimulator System Slim Tip
A50 leads (Abbott Laboratories)
Anterior cutaneous nerve entrapment syndrome
Mol and No Not written in DRG Axium Neurostimulator T9-Tl2and L2
Roumen comparator manuscript
(2018)*
Loin pain hematuria syndrome
Zuidema and No TI2: Axium permanent stimulator Tl2and LI
Schapendonk comparator Pulse width: 300, and quadrupolar stimulation lead
(2017)% 130, 180 ms (Spinal Modulation, Inc)
Frequency: 20 and
24 Hz
Amplitude: 0.7, 0.95,
and 0.775 mA
LI:
Pulse width: 300,
130, 140, and 180 ms
Frequency: 20 and
24 Hz
Amplitude: 0.18, 0.6,
0.7, and 0.2 mA

Abbreviations: CRPS, complex regional pain syndrome; DRG, dorsal root ganglion.

fied as active or recruiting with no results (details are given
in Table S3).

Results for efficacy and selection of
participants for different pain syndromes
Complex regional pain syndrome

CRPS was the most common indication treated with EFS
neuromodulation of DRG among studies included in this

review, with nine such studies (Table 1). ACCURATE, an
RCT published in 2017, included 152 participants and com-
pared neuromodulation with EFS of DRG with traditional
SCS.! The remaining studies had nonrandomized designs.
Three studies were before and after comparisons, including
atotal of 71 participants during the trial period of stimulation
and 44 for permanent implantation.>*3! There were five case
reports that included 17 participants in total.3-
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The ACCURATE trial by Deer et al included participants
suffering from chronic, intractable pain for at least 6 months,
who have tried and failed at least two prior pharmacologic
treatments from two different drug classes.! The trial results
showed that the proportion of participants who achieved
treatment success at 3 months in DRG EFS neuromodulation
group of participants (81%) was statistically higher compared
to the group treated with SCS (56%). A similar result was
observed at 12 months follow-up when 74% of participants
in DRG EFS neuromodulation group and 53% in SCS group
still had significant pain relief.! For both the follow-up time
points, the results demonstrated DRG stimulation statistical
noninferiority (P<0.0001) but also statistical superiority
(P<0.0004). DRG stimulation also demonstrated greater
improvements in quality of life and psychological disposition
when compared to SCS.! Beside CRPS, 32 participants in
DRG arm and 33 in SCS arm were diagnosed with causal-
gia. At 3 months follow-up, when results were stratified by
primary diagnosis, higher proportion of participants from
DRG arm (79.3%) met the primary endpoint, in comparison
with SCS arm (53.3%).!

Two uncontrolled before—after comparisons from Liem
et al included participants with chronic intractable pain who
have failed other treatment modalities (pharmacological and/
or surgical) and followed them for 6 months® and 12 months?
after a permanent stimulator implantation. Results showed
pain reduction by 66.1% from baseline immediately after
implantation of permanent stimulator and remained stable at
6 (P<0.001) and 12 months (P<0.005) follow-up visit, with
56.1% reduction from baseline. These studies also measured
the psychological aspects of pain management using 30-item
Brief Profile of Mood States (POMS) and showed statisti-
cally significant improvement in four out of six domains of
the POMS, as well as decrease in the total mood disturbance
score.?3 Third before—after study by van Bussel et al in 2018
compared the efficacy of dorsal column (DC) stimulation vs
DRG EFS neuromodulation. Participants had a trial period of
16 days with two stimulation types, SCS and DRG. Reduc-
tion of pain was comparable between two groups, but most
of the participants preferred DRG stimulation (P=0.04) since
they did not feel stimulation-induced paresthesia and did not
have to adjust stimulation intensity during the day, which was
necessary for SCS stimulation.?!

Among the five case reports, Yang et al (2017) reported
2 cases of implantation of DRG stimulation system after
the failure of traditional SCS, in which both the participants
reported sustained pain relief at 8 months follow-up.33 A case
report of van Bussel et al (2015) included one participant,

followed for 3 months; major pain relief was reported after
8 days, 1 and 3 months.*? The remaining three case reports
included a total of 17 participants who have previously failed
various treatment; they measured pain intensity by numeric
rating scale (NRS); and all participants showed >50% pain
reduction at all follow-up time points (Table 1).343¢

Analysis of participants with CRPS included in studies
warrants division of those studies in two groups, where one
group included participants in an RCT or an observational
study with clear inclusion and exclusion criteria and another
group included participants reported in a case series or case
report without such criteria.

In studies with defined inclusion and exclusion criteria,
common criteria for inclusion were that participants were
aged above 18 years, diagnosed with CRPS for at least 6
months, had visual analog scale (VAS) scores of at least
50 or 60 mm out of 100 mm, had failed previous treatment
including pharmacological and surgical, were naive to stimu-
lation, had stable neurologic function, and were free from
psychological pathology that contraindicated an implantable
device (Table 2). Exclusion criteria were participants who
already had an implantable device, had previously failed
SCS therapy, had cognitive, physical, or sensory impairment,
had a coagulation disorder or uses anticoagulants, and if
pregnant or planning pregnancy (Table 2). On the contrary,
in all case studies and case reports, DRG stimulation was the
last treatment option when participants failed all other treat-
ment modalities including also, in some cases, SCS (Table
2). Generally, participants included in these nine studies
were older than 50 years, and only one study reported race
of participants, with >90% of white participants included.
Therefore, the results of these studies are not necessarily
generalizable of the population suffering from CRPS.

We also found considerable heterogeneity in terms of
stimulation parameters for neuromodulation with EFS that
were used in these studies. Stimulation leads were implanted
mostly according to dermatomal target corresponding to
the participants’ primary region of pain and included levels
from T10 to S2, but mostly at the levels L3 and L4 (Table 3).
Stimulation parameters varied among the studies. Program-
ming of stimulator in ACCURATE trial was performed by
experienced personnel to achieve optimal analgesia so param-
eters changed at different time points. Average pulse width
at 3 months was 306.4+148.1 us, while at 12 months it was
289.8+133.8 ps. Average frequency was similar, 20.8+7.1 Hz
and 19.0£5.1 Hz for 3 and 12 months, respectively. Amplitude
had the widest range with average values of 915.4+822.0
pA for 3 months and 827.4£657.1 uA for 12 months.! Other
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studies had fixed parameters with pulse width between 160 ps
and 362 ms, frequency between 20 and 46 Hz, and amplitude
between 500 and 1,030 pA. Details of neuromodulation with
EFS parameters used in analyzed studies are given in Table 3.

Low back pain

Four uncontrolled before—after studies included 33 partici-
pants with LBP.*3734 Deer et al (2013) included 10 partici-
pants with pain of different etiologies (including peripheral
neuropathy and postherpetic neuralgia), but most of the
participants had LBP, so we included it in this group (Table
2).3 The average reduction in pain between baseline and final
visit was 70%232% (P=0.0007). Time of last follow-up for
different participants varied from 6 months up to 2 years.*®

Uncontrolled before—after studies of Huygen et al and
Weiner et al included participants with LBP after failed back
surgery syndrome (FBSS). Huygen et al (2018) found that at
12 months follow-up, VAS was reduced by 44.2% (P<0.001)
from baseline.® The other study of Huygen et al included par-
ticipants with multiple etiologies; 25 participants with LPB
due the FBSS, 13 diagnosed with causalgia, 11 with CRPS,
and few participants with several others etiologies. From 56
included participants, 49 who were implanted with permanent
stimulation system were followed up to 12 months, 49% of
them reported >50% pain relief, whereas 82% reported at
least 30% reduction from baseline (P<0.0001).*° Both the
studies reported sustained improvements in mood measured
by POMS.®* In Weiner et al (2016), after 6 weeks >50%
reduction in VAS was achieved in 63% of participants.’’
Parameters of stimulation and details about stimulator used
are given in Table 3.

Two studies in this group were case reports that used a
novel high-frequency type of neuromodulation with EFS
with parameters of stimulation different from standard DRG
stimulation. One was case report including only one patient
with fixed stimulation parameters that showed 66% improve-
ment for back pain and 56% for leg pain at 6 months follow-
up.’ The other was a small feasibility study that included
six participants and used a range of stimulation parameters,
specifically amplitude between 1 and 24 mA, pulse width
of 10-1000 ps, and frequency of 2—-10,000 Hz. The study
reported that all participants achieved >50% pain reduction
from baseline to 3 months follow-up (Table 3).**

Main inclusion criteria for participants in this group of
studies were at least 18 years old, diagnosed chronic pain
syndrome, VAS scores >5 or 6 out of 10, failure of other
treatment modalities. Participants were excluded if they had
an active implantable stimulator of any type, if pregnant, and

if they had any inability to comply with study requirements
(Table 2).

Groin pain
Groin pain was analyzed in one uncontrolled before—after
comparison with 34 participants,*! one case series with 25
participants suffering from groin pain of different etiology®
and one case report describing three participants.” Morgalla
et al had follow-up for as much as 3 years and showed sig-
nificant decrease in pain after 3 months, after 1 and 2 years
(P=0.001), and after 3 years (P=0.005), when compared to the
baseline measurement.* Schu et al reported >80% reduction
in VAS in 47.8% and >50% reduction in VAS in 82.6% of
participants for an average follow-up time period of27.844.3
months.® Zuidema et al also reported significant reduction in
VAS scores at 2 and 3 months follow-up (Table 1).’
Participants included in studies about groin pain were all
aged =18 years, diagnosed with chronic groin pain, and have
failed previous treatment modalities (Table 2). Participants
from case report had also failed treatments with transcutane-
ous electrical nerve stimulation (TENS) and pulsed radioftre-
quency prior to successful treatment with DRG stimulation.’
Detailed parameters of stimulation used in those studies are
given in Table 3.

Pelvic girdle pain

Two case reports with eight participants analyzed effect of
neuromodulation with EFS of DRG on pelvic girdle pain.”!°
Hunter et al reported significant pain relief in all seven
participants after a trial implantation period, whereas four
participants reported sustained pain relief 1 year after per-
manent implantation.” Rowland et al reported a case of 43%
pain reduction from baseline using NRS after 6 months.!
Included participants had failed various treatments including
medication, neurolysis, surgery, steroid injections, and, in
some cases, SCS (Table 2). Details about stimulation param-
eters are given in Table 3.

Peripheral neuropathy and diabetic peripheral
neuropathy

One case series included ten participants with peripheral
diabetic neuropathy who had an average VAS pain reduction
from baseline by 64.2%%35.8% (P<0.001) at 12 months.*
Participants with peripheral neuropathy were also described
in three case reports, of which two reported the same patient,
and hence we analyzed only once.?*3%#? In both cases, partici-
pants reported >50% pain relief after 12 months follow-up.
Included participants have failed other treatment modalities
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including use of neuropathic pain medications. In van Velsen
et al® and Eldabe et al® published in 2018, participants also
tried traditional SCS, whereas in Maino et al*> TENS was
applied prior to neuromodulation with EFS of DRG (Table
2). Only study by Maino et al*? reported small fiber neuropa-
thy diagnosed by skin biopsy, which confirmed pathologi-
cal reduction of intraepidermal unmyelinated nerve fibers.
Other included studies did not clearly document the type of
peripheral neuropathy.

Other chronic pain states represented in a single
study

This category includes participants with various painful
conditions represented by single case series or case report
with less than ten participants. One case report included eight
participants with phantom limb pain who were treated with
DRG stimulation after a failure of other treatment modalities.
The percentage of pain reduction was on average 52%+31.9%
from baseline during an average follow-up time period of 9
months.* Other case report included five participants with
ACNES. Three participants had good pain relief after 12
months follow-up, whereas two were refractory to the therapy
without any pain relief.¥’

Other pain conditions treated with DRG stimulation
were chronic intractable pain in the coccyx with 90% pain
reduction at 4 months,* chronic testicular pain with sustained
pain reduction of 70%—-80% during 1 year,* and LPHS with
>50% pain relief after 3 years.*® These case reports included
only one participant.

Details about efficacy and safety of treatment for those
indications are given in Table 1, included participants in Table
2 and about parameters of stimulation in Table 3.

Results about safety

Results about safety of neuromodulation with EFS of DRG
could be classified as related to the procedure, related to
the device, or related to the stimulation technique. In the
group of SAEs related to the procedure, the most common
event was infection at the site of implantation. SAEs related
to the device included infection of stimulator pocket site,
dural puncture, postdural puncture headache, and transient
loss of function. The most common SAE related to stimula-
tion was overstimulation. One participant died 6 months
after implantation due the medication overdose. This was
attributed to previously existing depression.* Several other
SAEs occurred that could not be classified as related to
implantation procedure or stimulation including depres-
sion, bladder infection, bowel obstruction, pain following

a capsaicin (Qutenza) application, perianal fistula, knee
cyst, transient ischemic attack, worsening of pre-existing
CRPS, and temporary loss of leg strength. AEs included loss
of stimulation, leads migration, pain at incision site, and
postprocedure headache. Incidence of AEs for each study is
shown in Table 1.

High proportion of case reports did not report any safety
data, ten from included 29 studies. While several studies
explicitly mentioned that no complications occurred, it
remained unclear if that was true for those studies that did
not mention AEs at all.

RoB assessment

RoB in included studies was assessed using Cochrane RoB
tool for the one RCT that was included. We judged domains
for random sequence generation and allocation concealment
as unclear RoB, as those methods were not reported. Blinding
of both participants/personnel and outcome assessors was
judged with high RoB because the study was not blinded.
The risk of attrition bias was judged as low, since authors
reported all attrition during trial, as well as during follow-up
period and performed modified intention-to-treat analysis
when reporting results. From included 76 participants in
both arms, 61 in DRG arm and 54 in SCS arm completed
trial period, whereas 12 months follow-up was completed by
55 participants in DRG arm and 50 participants in SCS arm.
Reasons for exclusion or failure of treatment were given.
We considered that the study had unclear risk of selective
reporting bias because in the registered protocol only primary
outcome was mentioned and secondary outcomes shown in
the manuscript were not mentioned in the protocol. We did
not find other sources of bias (Table S4).

Attempts to conduct meta-analysis

In our study protocol, we planned to conduct a meta-analysis
of outcomes reported in RCTs. However, we were unable
to conduct a meta-analysis since we found only one RCT.!

Reporting of conclusion statements for

efficacy and safety in manuscript abstracts
We were also interested in determining the proportion of
studies that reported conclusion statements about effi-
cacy and safety in manuscript abstracts, since sometimes
abstracts are the only source of information for clinicians.
Such statements for efficacy were either positive conclusive
(N=12) or positive inconclusive (N=13). The remaining four
studies did not report conclusion statements about efficacy
(Table S5).
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In the majority of included studies, the abstract did not
include any conclusions about the safety of a tested interven-
tion (N=19). In the remaining abstracts, there were positive
conclusive (N=5) or positive inconclusive statements about
safety (N=3), whereas two abstracts only provided informa-
tion about number of AEs or mentioned certain specific
AEs, without providing overall conclusions about safety
(Table S5).

Funding and conflict of interest in

included studies

Most of the included studies had conflict of interest state-
ments. In almost 60% of the studies, authors reported that
they either are consultants of companies providing financial
support to the research or that they have equity in those
companies. Only nine studies reported that authors have no
conflict of interest.

Overall, among 29 studies, there were eight industry-
funded studies, only two studies were financed by a non-
profit institution, and none were funded by government or
other grant sources. In the group of industry-funded studies,
four out of eight had positive conclusive statements about
intervention, while four had positive inconclusive statements.
Among 21 non-industry funded studies, we found eight stud-
ies with positive conclusive statements and nine with positive
inconclusive. However, a majority of studies that mentioned a
potential conflict of interest did not explicitly mention sources
of funding, so we were unable to judge whether those were
funded by industry or are they more likely to yield positive
findings about intervention.

Discussion
This systematic review included 29 small studies about the
use of EFS of DRG as neuromodulation method for treat-
ment of pain. We found that studies about neuromodulation
with EFS of DRG reported participants treated for painful
conditions of various etiologies, but mostly in participants
who have failed many or all other available treatment modali-
ties. For some participants it was reported that they were
refractory to stimulation and that they did not experience any
pain relief. The majority of studies that reported conclusion
statements about efficacy in their abstracts indicated that
there is positive, but inconclusive evidence regarding efficacy
of neuromodulation with EFS of DRG. We were unable to
perform meta-analysis since only one of the 29 included
studies was RCT.

Several reviews have been published recently on this
topic, but with a narrower focus and number of methodologi-

cal limitations. Harrison et al (2017) published a literature
review about efficacy and safety of DRG stimulation as a
treatment for neuropathic pain.?® Chang Chien et al (2017)
published a systematic review about alternate intraspinal
targets for SCS.?? This review covered very wide range of
topics, and DRG stimulation was just one of the analyzed
interventions. The review searched only the single database
PubMed, whereas the Cochrane Handbook and CRD guide-
lines indicate that a systematic review requires a search of at
least two bibliographic databases.”>?” These reviews had also
several additional methodological limitations. Specifically,
the authors used very simple search strategies, some of them
did not report the search dates, they did not report excluded
studies, there were no analyses of RoB in included studies,
attempts to make quantitative analysis were not reported, and
potentially competing interests of authors of included studies
were also not reported. None of the studies were focused on
participant selection or reported parameters of stimulation.

The latest review published by NACC had some elements
of systematic review methodology, including search strategy
and analysis of quality of included studies, and gave very
comprehensive overview of the topic with sections on DRG
anatomy and physiology, with the main focus on DRG stimu-
lation devices and implantation procedure. However, authors
mentioned participants’ selection very briefly, reported
parameters of stimulation only for ACCURATE study and
had last date of search in June 2017, which is currently >1
year ago. In addition, consensus evidence and given recom-
mendations were partly based on published abstracts without
inclusion of full manuscripts.?*

From all chronic painful conditions treated with neuro-
modulation with EFS of DRG, CRPS was the condition with
evidence represented by ten of the 29 studies included in this
systematic review and also with greatest overall number of
participants included. Furthermore, this was only condition
for which evidence about efficacy and safety was available
from RCT. We rated RoB as unclear for multiple domains
due to the lack of information provided in manuscript. NACC
used modified Pain Physician criteria®* and US Preventive
Services Task Force (USPSTF) criteria® to give final grading.
The group rated ACCURATE study as level 2 according to
modified Pain Physician criteria and level I using USPSTF
criteria and overall recommended DRG stimulation as an
effective therapy for treatment of CRPS type I of the lower
extremity, while for upper extremity CRPS type I or II con-
clusion was that more studies are needed.?

NACC had also strong consensus about the use of DRG
stimulation for groin pain, rating the overall evidence as
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level 11-2.* This is in agreement with our findings since,
together with LBP, those were painful conditions represented
with uncontrolled before-after studies of higher quality and
including more participants than case series and case reports,
which reported results for the rest of included chronic pain-
ful symptoms. Further studies are needed with higher level
evidence about efficacy and safety of neuromodulation with
EFS of DRG for treatment of those conditions.

We excluded studies published only as conference
abstracts, as it has been shown that such information are not
necessarily dependable, as authors may change results, either
qualitatively or quantitatively, by the time data from confer-
ence abstracts are published in peer-reviewed journals.”!
Since our search is dated September 2018, we included
several painful conditions that have been treated with DRG
EFS neuromodulation for the first time such as chronic
intractable pain in the coccyx,* ACNES,* and LPHS.* We
also included small pilot studies and case reports that used
novel high-frequency parameters of stimulation.>*

This evidence is of low quality, represented only with few
participants to whom neuromodulation with EFS of DRG
was the last treatment option after failure of other treatment
modalities. Median number of participants in these studies
was 6. Based on these findings, future larger studies should
also consider inclusion of participants diagnosed with these
conditions to confirm safety and efficacy of therapy, as well
as use of novel stimulation parameters which could possibly
improve treatment outcomes.

Weaknesses of available evidence

We found that a source of funding was not reported in the
majority of included studies. Most of the studies that had
financial support were funded by industry with commercial
interest in neuromodulation with EFS of DRG, which war-
rants cautious interpretation of the results. Furthermore,
studies that reported potential conflicts of interest in which
the authors were either consultants of the industry producing
the studied device or had equity in those companies did not
report the source of funding. A recently published systematic
review about industry sponsorship and research outcome in
studies of drugs and medical devices found that industry-
sponsored research more frequently reported favorable effi-
cacy results and favorable conclusions for tested intervention
compared to studies with nonprofit funding. The authors did
not find any difference for the majority of RoB items between
commercially and nonprofit-funded studies, suggesting that
existence of “industry bias” cannot be explained by standard
RoB domains.>? Amiri et al (2014) reported similar results by

analyzing >1,300 studies in the field of spine research. They
found significant associations between source of funding,
study outcome, and level of evidence, in which unfunded and
industry-funded studies had the highest proportion of level
IV evidence and reported a higher proportion of favorable
outcomes, while studies with public funding or funding other
than industry had a higher proportion of level I evidence.>

Since the source of funding may influence outcomes,
reporting sources of funding and conflicts of interest should
be a mandatory part of each manuscript. Researchers should
follow ethical principles and transparency when reporting
study results, while clinicians should critically appraise
each paper they are reading, not relying exclusively on the
authors’ conclusions.

We were aware of the limited number of RCTs in the
field as well as the fact that other study designs had lower
methodological quality, less reliable results, and thus provide
lower level of evidence about certain treatment.”’” However,
NRSDs can be valuable sources of information, having longer
follow-up time, especially regarding safety of intervention,
which was our outcome of interest, so we decided to include
also NRSDs in this systematic review.

Even though we followed criteria for conducting a
high-quality systematic review, our evidence synthesis has
limitations that are related to the published studies on this
topic. The evidence is based on studies with small number
of participants, whereas there was only one RCT, and a large
proportion of case series and case reports. More reliable evi-
dence is needed to make reliable conclusion about efficacy
and safety of studied intervention.

Conclusion

EFS of DRG is a widely used neuromodulation intervention
for treating various painful conditions of different etiolo-
gies. Studies published thus far imply that the intervention
may help highly selected participants with various pain
syndromes, who have failed to achieve adequate pain relief
with other pharmacological and nonpharmacological inter-
ventions. Some participants were refractory to the treatment,
without any pain relief. However, these findings need to be
taken with extreme caution because of multiple limitations
of available studies. These limitations include poor qual-
ity of available studies, very small number of participants
included, highly selected patient population who participated
in these studies, and conflict of interest of sponsors and
authors of those studies. Due to availability of only one trial
on this topic, with high or unclear RoB on the majority of
analyzed domains, currently available evidence from studies
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on humans about benefits of neuromodulation with EFS of
DRG for treatment of pain should be considered preliminary
and confirmed in high-quality RCTs with sufficient number
of participants.
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