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ABSTRACT

Introduction: Chronic pelvic pain (CPP) is a
symptom that derives from a complex group of
heterogeneous pathologies of the pelvic organs.
The aim of this study was to review the available
evidence on efficacy of neuromodulatory
modalities including sacral neuromodulation,
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dorsal root ganglion stimulation, dorsal column
neuromodulation, and pudendal nerve
stimulation.

Methods: This narrative review focuses on
updated information on neuromodulation for
management of chronic pelvic pain. In 2022,
we searched English-language studies on neu-
romodulation, pelvic pain, and chronic pain in
a comprehensive search. We searched the fol-

K. Patel
Department of Anesthesiology, New York University
Langone Medical Center, New York City, NY, USA

K. Patel

Department of Anesthesiology and Pain Medicine,
Donald and Barbara Zucker School of Medicine at
Hofstra/Northwell, Northwell Health, Hempstead,
NY, USA

R. D’Souza - S. Moeschler
Department of Anesthesiology and Perioperative
Medicine, Mayo Clinic, Rochester, MN, USA

A. D. Kaye

Anesthesiology and Pharmacology, Toxicology, and
Neurosciences, LSU School of Medicine, Shreveport,
LA, USA

A. D. Kaye
Anesthesiology and Pharmacology, LSU School of
Medicine, New Orleans, LA, USA

A. D. Kaye
Anesthesiology and Pharmacology, Tulane School
of Medicine, New Orleans, LA, USA

I\ Adis


http://crossmark.crossref.org/dialog/?doi=10.1007/s40122-022-00430-9&amp;domain=pdf
https://doi.org/10.1007/s40122-022-00430-9

1138

Pain Ther (2022) 11:1137-1177

lowing databases: PubMed, Medline, SciHub,
Cochrane Database of Systematic Reviews, and
Google Scholar. We used the following combi-
nations of keywords: neuromodulation, pelvic
pain, chronic pain, chronic pelvic pain, pelvic
pain treatment. We tried to include as many
recent manuscripts as possible (within the last
3 years) but also included papers older than
3 years if they were particularly relevant to our
topic. We also attempted to search for, use, and
cite primary manuscripts whenever possible.
Results: CPP is a challenging entity to treat
because of diagnostic inconsistencies and lim-
ited evidence for therapeutic modalities. Our
review found evidence suggestive of benefit for
all modalities reviewed but the data was of
overall low quality with numerous limitations.
The literature highlights a lack of randomized
controlled trials for neuromodulatory therapies
but suggests a growing role for such techniques
in treating refractory chronic pelvic pain syn-
drome (CPPS).

Conclusions: This review explores the available
evidence on efficacy of neuromodulatory
modalities for CPPS and contextualizes the
results with information about the type of
neuromodulation, lead location and waveform,
pain outcomes and assessment timepoints, and
reported adverse effects.

Keywords: Neuromodulation; Chronic pain;
Pelvic pain; Chronic pelvic pain; Pain treatment

Key Summary Points

Chronic pelvic pain (CPP) is a sign of
various pelvic organ diseases. Chronic
pelvic pain syndrome (CPPS) has several
clinical manifestations, making a unified
definition difficult

CPP is noncyclical pain with a 6-month
duration that might affect physical
performance and quality of life

This narrative review illustrates the variety
of neuromodulatory methods that are
available for the treatment of CPP,
including sacral neuromodulation, conus
medullaris stimulation, dorsal root
ganglion (DRG) stimulation, dorsal
column spinal cord stimulation (SCS), and
pudendal nerve stimulation

All of the modalities we examined had
evidence that appeared to be beneficial,
but the data generally was of poor quality
and had several flaws, such as varied
research circumstances and small sample
numbers

Our review draws attention to the dearth
of randomized controlled studies for
neuromodulatory treatments while also
recognizing the expanding importance of
these approaches for refractory CPPS

INTRODUCTION

Chronic pelvic pain (CPP) is a symptom that
represents a complex group of heterogeneous
pathologies in specific pelvic organs. A consis-
tent consensus definition continues to be elu-
sive and perhaps appropriately so, considering
the widely different clinical phenotypes that
comprise chronic pelvic pain syndrome (CPPS).
Broadly speaking, CPP is often defined as non-
cyclical pain that has a duration of at least
6 months with the potential to manifest with
lower physical performance and quality of life
(1].

CPPS has the potential to affect both men
and women. A systematic review conducted in
2014 suggested that the lifetime prevalence of
CPP ranged from 5.7% to 26.6%. The authors
identified a scarcity of population-based preva-
lence studies and observed a number of obsta-
cles to accurate estimation including lack of
multidisciplinary studies, lack of statistical data
and registration systems, lack of common defi-
nitions and consensus about CPP, inappropriate
health system performance, and lack of educa-
tion for both patients and clinicians [1]. An
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accurate estimate of the incidence or prevalence
of CPPS does not exist currently. Frustratingly,
for patients in particular, inconsistent diagnosis
and classification often manifest with self-
management and inadequate referrals to spe-
cialists or multidisciplinary care teams [2].

Various groups and guidelines have advo-
cated for individual treatment strategies aimed
at identifying and targeting important charac-
teristics of CPPS including predisposing factors
and causes, chronic pain mechanisms for
ongoing pain, associated visceral dysfunctions,
associated musculoskeletal dysfunctions, emo-
tional consequences, behavioral consequences,
sexual consequences, and social consequences
[3]. To support a multidimensional and multi-
disciplinary approach to management of CPPS,
Shoskes et al. proposed a phenotype-based
classification that comprised six domains
including urinary, psychosocial, organ specific,
infection, neurologic/systemic, and tenderness
(UPOINT) [4]. This approach has been sup-
ported by a systematic series of domains out-
lined by the International Continence Society
Standardization for Terminology in CPP Syn-
dromes. The domains detailed for CPPS include
four domains involving the pelvic organs: lower
urinary tract domain, female genital domain,
male genital domain, and gastrointestinal
domain. Two domains include sources that may
be perceived in the pelvis: musculoskeletal
domain and neurological domain. The final
three domains detail factors that may influence
the response to and impact of pain on the
individual: psychological domain, sexual
domain, and comorbidities [5]. Both classifica-
tion structures are designed as clinical aids to
ensure a logical and comprehensive mode of
evaluation for a heterogenous syndrome.

In light of these expansive diagnostic chal-
lenges, interventional therapies including
spinal cord stimulation have gained traction
and popularity as a potential option for refrac-
tory CPPS. Novel targets for neuromodulation
have continued to be identified under the
original premise that the pathophysiology of
CPPS may parallel some centralized, neuro-
pathic and sympathetically driven pain models.
In spite of the unique presentations and eti-
ologies of CPPS, neuromodulation has

demonstrated some efficacy with adequate and
appropriate coverage to affected regions. Fur-
ther research has continued to identify new
targets and applications of neuromodulation in
CPPS but identification and coverage of the
pain transmission targets continue to be chal-
lenging [6].

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

PELVIC PAIN MECHANISMS

Understanding the anatomy and neural path-
ways innervating the pelvic viscera is critical to
identify appropriate neuromodulatory targets.
The pelvis is an anatomic region located
between the floor of the pelvic cavity and the
pelvic brim. This area comprises both visceral
and somatic structures with complex and varied
innervations [7]. Visceral structures include the
bladder, terminal ureters, urethra, ovaries, fal-
lopian tubes, uterus, vagina, sigmoid colon,
rectum, and associated vasculature and lym-
phatics. Somatic structures include the pelvic
bones, ligaments, muscles, fascia, and body wall
cutaneous dermatomes. Both somatic and vis-
ceral structures have the potential to cause CPP
(8].

The somatic innervation of the pelvis derives
from efferent motors fibers that originate from
the spinal cord to innervate the skeletal muscle
of the pelvic walls, pelvic floor, and perineum.
Sensory afferent fibers transmit sensations from
musculoskeletal organs and parietal peritoneum
in addition to corresponding dermatomes and
myotomes. The sacral plexus, formed by the
lumbosacral trunk (L4 and LS of lumbar plexus
and anterior branches of S1-S4), provides
somatic innervation of the pelvis including the
levator ani, obturator internus, coccygeus, piri-
formis, gemellus, and quadratus femoris mus-
cles. Innervation of the anterior and lateral
abdominal wall originates from the intercostal
nerves (T7-T11), subcostal nerve (T12), and
iliohypogastric and ilioinguinal nerves (L1) [8].

The visceral innervation of the pelvis con-
sists of efferent autonomic branches and
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afferent branches [9]. The efferent autonomic
system consists of sympathetic and parasym-
pathetic fibers that supply the urethra, bladder,
ureters, vagina, cervix, uterus, fallopian tubes,
ovaries, sigmoid colon, rectum, anal canal, and
visceral peritoneum in women. The afferent
system transmits signals from abdominal wall,
pelvic viscera, and visceral peritoneum
[8, 10, 11]. A minimum of five pathways are
believed to transmit nociceptive stimuli from
the pelvis with three transmitting through the
inferior hypogastric plexus [12]. The inferior
hypogastric plexus is a major relay center and
innervates the genital and reproductive tract,
bladder, urethra, distal ureter, internal anal
sphincter, and rectum. It also contributes to
three other plexuses: rectal plexus, uterovaginal
plexus, and vesical plexus. The superior
hypogastric plexus supplies the ureteral, ovar-
ian, common iliac, and inferior hypogastric
plexuses [8]. Visceral afferents synapse to sec-
ond-order neurons in the dorsal horn of the
spinal cord with subsequent transmission to
supraspinal regions for processing [11].

The efferent sympathetic neurons originate
predominantly from the thoracolumbar spinal
cord from T12 to L2 nerve roots and are trans-
mitted via the superior hypogastric plexus. The
efferent parasympathetic neurons originate
from the S2 to S4 nerve roots and are trans-
mitted in the splanchnic nerves [6, 10]. The
phenomenon of vague or overlapping CPP
symptoms is possibly explained by the idea that
visceral nociceptors are through to be poorly
myelinated or unmyelinated nerve endings that
mediate both somatic and visceral stimuli. The
input to the spinal cord is therefore influenced
by somatic input and may participate in a
“cross-talk” phenomenon in which afferent
activation of a pelvic structure influences effer-
ent output to another [8, 12].

NEUROMODULATION

Summary

Electrotherapy neuromodulation (referred to as
“neuromodulation” henceforth) has been used
for pain management since ancient times.

Scrobonus Largus, court physician to emperor
Claudius, reported treatment of headaches with
electric eels (4-100 V, 100 Hz) in 46-47 AD [13].
The era of modern neuromodulation is thought
to have started in the 1960s with deep brain
stimulation, followed by spinal cord stimula-
tion, for intractable pain. Over the next
50 years, technological advances have signifi-
cantly broadened the field of neuromodulation
and impact on patient outcomes [6].

Current neuromodulation techniques for
CPP target the sacral roots, pudendal nerve,
mid-thoracic spinal cord, conus medullaris, and
dorsal root ganglion (DRG) [6, 14, 15]. Unfor-
tunately, given the complex nature of diagnos-
ing CPP, it is increasingly common that patients
are not evaluated by pain management spe-
cialists until unsuccessful treatment by two or
more specialists from other fields (e.g., gyne-
cology). By this point, CPP has often evolved
into a chronic phase, rendering techniques
including physical therapy, nerve blocks,
radiofrequency lesions, and pharmacologic
options increasingly ineffective. In such
patients, neuromodulation may be the last
bastion of potentially effective therapy. While
the efficacy of neuromodulation for CPP often
depends on adequate lead positioning, a lack of
consensus exists with respect to the optimal
target and location of leads [6].

Sacral Neuromodulation

Sacral neuromodulation (SNM) is an emerging
minimally invasive treatment option for
refractory CPP. SNM was first described by
Tanagho and Schmidt in 1982 [16] and applied
to human patients in 1988 [17]. Originally
approved in 1997 by the US Food and Drug
Administration (FDA) for urinary urge inconti-
nence, urinary urgency-frequency, and non-
obstructive urinary retention, SNM was even-
tually adopted for off-label usage in recalcitrant
CPP [18]. SNM is an attractive treatment target
in CPP given the role of the sacral nerve roots in
relaying sensory information from the pelvic
floor [19-21]. These sensory fibers may theo-
retically be subject to neuromodulation at any
portion of the anatomical trajectory. In reality,

A\ Adis



1141

1137-1177

Pain Ther (2022) 11

spawr drsaf[eue pasnpar /g

1sod

reaf |

sqauowr 9 “Aprerpowt uefdwi-sog

SN wiopAe

sworpuss

£158ms
Peq-parte &

$OPOIII[D 1eak T 18 9 9sod sqauowr 9 speiSommuy [o20101d SCID
o uoneidiw 7 2 ¢ s1s0d Aprepoury uedwr-arg — a8eas-z 20u £(9%001) 6 sryaedorpr ¢ sorsos (]
uondyuI ¢ 7 01 6 woiy paroxdwir YA sqauow gp—1 :dn-mofjoj ueIpay SYA SUON  pue [eIdR[IUN [eoes sudned ¢ ased aandadsory  ST0T TeoS
st 01T Md
ZH $T-81
o s1were
(3usurewad 10§) syauow (9
. . . speiSonay
AHEUEﬁEhU& w—.—u:OE ww w—.—u:OE Wm mﬁ—uEOE «NN
10§) sautodown dn-mojoy e sypuow g1 spuous 9 aurdwi-aseg vS e 1 SILIOS ISED
Ho.w mN [ex] @.ﬂ EO.—'« m«um_.—m.— SVA MENTWETMHHH mm —.mhuu.wﬁﬁ T %k_uw\:,—w UTLUQ 2AINGISUOD ﬁm“ﬁg
sqauow 9 3e 17 03 pasorduwr (12-21 ¢S (%65) 91 toud/m 1D IuDdHRMW 2102
QUON '8 30 SYA do-a1d ueapy 28uer) sqauow /¢ :dn-mojjoy uray SVA SUON [e3dae[run G [eoes  yum syuaned /g7 aandadsorg  ‘ponpEIEy
ured
2118 DI
JuarisueIl |
~N>OEU.~
Supmbos SN WIopAE N\
uondyul | $OT100IeU speiSonay
EO_u.muUanDk ﬁUhu&ﬁu .\A—uﬂdum_ﬁw_wu Oﬁ\w asn ﬁWINm SILI3S IsED
pue 6% suvpdwipasod puv -2ig sn0dIeU [e3a3e1q (%65) 01 o)t SATINDISUOD [L2]
Ne 4SO T 03 ['6) 'S Pasea1ddp Sy A UBdIN SN dn-mofjog SYA SUON  pue [eIdE[IUN [ees Y syuoned /1 aanvadsonay 6661 P
(uonendod jusned
passasse wiojasem o aFeusdrad) yuerdunr
[RREVIE] $OW02IN0 dnoig jo ady pue jusueunad jo yoqumy uonemdod Sumods  yeaf Joypne
0mhv>.—u< mu—-.—wuk MU:@.— ureq wu—-mcmemH JuduIssasse ureq ure g —Q.H:—OU ﬂ—cmuﬁuo— .mumva =°mud—=.1°-.=°.=.—u= .«0 U&.H juane g ﬁs ﬂ—‘wmwu.—u »A.T-—uw Isany

JddD Ul uomE[npowomau Jerdes 10y s110dax ased-uou jo Arewwng [ d[qe],

I\ Adis



1137-1177

Pain Ther (2022) 11

1142

UOISIAdI
Surimbai
uonesSiu

UTOHHUQT T

sl 012
Md ‘A 9€-80
¥ ZH 1T-¥1

A s1owere

uondyuI |
g w ddd (]
amyrey SN SUtodawLL, uondeysIEs SN proddy (zp) 11 s 21198 1002
arerpowrr 7 uonoegsnes partodar siuoned [1/6  syauow g¢ :dn-mofjoj uedy udnEg SUON] €S [emR[IUn [eoes  syuomed 9z aandadsonay  amderaAf
uondRyuI |
ured paseandur |
SUOLIESUIS
3poys 1IN 7
pea 10 HdI
JO uoIsIAdY T
uoneiue[dxo
wduewad 7
SILN T
ured aurpaseq
01 uIniax m
ured aus g1 ¥
dn-moyjoj uerpow
sadueyd 9 03 ['€] postasnop ‘SyIuoW 9 ‘SyIUOWw ¢
uonedo ured § smoy yured 3o Joqumu Hapzaaos qpuow 1 auefdwriasog SN WIOJoAL A\
suonesrdwod ured [ewrxew ur ase2109p PIM %06  INJ-3s0d pue wueidwir-org [euTwEIOfSURI ], 4o [15]
punom 9 dn-mofjoj uerpowr (%£-9 2Buer) syauow 41 s1reuuonsanb (%07) S (%001) 01 P SIS ISBD 1002
[e303 Ut /T 1w 5% 01 £°6 pasordur aferoae GyA :dn-mofjoj uepay ured (YA SUON 10 (908) €S [eIIE[IUN [ees  sauaned of sandadsorg 8a1g
(uonemdod jusned
30 38eauddrad) Juerduwr xeaf
syurodown passasse dnoig wioyaaem jo odfy juouewsad jo soqumy  wonemdod Sumoas pue ‘royne
S199JJ0 ISIAPY SINSIX JoraI ureq JUDWISSISSE ULE  SOWOdSINO Ul  [OIIUOD) pue uoneso| pea uopempowomdu o adAy, juwoneg  uSisop Apmg Isxg

ﬁuﬂﬁ_uGOU 1 9Iqe L

/

A Ad

18



1143

1137-1177

Pain Ther (2022) 11

uonenn

-Jpos auoned
(ANd)

SILIdS ISED

ISN WHOPAT A\

ANd-3s0d pue ueidwr-o1g [euTweIOjSURI], o aAnoasUOS (&3]
SUON €7 01 0’ SYA paaroxduy skep ¢ :dn-mojjoy ueapy SVA SUON €S ‘SN Arpeaarey [e1Rg siuoned 9 aandadsorg 0007 YD
9% 01 g parordun 91N (INd
. 61 0 67 A dn-mofjoy wiaa-3uoy 10§) sl 0TC
9] Sunmbar 1] 1T SPIW JO IIQUINU UL SLAIII(] pue 1eak-1 auerdwr-asog Ad ZH ¥1
G g o is11oWeIe]
StpEep Aenvq T (SS) steak ¢ < 3¢ Edut-o1d pasn spawr ured kcd|
ured paureisns pue 1eaf [ 1e syqauow G'[/ Jo JquInu f9-[(IN [PUHUTIONUBLL (wze) 11 DI s MITADI 1IEYD 1102
ous quedwn ¢ ¢ 01 g panoxdwr 2100 ured 19ppelg :dn-mofjoj uear 1005 ured 1opperg SUON €S [eroreNIU) [eoeg  syuaned g aandadsonay  ‘ruemzeyn)
ured
8oy Sunerper 3
ured
ted DJI 9 SN
uonemuwns 1915801043 Areak wiojAem pue
myured 9 ‘Syauow [ ‘syauowr 9 farpesare 10 [9A>T
swordwAs (,pood, “a1) 9%5/-0S stpuow ¢ auvidwirsoq (o0t
pauasiom 10 VYD par03s 90¢ (,poos uepdwr-aig -150d sased)
swomnno 1ood 1) 94$/ < 91035 O EUIWEIOJSUEI
4 1) %SL < VIO P %0L (st [euTwIRIOJSUI ], (87]
01 s1d 9p/¢¢ ur o[eds VYo aBuer) sypauow ¢'19 (5002 (%65) 9% DI P REJRENEN &) 1102
onp uonerado-oy ur audwasordwr 9408 2FerAy :dn-mofjoj ueayr VIO SUON] -a1d sased) uadQ [ees  syuoned g/ sandadsonay Dsmofeny
(uonzendod jusped
Jo 38eruadrad) uedury xeaf
syurodowm Ppassasse dnox$  wiojosem yo adfy juouewaad jo soqumy  uvonemdod Sumos pue ‘aoyne
S199JJ5 ISIAPY SIS JOIx ureq JUOWISSISSE Ure g SOWO2INO UleJ  [OIIWO)  PUE UOHEIO[ P uopempowomasu yo adAy, uoneg uSisop Apmig asay

ﬁwSCUCOU 1 u—ﬁﬁ.ﬁ

18

A\ Adi

/




1137-1177

Pain Ther (2022) 11

1144

puaty

(o2} 1=U~GEOUUu —.vﬁﬁ ﬁ:dwﬁ Owuoﬂuﬂz mJﬂO\(r g@m

(%09)

Juerdur

-1s0d pue -a1g

(,paroxdur

SN Euo.wu\rm\v?

(11) wado

ured eusSea (99.) o1 o Aapenb (9612) Aparyrews, 03 [r€]
ured d1ajod pasordwr (paoxdwr Ajpoyrew, syiuow 9°g (ds1om Lpayrewr ) (S1) reunuesogsues L (%02) 97 DI s 91198 €002
suoneradoar ¢ 10 Apresspow, jo Juner) Apuesyrudig, :dn-mofjoy ueay Koamns ured 1utod-/, SuoN €S [eroreNIUN) [ewes  siwoned £ ased aandadsorg 1019
1215E21013
sqauow 9—¢ 1949
pue sqauows 7 st 017 Md
aueidwiasog (lPuy) A LT F LT
uedwr-org y(enie)
ZH 9] o iSIPWEIE]
(87— 28uer) [o€]
sqauowr § 1e sqauow §[ [PUTUIEIO)SUELT, (%89) L1 DI yim SILI2S €007
SuoN  [dSDI paaoxdwr pue 91 01 8¢ SYA pasoiduy :dn-mofjoy ueay 1dSDI ‘SVA EINING €S [eroreNIU) [eoeg  swuoped ¢z ased aAmdadsory  Iaiwo))
SUOISIADI §
suondUNjTEw
20149p 7
suonesdru
o1m 7
mdart
SIS T
o1s Juepdur
e UOIEWIOf
BWOIdS Juerduwr
JudIsUEn | -1s0d pue -a1g .
SN wopAL A SOLIDS I5ED
(%L°81) (9¢-9 a8uer) ddD SAIINDISUOD [o%]
71 ur sqauow §¢ [PURBIOJSUBLL (%001) & s IIUDBMW 2002
suonesrdwor) dn-mofjoj 3¢ £°¢ 01 §'G SYA pasorduy :dn-mofjoy ueoy SVA SuoN €S TerareIUN) [ees  syuomed 1§ aandadsorg Jrsoqy
(worzendod
juwoped jo
s8eyuadiad) yuerdur
Juduewntad jo soquimpN Jeak
syurodowm passasse dnoag wxojoaea jo adky uvonempowomdu  uonrendod Sumos pue ‘royIne
S19JJ5 ISIAPY SINSOX JOII uregq JUDWSSISSE UL ] SOWOdINO ureg  [01IUOD) pue uoneso| pea Jo adLy, juoneg uSisop Apmig sy

TOSQUCOU T 9Iqe L

/

A Ad

18



1145

1137-1177

Pain Ther (2022) 11

sdn-mofoj
Ire e pasoxdwr 9¢-1
s1[nsax

A&huuﬁjﬁs < wu—BmUu

mﬁ—u—LOE 14!

Ssqauow () syauow g

st 01T
Md ZH $€-0T
4 NTH€T

p 1wIojoAem [enIu]
uonendod

ured 01 dypads-uoN

[exoreg [eurwEIOfSURI T,
uorsiadx Surimbax SyIuOW 9 ‘SYIUOW ¢
ured 211 O] | puown T quowr | auerdwr-sogq S Te1Ieliq ured
£q ssaf 10 % G [erore[Iun [earuadom [€<]
suowavdstp pedy | 01 do-21d 1e g 1s89] aueidwir-arg €S [eIareiq (%12) ¢ /o1appd SIS 9002
21m3de1y pesy [ 1) SYA paroxduy sqauow g :dn-mojjoy ueajy 9¢-1S ‘SYA SUoN €S [erarRIUN) [e1Rg quaisiszad 7 ased> 2andadsorg ‘oueae]
(Apanoadsar 9469 SN WIOJoAE A\
“96001) sdn-mofjoj (SN sdn-morjog i
qroq 3¢ [SS poroidwy pug 2 3sT) -1sod pue 219 SN 1preiddy J— [6€]
70 (116 Buer) €8 TP T (19) L ddD yIm 25ED JAIINDISUOD 12002
SaIn[IEy DMIP 7 () 03 § SYA parordu] syqauow (] dn-mofoj ueajAr ISS ‘SVA SUON] €S [erorE[TUN G [e1oes syuaned /] sandadsorg 1[55I
OdI 8
o Supums e 031 €T 1401 paroxduy
ﬁuizw::_ mE/mmﬁ ) cor 1dSOI SN wIopAL g\ (ANQ) so10s
upps/esapsared 101 591 1501 paroidwiy (210838, ¢ 01 ISED JALNIISUOD [2€]
INd Surmp 91 (%P ¥1-L) AN Pue i Luou, () jo 3uer) [PURLTIOJSUPLL, DI P I2UDdRMW €007
ured 8o 210495 | 01 7z ured parordwy SN dn-mofjoy ueapy £oams ured yurod- SUON VNA €S [ereg [e10es syuoned 77 oamdadsorg  orounym
(worzendod jusned
jo 38eausorad) yuerdur
jusuewnnad Jo soqump aeak
passasse dnoig wojosea jo 2dby uonENpoOwoINdU uonemdod Sunos “Joyne
S193JJ3 ISIAPY symsax jorpax ureq  syurodowrny JudwISSISSE UTeJ SOWOOINO Ureg  [ONUOD) pue uonesof pea jo adA, waneg pue uSisop Apmag sy

penunuod | 3|qe],

I\ Adis



1137-1177

Pain Ther (2022) 11

1146

SUOISOI> sqauowr 7/ < aueduwr
odI € -350g
MOIADI
suoneidrur uepdwir-arg SN UHOPATA
pajoriuod [s7]
pea ¢ T6 01 £1T ANd parordug stpuow 9g [eurwEIo SuTL ], (%88) 0€ o1 P 3583 SATIMOISUOD 1102
suonerddoar g $'7 01 §'9 SYA parorduiy :dn-mofjoy ueON  INd ‘SVA SUON] €S [emRqIUn) [eoes  swuaned H¢ Qandodsonsy  OrAoyuULIRl
UOISIADI
Surnmbax sqauowr § 3¢ syuaned ¢ ur 7 SYA 11321013 A[enuue
ured aueduwr | Jusuodwos sqauow 7 ‘syauowr 9
spuow 57 ured Aipoq “Aeoymads ‘sqauow ¢ aueidwr-1sogq sl oz Md ‘(quomed x 1
® ‘pue 6¢ 01 97 wduodwod auepdwir-arg ZH 05) 7H 12-81 d
ud g A ‘A €-1 F spwwereg ure SIS
2IM[IE} 1Ap | [e2IsAyd 9¢-4S posroidwy (08-¢ [euerad 958D DAIINIISUOD [o%]
womdayuy (100°0 > @) dn-mofjoy 3Buer) sypuows g1 9¢ [PEIORUELL G T e P 600¢
ous [edidns [ uedw e 7°g 03 7’8 SYA paaoiduy :dn-mofjoy ueay -1S ‘SVA SUON €S [emRqIUn [eORS  d1UOIYd /T sandadsorg ‘onof[eg
ured [euiea 10 s1apd 10§ GNING
Pue GNS U2IMIDQ DUIIIP ON
L01 03 €F[ LJuo
wordwids 1§D ur auswarordury st 002 SN €1
IDAOSSOID
. sqpuow 9 uefdwi-isog Md ZH 9T J :s1o10were]
JANS Ut 981 I0d NS ¥ poziwopues
01 THT [E101 ur JudwaAordur auepdwr-a1 UTWEIOJSUES
Gremordnd @ ! 1T ya501 [PHIHORTELL Ol s ‘purgq [¢€]
SuoN (0% 01 6°£) SVA paroxdurr 956 syauows 9 :dn-mofjoy ues}y ‘SVA SNId €S [errR[IUn) [eoes  swomed 41 -o8urs 9amdadsorg  £00T $1939]
(uonedod jusned
passasse 30 98eausoxad) Juepdur
$199p° syuodown  sawosIno dnoig UrIoJoATA juouewsad jo soqumy  wonemndod Sumoas  xeaf soyne
3SIAPY SIMSIT JIrI[OT Ure g JUDWISSISSE Ure ureq  [onuo)  jo adKy pue woneso[ pedy]  uonempowondu yo odAy, woneg  pue uSisop Apmg sag

ﬁDUCUEOU JECICLAR

/

A Ad

18



1147

1137-1177

Pain Ther (2022) 11

ANd

sl 01¢
Md ZH ST
4 ‘A 01-0

. (4Nd)
-1sod queidwi-o1g prsisieied )
$O119S I5ED [¥€]
9% 01 g1 paroxdur 21035 ured A[ipoq 9¢-1S shep 01-L [euTwEIOfSURI (9%€2) T1 o1 s aAp3sUOD 100z
SN $'7 01 '8 parordwit SYA e dn-mofjog 9¢-1S ‘SYA SUON] €S [eaoepig [e1Rg siuaned ¢ 2anvadso1 OUEN
1goudq
sneworduwids
JudnYINSUT ¢
SIUdWIAOW
100§
swosa[qnon |
dn-morjoy 3se]
voRsuTEt T e pue dlerpawut
uondRyuI | (2usB wo Surpusdsp) auepdwi-asog o
£1m0q Juapuadap 25041 JO 95(9—(7 UI UOMESSId YIIM uepdwr-arg womopow sag (97]
pasordop 060£—0G Ut paseardap ofesn uonedrpow ureg sypuowr 9 ured (%9¢) Tt /o1 s $o38 358> 0102
swuepdxo 1 uonnosar ured a3vpdwos yam (%59) L1/TT :dn-moyjoy ueapy  ‘ured 2andalqng SuoN SN [e10es siuaned ¢ 2anvadsonay TPmog
snnooxd
smmnoe |
ured
sqpuow ¢ sryredomou
‘syauow 71 [eoSmsisod |
‘syruow 9
UoIsIASL auerd erudpoamna |
Surnmbox (Appanaoadsar) aurjdwrased
Juawadedsip dn-mofjoj syauow g pue syauow 7| uepdwr-arg SN wHopATA ore (7]
OdI 1 SYIUOW 9 IT %79 ‘%EY %L ISS UL o 37 apeiBormuy (%£9) 8 erudphaod ¢ S 010z
ured 211 O] 7 patodar 3ou gyA dn-mofjog :dn-mofoj uear 1SS ‘SVA SUON €S [emR[IUn [e1eg sauoned 71 ased oandadsory  ‘oprenty
(uonendod jusned
jo 28eruadrad) uedun xeaf
rodawm P dnoi3  wuojosem jo odfy Juouewaad jo Joqump uonendod Sumoas pue “Joyine
S199JJ0 ISIAPY SINSOX JOII ureq JUDWISSISSE ULEJ  SIWODINO Ul  [0IIUO))  PUE UOIEIO[ Pea] uopempowonsu yo adAy, juoneg uSisop Apmig Isxg

ﬁu.DCﬁGOU [ICLAR

I\ Adis



1137-1177

Pain Ther (2022) 11

1148

SN
uondUNjrEw
201A9p
10j UOISIAY |
(reaowar 1
Ppue SUOISIADY

€) suonodyur §

uoneiuedxs ¢

auswaAoxdur

ured pasyrew 10 Aerdpowr
partodar syuanred jo 9466

$D130JIBU PANUIIUOISIP
(81/son0018U panUNUOSIP (8]

(auerdur 1o35e Lep/Sw o'7s

sns1oA 21032q Aep/Sw 9'1g) ‘¢

%J 1umduuuumu ST dNOdIEU UEIJA

pasoxdurr Apuesyrudrs
1ou ured Aipoq 9¢-3§
Apandadsar

‘%g€ pue 9%bE pasordwr 10T

pue [$D] jo 3uauodwod ureg

SVA ur auswosordwr o401

sqauowr 9 uedwi-1s0g
auedwir-a1g

(€T-L
afuer) syauowr g1

"m.:\\wa:O-w UBIJA

sqauowr 9 ueduwri-1sog
uepdui-arg

(ce-9
aBuer) spauow g1

:dn-moyjoj ueayy

oFesn

paw ured ‘syuspeamba
asop surydiows
Te[nosnwEnu

fafess aurod-/

9€-1S ‘IdSOI ‘SYA

SN WIOJOAE A\
SN yoroxddy

€S

SN WI0JAE 4\

speiSoruy

¥S-S ey

(%001) 12

[e10es

(%LL) €T

—muumm

DI yim
syuoned 17

ddO

pur O yam

suaned ¢

)

aBeajoa

mﬁﬁ—uﬁmum e

(uoneauerdur
paSeas-uou)
MITAIT 1IBYD [1€]

u>_uU0&wOuuum €00T nmhuuom

SITIIS
9SED DAINIISUOD [8€]

aamdadsorg  800T ‘TYIqEZ

69 :g dnorny
dnoss (ae>)
(g dnoif) 2Feaoa
< SnSIdA
Nd U 14501 o dnoss A M » ) o v
v dno .
(ss 03 322dso1 yarm somadns y dnoin ur swom o1y hes <01 v dnoin
10U) %76 g dnoid ¢y dnoid sdd 11040> J[qnop [s€]
g dnoad -sa ur syutod 97 snsma y dnoid ur syuow (7| €S (%¥2) 8% i dnoip /DI Yaim sandadsonar 610C
9.9 1y dnoin ur sautod ¢ pasoxdwr JyA :dn-mofjoj ueay ANd ‘I1dSDI ‘dVA [euTwEIOjSURI ], (9%56) 001 vy dnoin uswom (/] [PUOIIEAISqD)  DIAOYULIEJA]
(wonrendod juapned jo
a8euadiad) yuedwr
wIojIATAM juduewsad jo yoquimpN
syurodowm jo adfy pue uonEPMpOWoINIU uonemdod Sumoas  xeaf “royine
$193JJ3 ISIAPY SIMSIT JIrIOT Ure ureg P $OWI02IN0 urey uone’o[ pea jo adLy, jwoneg  pue uSisop Apmg sagy

—UUSEUCOU ECICLA R

/

A Ad

18



1149

1137-1177

Pain Ther (2022) 11

m—.—u:OE 9

K104 suerdwr-isog

SN Euo.wu.\/m\v?

sauaned uepdwi-arg
, ddd ¢
ured §, 01 ured (sruoned ured [eurweIojsUel ], [9¢]
2y1ads 20N ur auswosordwr parrodar 01 SN ‘€'¢T1—¢'T d8uer) (S 10 TS oIe SILIDS 25D $007
SN (9%57) sauoned § jo [ AjuQ  steak ¢'9 :dn-mojjoy eIy ured 2amdalqns suoN  AJeuoiserdo) ¢ SN siuoped ured §  2amdadsomay ey
spowr ured ur wOmAINPAI [[EIAQ
s1eak ¢7 pue sqauowr 9
1 OO ur 3udwasordwr
AUS[[9IXD, 10 I[qEIdPISU0))
s1eak ¢z e Juswasordurr
UR[IX2, 03  panoxduwr yonAr, s1eak ¢z
sqauowr 9 uedwi-1s0g 2res SN WIOJoAE A\ (poutpap
sqpuow 9 3e ured  pasorduwr
uonoeysues auo) udwiean [eidins [6%]
yonw, 01 J[qeIdPISuo)), auepdwi-arg Jutod-0 [eurweIOjSURI ], (9%52) € S —— sot1as 258> 102
SN ssquaned ¢ [y sreak ¢z :dn-mofjoy ueapy  ayess ured urod-g EING $§ 10 ¢§ [e1oeg 210495 Yam syuaped § aandadsory  ‘smiuoae
(uonemdod jusned
wiIojoALM Jo 38eruddrad) yuerdun Jeak
$30990 syurodowm passasse dnoxg Jjo adfy pue jusuewnsad jo oquimN Sumoas pue ‘1oyIne
3SIAPY SI[NSax JOrpx Ureg JUdWSSIsse ureg SOWOIMO Ureg  [0XIUO)) uoneso[ ped]  uonempowoindu jo adAy, vonemdod jusneg  uSsop Apmg IsIy

panunuod

121981

I\ Adis



1137-1177

Pain Ther (2022) 11

1150

erukpoAna (7,1 “opeas Soreue ensia g4 oy Jo Lenb 700y xopur Lpiqestp ured (77 ‘uondsyur punom fenyIadns 7,4(g Gudswasordun wordwiks 2anda(qus 7g¢ GoudYIUSIS [EINSIILIS §F ‘UOHBNPOWOINIU [EIFES JYNS ‘UORIUNISAp

utof Ser[I010es (76 A2AING YI[EIH WO 1I0YS WANA[-9€ 9€-7§ (STl ‘spuodasoronur) yapia asind gq 7 ‘onemuns satou [epuspnd GA77J ‘Uonenead aasdu snosueindiad gag payroads 1ou g Joreiausd osind sjqeauerdwi Hygy Oworpuds

ured 19ppe[q/snskd [ERNSINUL §7g/H] WudWssssy asuodsnyg [eqo[D) pyH (zH 21ay) Aouanbaxy 7 ‘vondagur punom dadp 447 ‘pmy [eurdsoiqaid g7 Owoipuds ured [euoidar xapdwod gy ‘Terdrefiq 77729 «(syjoa) apmarpdue pr

syutodown Tedpun)

paroxdwr yonwr

(%$L) 12 pue

RERSIZRELE)

Apreak pue ‘syruowr 71

Jusuewrad
pue ANd o
st 0T Md ZH 91 4

‘syauow 9 ‘syauow ¢ (oreas Amva raep
pa1240221 £P191dwos d d dsord
ured auerduwr g N wned qpuow | auedwriasogq M 2o A 01-0 F is1o3owere e ARadsor
(%7) auened 1 -L) 132 [eadar0UE jo (8]
uonduUI | sywow 9 3¢ 7 03 uepdwir-a1g poapnd SN yororddy wouewad (%1y) ¥ s sods 258> o010z
syuowadedoar pue syuedxo ¢ g uepaw parordwir SYA SN 2901 ‘SYA SUON €S [e1eg sauoned ¢ sandadsonay 9I19eA0D)
SN WIOJoAE A\
speidorauy
speaj
dn-mofjoj auedwi-isog smsefodiy sasu
ured paussiom uepduwr-a1 epuapnd pasn siuoped
ured Surussiom rap urdwold [puspnd F 18 5 woyy eep ureg ured
%S a3ueyd ou 10 ¢ ’
“A310][e ‘DAL 10§ padu ‘onssn (zL-¢ Tesutsad [s¥]
‘uope[nueid $59X ‘SSIUIATIIIYFAUT %17 ‘ured parosduit ggp, 2Buer) syqauow /%7 o3 Butpuorca pofeyy (%99) 9¢ s FEJAENEN 8] 810T
uonddyur o3 anp sauedxs 0] ¢'F 03 ¢'g parordwir YA :dn-mofjoy ueapy SVA SUON] $S—¢S erane[ig [e1es siuoned $9 oandadsomay  “arresue
(uonemndod
juaned jo
s8eruadiad) yuerdur
judueunnad jo aqumpy xeak
syurodowmn possasse dnoi8 wiopaAea jo adfy uopempowondu  wopnendod Sumoas pue ‘royine
S199JJ3 ISIAPY SIMSII JIrI[2I Ure JUDWSSISSE UTeJ  SOWOdINO Ul  [0IIUO)) pue vonesof ped jo adLy, woneg  uSisop Apmg sy

—UUSEUCOU ECICLA R

/

A Ad

18



Pain Ther (2022) 11:1137-1177

1151

caudal neuroanatomy is less mobile, less
packed, and has a thinner insulating dorsal
cerebrospinal fluid (CSF) layer relative to the
conus medullaris and cauda equina. In addi-
tion, spatial representation of the distal sacral
fibers diminishes in the cephalad direction; a
stimulus may therefore preferentially recruit
cephalad fibers. At the level of the thoracic
spinal cord, sacral fibers are also smaller than
lumbar fibers entering the dorsal column. The
size discrepancy necessitates more energy to
stimulate sacral fibers at the cost of indiscrimi-
nately stimulating thoracic fibers and inducing
extraneous paresthesias. Thus, sacral nerve root
stimulation may provide more selective pain
modulation and stable delivery of electric pulses
relative to cephalad structures [6, 19].

In 1997, a staged protocol involving a
peripheral nerve evaluation (PNE) trial prior to
permanent device placement was developed to
identify favorable responders [22, 23]. Leads are
typically inserted with local anesthesia and
connected to an external temporary stimulator
to allow for patient sensory responses. Trial
duration generally lasts between 1 and 4 weeks
and necessitates at least 50% symptomatic
improvement to justify permanent SNM
implant; a minimum 2-weeKk trial period is rec-
ommended [22, 24, 25]. Success rates of PNE
trials are typically around 50% with a reported
range of 40-100% [24, 26]. Our review suggests
a PNE success rate of 41-100% (Table 1). In
studies that described lead arrangements,
quadripolar leads were more utilized than
octopolar leads and unilateral nerve roots were
targeted more than bilateral nerve roots. Any
roots from S1 to S4 were subject to neuromod-
ulation with the most common target being
unilateral S3 (Table 1).

Of the multitude of etiologies that underlie
CPP, interstitial cystitis/bladder pain syndrome
(IC/BPS) is the most well-documented indica-
tion for SNM (Table 1). In sum, 15 of 35 studies
exclusively treated for this indication
[21, 24-37]. Several studies did not characterize
CPP by diagnosed etiology [13, 38-42]. Perineal
or anorectal pain was reported in four studies
[43-46].

Martellucci et al. reported pain outcomes in
a population of patients with CPP and prior

pelvic surgeries [13]. Falletto et al. documented
outcomes of SNM in patients with chronic anal
and perianal pain [46] Sokal et al. applied SNM
to patients with idiopathic CRPS and failed-back
surgery syndrome [47]. Less common indica-
tions included vulvodynia [20, 48], coccydynia
[48], severe endometriosis [49], postsurgical
neuropathic pain [48], actinic proctitis [48],
sacroiliac joint dysfunction [50], dyspareunia
[50, 51], clitoral pain after abdominal surgery
[52], and cauda equina syndrome [51] (Table 1).

Lead placement strategies are broadly strati-
fied into percutaneous (retrograde, anterograde,
and transforaminal) and open approaches. The
retrograde, also known as cephalocaudal,
approach has been described as the standard
technique for SNM implantation [6, 19] and
entails lumbar epidural puncture with caudal
advancement of electrodes. Unfortunately, this
approach has a relatively high technical failure
rate as advancement in the sacral promontory is
frequently impossible [48]. Additionally, the
retrograde approach lends itself to an increased
risk of dural puncture, intrathecal lead place-
ment, and cerebrospinal fluid leak. Reported
stimulation parameter ranges include ampli-
tude of 0.8-1.6 'V, frequency of 30-50 Hz, and
pulse width of 350-450 ps [S3]. In our review,
five studies described the retrograde approach
[13, 20, 21, 27, 51]. Stimulation parameters
were described in three of these studies and
were variable (Table 1) [13, 20, 51].

In contrast, the anterograde, also known as
the caudal or trans-hiatal, approach is techni-
cally easier and entails needle advancement
under fluoroscopic guidance through the sacral
hiatus. The risk of dural puncture is decreased
compared to the retrograde approach. Leads
emerging from the needle often need to be
advanced a short distance to the nerve roots.
However, the thin subcutaneous layer overlying
the sacral hiatus often makes lead anchoring
difficult and increases the risk of skin erosion.
The anterograde approach has raised concerns
regarding implant sterility and risk of infection
[6, 48, 53]. In total, six studies described the
anterograde approach [20, 38, 45, 47, 48, 50].
Stimulation parameters were described in two
cases reports, of which only one mentioned
voltage (Table 2). Parameters  included
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amplitude of 1-10.5V, frequency of
60-1200 Hz, and pulse width of 20-300 ps
[20, 50].

The third method is the transforaminal
approach, usually targeting the S3 nerve root,
which is technically easier and has been widely
adopted in staged SNM. The approach has a
reduced risk of dural puncture and skin erosion
but at the cost of a higher incidence of repro-
gramming and lead migration due to challenges
with anchoring. Anterior lead positions also
tend to stimulate motor fibers and may generate
uncomfortable paresthesias. Tined leads have
improved fixation success [54, 55]. Previously
reported stimulation parameters include
amplitudes of 0.8-1.0V, frequencies of
25-30 Hz, and pulse width of 180-210 ps [53,
p- 200]. In total, 17 studies employed the
transforaminal  approach [24, p. 2;
25, 28-35, 40, 41, 46, 49, 51, 53, 56]. Stimula-
tion parameters were described in eight studies
(Table 1) with amplitude of 1-9 V, frequency of
14-54 Hz, and pulse width of 200-300 ps.
Notably, Marinkovic et al. compared long-term
pain outcomes in patients who underwent
neuromodulation with low voltage (less than or
equal to 3 V) to high voltage (at least 4 V) [35].

The final approach is open surgery, which is
often a last resort and has been largely replaced
by the aforementioned minimally invasive
alternatives. Open surgery has previously been
described as placing paddle leads unilaterally or
bilaterally following a partial L5-S1 laminec-
tomy. Leads are advanced caudally beneath the
dorsal sacrum to overlay the S2-54 roots. Paddle
leads may provide broader paresthesia coverage.
Stimulation parameters are typically set to lower
amplitudes and higher frequencies [28, 31].
Overall complication rates have previously been
reported as 5% and consist primarily of infec-
tion, subdural implantation, and CSF leak [53].
Our review identified two studies describing
open surgery in patients with CPP though
stimulation parameters were not included
[28, 31].

Our literature review of SNM for the treat-
ment of CPP identified 35 manuscripts pub-
lished from 1999 to 2018, of which eight were
case reports. A total of 786 patients with CPP
were SNM candidates, 542 of whom had

documented long-term pain outcomes after
permanent implantation [20, 29, 32, 34]
(Tables 1, 2). Long-term pain outcomes were
most commonly quantified with the visual
analogue scale (VAS) and occasionally with 4- to
7-point ordinal pain scales. Other metrics rela-
ted to pain included pain medication usage,
36-Item Short Form Health Survey (SF-36)
scores, subjective symptom improvement, Pain
Urgency and Frequency questionnaire (PUF),
O’Leary/Sant IC Symptom Problem Index
(ICSPI), and Global Response Assessment (GRA).

All but one study reported improvement in
long-term pain outcomes in the majority of
patients who had at least one follow-up based
on aforementioned metrics. Of the four patients
who underwent permanent SNM in a study by
Elhilali et al., only one (25%) experienced sub-
jective mean pain improvement on follow-up at
6.5 years [56]. Analysis for statistical signifi-
cance was included in 15  studies
(13, 24, 25, 29, 30, 32, 34-36, 38-40, 45-47],
though only 12 studies provided analysis for the
permanent implantation stage
[13, 24, 25, 30, 35, 36, 38, 39, 45-47]. Of the 12
studies, six of which were prospective, recalci-
trant chronic pelvic pain and interstitial cysti-
tis/painful bladder syndrome were the most
common indications for SNM (Table 1). Four
studies were conducted in specific populations
including CPP with prior pelvic surgery [13],
idiopathic CRPS and failed-back surgery syn-
drome [47], and chronic anal and/or perineal
pain [45, 46]. Mean and median duration of
CPP, if specified, spanned between 3 and
6 years. Approaches were not described consis-
tently but the most common target of neuro-
modulation was the S3 root wunilaterally
(Table 1). Progression to permanent implant
ranged from 44% to 100%. VAS was observed to
improve by at least 2.6 points minimum but by
at least 3 points on follow-up of at least
6 months [13, 24, 25, 35, 36, 38, 39, 45-47]
(Table 1).

Marinkovic et al. retrospectively studied the
largest CPP population with the longest follow-
up to date [35]. Long-term pain outcomes in
100 patients with IC/BPS with low voltage (less
than or equal to 3 V) were compared to 48
patients with IC/BPS with high voltage (at least
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4 V) S3 root stimulation. Conversation rates to
permanent implant were superior in the low
voltage group (95.4% vs. 73.8%; p < 0.001) with
a higher subsequent success rate (87.6% vs.
66.2%, p < 0.002). On 10-year follow-up, the
low voltage group (mean voltage 3.35V)
reported a VAS improvement of 5 points versus
2.6 points in the high voltage group (mean
voltage 6.06 V). Furthermore, the low voltage
group demonstrated superior ICSPI and PUF
scores. Complication rates were similar (6.7%
vs. 9.2%, p > 0.18). Two other studies demon-
strated statistically significant decreases in use
of pain medications. Peters et al. observed a
decrease in narcotic usage by 36% following
permanent implant, from 81.6mg per day
before implantation to 52.0 mg per day after
implantation. Notably, 22% of patients (4 of 18)
discontinued narcotics altogether and 95% of
patients reported moderate to marked
improvement in pain at 15 months mean fol-
low-up [36]. Ghazwani et al. also observed a
decrease from 4.9 to 1.9 (p <0.001) in the
number of unique pain medications used at a
mean follow-up of 71.5 months in 11 patients
who wunderwent permanent implant [24]
(Table 1).

Of particular interest, 4 of 12 studies repor-
ted non-sustained pain control or conflicting
improvement in pain during follow-up
[13, 38, 40, 47]. Martellucci et al. prospectively
studied 16 patients with CPP and prior pelvic
surgery who underwent implantation with a
retrograde and primarily unilateral S3 approach.
Reported VAS improved from 8.1 to 2.1 at
6 months but the improvement was not sus-
tained at 12-60 months as a result in part of
patients lost to follow-up [13]. Sokal et al.
prospectively studied nine patients with idio-
pathic CRPS/failed back surgery syndrome who
were implanted with an anterograde mixed
laterality approach, spanning S2-S4. VAS
improved from 9 pre-operatively to 3 postop-
eratively at 6 months (p = 0.043) but again,
statistical significance was not sustained at
12 months [47]. In 2001, Aboseif et al. con-
ducted a prospective study of 41 patients with
CPP who underwent implantation with an
anterograde, unilateral S3 approach. Reported
VAS was not significantly improved at mean

follow-up of 24 months [40]. Separately, Zahibi
et al. retrospectively studied 23 patients with
bilateral S2-S4 permanent implants inserted via
anterograde approaches. In spite of a 40%
overall improvement in VAS (p = 0.04) and the
pain components of the ICSI (44%, p < 0.05)
and ICPI (33%, p < 0.05), SF-36 bodily pain
score was not significantly improved on follow-
up at 6 months.

Complications with SNM implant included
explant from infection, pain at implantation
site, poor analgesic efficacy, intolerable pares-
thesias, lead migration or displacement, lead
breakage, or device failure (Tables 1, 2). Device
failures generally consisted of malfunction or
battery failure. CSF leak was reported in one
study and was unique to the retrograde
approach [27]. Overall, adverse effects were
inconsistently reported.

Conus Medullaris Stimulation

Conus medullaris stimulation (CMS) was first
described in 1970 to improve the function of a
paralyzed bladder in a paraplegic patient [57].
To our knowledge, isolated CMS for CPP has
only been described in one study. The conus
medullaris is the tapered distal end of the spinal
cord and transitions into the cauda equina, a
bundle of lumbar and sacral nerve roots that
innervates the pelvic anatomy. It typically
aligns with the lower third of the L1 vertebral
body but may span anywhere between the
middle of T12 to the upper third of L3. As a
result of anatomic variation, definitive local-
ization of the conus medullaris with imaging is
essential. Similar to the PNE trial described for
SNM, a trial period lasting 1-3 weeks is gener-
ally conducted prior to permanent CMS [S8].
CMS for management of CPP has only been
described in a prospective multicenter case ser-
ies of 27 patients with refractory unilateral or
bilateral pudendal neuralgia (PN). Refractory PN
was diagnosed by the Nantes criteria. Patients
had to meet multiple requirements including
failed response to standard pain management,
failed pudendal nerve decompression surgery
via Robert’s technique using a transgluteal
approach, chronic neuropathic pain per the
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Neuropathic Pain Diagnostic Questionnaire,
and maximum pain VAS of at least 50/100. A
50% reduction in maximum pain and/or aver-
age pain and/or greater than 50% increase in
sitting constituted a successful trial [58].

Specific technical approaches were guided by
patient anatomy. In the trial phase, a stimulat-
ing electrode was implanted under fluoroscopic
visualization. The preferred approach was the
transcutaneous technique with a Lamitrode S8
electrode. In cases of complex spinal anatomy
including spinal deformity and prior lumbar
surgery, a direct surgical approach with two- or
three-column electrodes was used. Intraopera-
tive stimulation tests were performed under
local anesthesia and electrode placement was
confirmed with fluoroscopy prior to discharge
regardless of technique. Permanent CMS can-
didates underwent subsequent implantation of
a subcutaneous generator. Reported CMS set-
tings included intensity of 1.4-8.7 mA, pulse
width of 60-325ms, and frequency of
50-200 Hz [58].

Twenty of 27 patients (74%) progressed to
permanent CMS implantation with a mean
follow-up of 15 months. In this cohort, mean
age was 60 years with pain characteristics that
included bilateral pain in 90%, mean pain
duration of 72 months, and mean follow-up
after pudendal nerve decompression surgery of
29 months; 75% of the cohort preferred an
intensity between 1.5 and 3 mA with roughly
50% needing a pulse width of less than 100 ms.
A frequency greater than 100 Hz was necessary
in 85% and 40% needed 200 Hz. Stimulation
parameters did not require significant adjust-
ments. On follow-up, maximum VAS was
reduced by 53.5% with a concomitant reduc-
tion in average VAS of 51.4% and tripling of
sitting time. In addition, the estimated per-
centage of improvement was 55.5%. All patients
reported a preference for undergoing the pro-
cedure again. Complications were isolated to
one electrode displacement and one superficial
surgical site infection [58].

Dorsal Root Ganglion Stimulation

Dorsal root ganglion (DRG) stimulation has
emerged in a handful of small studies as a
potentially promising target for chronic pelvic
pain. The DRG is a bilateral structure at each
vertebral level that houses the cell bodies of
primary sensory neurons and is intimately
involved in the transmission of noxious stimuli
including pain. Studies conducted in rats
demonstrated reduced neuronal excitability
and action potential propagation with elec-
trode-mediated stimulation of the DRG, thus
suggesting that artificial stimulation of the DRG
may modulate the transmission of pain signals
in chronic pain syndrome. The DRG is accessi-
ble via fluoroscopically guided electrode place-
ment into the epidural space. A trial of
stimulation is typically performed prior to per-
manent implantation of an implantable pulse
generator (IPG). Up to four DRGs may be stim-
ulated with conventional DRG devices. Pur-
ported advantages of DRG stimulation include
the precise ability to target subdermatomal pain
and insensitivity of lead placement to posture
and patient movement.

In our review, we identified four studies
evaluating DRG stimulation for treatment of
chronic pelvic pain (Table 3). The studies ran-
ged in design from case reports to prospective
randomized controlled trials. Of particular
interest to our discussion, patients in the studies
presented with chronic groin and/or buttock
pain related to multiple etiologies including
complex regional pain syndrome (CRPS),
causalgia/neuropathy, and/or pelvic girdle pain.
For the majority of the cases, DRG stimulation
was pursued as an interventional option for
refractory pain syndromes often in the context
of failed medical management with chronic oral
analgesics. Due in part to the heterogeneous
indications for DRG stimulation, technical
parameters varied considerably. Leads were
inserted at levels ranging from lower thoracic to
sacral vertebrae [59]. Only two of the four
studies included waveform parameters for
stimulation; parameters included frequencies
ranging from 20 to 40 Hz with pulse width
between 200 and 500 ps [60, 61].
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Overall, DRG stimulation was observed to
provide significant pain relief for the study
participants. Average decrease in VAS and
numerical rating scale (NRS) scores exceeded
50% in all multipatient studies [59, 60, 62].
Patients reported increased quality of life in
addition to improved function and mobility
[60, 61]. The most longitudinal study followed
patients for at least 12 months post-implanta-
tion and observed sustained pain relief [60].
Compared to traditional spinal cord stimulation
(SCS), one randomized controlled trial noted
significantly improved reduction in pain scores
with DRG stimulation [60]. Of note, the DRG
implants were also observed to be more resistant
to postural variation with respect to adequacy
of pain coverage [60, 62]. Unfortunately, the
remaining studies examining DRG stimulation
were not designed with a control group. Across
all studies, DRG stimulation was observed to
have no difference in adverse event rates com-
pared to traditional SCS therapy. The most
common adverse events reported included
incisional site pain, IPG pocket pain, and over-
stimulation [60].

DRG stimulation therapy appears to be a
promising treatment modality for chronic pel-
vic pain, albeit with a limited and heteroge-
neous evidence base. Patient outcomes with
respect to pain relief and improvement of
function in the single randomized control trial
to date observed superiority compared to tradi-
tional SCS therapy. Additional high-quality
research with standardized patient populations
is needed to understand the long-term efficacy
and potential role of DRG stimulation for
chronic pelvic pain.

Dorsal Column Stimulation

Dorsal column SCS is a mainstay of interven-
tional treatment for chronic pain syndromes
and has been posited as a potential option for
chronic pelvic pain syndromes. Dorsal column
(DC) lesions in particular have been shown to
attenuate the pain associated with pelvic can-
cer, thus implying a potential role for spinal
cord neuromodulation in managing non-ma-
lignant etiologies of pelvic pain [63].

Interestingly, significant overlap has been
observed between chronic pelvic pain syn-
dromes and CRPS, especially with respect to
hypersensitization of pain-sensing neurons in
response to non-painful stimuli. For chronic
pelvic pain, this allodynia-like phenomenon
often manifests with urination, bladder disten-
sion, sexual activity, ovulation, or even pro-
longed sitting [6, 64]. The overlap of potential
pain pathways and clinical presentation has
raised the profile of SCS as a potential manage-
ment option for chronic pelvic pain [65]. Simi-
lar to DRG stimulation, SCS is initiated with
placement of electrodes in the epidural space
with permanent implantation considered after a
successful trial period. Notably, SCS stimulation
is focused on ascending nerve tracts in the
spinal cord and has been demonstrated to offer
a less targeted region of analgesia compared to
DRG stimulation.

In our review, we identified ten studies
evaluating SCS for management of chronic
pelvic pain. Nine studies were either case
reports or case series for a cumulative of 56
patients (Table 4) and one study was a ran-
domized controlled trial comparing SCS to DRG
stimulation [60]. The designated etiology of
patient’s chronic pelvic pain was heterogeneous
and included irritable bowel syndrome (IBS),
pudendal neuralgia, post-herniorrhaphy pain,
Bannayan-Riley-Ruvacalba syndrome, and non-
specific pelvic pain. As with patients undergo-
ing DRG stimulation, patients had generally
failed conservative management prior to being
offered SCS therapy.

One case series of three patients involved
high-frequency SCS whereas the others
involved conventional SCS therapy [66]. The
studies displayed heterogeneity with respect to
description of SCS implantation technique. In
general, lead implantation was in the mid- to
lower-thoracic spine with the highest reported
lead at TS and lowest at L2. Only two studies
reported on specifics of the waveform parame-
ters used; amplitude ranged from 1.8 to 3.8V
with a pulse width range from 300 to 450 ps.
Frequency ranged from 40 to 65 Hz with the
exception of the high-frequency stimulation
patients who were stimulated at 10 kHz [66-68].
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Heterogeneity in reporting of patient out-
comes was also evident with only a fraction of
the studies reporting quantitative VAS scores.
Follow-up times varied from 3 months to
upwards of 3 years. With these limitations in
mind, outcomes appeared to be positive with
reported VAS scores decreasing by more than
50% across multiple case reports
[6, 58, 66, 67, 69-71; 72, p. 20]. Notably, anal-
gesic requirements were also markedly reduced
following SCS implantation though one case
series of six patients observed no significant
reduction in opioid use [6, 67, 69-72]. Quality
of life, including patient mobility and sitting
tolerance, was also noted to be improved
[58, 66; 67, p. 200; 68, 69]. Two case studies,
however, reported on the eventual return of
pain and opioid requirements [67, 71]. A total of
five revisions were reported, all for lead migra-
tion, which represented slightly less than 10%
of all patients studied.

Spinal cord stimulation therapy appears to
be a viable option for chronic pelvic pain as
reported through case reports and case series. To
our knowledge, no randomized controlled trials
are available comparing SCS to placebo in this
population. The purported efficacy should be
tempered with an appreciation of the limita-
tions of case reports and series and potential for
significant bias. Nevertheless, given the diffi-
cult-to-treat and refractory nature of chronic
pelvic pain, SCS holds promise as a potential
strategy for pain relief.

Pudendal Nerve Stimulation

Targeted neuromodulation of the peripheral
nervous system via pudendal nerve stimulation
has also been investigated as a treatment
modality for chronic pelvic pain. Interestingly,
relief of pain with a pudendal nerve block is
often used as diagnostic criterion for pudendal
neuralgia [73]. Perhaps it is unsurprising that a
natural corollary has been targeting of the
pudendal nerve with permanent implantation
of electrodes for refractory chronic pain. Prior
research has demonstrated that pudendal nerve
stimulation may be effective for treatment of
neurogenic bladder [22]. Electrode implantation

has been demonstrated with minimally invasive
needle techniques and neurophysiologic guid-
ance under local anesthesia [33, 74]. As with
dorsal column and dorsal root ganglion stimu-
lation, a successful trial generally precedes per-
manent generator implantation.

In our review, we identified five studies
comprising a total of 129 patients who under-
went pudendal nerve stimulation for chronic
pelvic pain (Table 5). The study designs inclu-
ded two retrospective studies, a case series, a
case report, and a prospective double-blind
crossover trial comparing pudendal nerve stim-
ulation to sacral stimulation. The most com-
mon identified etiologies of pain were
interstitial cystitis and pudendal neuralgia. All
patients underwent pudendal nerve stimulation
therapy with electrode placement along the
course of the pudendal nerve; one case report
discussed a patient who underwent concomi-
tant pudendal nerve decompression. The
majority of procedures involved a posterior
ischial-rectal approach. Only one study dis-
cussed waveform parameters: pulse width of
200 ps and frequency of 16 Hz [33].

Patients were followed longitudinally from
6 months to 6 years with evaluation of mixed
pain outcomes. Three studies reported promis-
ing results with greater than 80% pain relief and
overall high patient satisfaction [74-76]. The
largest study, however, comprising an 84-pa-
tient case series, did not identify a statistically
significant change in self-reported pain scores at
the 12-month follow-up, though more than
half of the patients reported improvement in
pain [74]. When compared with sacral neuro-
modulation, pudendal nerve stimulation
appeared to offer no significant short-term
advantage. However, a majority of blinded
patients in the crossover trial elected for
pudendal nerve stimulation over sacral stimu-
lation and long-term VAS score reduction was
greater in the pudendal nerve stimulation group
[33]. Reported complications of implantation
included lead migration, paresthesias, infection,
and seroma formation [33, 77].

Of the limited data available, pudendal nerve
stimulation appears to have a positive impact
on pelvic pain outcomes. Notably, the spectrum
of pathologies investigated was smaller in scale
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than for either DRG or SCS therapy. The
peripheral nature of the technique may ulti-
mately limit the indications of the therapy in
comparison to a more centrally acting therapy.
Conversely, in an appropriately selected subset
of patients, pudendal nerve stimulation may
offer selectively targeted analgesia.

CONCLUSION

This narrative review highlights the array of
neuromodulatory modalities such as sacral
neuromodulation, conus medullaris stimula-
tion, DRG stimulation, dorsal column SCS, and
pudendal nerve stimulation available for the
treatment of CPP. We found evidence sugges-
tive of benefit for all modalities reviewed but
the data was of overall low quality with
numerous limitations including heterogeneous
study conditions and sample sizes. Our review
highlights the lack of randomized controlled
trials for neuromodulatory therapies but
acknowledges the growing role of such tech-
niques for refractory CPPS.
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