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Abstract
CRPS	 is	a	 type	of	 severe	pain	 syndrome	and	can	be	 triggered	by	previous	 sur-
gery	 or	 trauma.	 CRPS	 involves	 vasomotor	 changes	 such	 as	 changes	 in	 color	
and	 temperature	 of	 the	 skin,	 edema,	 increased	 sensitivity	 to	 touch,	 and	 a	 lim-
ited	range	of	movement.	Depending	on	the	presence	of	nerve	damage,	CRPS	is	
divided	 into	 two	types.	CRPS	type	II	 is	associated	with	a	confirmed	peripheral	
nerve	 injury,	 while	 CRPS	 type	 I	 is	 not	 associated	 with	 an	 apparent	 peripheral	
nerve	injury.	Despite	the	ongoing	therapy,	sometimes,	patients	still	have	persis-
tent,	burning	pain.	Intractable	CRPS	that	fail	more	conservative	treatments	may	
undergo	neuromodulation.	We	want	to	present	to	your	attention	a	case	report	of	
the	successful	treatment	of	a	patient	with	CRPS	type	II	using	epidural	unilateral	
stimulation.	The	44-	year-	old	woman	came	to	us	with	complaints	of	burning	pain	
and	numbness	of	1–	3	 fingers	of	 the	 right	hand,	 the	 lateral	 surface	of	 the	 right	
wrist,	and	lower	quarter	of	the	forearm,	and	shooting	pain	in	the	projection	of	
the	right	median	nerve	from	the	shoulder	to	the	wrist.	A	clinical	diagnosis	was	
made—	CRPS	type	II.	During	the	stimulation	trial,	the	most	effective	pain	relief	
was	obtained	when	the	electrode	was	located	in	the	right	side	of	epidural	space	
at	the	C4-	Th1	level.	The	implantation	of	a	pulse	generator	was	performed,	and	
the	 final	 selection	of	 the	stimulation	parameters	was	carried	out	 (Pulse	width:	
60 ms,	Rate:	210 Hz,	and	Amplitude:	0.9–	1.6 V).	The	severity	of	pain	syndrome	
was	measured	using	validated	scales	in	the	preoperative	period	(VAS:	8–	9,	Pain	
Detect:	22,	NTSS-	9:	4.62,	and	DN4:	8),	 in	 the	early	postoperative	period	 (VAS:	
0–	1,	Pain	Detect:	6,	NTSS	−9:	0.66,	and	DN4:	1),	and	after	12 months	(VAS:	0–	2,	
Pain	Detect:	6,	NTSS-	9:	0.99,	and	DN4:	1).	Observation	during	12 months	showed	
that	 a	 stable	 analgesic	 effect	 of	 neurostimulation	 was	 achieved	 using	 standard	
neuromodulation	regimens	and	the	adaptive	stim	option.	Unilateral	stimulation	
is	an	effective	type	of	SCS	in	the	treatment	of	pain	syndromes.	adaptive	stim	is	
usually	not	applicable	 for	 lead	 implantation	at	 the	cervical	 level.	Nevertheless,	
the	 rational	 use	 of	 stimulation	 at	 threshold	 values	 allowed	 our	 patient	 to	 use	
adaptive	stim	in	a	non-	standard	situation.
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1 	 | 	 INTRODUCTION

CRPS	is	a	type	of	severe	pain	syndrome	and	can	be	trig-
gered	by	previous	surgery	or	trauma.	CRPS	involves	vaso-
motor	changes	such	as	changes	in	color	and	temperature	
of	 the	skin,	edema,	 increased	sensitivity	 to	 touch,	and	a	
limited	 range	 of	 movement.1	 CRPS	 type	 II	 is	 associated	
with	 a	 confirmed	 peripheral	 nerve	 injury,	 while	 CRPS	
type	I	is	not	associated	with	an	apparent	peripheral	nerve	
injury.1,2	There	are	four	diagnostic	tools	for	CRPS	in	adult	
populations	 (Veldman	 criteria,	 IASP	 criteria,	 Budapest	
Criteria,	and	Budapest	Research	Criteria).3,4

The	 complex	 treatment	 of	 CRPS	 includes	 pharma-
cotherapy,	 nerve	 blocks,	 physical	 and	 psychological	
measures,	and	rTMS.1,5	Despite	the	ongoing	therapy,	some-
times,	patients	still	have	persistent,	burning	pain.	It	leads	
to	the	disability	of	patients	and	a	decrease	in	the	quality	of	
life.	Also,	the	long-	lasting,	severe	pain	can	result	in	psycho-
logical	disorders	such	as	depression	and	anxiety.	Therefore,	
controlling	 CRPS-	induced	 pain	 is	 a	 challenge	 in	 clinical	
practice.1	 Intractable	 CRPS	 that	 fail	 more	 conservative	
treatments	may	undergo	neuromodulation	in	the	form	of	
spinal	cord	stimulation	(SCS),	dorsal	root	ganglion	stimu-
lation	(DRG),	or	peripheral	nerve	stimulation	(PNS).	Such	
factors	will	generally	determine	the	choice	of	which	mo-
dality	is	more	suitable	as	pain	localized	to	a	specific	nerve	
territory	or	pain	that	is	felt	mainly	distal	in	an	extremity.2

Unilateral	epidural	stimulation	and	stimulation	of	the	
DREZ	zone	were	described	much	less	often	in	the	litera-
ture.	However,	in	our	opinion,	the	effectiveness	of	unilat-
eral	stimulation	and	DREZ	stimulation	is	not	inferior	and,	
in	some	cases,	even	exceeds	destructive	interventions.

2 	 | 	 CASE DESCRIPTION

We	want	to	present	to	your	attention	a	case	report	of	the	
successful	treatment	of	a	patient	with	CRPS	type	II	using	
unilateral	 epidural	 stimulation.	 The	 44-	year-	old	 woman	
came	 to	us	with	complaints	of	burning	pain	and	numb-
ness	of	1–	3	 fingers	of	 the	 right	hand,	 the	 lateral	 surface	
of	the	right	wrist,	and	lower	quarter	of	the	forearm,	and	
shooting	pain	in	the	projection	of	the	right	median	nerve	
from	 the	 shoulder	 to	 the	 wrist.	 The	 patient	 had	 previ-
ously	 suffered	 an	 injury	 to	 the	 right	 hand	 with	 damage	
to	the	tendons	and	median	nerve	and	underwent	several	
reconstructive	surgeries.	After	the	injury,	the	appearance	
of	 a	 pronounced	 pain	 syndrome	 was	 noted.	 The	 patient	
underwent	conservative	therapy	for	3 years.	Various	com-
binations	of	drugs	were	included	in	the	therapy	regimen	
(NSAIDs,	 anticonvulsants,	 antidepressants,	 opioids,	 and	
botulinum	 toxin).	 Physiotherapy	 was	 carried	 out	 along	
with	medications.	There	was	no	significant	improvement	
in	the	patient's	condition.	Multiple	surgical	interventions,	
including	 radiofrequency	 ablation	 (RFA)	 and	 sympa-
thectomy,	with	a	short-	term	positive	effect,	were	carried	
out.	Taking	into	account	the	clinical	picture,	anamnesis,	
and	using	the	Budapest	criteria,	a	clinical	diagnosis	was	
made—	CRPS	type	II.	A	decision	was	made	to	implant	an	
epidural	electrode	to	perform	a	stimulation	trial.	During	
the	 stimulation,	 the	 most	 effective	 pain	 relief	 was	 ob-
tained	when	the	electrode	was	located	in	the	right	side	of	
epidural	space	at	the	C4-	Th1	level	(Figure 1A).

Against	 the	 background	 of	 the	 therapy,	 a	 signifi-
cant	 decrease	 in	 the	 severity	 of	 the	 pain	 syndrome	 was	
noted,	 and	 the	 effective	 parameters	 of	 stimulation	 were	

K E Y W O R D S
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F I G U R E  1  (A)	Electrode	located	in	
the	right	side	of	epidural	space	at	the	C4	
-		Th1	level;	(B)	The	impulse	generator	
implanted	and	connected	to	the	electrode

(A) (B)



   | 3 of 4SIMONYAN et al.

determined—	Pulse	 width:	 60  ms,	 Rate:	 210  Hz,	 and	
Amplitude:	0.9–	1.6 V	(Table 1).	On	the	next	day	after	sur-
gery,	stable	pain	relief	was	achieved	when	the	neurostimu-
lator	was	turned	on.	The	implantation	of	a	pulse	generator	
was	 performed	 after	 the	 stimulation	 trial	 (trial	 duration:	
10 days).	After	the	implantation	(Figure 1B),	a	final	selec-
tion	of	the	stimulation	parameters	was	carried	out.	Later,	
the	adaptive	stim	option	was	activated,	which,	according	to	
the	patient,	greatly	facilitates	everyday	life	and	reduces	the	
time	spent	on	programming	 the	device.	The	patient	uses	
neurostimulation	very	rationally.	Stimulation	is	almost	al-
ways	carried	out	at	the	lower	threshold	of	the	therapeutic	
window.	Movements	in	the	craniocervical	region	(flexion,	
extension,	 rotation,	 etc.)	 change	 coverage	 area	 and	 par-
esthesias,	 but	 actions	 do	 not	 cause	 inconvenience	 to	 the	
patient	since	 the	stimulation	strength	does	not	reach	the	
upper	threshold	of	the	therapeutic	window,	which	allows	
applying	 adaptive	 stim.	 Observation	 during	 12  months	
showed	that	a	long-	lasting	analgesic	effect	of	neurostimu-
lation	was	achieved.	The	severity	of	pain	syndrome	was	as-
sessed	using	the	scales	VAS,	NTSS-	9,	DN4,	and	Pain	Detect	
(Table 1).

Compared	with	 the	early	postoperative	period	 (when	
complete	regression	of	pain	syndrome	was	noted),	some	
decrease	 in	 efficiency	 is	 most	 likely	 due	 to	 “stimulation	
tolerance.”

3 	 | 	 CONCLUSION

Most	patients	with	CRPS	I	 reported	minor	 trauma	prior	
to	 the	development	of	symptoms,	such	as	a	sprain,	 frac-
ture,	 fall,	 crush	 injury,	 burn,	 or	 soft	 tissue	 injury.2	 The	
pathogenesis	 of	 CRPS	 is	 not	 understood.	 However,	 evi-
dence	now	emerging	from	many	different	fields	suggests	
a	 multifactorial	 disorder	 triggered	 by	 an	 initial,	 some-
times	 relatively	 minor	 injury.	 There	 is	 then	 an	 aberrant	
response	by	the	body	with	exaggerated	immune	response,	
maladaptive	 neuroplasticity,	 and	 abnormal	 vasomo-
tor	function	within	the	tissues	of	the	affected	limb.5	The	
International	Association	for	the	Study	of	Pain	(IASP)	has	

endorsed	the	Budapest	criteria	for	the	diagnosis	of	CRPS.	
CRPS	 I	 is	 not	 associated	 with	 an	 identifiable	 nerve	 in-
jury,	whereas	CRPS	II	is	associated	with	a	nerve	injury.5	
Physical	and	occupational	therapy	is	a	critical	component	
of	the	rehabilitation	process	in	patients	with	CRPS	and	is	
recommended	 as	 the	 first-	line	 treatment.3	 Historically,	
sympathectomy	 has	 been	 used	 to	 treat	 CRPS.	 This	 can	
now	be	performed	using	radiofrequency,	chemicals,	and	
surgery.6,7	Sympathectomy	has	a	significant	complication	
rate,	including	local	anhydrosis	and	Horner's	syndrome.5	
Ackerman	showed	that	stellate	ganglion	blockade	is	effec-
tive	for	pain	management	in	CRPS.8

A	randomized	study	involving	24	patients	with	CRPS	
and	SCS	plus	physical	therapy	(PT)	reduced	pain	and	im-
proved	health-	related	quality	of	 life	more	than	PT	alone	
for	 up	 to	 2  years.9	 The	 potential	 that	 combination	 ther-
apy	 with	 tonic-	SCS	 and	 DRGS	 may	 be	 beneficial	 in	 pa-
tients	with	severe	and	refractory	CRPS.10,11	Data	from	the	
ACCURATE	study	suggest	that	DRGS	could	be	used	in	pa-
tients	 suffering	 from	chronic	 intractable	pain	conditions	
that	are	refractory	to	tonic-	SCS.12

Unilateral	epidural	stimulation	 is	an	effective	 type	of	
SCS	in	the	treatment	of	pain	syndromes.	In	our	opinion,	
ablation	(DREZ)	is	possible	for	patients	with	a	relatively	
poor	prognosis	of	survival	for	palliative	purposes.	In	other	
cases,	we	consider	neuromodulation	primarily.	The	possi-
bility	of	conducting	a	minimally	invasive	stimulation	trial,	
the	reversibility	of	the	technique,	and	the	ability	to	control	
the	 stimulation	process,	 in	our	opinion,	 is	an	advantage	
over	destructive	interventions.	Our	clinical	case	confirms	
the	 possibility	 of	 using	 unilateral	 epidural	 stimulation	
with	“adaptive	stim”	regimen	to	treat	complex	pain	syn-
dromes	such	as	CRPS.	Rational	use	of	neuromodulation	
capabilities	may,	 in	rare	cases,	allow	the	use	of	adaptive	
stim	 in	 case	 of	 cervical	 epidural	 lead	 placement.	 Cases	
of	migration	of	epidural	 leads	have	been	reported	in	the	
literature,	but	 improvements	 in	 implantation	techniques	
have	 minimized	 this	 risk.13	 The	 preoperative	 selection	
plays	a	crucial	role	in	good	results.	If	SCS	effects	do	slowly	
diminish	over	time,	DRG	stimulation	seems	to	be	a	treat-
ment	alternative.14	In	our	opinion,	the	rapidly	developing	

T A B L E  1 	 Dynamics	of	the	severity	of	pain	syndrome	and	stimulation	parameters

Before SCS device 
implantation Early postoperative period

Late postoperative period 
(after 6 months)

VAS 8–	9 0–	1 0–	2

Pain	Detect 22 6 6

NTSS−9 4.62 0.66 0.99

DN4 8 1 1

Stimulation	parameters	
Pulse	width,	Rate,	
Amplitude

60 ms,	210 Hz
0.9–	1.6 V

60 ms,	210 Hz
0.9–	1.6 V

20–	80 ms,	210–	240 Hz
0.9–	1.6V
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neuromodulation	technique	opens	up	new	possibilities	in	
the	treatment	of	pain	syndromes.
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