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a- ThisThi prospective consecutive seriesserie describesdescribe peripheral nerve stiniulaiion PNS for treatment of severe reflex

sympathetic dystrophy RSD or complex regional syndrome in patientspatient with symptomssymptom entirely or mainly in the

distribution of one major peripheral nerve. Plate-type electrodeselectrode were placed surgically on affected navesnave and tested

for to days. Pkugrammabk generatorsgenerator were implanted if 50% or more reduction and objective improvement

in physical changeschange were achieved. PatientsPatient were followed for to yearsyear and disinterested third-party interviewer

performed final patient evaluations. Of 32 patientspatient tested 3094% underwent permanent PNS placement Long-term

good or fair relief was experienced in 1963% of 30 patients. In successfully treated patientspatient allodynic and sponte

neousneou was reduced on scale of 10 from 8303 preimplantation to 3.50.4 mean standard error of the

mean at latest follow up 0.001. ChangesChange in vasomotor tone and patient activity levelslevel were markedly improved

but motor knev5 and trophic changeschange showed lessles Improvement. Six 20% of the 30 patientspatient undergoing PNS

placement returned to part-time or full-time work after being unemployed prestimulator Implantation. Initial involve

inent of more thai one major peripheral nerve correlated with poor orno relief rating 0.01. Operative modifi

cationscation that nJnedrie technical complicationscomplication are described. ThisThi study indicatesindicate that PNS can provide good relief for

RSD that is limited to the distribution of one major nerve.

KEY WoansWoan peripheral nerve stimulator reflex sympathetic dystrophy

complex regional pain syndrome

ANY patientspatient diagnosed with reflex sympathetic

dystrophy RSDZU or complex regional pain

syndrome CRPSCRP according to the most recent

taxonomSt.34 can be treated successfully with medica
tionstion blocksblock or infusions.3.14a32 hi approximately 50% to

70% of patientspatient with severe RSD electrical stimulation of

the spinal cord is reported to be effective in treating pain

vasomotor changeschange and trophic changes.
Periphefal nerve stimulation PNS is another modal

ity that has been described in the treatment of severe

RSD.117 Howevet there is paucity of published re

portsport describing the long-term successsucces ratesrate criteria for

successsucces and technical complicationscomplication for thisthi modality.

ThisThi report presentspresent prospective consecutive seriesserie of

patientspatient who have severe RSD with symptomssymptom entirely or

mainly in the distribution of one major peripheral nerve

and have been treated with PNS. Good long-term symp
tom relief was observed and the experience providesprovide

important information about patient application and oper
ative techniques.

Study Design

ThisThi study was designed to be Phase 1/fl evaluation to

test the efficacy of PNS in patientspatient who have failed and/or

are not eligible for other RSD treatmentstreatment except spinal

cord stimulation SCS. PNS trial was offered if the

patientspatient symptomssymptom were entirely or mainly in the distri

bution of one major peripheral nerve. Each patient under

went 2-day screening period with the electrode in place.

with evaluation of any improvement in and/or physi
cal examination changes. The hypothesishypothesi of the study was

that PNS would be very effective in reducing or elim

inating both mechanical allodynia and spontaneousspontaneou deep

pain moderately effective in improving vasomotor

tone changeschange mildly effective in improving motor

deficitsdeficit and most effective in patientspatient with symptomssymptom
and findingsfinding entirely in the distribution of one mijor

peripheral nerve.

Clinical Material and MethodsMethod
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Patient Eligibility

All patientspatient in thisthi study had diagnosisdiagnosi of RSD based

on the following symptomssymptom light touchinduced alto

dynia that spreadsspread beyond the area of stimulation and per
sistssist after the stimuLusstimuLu deep burning pain clinical

evidence of vasomotor tone changeschange at least some evi

dence of trophic changeschange and motor weaknessweaknes system
atic temperature side differencesdifference by thermography with

cold pressor responsesresponse and temporary improvement
after sympathetic blocks. Vasomotor changeschange were as
sessed by thermographic changeschange skin color changeschange and

swelling in comparison to other limbs. Almost all patientspatient

had history of some trauma to the affected nerve al

though thisthi was not required for eligibility. Using these

criteria all patientspatient were classified as Stage UI RSD.2

The patientspatient presented between October 1990 and No
vember 1992 and were screened thoroughly using mu
tidisciplinary evaluation. They were treated initially with

nonnarcotic medicationsmedication including adrenergic blocking

compoundscompound antiarrhythmic antidepressant agentsagent calci

um-channel blocking and antiinflammatory drugs. All

patientspatient received aggressive occupational and physical

therapy and variousvariou blocks. PatientsPatient who failed to obtain

adequate pain relief from these treatmentstreatment were consid

ered for PNS if their pain was entirely or mainly in the dis

tribution of one major peripheral nerve.

Stage Patient Screening

In Stage operationsoperation an electrode Resume Medtronic

Inc. MinneapolisMinneapoli MN with layer of free fascia cover

ing its surface was placed in apposition to the target nerve.

Target nervesnerve were exposed surgically in the following

areasarea median/ulnar just proximal to the midhumerusmidhumeru in

the brachial groove radial at the midhumerusmidhumeru in the spi
ral groove common peroneal superior to the popliteal

space under the bicepsbicep femorisfemori muscle and tendon and

posterior tibial proximal to the medial malleolusmalleolu of the

anlde. During 2-day screening period stimulation pa
rarnetersrarneter were adjusted and recordsrecord made of pain severity

activity levelslevel and narcotic usage. Using verbal digital

scale pain was assessed by asking the question On
scale of zero to 10 where zero equalsequal no pain and 10 rep
resentsresent the wont pain that you could imagine what is

your pain now

Stage II Placement of Generator

If at least 50% reduction in pain and objective improve
ment in the physical examination changeschange were achieved

permanent implanted generator Itrel II Medtronic Inc.

was connected to the electrode. The implanted generator

was programmed initially to pulse rate of 75 Hz width

of 210 msec and an electrode combination with the No.0
electrode negative and the No. electrode positive.

Follow-Up Evaluation

After discharge from the hospital patientspatient were seen

every to weeks. good result was defined as

reduction of 50% or more and improvementsimprovement in at least

two of the three physical change categoriescategorie vasomotor
tone trophic changeschange somatic motor changes. fair

result was defined as pain reduction of 50% or more and

improvement in none or one of the three physical change

categoriescategorie or pain reduction of 25% to 49% and improve
ment in at least one of the three physical change cate

gories. poor result was concluded if pain reduction was
25% to 49% without improvement in any of the cate

goriesgorie or pain reduction was lessles than 25% and improve
ment was seen in at least one of the categories. All other

patientspatient were considered to have had no pain relief at

long-term follow
up. Using the method of North

at. the most recent evaluation of the successfully treat

ed patientspatient was conducted by disinterested third party

D.S. who had never previously contacted any of the pa
tientstient and who will not be involved in their care in the

future. Three patientspatient were lost to follow-up review.

Statistical ConsiderationsConsideration

DifferencesDifference and relationshipsrelationship were analyzed using

paired and unpaired t-testst-test F-testsF-test for simple linear re

gression Pearson correlation coefficient and Spearman
rank correlation analysesanalyse and chi-square tests. Based on
the previouspreviou reported use of PNS institutional review

board approval for thisthi study was deemed unnecessary.

Patient Population

ResultsResult

Of 32 patientspatient eligible for thisthi study two patientspatient failed

to achieve significant improvement with Stage screen

ing. The remaining 30 patientspatient 94% underwent place
ment of the permanent generator and extension wire. The

preimplantation characteristicscharacteristic of these patientspatient are shown
in Table 1. The length of prestimulator symptomssymptom varied

from monthsmonth to yearsyear 2.6 0.4. yearsyear mean stan
dard error of the mean. There was statistically signifi

cant predominance of women in thisthi study 21 of 30
0.05. ElectrodesElectrode were distributed as followsfollow median

seven ulnar 10 radial one common peroneal five and

posterior tibial seven patients. Outcome measuresmeasure at

month after stimulator placement and at last follow up are

described in TablesTable and 2. Descriptive analysesanalyse of key
measuresmeasure are shown in Table 3.

Patient SuccessesSuccesse

Overall 19 63% of 30 patientspatient experienced good or

fair relief on consistent basis. The cumulative long-term

successsucces rate is shown by KaplanMeyer analysisanalysi Fig.

in which survival or successsucces is defined as rating of

good or fair and death or failure is defined as poor or no

pain relief. The analysisanalysi indicatesindicate that most of the failuresfailure

occurred in the first yen The 19 successful patientspatient

have been followed postimplantation for 2.2 0.6 yearsyear
mean standard error of the mean. Ten had good long-

term relief and nine had fair relief. PatientsPatient with fair rat

ing had shorter follow-up time than patientspatient with good

rating 2.4 0.2 vs. 3.2 0.2 yearsyear 0.011. Of these

Stage Ill patientspatient only one experienced permanent

reversal of the RSD symptomssymptom to the point at which PNS
was no longer required.

Pain. Pain reduction in these patientspatient was dramatic

with reduction from 8.3 0.3 preimplantation to 3.5

0.456.7% 5.0% reduction at the latest follow up

.l
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et a. Long-term resultsresult of PNS for reflex sympathetic dystrophy

TABLE

Summary of treatment resultsresult of peripheral ner.e stimulaion

100%

20%

10%

0%

t.ong-Tenn Lcng-Tenn

SuccessSucces failure

mean SEM mean 594
Parameter 19 patientspatient II patientspatient

VDS
pain score

preop 8.3 0.3 7.9 0.3

mo postop changet 3.8 0.4

53.6% 5.1%

p.cO.OOlf

4.5 0.5

43.4% 6.0%
pc0.OOlf

last follow up changet 3.5 0.4

56.7% 5.0%
pcO.00lt

7.0 0.4

10.5% 5.4%
pcO.OOI

oral
analgesicsll

preop 2.40.2 2.3 0.3

last follow up 0.8 0.2 2.3 0.3

activity fissfis
preop 68.96.3 75.53.3
last follow up changet 90.5 2.3

633% 21.8%

77.3 2.9

3.0% 32%
age at stimulator placement yrs 37.2 3.2 37.4 2.0

length of symptomssymptom preimplant yes 2.9 0.6 2.2 0.4

length follow up or time to failure

yrs

allpatientsallpatient 2.80.1 1.30.1

goodrating 3202 NA
fair rating 2.402

p0.0l

NA

patient assessment of pain 60.9% 5.7% NA
reductiontt

Time After stimulator Placement jrs

Fia. I. Graph showing Kaplan-Meier analysisanalysi of patient out

come in which successsucces is final good or fair rating and failure is

poor or no relief rating see text for criteria. The tick marksmark or

blipsblip on the line indicate length of follow up at last evaluation for

successful
patients.

Down stepsstep in the line indicate follow-up timestime

at which individual patientspatient became teatment failures.

AbbreviationsAbbreviation NA not applicable SEM standard cant of the

mean VOS verbal digital act
Percent change as compared to preoperative value.

Statistically significant as compared to preoperative valet

Statistically significant as compared to conesponding value in long-

term successsucces group.

II
Rated on following scale Schedule nonnarcotic analgesicsanalgesic

Schedule nonnattotic analgesicsanalgesic nonnarcotic analgesicsanalgesic

only no oral analgesics.

RatedonsamescaleasinTablesland2.

tt As compared to good rating for successsucces group.

Activity. Activity levelslevel see Table footnote increased

by 633% 21.8% in the successsucces group between preim

plantation and last follow-up evaluationsevaluation from 68.9 6.3

to 90.5 23 0.001 but not for the failure group.

Four of the successful patientspatient increased employment lev

els from unemployed prestimulator to full-time employ
ment two from unemployed to pan-time employment
and two from part-time to full-time employment. Three

patientspatient were working full-time before and. after stimula

tor placement and eight patientspatient were unemployed before

and after placement.

PatientsPatient resuming part-time or full-time work had not

worked for 1.7 1.0 yearsyear as compared to 3.6 13 yearsyear
for those continuing not to work. ThisThi difference was not

statistically significant. One patient who had been total

ly unemployed for yearsyear before stimulator placement.
returned to full-time work. Daily activitiesactivitie in which the

successful patientspatient showed improvement were working

sleeping motor strength and driving car Fig. 3. Of the0.001. Relative componentscomponent of mechanical allodynia ver

sus spontaneousspontaneou deep pain were equal in these patientspatient
both preimplantation and at last follow up. When quesque
tioned at follow up about degree of pain compared to

preimplant levelslevel patientspatient estimated pain reduction of

60.9% 5.7%. linear relationship was observed be
tween change in verbal digital scale pain scoresscore Ever-
bat digital scale at follow up/verbal digital scale preim

plant expressed as percentage and pitient estimate of

pain reduction 0.001 Fig. 2.

Physical amination Changes. ChangesChange in vasomotor

tone were improved markedly but improvementsimprovement in motor

weaknessweaknes and trophic changeschange were lessles impressive. The

improvement in motor weaknessweaknes was directly related to

the amount of physical therapy that was received after the

operation. In almost all patientspatient dramatic improvement
in pain and vasomotor changeschange was noted for to

weeks. After that time there was decay although never

to the degree that had been experienced before stimulator

placemenL ThisThi sag period generally lasted to

monthsmonth after which gradual improvement continued to

final plateau at approximately year postimplantation.

40% 0%
PatIent EstImate PaIn Redaction

00%

Fio. 2. Scatterplot showing relationship in suctssfill patientspatient

between percent reduction in verbal digital scale VDS scoresscore for

pain and patient estimate of pain Suction in follow up by third

party. PercentagesPercentage ate based on statusstatu at last follow up as compared
to umplant status. Statistical significance and linear telationbhtp

between variablesvariable are shown.
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Ftc. 3. Bar graph showing statusstatu at last follow up as compared

to preimplantation statusstatu of daily activitiesactivitie for successful patients.

Data obtained by disinterested third party follow up.

successful patientspatient all but one stated in the follow-up sur

vey that they would have the stimulator placed again.

Stimulator Settings. During long-term follow up of to

yearsyear the stimulator voltagesvoltage remained virtually un
changed. In general PNS has provided an excellent stim

ulation pattern in relation to the pain pattern although one

notable exception is that in many patientspatient it has been dif

ficult to match elbow pain from the ulnar nerve with elec

trical stimulation to the same nerve.

Parameter Relationships. nonlinear association Fig.
was found between length of follow up and reduction

in verbal digital scale last follow up as compared to

preimplant 0.05. There was no significant relation

ship between changeschange in activity levelslevel and the following

parametersparameter length of follow up pain reduction or

improvement in physical findings. There was no differ

ence in length of symptomssymptom before stimulator placement

between the successsucces and failure groupsgroup or within the suc

cessces group between the good and fair patients. No rela

tionshipstionship were found between individual activitiesactivitie and

other parametersparameter such as pain reduction increased activi

ty or oral analgesic use.

Patient FailuresFailure

Failure of long-term pain relief occwred in 11 patientspatient

at 130.1 years. There were significant reductionsreduction

0.001 in pain ratingsrating for the failure group from preim
plantation to month postimplantation 434% 6.0%
but pain ratingsrating at last follow up were essentially the same

as preimplantation levels. There was no significant im
provement in vasomotor tone changeschange trophic changeschange or

somatic motor weaknessweaknes in the failure group. Activity lev

els showed almost no change between the preimplantation

and the last follow-up evaluationt

Placement of Additional ElectrodesElectrode

Of the 13 patientspatient who had RSD symptomssymptom and find

ingsing in the distribution of more than one major peripheral

nerve before placement six 46% later required second

electrode placement. Each of these additional electrodeselectrode

was connected to separate permanent extension wire and

implanted generator. Approximately half of these addi

tional electrodeselectrode were placed in the same limb as the ini

tial electrode for example initial median electrode fol

Lcngth of FoUow.up yrs

Ftc. 4. Scatterplot showing relationship in successful patientspatient

between percent Suction in verbal
digital

scale VDS scoresscore and

length of follow up after stimulator placement. Although not linear

significant relationship 0.05 was found between the two

variables.

lowed by an ulnar electrode and half in the contralateral

limb for example initial electrode on the right median

nerve followed by an electrode on the left median nerve.

The second electrodeselectrode were placed 27.4 11.7 monthsmonth

after the first electrode when it became apparent that there

were significant improvementsimprovement in the distribution of the

first electrode but worsened or unimproved symptomssymptom
outside thisthi distribution. Three of the five patientspatient in the

successsucces group who had involvement of more than one

nerve had good pain relief and perhapsperhap related to thisthi
these three represent the only patientspatient who received sec

ond electrode in the successsucces group. Initial involvement of

more than one major peripheral nerve five of 19 successsucces

group patientspatient eight of 11 failure group patientspatient correlat

ed closely with final poor or no relief rating 0.01.

ComplicationsComplication and ModificationsModification of Operative Technique

Of the 30 patientspatient who were implanted with permanent
PNS systemssystem eight 27%.later required revision of the

electrode Fable 4. Ulnar revisionsrevision were related to diffi

cultiescultie in obtaining and maintaining good pattern of

stimulation around the medial epicondyle of the elbow.

For cosmetic reasonsreason the generatorsgenerator in some patientspatient

were located in the midaxillary line rather than the infra

clavicular fossa. These generatorsgenerator came loose from an
choring suturessuture in two patientspatient and were revised for cos
metic reasonsreason in two patients. There was no incidence of

wound or hardware infection.

For patientspatient with located mainly in the distribution

of the medial or lateral plantar nerve the placement of

posterior tibial electrode is now performed using local

anesthetic with intravenousintravenou sedation. ThisThi allowsallow testing

of the electrode intraoperatively in different locationslocation

around the nerve so that an optimum pattern in the appro
priate plantar nerve can be obtained. For common pe
roneal stimulation the electrode is now placdd more prox
imally just under the bicepsbicep femorisfemori tendon/muscle to

avoid electrode dislodgement at the joint. When genera
torstor are placed in the midaxillary line redundant exten

sion wire is provided and frequent abduction exercisesexercise

prescribed to prevent later tethering of the wire.

S.

C.

100%

S0%

60%

40%

20%
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TABLE

Technical problemsproblem experienced by 30 patientspatient undergoing

electrode placement/or relief of RSD

Factor SuccessSucces Group Failure Group

no problem 63 436
additional electrode 16 27
revision of electrode 26 27
revision of extension wire II 00
revision of generator 15 19
removal of generator 5t 218
totalt 19 LI

Reflex Sympathetic Dystrophy

The classification of chronic pain syndromessyndrome by the

International Association for the Study of Pain in 1986
defined RSD as continuouscontinuou pain in portion of an

extremity after trauma which may include fracture but

doesdoe not involve major nerve associated with sympa
thetic hyperactivit More recently the terminology has

been changed to Complex Regional Pain Syndrome

CRPSCRP with the basic definitioit syndrome that devel

ops after an initiating noxiousnoxiou event is not limited to the

distribution of single peripheral nerve and is dispropor

tionate to the inciting event It is aEsociated at some point

with evidence of edema changeschange in skin blood flow
abnormal sudomotor activity in the region of the paine or

allodynia or hyperalgesit3 Type CRPSCRP which cor

respondsrespond to causalgia has additional criteria of burning

pain allodynia and hyperpathia usually in the hand or

foot after partial injury of nerve or one of its major
branches. The new terminology was developed at

special consensusconsensu workshop held in October 1993 that

involved anesthesiologistsanesthesiologist neurologistsneurologist neurosurgeonsneurosurgeon
psychiatristspsychiatrist neuroscientistsneuroscientist and internists. The work

shop examined the diagnosisdiagnosi of RSD causalgia and sym
pathetically maintained pain and attempted to better de
fme the variousvariou symptomssymptom and findingsfinding associated with

the disorders. The terminology for CRPSCRP has been adopt
ed in the most recent International Association for the

Study of Pain classification of.chronic pain. Most patientspatient

in the present study had some form of initial trauma

although not major trauma and might be considered

CRPSCRP Type U.

three-level staging system has been developed to

describe the severity of the clinical disorder.2 Stage

includesinclude patientspatient with mild pain and only vasomotor

changes. Stage if representsrepresent patientspatient in whom the pain and

vasomotor changeschange are more severe and who have mini

mal motor weakness. Stage III includesinclude severe pain mod
erate to marked vasomotor changeschange moderate motor

weaknessweaknes and objective trophic changes. Clinical Stage

III together with symptom duration greater than year

are considered poor prognostic factors. All of the patientspatient

in thisthi study had trophic changeschange and 25 83% of 30

patientspatient had symptomssymptom for more than year prior to the

placement of stimulator. The predominance of women in

the present study is unexplained although it might reflect

an undetermined referral biasbia other reportsreport have shown

higher proportion of men.5

PerhapsPerhap because of poor understanding of the diagno
sis or treatment of thisthi disease many of the Stage UI

patientspatient in thisthi study had symptomssymptom for more than year

before interventional therapy. Given the better successsucces

ratesrate in Stage or patientspatient and the tendency of these

patientspatient to progressprogres to Stage Ill condition within to 12

monthsmonth if not completely treated3 early aggressive mul

tidisciplinary therapy for RSD patientspatient is important In

the present study however no consistent relationship was

seen between treatment failure and duration of symptoms.
Evidence suggestssuggest that the origin of RSD symptomssymptom

might be at peripheral spinal cord and/or dorsal root gan
glion DRG levels. At the peripheral level a-adrenore

ceptorsceptor in veinsvein as well as peripheral skin C-fiber nod
ceptorsceptor and mechanoreceptorsmechanoreceptor have been found to exhibit

an increased responsivenessresponsivenes to local infusionsinfusion of nor
adrenaline.33 It is unclear whether thisthi occursoccur as an in-

creased sensitivity of the postsynaptic receptor or de
creased reuptake of noradrenaline presynaptically. At the

spinal level there is evidence that nociceptive afferent

impulsesimpulse including high threshold afferent inputsinput main
tain altered central processing or sensitization. ThisThi pro
cessces might involve N-methyl-o-aspartate NMDA recep
torstor and blockage of the peripheral input can allow the

central processing to return to normal.93 In abnormal

statesstate stimulation in the ORG of postganglionic sympa
thetic efferentsefferent can cause or augment afferent discharge

front 50% or more of the ORG sensory neuronsneuron sympa
thetic-sensory coupling.t13 There can also be crossed

afterdischargesafterdischarge in which excitation of specific afferent

neuronsneuron in the DRCI can excite neighboring afferent

neurons.

Treatment of Reflex Sympathetic Dystrophy

The treatment of RSD usually requiresrequire multifaceted

approach involving aggressive physical therapy especial

ly stress-loading exercise coupled with variousvariou medica
tions. Stress-loading exercise involvesinvolve active traction and

compression exercisesexercise that provide stressful stimuli to the

affected extremity without joint motion. The goal iuo
eliminate contracturescontracture and fibrosisfibrosi in affected musclesmuscle and

tendonstendon and thisthi can be effective even without other ther

apy especially in Stage or II patients.7 Local effectseffect

include increasing blood flow to tissuestissue and stimulation of

myelinated and unmyelinated afferentsafferent especially high-

threshold mechanoreceptors.2

Approximately 15% to 16% of all patientspatient with RSD
might not respond to variousvariou medicationsmedication and therapies.

For thisthi subset blocksblock intravenousintravenou or regional infusionsinfusion
and/or transcutaneoustranscutaneou electrical nerve stimulation are

frequently successful on second level of the treatment

ladder.4-2 These variousvariou treatment combinationscombination can be

effective in Stage or El patientspatient but have lower successsucces
rate in Stage Ill patients.

Sympathectomy has been helpful in the treatment of

pam associated with major causalgia in 12% to 97% of

eatients. Complete surgical sympathectomy is important
tor the best resultsresult but persistent mild hyperpathla ttn
dernessdernes joint stiffnessstiffnes and trophic changeschange have been

Long-term resultsresult of PNS for reflex sympathetic dystrophy
et at.

ttientsttient

neat
two

Abbreviation 950 reflex sympathetic dystrophy.

In Case 9. the generator was no longer required because of long-term

reversal of 950 and was removed to permit patient to undergo magnetic

resonance imaging of
spine.

Sonic patientspatient experienced more than one complication.
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noted in 30% to 40% of patients.3 Partial or complete

regrowth of sympathetic fibersfiber can also occur0 Although

sympathectomy can be helpful in treatment of sympathet
ic hyperfunction pain relief in RSD as contrasted to

major causalgia is unpredictable The relative rolesrole of

surgical sympathectomy and stimulation either spinal or

peripheral are unknown. future study involving direct

comparison of ablative versusversu augmentative proceduresprocedure
for the patient population represented in thisthi study would

be most useful

Compared to other chronic pain conditionscondition RSD ap
pearspear to be lessles responsive or even unresponsive to intra

spinal opioids2 The long-term intraspinal infusion of an

ccfadrenergic agonist such as clonidine hydrochloride is

promising option although the clinical availability of

spinal dnigjreparation
in the United StatesState is to

yearsyear away.

Spinal cord stimulation has been the major therapeutic

option available for patientspatient with severe RSD.WI It is an
effective modality although successsucces dependsdepend on producing

pattern of perceived stimulation that matchesmatche the area of

vasomotor changeschange and the area of mechanical allodynia

and spontaneousspontaneou deep pain. The overall successsucces rate in

the treatment of severe RSD has been reported to be from

50% to 80% with the advantage of percutaneouspercutaneou place
ment technique.

History of Peripheral Nerve Stimulation

Electrical stimulation applied to peripheral nervesnerve was
first developed in approximately l969 The original

electrodeselectrode often were cuff shaped and the resultsresult were

encouraging but limited.Lth Interest in the use of PNS
was renewed in the late 1980s1980 with the application of flat

or oval-shaped electrode templatestemplate that contained four

electrode contactscontact The presence of four electrode

contactscontact coupled with the availability of implantable pro
grarnmable low-voltage generatorsgenerator provided greater abil

ity to deliver consistent and evenly distributed stimulation

to peripheral nerve although well-analyzed studiesstudie were
absent.

The mechanismsmechanism of action for both PNS and SCS in the

treatment of RSD remain unclear and might be different

for these two modalities. The voltage level for P145 how
ever probably activatesactivate only large myelinated fibersfiber
RecordingsRecording from peripheral stimulator electrodeselectrode have
shown spontaneousspontaneou abnormal dischargesdischarge in the affected

nerve Constant peripheral stimulation might provide

consistent blockade of afferent peripheral input allowing

central processing to return to normal. Alternatively affer

ent impulsesimpulse from electrical stimulation of the nerve zniht
block at the spinal cord level other abnormal nociceptive

inputsinput in gate-control manner. Based on previouspreviou re
port.s2427 constant stimulation was used for peripheral

stimulation in thisthi study. Because the nervousnervou system
often respondsrespond better to variation future study examin

ing the relative benefitsbenefit of constant versusversu intermittent

stimulation seemsseem indicated.

Efficacy of Peripheral NervousNervou System

The present study indicatesindicate that PNS can provide good
relief of RSD symptomssymptom and findingsfinding over period of to

years. ThisThi study indicatesindicate that overall 63% of all

patientspatient experienced good or fair relief that the majority

of the successful patientspatient have been followed for long

periodsperiod of time and that most of the failuresfailure occurred in

the first yearsyear after stimulator placement Fig. I. Con
sidering that these were Stage patientspatient who have failed

to obtain long-term relief with almost every other modal

ity except trial of SCS the overall successsucces of 63% is

very encouraging.

Dfflcult PatientsPatient and ComplicationsComplication

The observation that most of the failuresfailure occurred in the

first yearsyear postimplantation providesprovide further support for

the importance of breaking the viciousviciou cycle of RSD on
medium-term basisbasi to obtain long-term relief. Establish

ing an adequate pattern of stimulation was more difficult

in patientspatient with pain and vasomotor changeschange in the area of

the ulnar nerve at the medial epicondyle of the elbow.

PatientsPatient with RSD symptomssymptom and findingsfinding partly in the

distribution of second major peripheral nerve territory

also were more difficult to treat

For pain in the medial or lateral plantar nerve distribu

tion the electrode was placed using local anesthesia and
intravenousintravenou sedation with intraoperative testing of the

electrode in different locationslocation around the tibial nerve. For

generator placement in the midaxillary line at the level of

the nipple tethering of the extension wire in the area of

the anterior axillary fold has been eliminated by starting

full abduction exercisesexercise of the arm immediately after the

operation. The use of free fascial cover for the electrode

did not produce any more scarring but did allow greater

ease of electrode placement. Delayed electrode movement

was reduced by placing the electrode under or beside the

nerve.

Relative RolesRole of SCS and PNS

The relative rolesrole of SCS and PNS in the treatment of
these patientspatient remainsremain unclear. ThisThi study was not de
signed to provide information about the relative rolesrole of

PNS and SCS in the treatment of these refractory patientspatient
but we do know that epidural placement especially using

percutaneously placed electrode can result in delayed

electrode movement and an inadequate stimulation pat
tern. With SCS it can be difficult to match patternspattern of per
ceived electrical stimulation to some pain patternspattern espe
cially those involving only specific part of the hand or

foot. Howevet these same areasarea often correlate well with

the distribution of major peripheral nerve.

Severe RSD will frequently start at focal point but

then spread to involve other limbslimb and can become an

almost systemic disease. Because SCS providesprovide more

generalized coverage than PI4SPI4 it could be more advan

tageoustageou in severe RSD where symptomssymptom have spread to

other limbs. Aggressive treatment of the starting point

however can provide permanent relief in the original limb

and also in these secondary areasarea of involvement al

though the mechanism for these distant effectseffect is unclear.

In thisthi study PNS was applied to some patientspatient with

symptomssymptom beyond the distnbution of one major peripher
al nerve and in fact was effective in some but not all

patientspatient for pain and symptom Suction in arbasarba outside

the stimulated nerve.

Future Study and TreatmentsTreatment

The best application of PNS at least on the basisbasi of ths

study appearsappear to be for relatively small group of patientspatient
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with RSD pain and clinical findingsfinding localized in the dis

tribution of only one major peripheral nerve. WhereasWherea
SCS can also be effective in the treatment of RSD any
comparison of the relative effective ratesrate for SCS and

PNS will have to await formal randomized compara
tive study of the two modalitiesmodalitie in the treatment of severe

RSD. IntraspinaL infusionsinfusion of nonopioid agentsagent such as

the -adrenergic agonist cLonidine hydrochloride or the

NMDA antagonist dextromorphan also seem to be

promising future treatments.
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