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Safety and efficacy of spinal cord stimulation for the
treatment of chronic pain: a 20-year literature review

Tracy CAMERON, PH.D.

Department of Biomedical Engineering, University of Texas Southwestern Medical School, Dallas;
and ANS, Inc., Plano, Texas

Object. The purpose of this report was to examine the available literature to determine the safety and efficacy of spine
cord stimulation (SCS) for the treatment of chronic pain of the trunk and limbs.

Methods. The author identified 68 studies that fulfilled the efficacy inclusion/exclusion criteria, grouped on the basis of
pain indication, with an overall population of 3679 patients. Fifty-one studies fulfilled all safety inclusion/exclusion crite-
ria. Based on the literature review, the author found that SCS had a positive, symptomatic, long-term effect in cases
refractory angina pain, severe ischemic limb pain secondary to peripheral vascular disease, peripheral neuropathic pa
and chronic low-back pain, and that, in general, SCS was a safe and effective treatment for a variety of chronic neuropatt
conditions.

Conclusions. Despite the positive findings, there is an urgent need for randomized, controlled, long-term studies on the
efficacy of SCS involving larger patient sample sizes.

Key Worbps ¢ spinal cord stimulation < chronic neuropathic pain ¢ angina -«
failed—back surgery syndrome < complex regional pain syndrome < ischemic limb pain

stimulation was introduced in 1967 when Shealy, et of stimulation or may be connected subcutaneously to an

al.*”used electrical stimulation to stimulate the dor- RF receiver or an IPG. The RF receiver is activated by
sal columns to treat chronic, intractable pain. Since thatan external battery-powered transmitter, which operates
time, dorsal column stimulation or SCS has been appliedthrough an antenna placed over the receiver. The IPG con-
to a wide variety of pain disorders, including tumors, bra- tains a battery that supplies power to the electrodes.
chial plexus injuries, SCI, phantom limb pain, RSD, The exact anatomical placement of SCS leads depends
ischemic limb pain, multiple sclerosis, peripheral vascular on the location of the painful region. The SCS leads have
disease, arachnoiditis, and pain after failed spinal sur-been placed in locations from C-1 to L-5 to treat pain of the
geryzeosesiiesedqt has been estimated that 12,000 SCS trunk and/or limls. To achieve optimal pain relief effects,
systems are sold every year worldwitle. stimulation paresthesias should cover the area of pain.
_ Two different SCS systems are routinely used: those Complications due to SCS may be technical or biologi-
involving percutaneously placed electrode leads and thoseal. The most frequently reported technical complications
requiring laminectomies to allow placement of the elec- gre electrode dislocation and breakage, as well as pulse
trodes. The first system involves the percutaneous Insergenerator or battery failuré€s* The most frequently re-
tion of electrodes into the epidural space and either transported biological complications are infection, CSF leakage,
cutaneous connection to an external generator, allowing aind pain located at the incision, electrode, or receive? site.
trial period of stimulation, or subcutaneous connection to - The goal of this literature survey was to analyze the
an implanted RF-controlled receiver or an IPG. The sec-|ong-term benefits and risks of SCS for people with chron-
ond system requires implantation of paddle-type leadsjc neuropathic pain, including pain of the trunk and limbs,
into the epidural space after laminectomy. Similar to per-ischemic pain (peripheral vascular disease), or angina
cutaneously placed electrodes, the electrode leads may bﬁain. The indications for SCS implantation, the propor-
- o tions of patients that benefited from SCS, and the types

Abbreviations used in this paper: CABG = coronary artery  and rates of complications were examined. Papers were

bypass grafting; CRPS = complex regional pain syndrome; CSF =jqentified by performing a MEDLINE search (January
cerebrospinal fluid; IPG = implanted pulse generator; MRSA = 1981 to the present) and were included after determin-

mggrt'ﬁ”lF',':gf‘ﬁZ'.Stmﬁszylﬁgﬁcﬁf‘frﬁueir{\lissgci’:ﬁgﬁh%qg'f': ing if they met detailed inclusion criteria. Articles were

quality of life; RF = radiofrequency; RSD = reflex sympathetic dys- grouped according to the type of study and the indication
trophy; SCI = spinal cord injury; SCS = spinal cord stimulation; for treatment. Flnally, the indications most SUCCGSSfU”y

VAS = visual analog scale. treated by SCS therapy were also sought.

T HE use of implanted electrode—induced electrical connected to an external generator, allowing a trial period
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Treatment of chronic pain with SCS

Clinical Material and Methods indicatiodns: 1) )baclr<1 and IFg k[))ain studiées; 2) )CRPS lorll

; pain studies; 3) ischemic limb pain studies; 4) angina pain
Literature Search studies; and 5) studies involving various pain diagnoses.

Two separate searches were performed of the availablérticles were then subgrouped by the type of study: 1)
literature associated with the following key words or fea- prospective randomized controlled or prospective nonran-
tures: 1) electrical stimulation therapy, 2) IPG/RF stimu- domized controlled; 2) prospective noncontrolled; and 3)
lators, 3) articles published in English after January 1981, retrospective. Data obtained from studies in which inves-
and 4) prospective randomized controlled studies; or 5)tigators used similar success outcome measures were ana-
nonrandomized prospective studies; or 6) prospective ndyzed together. Similar outcomes were pooled and means
control studies; or 7) retrospective studies, 8) humanand standard deviations calculated.
experience, and 9) pain of trunk and limbs. Ovid was used All studies in which complications were cited were in-
first to search MEDLINE for pertinent studies published cluded in the analysis. Complications were grouped ac-
between January 1981 and the present. A second searafording to type, including lead migration, infection, epi-
was performed for articles published in the jouidelr- dural hemorrhage, seroma, hematoma, paralysis, CSF
omodulation, which was established in 1998 for the pub- |leakage, over- or understimulation, intermittent stimula-
lication of articles specifically relating to the effects of tion, pain covering the area of the implant, allergic reaction,
electrical or chemical modulation on the nervous system.skin erosion, lead breakage, hardware malfunction, loose
These articles were not identified by the MEDLINE connection, other biological reaction specific to an IPG,
searches, and thus a manual review was performed usingnd battery failure. The incidences of each complication
the aforementioned search criteria. were calculated.

Selection of Studies

Studies were examined for their inclusion in the effica- _ o
cy analysis, safety analysis, or both. One hundred twenty-one articles were initially identi-

Efficacy Analysis Selection Criteria. Criteria included the ~ 11€d, from which 68, comprising 367 patients, fulfilled the
following. 1) Patients exhibited pain of the trunk and/or efficacy inclusion/exclusion criteria. Grouped on the basis

; ot f the pain indication, these included 16 back and leg pain
limbs. 2) Means, percentages, or statistics were reported b ; . )
authors)to be av%ilable. g) The study was cond%cted tootudies (Table 1), 12 CRPS | or Il pain studies (Table 2),

examine the effectiveness of SCS. 4) Pain measurements3 ISchemic limb pain studies (Table 3), 11 angina pain
included the VAS, 50% or greater reduction in pain on g Studies (Table 4), and 18 studies involving various pain

three- or four-point scale, number of angina attacks, and/odiagnoses (Table 5). Fifty-one studies fulfilled all the safe-

narcotic consumption or a comparison to relevant controlty inclusion/exclusion criteria. Four papers were included

group. 5) The number of patients studied was stated. N the safety review that were not included in the efficacy
An article was excluded from the evaluation if it in- [EVIeW. Studies were grouped by complication type (Table

volved any one of the following criteria. 1) It was a review 6),hand included 'ﬁad n:igration, ir;fec_:tiog,sgﬁidukral hem-
article, case study, or foreign-language article. 2) It includ- ©'""agé, seroma, hematoma, paralysis, eakage, over-

ed nonhuman animals. 3) Patients received implants be® understimulation, intermittent stimulation, pain over
fore 1981. ' the implant site, allergic reaction, skin erosion, lead break-

age, hardware malfunction, loose connection, other bio-
logical reaction specific to an IPG, and battery failure.

Results

Safety Analysis Selection Criteria. Criteria included the
following 1) Patients exhibited chronic pain of the trunk
and/or limbs and 2) complications were listed. An article Effectiveness of SCS Systems
was excluded from the evaluation if it met any one of the } _ )
following criteria: 1) no complications were listed; 2) was ~ Successful treatment in patients in whom SCS systems
a review article; 3) was a foreign-language article; or 4) were implanted for chronic pain or ischemic limb pain

included nonhuman animals. was defined as either greater than 50% pain relief or sig-
nificant reduction in VAS scores. In 49 studies reporting a
Extraction of Data long-term & 6-month) success rate, investigators report-

. . ed that 67% of the patients (2520) reported successful pain
Data were extracted from the articles according 10 the gjief When patients were grouped according to diagno-
headings listed in Tables 1 through 5 (name of first authorgjg jong-term success rates ranged from 57% (21 cases) in

and date of publication, indication[s] for treatment and .o g group to 83% (224 cases) in the CRPS | or Il
type of study, type of device, number of patients Who o0, 5 (Taple 7). Failed—back surgery syndrome, stump or
received permanent implants and mean length of follow- 5o htom [imb pain, and peripheral neuropathy were suc-
up period, pain severity and narcotics consumption, andegqflly treated in the majority of cases (62% [747 pa-
success rate). Papers in which angina pain was examine. ents], 62% [eight patients], and 67% [36 patients], res-
w_?ret also rewevged for the number of angina attacks andye tively) whereas SCS treatment of ischemic limb pain,
nitrate consumption. =~ CRPS I'and Il, and postherpetic neuralgia was associated
Data regarding complications were also extracted from,, higher success rates (77% [629 cases], and 83% [224
the articles. cases], 82% [11 cases], respectively). In addition to pain
Data Synthesis reduction, the authors of 20 studies examined the effects
of SCS on narcotic medication (or nitrate) intake. These

Articles were grouped according to the following pain authors reported that 345 (45%) of 766 patients had
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Treatment of chronic pain with SCS

reduced their narcotics consumption at the time of follow- prospective without matched controls, and eight were retro-
up examination. spective in design. These studies comprised 260 patients.
Either a reduction in number of angina attacks, a de- In the prospective controlled study, Kemler, et*al.,

crease in the consumption of nitrate, or an improvement inexamined the effects of SCS in patients with chronic pain
QOL determined success for SCS-treated patients within whom CPRS | (RSD) was diagnosed. Patients were ran-
angina pain. In a total of 11 studies investigators examineddomly assigned to a group that underwent SCS and phys-
the effects of SCS on angina pain. A significant reductionical therapy or a group that received physical therapy
in the number of angina attacks compared with baselinealone. Outcome measures included pain measurements
was reported in four studies. A long-lasting clinical res- (VAS and McGill Pain Questionnaire) and QOL measure-
ponse was documented in three studies, a significant imments (the NHP and short version of the Sickness Impact
provement in NYHA class in two, a significant improve- Profile). Patients were assessed at 1, 3, and 6 months, and
ment on the NHP in one, and a significant reduction in data were analyzed using an intention-to-treat analysis. At
hospital admission rates in one study. The authors of six6 months, a significant improvement was demonstrated in
studies found a reduction in nitrate consumption, which the group assigned to receive SCS and physical therapy
was significantly reduced compared with baseline in three(p < 0.0001). The 24 patients who were actually treated
studies. with SCS exhibited a significant improvement in the pain

Back and Leg Pain Sudies. Sixteen studies, comprising component of the NHP (p = 0.02). No functional improve-
616 patients, were conducted to examine back and leg pairiment was observed in either group.
Two were prospective controlled studies, eight were Of the three prospective studies without matched con-
prospective without matched controls, and six were retro-trols, the overall success rate was 84% (19 cases). A study
spective. Marchand, et &.examined patients with chron- by Calvillo, et al:® did not report a success rate, but they
ic back pain who acted as their own controls and were randid find a significant improvement in pain scores com-
domly assigned to receive either normal stimulation or pared with baseline. o
placebo stimulation first. During four separate sessions, In eight retrospective studies without matched controls,
patients rated their pain in response to different stimulation192 patients (84%) reported success from SCS on one or
parameters. In the first two sessions, the authors investigatboth measures. In addition to pain reduction, the authors
ed clinical pain ratings, whereas in the last two sessions ratef two studies also reported a decrease in narcotic med-
ings of thermal pain were investigated. The authors foundication intake in a mean of 80% of patiefts.

that pain scores were significantly reduced (p = 0.03) when  |schemic Limb Pain Sudies. Thirteen studies were clas-
using SCS compared with placebo. sified as ischemic limb pain. Additionally, in four studies
In a prospective study North, et @lused a con-trol  classified as those involving various pain diagnoses, in-
group but did not randomize their patients. They com- vestigators examined patients with ischemic limb pain. Of
pared the results of two groups of patients with failed— the studies in which authors examined ischemic limb pain
back surgery syndrome, one undergoing SCS and theynly, two were prospective controlled studies, four were
other undergoing additional back surgery. The primary prospective without matched controls, and seven were
outcome measure was the frequency of crossover, withetrospective in design. These studies comprised 750 pa-
patients permitted to cross over to the alternative group iftients.
the results of their procedure were unsatisfactory after 6 Two studies were prospective randomized and con-
months. Slgnlflcantly more patientS crossed over from thetrolled Klomp1 et a|4;"'> examined 120 patients random|y
surgery group to the SCS group (15 cases) compared Withyssigned to either SCS with best medical treatment or best
those that crossed over from the SCS group to the surgenyedical treatment alone. Critical limb ischemia was diag-
group (two cases) (p = 0.018). o nosed in all cases. The purpose of the studies was to exam-
There were eight prospective studies without matchedine the effects of SCS on the treatment of ischemic pain
controls, and in these the overall success rate was 65%nd the avoidance of amputation. The mean follow-up
(332 cases). o period was 19 months. Analysis of results demonstrated
Ohnmeiss, et al’,found that only 26% of their patients ng significant improvement in pain scores between the
experienced successful pain relief. They reported, howev+two groups. The quantity of pain medication in the short
er, that 65.6% reduced their medication |ntake, and thatterm, however' was Significanﬂy reduced in the SCS
the QOL of the total group was significantly improved groups (p< 0.05). Jivegard, et at,also examined the
(according to results of the Sickness Impact Profile). Theyeffects of SCS in 51 patients with chronic limb ischemia.
hypothesized that their pain scores may have been lowefrhey randomized patients to a group receiving oral med-
than those in other studies because they put more emphacation and SCS or one treated with oral medication alone.
sis on increasing activity than on decreasing pain. The authors found a significant improvement in pain
Six studies were retrospective without matched con-scores in the SCS-treated group compared with the non-
trols, and in these the overall success rate was 64% (238CS-treated group (p = 0.01).
cases). Van Buyten, et &ldid not list their success rate,  Four studies were found to be prospective without
but they did report that pain scores were significantly matched controls. Analysis of data demonstrated that a
reduced compared with baseline and that pain medicationmean of 78% of the patients (271 cases) reported success-
was reduced in 76% of their patients. ful relief. Seven studies were found to be retrospective
Complex Regional Pain Syndrome | or 1l Pain Sudies. Of without matched controls. Analysis of these studies for
the 12 studies in which authors examined only CRPS Isuccess regarding one or both measures revealed that 76%
or Il, one was a prospective controlled study, three wereof the patients (308 cases) reported success.
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Treatment of chronic pain with SCS

Angina Pain Sudies. Eleven studies were classified as reported success. Alo, et atid not report a success rate
involving angina pain, and comprised 830 patients. Threebut found a significant improvement in pain scores com-
were prospective controlled studies, five were prospectivepared with baseline. Daniel, et &lnoted a success rate of
with no matched controls, and three were retrospective inonly 24%. Their study relied on primitive SCS systems,
design. had weak inclusion and exclusion criteria, and no prede-

Mannheimer, et af8 examined 104 patients accepted fined follow up.
for CABG. The patients were randomized to receive either Eighteen studies were found to be retrospective without
CABG (51 cases) or SCS (53 cases). Results were commatched controls. An analysis of these studies for success
pared on the basis of an intention-to-treat analysis. A sig-on one or both measures found that 59% of the patients
nificant reduction in the number of angina attacks and (1062 cases) reported SCS-induced success. In one study
nitrate consumption was observed in both groups(p the authors reported a success rate of less that 50%. The
0.0001); however, there was no significant intergroup dif- investigators, Cioni, et & examined the efficacy of SCS
ference regarding these parameters. The CABG grougnh a population of paraplegic patients with chronic pain.
was found to have a higher mortality rate. De Jongste, et In addition to pain reduction, a decrease in narcotic
al. **examined the efficacy of SCS in treating angina pain. intake was also documented in seven studies. A mean of
In this study, patients were randomized to active treatmenit9% of the 344 patients reported a reduction in their nar-
with SCS or to a control group. In the control group an cotic consumption.

SCS device was not implanted until after the study period
(2 months). At that time, these patients also received arSafety of SCS Systems

SCS implant, and both groups were followed for 12 = 1hg enoried complications found in the literature

months. Both the incidence of angina attacks and thegearch are summarized in Table 6, which includes data

amount of nitrate consumed significantly decreased in thegpiained from 51 o ;
o papers comprising 2972 patients overall.
SCS-treated group (g 0.05). In the remaining study 10 complications were categorized as follows: lead migra-

ex?emine the effects of SCS on angina pain, Hautvast, efjon ‘infection, epidural hemorrhage, seroma, hematoma,
al.’» examined the efficacy of SCS in patients with stable 55ysis CSF leakage, over- or understimulation, inter-
angina ngtﬁ”S%- Tr?_err]e r‘]’vag an SCS group and a Cor‘tro{l:ﬂttent stimulation, pain over the implant site, allergic

group in both of which the device was implanted; howev- yaaction, skin erosion, lead breakage, hardware malfunc-

er, the treatment group was instructed to use the stimulasjon 'oose connection, other biological reaction specific to
tor three times per day for 1 hour and additionally when- 5 PG and battery failure.

ever angina-related symptoms occurred, whereas in the" \1ost'complications were not life threatening and could
control group the device was inactivated. At the end of 6usua||y be resolved by removing the device. The most

weeks, the two groups were assessed. Compared with o mon complication was lead migration. The most seri-

baseline and the control group parameters, a significant, s complication was paralysis, although only one case
reduction in both the number of daily angina attacks and\y 5 dentified. This occurred after a bacterial infection

in the consumption of nitrates {p0.01) was demonstrat- = |5cated at the lead ti.Reports of subcutaneous hema-

ed in the treatment group. The SCS-treated patients als@, 14 were also founfd;however, the three involved pa-

exhibited an increased exercise duration and time to angitiens were undergoing anticoagulation therapy at the time
na episode with exercise compared with the control groups surgery
(p < 0.03 and p< 0.01, respectively). . . Ohnmeiss, et al',described one patient with diabetic
Five studies were found to be prospective without peripheral neuropathy who required the removal of the
matched controls. In all studies the authors reported a beng,it due to local skin erosion: however. the skin lesion
efit. Eliasson, et af?, reported a significant reduction in  rasolved and an SCS unit was eventuélly replaced. Ba-
the84number of angina attacks {p0.05). Sanderson, et qat et alg reported on one patient in whom excessive
al.” reported a significant improvement on the NYHA ogitional changes were demonstrated in the stimulation
grade and a reduction in nitrate intake. Anderseil {hreshold. Paresthesias were felt when in the supine posi-
Bagger, et ak,reported a long-lasting clinical response tion put were greatly reduced when standing or sitting.
due to SCS in 78 and 57% of their patients, respectively. There have been seven reported cases of aseptic menin-
Vulink, et al.9” reported a significant improvement based gitis associated with the implantation of an SCS sys-
on results of the NHP (i 0.05). L tem2s162 All cases resolved without permanent damage.
There were three retrospective studies in this categorymyg of the cases resolved spontaneously, whereas the
Murray, et al% found a significant reduction in hospital remaining five required the removal of the system. All

admission rates (g 0.02), Ten Vaarwerk, et &k docu- reported cases of aseptic meningitis were treated at the
mented a significant improvement in NYHA class<(p same center.

0.01), and Murphy and Gilésteported that 60% of treat- In addition to complications, side effects such as head-

ed patients experienced a continued benefit, and nitratgche, asthenia, and dizziness have been reported. In two
consumption was reduced in all patients. patients with spinal cord lesion, SCS increased muscle

Sudies Involving Various Pain Diagnoses. In 18 studies  spasms. Three patients described muscle twitches due to
comprising a total of 1192 patients, the various investiga-radicular stimulation, and in one patient muscular con-
tors examined patients with a variety of pain diagnoses.traction resulting from activation of the pyramidal tract
Four studies were prospective without matched controls,was observeél. Numerous case studies were identified in
and 14 were retrospective in nature. An analysis of thewhich complications occurred. These case studies were
success rate found that 67% of the patients (51 cases)ot included in the data analysis.
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Treatment of chronic pain with SCS

A case of recurrent ulcerative colitis after SCS was Mannheimer, et af8, compared patients with angina
reported by Kemler, et & who described a patient with  randomized to either SCS or CABG. A significant reduc-
left-sided ulcerative colitis that was in remission and who tion in the incidence of angina attacks and nitrate con-
experienced two successive relapses. These recurrencesimption was documented in both groups; however, there
were thought to be related to the use of an SCS system. was no significant intergroup difference regarding these

Loubsef’ reported a case in which SCS adversely parameters. The CABG group was found to have a higher
affected bladder function. This patient was undergoing mortality rate than the SCS group. In two other studies
SCS to reduce SCl-induced pain. The SCS was found tdnvestigators examined the effectiveness of SCS on angi-
be causing urethral sphincter spasms resulting in urinena pain. Although they found a significant improvement
retention and recurrent urinary tract infections. The authorwith respect to the control group, because the control
proposed that urodynamic function should be tested dur-group did not receive any real treatment, it was really only
ing trials of SCS in SCI patients. equivalent to a baseline group.

Law®? reported unexplained temporary paralysis in  Despite the lack of well-controlled studies and an un-
1.8% of patients and multidermatonal, painful allodynia in derstanding of the exact mechanism by which SCS pro-
4.2%. The author hypothesized that this was due to cordduces its effect, SCS has become an indispensable thera-
ischemia caused by vasospasm, triggered by pain withirpeutic tool for treating many chronic pain conditions and
or near the spinal canal. One possible way to prevent theshas many benefits over alternate therapies. First, unlike
complications is by selective injection of an epidural anes-ablative surgeries, the SCS device is completely remov-
thetic®? able. The SCS leads are placed in the epidural space re-

Finally, there have been some recent reports of interfer-mote from any neural tissue and can be removed at any
ence that occurs when a patient with an SCS system entettime, causing little discomfort to the patient. Second,
an electromagnetic field created by a security system. Inunlike the numerous systemic side effects of oral opioid
one such case the patient experienced permanent neur@gents, there are no long-term side effects of SCS use.
logical injuries due to the uncontrolled activation of the Although intrathecal administration of opioid agents has
cervical SCS devicg. greatly reduced the side effects seen with oral opioids,

many complications remain, including pruritus, nausea,
urinary retention, constipation, respiratory depression, and
Discussion edema, as well as the additional complications due to the

L . . surgical procedure.
One of the main criticisms lodged against reports in the g P

SCS literature has been the role of placebo. Because §eatment-Related Complications
patient cannot be blinded to the therapy, few well-con- o o
trolled studies have been attempted to determine the Lead migration is the most common complication asso-
effects of placebo in SCS therapy. In this literature surveyciated with SCS. Lead migration results in a loss of prop-
eight prospective controlled studies were identified. Of er paresthesia coverage and a subsequent reduction in pain
these studies only one, that by Marchand, étattempt-  relief. Anderser,reporting on the use of SCS for angi-
ed to control for the placebo effect. The authors examinedna, found that the most frequent complication requiring
the effects of SCS on patients with chronic back pain.repeated operation was lead migration (23%). The inci-
They concluded that SCS did appear to affect pain; how-dence was statistically lower in patients with quadripolar
ever, this effect was modest. The remaining studies in-leads (11%) than in those with monopolar electrodes
volved either a best-medical-treatment control group or a(45%) (p<< 0.003). Because there was no difference in the
delayed-treatment control group. In one study, Kemler etfrequency of electrode migration between the two types of
al.*'used a control group that received physical therapy;electrodes, proper paresthesia coverage was most often
however, this treatment had been previously shown to beecaptured by reprogramming with the multipolar leads.
ineffective in this group. Therefore, the control group North, et al% reported SCS treatment in 62 patients with
more closely resembled a nontreatment group. The studyghronic pain. They found that surgical revision was nec-
by Klomp, et al# compared SCS treatment with best ‘€ssary in 23% of the cases in which simple bipolar leads
medical treatment. The authors concluded that SCS, comwere placed to obtain optimal paresthesia coverage.
bined with best medical treatment, was no more effectiveSurgical revision, however, was required in only 16% of
than best medical treatment in preventing the need forthose cases with multichannel devices.
amputation and in providing pain relief. Although there  The introduction of multichannel leads has greatly re-
was a significant reduction in analgesic intake in the SCSduced the need for repeated operation as the result of lead
group, its effect faded over time, and no intergroup differ- migration. North, et aF’ found that programmable multi-
ence in QOL was observed at any time point. channel systems have a significantly greater clinical relia-
There are several studies conducted to investigate thdility than single-channel systems. Alo, et*algported
short-term effects of SCS in angina pect#iIn these that only 3.8% of their patients who lost paresthesia re-
studies it was suggested that the antianginal effect of stimquired revision of lead placement to improve capture.
ulation may be secondary to an antiischemic effect. ThisThey claimed this was the result of using the eight-elec-
effect may be secondary to a decrease in myocardial oxytrode lead and complex programming.
gen consumption or a redistribution of coronary blood As with any surgical procedure, SCS involves the risk
flow. Furthermore, myocardial ischemia during treatment of infection. Although most infections that occur as a
with SCS leads to anginal pain, and thus the treatmentresult of an SCS implantation can be resolved either with
does not conceal symptoms of myocardial ischémia. antibiotic therapy or with the removal of the SCS unit fol-
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TABLE 6 TABLE 7
Summary of SCS-related complications culled from the literature* Summary of values after grouping studies according to diagnosis
No. of Total No. Overall Number
Complication Events of Cases Incidence (%)
Patient %

lead migration 361 2753 13.2 Diagnosis Studies  Patients Months ~ Success
infection 100 2972 3.4 -
epidura| hemorrhage 0 2972 0.0 FBSS/low-back & |eg pain 21 747 27,200 62
seroma 0 2972 0.0 ischemic limb pain 14 629 24,394 7
hematoma 8 2972 0.3 CRPS land Il 13 224 7,237 84
paralysis 1 2972 0.03 peripheral neuropathy 4 36 1,620 67
CSF leak 8 2972 0.3 Scl _ , 5 21 615 57
unwanted stimulation 65 2753 2.4 postherpetic neuralgia 3 1 349 82
intermittent stimulation 0 2753 0.0 stump (phantom limb) pain 2 8 498 62
pain over implant 24 2753 0.9 mixed 8 683 27,295 57
allergic reaction 3 2753 0.1

skin erosion 1 2753 0.2

lead breakage 250 2753 9.1

nardware maffunction 5 ores ” study, Cameron and Al8examined these postural effects
battery failure 35 2107 16 in patients in whom a percutaneous SCS lead had been
other 38 2753 1.4 previously implanted. The mean threshold for paresthesia

was lowest when recumbent, whereas in three patients it
was lowest while sitting. The mean range and standard
error of stimulation required to achieve paresthesias at all
three posture levels was 0.510.2 nC for leads in the
cervical region (11 cases) and 1:52.2 uC for leads in
lowed by antibiotic therapy, life-threatening infections can the thoracic region (19 cases). These changes in threshold
occur. Torrens, et &F described one such case. This par- with respect to posture were the result of spinal cord
ticular patient was found to have an MRSA infection. The movement. When patients are lying on their back, their
authors suggested that the patient population typicallyspinal cord moves ventral and therefore closer to the elec-
identified for SCS systems may have a higher risk of trodes, reducing the level of stimulation needed to reach
MRSA infection because of frequent and prolonged hos-threshold. In addition to spinal cord movement, the thick-
pitalization for severe neuropathic pain and antibiotic ness of the CSF layer can also affect stimulation thresh-
courses for various infections. In addition, they indicated olds. At the thoracic level, the CSF is reduced again,
that patients with diabetes mellitus are more susceptible tadecreasing the distance between the electrode and the
infection. The authors suggested that screening for MRSAspinal cord.
colonization would help in identifying patients at risk for ~ Whenever there is a disruption of body tissue, tempo-
infection. Although one patient developed paralysis due torary pain due to the healing process results. The typical
bacterial infection located at the lead®ifhis complica- location of the pain after an SCS is implanted is the inci-
tion is extremely rare. sion site. Pain can also occur at the site of the implant.
Cerebral spinal fluid leakage occurs after accidental du-This type of pain usually subsides after 7 to 14 days.
ral puncture with the epidural needle, guidewire (lead The actual tissue reaction resolves within 2 to 3 weeks.
blank), or leads during the surgical procedure. A CSF leakTenderness can occasionally occur over the receiver site
can lead to headache, which usually occurs in the earlyor at the connector at the spinous process. The latter does
postoperative period. The characteristic features are thoseot resolve with time, but in many cases this tenderness
of headache that may be frontal or occipital, relieved by does not require removal of the unit.
recumbency, and accompanied by tinnitus, diplopia, neck Although all the materials that come in contact with
pain, and nausea. The headache is thought to result frorhnuman tissue have been confirmed to be biocompatible,
decreased hydraulic support for intracranial structires. there have been documented cases of allergic reactions,
Small dural punctures typically heal spontaneously andwhich occur when there is an immune reaction to a foreign
the headache can be treated conservati¥Aly.injection substance. When an allergic reaction does occur after the
of autologous blood into the patient’s epidural space isimplantation of an SCS system, the implant must be re-
commonly used to treat dural puncture—related posturalmoved. This complication is very rare. Diabetic peripher-
headache if conservative measures are unsuccessful.  al neuropathy can result in pain of the extremities and has
Changes in stimulation may occur over time. These become an indication for the use of SCS. Peripheral neu-
changes can be the result of cellular changes in tissueopathy, however, can also result in skin incidents, which
around the electrodes or temporary changes in the elecean be exacerbated by an implant. When skin erosion can
trode position. There are reports in the literature of painful be attributed to the IPG or receiver, the device is usually
stimulation as well as cases of ineffective stimulation or removed.
loss of stimulation over time. Device failure can be classified into several subsets,
Barolat, et al®,reported on one patient who experienced including electrode breakage, hardware malfunction, and
excessive positional changes in the stimulation thresholdloose connections. Overall, 227 of these failures were the
Paresthesias were felt when in the supine position butresult of lead breakage, 77 of hardware malfunctions, and
were greatly reduced when standing or sitting. In a recentl2 of a loose connection.

* Studies asterisked in the Reference list are used for this table only, and
are not mentioned within the text of this paper.
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In addition to the complications summarized in Table These patients respond best to SCS, with a success rate of
6, Heidecke, et a¥, specifically focused on hardware 84%. Angina pain also favorably responded to SCS. In all
failures associated with SCS for failed—back surgery studies involving examination of the effectiveness of SCS
syndrome. They performed a retrospective analysis ofon angina pain, the investigators found significant im-
42 patients with failed—back surgery syndrome examining provement compared with baseline.
only hardware failures. These patients had undergone Although few randomized controlled studies examining
implantation of a Medtronic RF system. The most com- the efficacy of SCS have been reported, there is a paucity
mon hardware-related problem was lead breakage (eighotf hard evidence to support overwhelmingly the use of
cases). In addition, he found two cases of extension cabl&CS in the treatment of most chronic pain conditions.
breakage and two cases of receiver insulation failure at the
plug connection site. Conclusions
q I?/iecat\ﬁ? ;hﬁib%tterlytog a;n :PG r;f #?igtetﬂrgvsltpemeg]t% Based on review of the studies examined in this survey,

evice, when It 1S depleted, replacement req peateql is” gifficult to make any definite conclusions regarding
operation. When a battery requires replacement before th%loe long-term efficacy of SCS in different chronic pain
g;ﬂf}g%‘;ﬁ:ﬁ% ((ijteitsercrghns?gekr)g dtgeb%?{gglqﬁg?lﬁr:eéna%tgrsf nditions. There is some evidence to indicate that SCS
failure occurred in 32 (1.7%) of the 1900 cases, althoughhaS positive, symptomatic, long-term effects on refractory

: : angina pain, severe ischemic limb pain secondary to peri-
'3[' 22 of 32 cases battery failure occurred after more thal"phgral vascular disease, CRPS | and I, peripheerI nero-
years.

pathic pain, and failed—back surgery syndrome pain.
. There is an urgent need for proper, randomized, con-

Efficacy of SCS trolled, long-term studies of the efficacy of SCS involving
Spinal cord stimulation systems are relatively simple to a sufficient number of patients.

implant, with many of the stimulation parameters being

controlled by the patient. This has led to the use of SCS'in Acknowledgments
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