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REATMENT of CRPS-I is mostly very disappoint-
ing.13,31 This syndrome of unknown pathophysiolo-
gy, which usually commences after trauma or oper-

ation on a limb, results in pain, functional impairment, and
trophic changes. Its incidence has been reported as 5.46
cases per 100,000 person-years at risk, and the period prev-
alence as 20.57 cases per 100,000 person-years at risk.32 In
chronic cases, reflex sympathetic dystrophy leads to ex-
treme pain, disability, and inability to work, thus dramati-
cally changing the lives of patients as well as their fami-
lies.21,25

We performed a prospective randomized controlled trial
to determine whether the treatment of chronic CRPS-I with
SCS and PT is more effective than PT alone. In SCS, an
electrode is positioned in the epidural space on the dorsal
aspect of the spinal cord at the level of the nerve roots in-

nervating the painful area. Electrical current from the elec-
trode brings about paresthesia, a sensation that suppresses
the pain. At both the 6-month and 2-year follow-ups, da-
ta have demonstrated that SCS reduces severe burning
pain, which is characteristic of the syndrome, by more than
50%;19,22 however, it does not influence allodynia, hypes-
thesia, or function.19,22,26

Although implanting a SCS system is an expensive and
invasive treatment accompanied by a high percentage of
complications, it has been shown to be less costly than the
standard treatment protocol after 3 years of successful ther-
apy.24 Note, however, that the only results presented to date
have been from a maximum of 2 years of follow-up.

In a brief letter, we reported that a 5-year follow-up anal-
ysis revealed that the pain-alleviating effect of SCS in
chronic CRPS-I diminishes over time and that compared
with results in a control group, this effect is no longer sig-
nificant after 3 years of follow-up.23 In the current paper,
we present explanations for this decrease in pain relief and
the effects on other outcome measures, such as global per-
ceived effect, patient satisfaction, and health-related QOL.
A randomized controlled trial with 5 years of follow-up is
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especially interesting because it concerns an invasive inter-
vention for a chronic syndrome. Moreover, such a long fol-
low-up is quite unique, for both CRPS-I and SCS.

Clinical Material and Methods

Selection of Patients

Inclusion in the study was considered in patients meeting
the International Association for the Study of Pain criteria
for CRPS-I, including 1) the presence of an initiating nox-
ious event or cause of immobilization; 2) continuing pain,
allodynia, or hyperalgesia with which the pain is dispro-
portionate to the inciting event; 3) evidence at some time of
edema, changes in skin blood flow, or abnormal sudomotor
activity in the region of pain; and 4) the absence of condi-
tions that would otherwise account for the degree of pain
and dysfunction.30 Additional inclusion criteria were as fol-
lows: an age of 18–65 years; disease clinically restricted
to one extremity but affecting the whole hand or foot; dis-
ease duration of at least 6 months; no lasting success with
standard therapy, including 6 months of PT, sympathetic
blocks, transcutaneous electrical nerve stimulation, and
medication; and a mean pain intensity of at least 5 cm, as
measured on a VAS from 0 (no pain) to 10 cm (very severe
pain), as described by Jensen and McFarland.16 Exclusion
criteria consisted of the presence of Raynaud disease; the
presence, or a history, of neurological abnormalities unre-
lated to CRPS-I; conditions other than CRPS-I affecting the
function of diseased or contralateral extremities; blood
clotting disturbances or anticoagulation drug therapy; car-
diac pacemaker use; and a score of 200 or more on the
Symptom Check List-90,1 a standardized psychological
test. The study protocol complied with the Declaration of
Helsinki regarding investigations in humans and was ap-
proved by the medical ethics committee of Maastricht Uni-
versity Hospital. All patients gave written informed con-
sent.

Randomization and Power Calculation

Through randomization patients were assigned to a treat-
ment group: either SCS plus a standardized PT program
(SCS+PT group) or a standardized PT program alone (PT
group). At the end of the baseline assessment, a concealed
randomization procedure was applied, with prestratifica-
tion for the location of the syndrome (upper or lower ex-
tremity). The patient was assigned to the SCS+PT or PT
group by an uninvolved person who contacted the patient
via telephone and who made use of a computer-generated
table of random numbers. The randomization involved a
2:1 ratio in favor of the SCS+PT group. All patients as-
signed to SCS+PT underwent test stimulation; those who
did not respond positively to this treatment did not subse-
quently undergo implantation of the SCS system. 

To estimate the required sample size, pilot study data
were used.20 The prespecified study aim was to detect sig-
nificant pain relief of 3.5 cm at 6 months in patients with
an implanted spinal cord stimulator. Given that 33% of
patients allocated to the SCS+PT group were expected to
have no reaction to test stimulation (improvement 0), pain
reduction in the SCS+PT group, which we aimed to detect
in this study, was 2.3 cm (0.66 3 3.5 + 0.33 3 0). Using
the SD (6 2.34) from the pilot study, 51 (34 + 17) patients

are needed in a 2:1 randomization scheme to detect a 2.3
cm difference between the treatment groups at a two-tailed
significance (a) level of 0.05 and a power of 0.90.

Test Stimulation and Implantation Criteria

There was a home-testing period of at least 7 days to de-
termine whether patients responded positively to SCS. The
operative procedures related to implanting for the test and
permanent stimulation systems have been described pre-
viously.19 The decision to implant the permanent SCS sys-
tem was made when pain intensity measured during the last
4 days of the testing period was at least 50% lower as com-
pared with the baseline VAS score, or if “much improve-
ment” (6 points) was reported on a 7-point global perceived
effect scale. Patients not meeting these criteria continued
the study with PT alone.

Physical Therapy Program

The PT program was offered to all patients and consist-
ed of exercises involving a graded activity approach aimed
to improve endurance, mobility, and function of the affect-
ed extremity. The program lasted 6 months, although con-
tinuation thereafter was optional. Details of the program
have been described previously.27

Data Collection and Follow-Up

Patients were assessed before randomization (baseline)
and on the day prior to implantation (start of treatment). As-
sessments at the start of treatment in patients not receiving
an implant were planned to occur close to the start of treat-
ment in those who did. Further assessments were made at 1
(T1), 3 (T3), 6 (T6), 12 (T12), 24 (T24), 36 (T36), 48 (T48),
and 60 months (T60) after the start of treatment. Outcome
measures were grouped into four categories. First, pain was
assessed using a VAS developed by Jensen and McFarland16

(primary outcome measure) and the McGill Pain Question-
naire, expressed as the number of words chosen and the
pain rating index.29 Second, patients rated global perceived
effect on a 7-point scale: worst ever (1 point), much worse
(2 points), worse (3 points), not improved/not worse (4
points), improved (5 points), much improved (6 points),
and best ever (7 points).12 At the final follow-up, the pa-
tients who had received an implant were asked whether
the treatment had a positive effect and whether they would
repeat the treatment for the same result. Third, we mea-
sured health-related QOL using the Nottingham Health Pro-
file,15 the Sickness Impact Profile-68,7 the EQ-5D,34 and the
Self-Rating Depression Scale.39 These questionnaires had
previously been validated and translated into Dutch.6,8,38

Each patient’s EQ-5D ratings were transformed into a utili-
ty (that is, a preference score that the general public would
give for the health state as indicated by the patient). The rel-
ative valuations of members of the general public in dif-
ferent states of health (that is, the EQ-5D ratings) were de-
rived from Dolan9 and have been elicited using the time
trade-off.10 Fourth, we listed technical and surgical compli-
cations.

Statistical Analysis

For all outcome measures, differences between the start
of treatment and T60 values for each individual were cal-
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culated and compared between treatment groups by using
independent sample t-tests or, if the results were not nor-
mally distributed, nonparametric tests. Fisher exact tests
were used to compare proportions. For the global perceived
effect (dichotomized as $ much improved and # im-
proved), no baseline information exists; consequently, only
differences between the two groups at T60 were calculated.
Multivariate regression analysis was performed to assess
the potential influences of baseline differences in prognos-
tic factors and outcome variables on the magnitude of the
effect. Two-tailed probability values , 0.05 were consid-
ered to indicate statistical significance.

Previous statistical analyses of short-term results were
performed according to the intention-to-treat principle.
Here, in our main analysis, patients in the control group
who had received an SCS implant or those who were lost
to follow-up were excluded. In two additional analyses, we
determined the influence of excluding certain patients: in
one, we evaluated the last relevant data in the original 54
patients; and in another, we examined the last available
data before implantation in patients who received an im-
plant at a later stage after PT. Furthermore, a subgroup
analysis was performed to compare patients who had re-
ceived an implanted stimulator with those who had under-
gone PT alone.

Results

Between March 1997 and July 1998, 110 potential can-
didates were referred to our department. We included 54
patients, whereas 56 patients were excluded: 40 were not
eligible, and 16 refused to participate. Randomization was
successful, and the two groups were comparable at baseline
with regard to all prognostic variables and outcome mea-
sures (data presented previously).19,26 The flowchart illus-
trating the study protocol is featured in Fig. 1. Ten patients
were excluded from the 5-year analysis. Among patients
assigned to the PT group, 4 were excluded after receiving a
spinal cord stimulator, and 1 was lost to follow-up. Among
patients assigned to the SCS+PT group, 4 were lost to fol-
low-up, and 1 in whom it had been impossible to place a
lead in the epidural space was excluded after receiving a
special lead after 6 months. Thus, in the main 5-year fol-
low-up analysis, we compared 31 patients in the SCS+PT
group with 13 patients in the PT group.

Test Stimulation

Test stimulation was successful in 24 (67%) of 36 pa-
tients; all reported much improvement on the global per-
ceived effect scale. In 19 patients, we measured a 50% de-
crease in the original VAS score.

Main Analysis

The 5-year (T60) results are reported in Table 1. After 5
years (results at T60 minus results at the start of treatment),
the mean pain intensity following SCS+PT was reduced by
1.7 cm, compared with a reduction of 1.0 cm following PT
(p = 0.25; Fig. 2). At 3 (–1.6 cm compared with –0.7 cm;
p = 0.29) and 4 years (–1.7 cm compared with –1.0 cm;
p = 0.42) of follow-up, similar results were obtained. At 5
years, among 31 patients in the SCS+PT group, 7 (23%) re-
ported much improvement, compared with 2 (15%) of 13
patients in the PT group (p = 0.24; Fig. 3). At 5 years, SCS

was successful in 11 (35%) of 31 patients: 7 reported much
improvement on the global perceived effect scale, 3 report-
ed improvement, and 1 was not improved/not worse; and 7
showed a 50% decrease in the VAS score at the start of
treatment, 1 a 6% increase, 1 no change, 1 a 35% decrease,
and 1 a 48% decrease. Observed changes in other pain
measures or health-related QOL tests were not statistically
significant between the treatment groups. Multivariate re-
gression analysis demonstrated that no baseline factor, ex-
cept for treatment group, influenced the magnitude of the
effect.

To demonstrate the influence of excluded patients, 2 al-
ternative analyses were performed (Table 2): 1 involving
the last available outcomes in all 54 patients and another
involving the last available outcomes in 31 patients in the
SCS+PT group compared with 17 patients in the PT group
(before implantation of a stimulator in 4 patients from the
PT group). These analyses did not reveal significant differ-
ences between the SCS+PT and PT groups.

Results in Patients With a Permanent SCS System

Two patients with an implanted spinal cord stimulator
were lost to the 5-year follow-up. Two other patients under-
went permanent removal of the stimulator on the grounds
of recurrent rejection or relapsing ulcerative colitis ascribed
to the system.17,18 The mean pain relief (VAS) score in the
remaining 20 patients with a permanent implant was 2.5
cm, as compared with a 1.0-cm change among the 13 pa-
tients receiving PT (p = 0.06; Table 1). Much improvement
was reported by 7 (35%) of 20 patients with an implant,
compared with 2 (15%) of 13 patients receiving PT (p =
0.02). Spinal cord stimulation did not influence any of the
health-related QOL scores. Nevertheless, 18 (90%) of 20
patients with an implant indicated that they had positively
responded to the treatment, and 19 patients (95%) reported
that they would undergo the treatment again for the same
result.

After 2 years of follow-up, we reported a complication
rate of 38%; 9 of 24 patients underwent reoperation for 21
complications.22 During treatment Years 3, 4, and 5, 8 com-
plications requiring reintervention occurred in 4 of 20 pa-
tients (Table 3). Overall, during 5 years of treatment, 10
(42%) of 24 patients underwent reoperation as a result of
29 complications.

Pulse generators were replaced 4 times in 1 patient, 2
times in another, and once in 11 patients. Two patients un-
derwent permanent explantation, 2 patients were lost to fol-
low-up, and 7 patients still had their first pulse generator at
the final follow-up. Taken together, the 36 patients in the
SCS+PT group needed 42 pulse generators (24 first im-
plants 1 17 replacements 1 1 reimplantation after an ex-
plantation due to infection) during 5 years of treatment,
which indicates a mean battery life of approximately 4
years per patient. This battery life is in line with the esti-
mated battery life that was used in an economic analysis.
The longevity of pulse generators in patients with a cervi-
cal electrode (affected hand) was comparable to that in pa-
tients with a lumbar device (affected foot).

Discussion

This long-term follow-up analysis demonstrates that the
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TABLE 1
Change in outcomes between the start of treatment and the 5-year follow-up*

Main Analysis Subgroup Analysis

SCS1 p Permanent p
Characteristic PT PT Value† Implant Value‡

no. of patients 31 13 20
mean VAS score (cm) 21.7 6 2.3 21.0 6 2.9 0.25 22.5 6 2.2 0.06
no. of patients w/ $ much 7 (23) 2 (15) 0.24 7 (35) 0.02

improved GPE (%)
health-related QOL measures (%)

Nottingham Health Profile
mobility 7 6 15 5 6 28 0.81 6 6 15 0.93
pain 27 6 27 25 6 27 0.82 215 6 25 0.31
sleep 215 6 30 212 6 34 0.74 222 6 35 0.40
energy 5 6 43 2 6 55 0.88 12 6 35 0.57
social isolation 4 6 18 1 6 20 0.66 5 6 18 0.49
emotional reaction 22 6 27 25 6 26 0.74 26 6 26 0.88

EQ-5D 16 6 25 19 6 46 0.80 24 6 26 0.73
Self-Rating Depression Scale 0 6 9 23 6 11 0.47 21 6 8 0.66

* Values represent the means 6 SD. Abbreviation: GPE = global perceived effect.
† The SCS1PT group compared with the PT group.
‡ The permanent implant group compared with the PT group.

FIG. 1. Flowchart illustrating the study protocol and indicating the groups compared in the main and subgroup analy-
sis. n = number of patients; 2 = negative response; 1 = positive response.



pain-alleviating effect of SCS in patients with chronic
CRPS-I diminishes over time, compared with results in a
control group, and is no longer significant at 3 years of fol-
low-up. Among patients with an implanted system after 5
years of follow-up, however, 95% reported that they would
be willing to go through the treatment again for the same
result.

The reducing effectiveness of SCS can be explained by
several factors. First, over time there is a true pain increase
in the group treated with SCS. The unknown working
mechanisms of the treatment3–5 apparently do not function
indefinitely. Second, knowing that the actual implantation
of a system fully depends on their response during trial
stimulation, some patients might have exaggerated the ef-
fect in the first phase of treatment. Third, the unusual du-
ration of the follow-up in our study made it possible to
demonstrate that even patients in the control group have the
potential for spontaneous improvement. Two such patients
even reported at the final follow-up that their pain had dis-
appeared completely. Although this is positive news for pa-
tients with chronic CRPS-I, in an intention-to-treat analy-
sis, an improved condition in the control group of course
affects the interpretation of the effect of SCS. The fact that
only 4 of 18 control volunteers had switched to SCS at the

final follow-up further supports the notion that patients
with chronic CRPS-I can experience improvement sponta-
neously. The effect of excluding these 4 patients from the
5-year analysis, nevertheless, was small. An analysis that
included the 4 excluded patients in the PT group (using
their last scores before implantation of the stimulator) and
compared 31 patients in the SCS+PT group with 17 in the
PT group still revealed no significant pain reduction in fa-
vor of SCS. The same was true for an analysis including all
54 patients with their last available outcomes.

For other disorders, the long-term effectiveness of SCS
has been only rarely studied. With regard to angina pec-
toris, the treatment results were constant during 4.8 years.11

For chronic critical leg ischemia or failed–back surgery
syndrome, the follow-up in randomized controlled trials
has not exceeded 2 years.33,37 There are no indications that
this situation will change in the coming years. With regard
to SCS for CRPS-I, for example, although only 1 random-
ized controlled trial is known,22 no less than 3 separate sys-
tematic reviews have been published.14,28,36 We hope the
future will bring new evidence in the form of randomized
controlled trials.

Given the 5-year follow-up data, one might question the
value of SCS. For several reasons, we remain confident that
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FIG. 2. Bar graph demonstrating the mean (6 SD) VAS pain scores in patients with complex CRPS-I. The groups in
the main analysis are represented by white and gray bars, whereas the subgroup of patients with an implant at the final fol-
low-up is represented by black bars.

FIG. 3. Bar graph depicting the global perceived effect scores at 2 years in 31 patients in the SCS+PT treatment group
and 13 patients in the PT treatment group. 1 = worst ever; 2 = much worse; 3 = worse; 4 = not improved/not worse; 5 =
improved; 6 = much improved; 7 = best ever.



this treatment is worthwhile in chronic CRPS-I. The study
involved chronic cases that had not reacted to standard
therapies and whose baseline VAS pain intensity score was
7.0, whereas a score of 5.4 has been demonstrated to equal
severe pain.2 Pain reduction for 2–3 years in such severe
cases must be considered an important achievement. An
economic analysis has demonstrated that after 3 years of
successful treatment SCS would be cheaper than alterna-
tive therapies, and that after 2 years it would be cost-effec-
tive.24 The present study indicates that its effectiveness lasts
between 2 and 3 years. After 5 years of follow-up, howev-
er, there is still high patient satisfaction. According to our
predefined criteria, SCS was successful in 11 (35%) of 31
patients; 7 reported much improvement on the global per-
ceived effect scale, and 7 had a 50% decrease in the base-
line VAS score. Moreover, of 20 patients with an implanted
system at the final follow-up, 18 reported positive effec-
tiveness and 19 indicated a willingness to repeat the treat-
ment for the same result.

Complications are a well-known aspect of SCS; accord-
ing to earlier studies, such negative events apply mainly to
the initiation of treatment.35 Our study confirms these re-
ports. Of all 29 complications that occurred during 5 years
of treatment, 21 (72%) took place in the first 2 years. The

annual complication rate in the other 3 years (5%) is much
lower than the estimated 30% in the economic analysis.
The number of pulse generator replacements in this study
confirms the estimated battery life of 5 years according to
the economic analysis.

Conclusions

Spinal cord stimulation does not produce a durable
and statistically significant improvement in the pain from
chronic CRPS-I. Nevertheless, patient satisfaction at the
5-year follow-up remains high.
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