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Abstract—Objective: To evaluate the economic aspects of treatment of chronic reflex sympathetic dystrophy (RSD) with
spinal cord stimulation (SCS), using outcomes and costs of care before and after the start of treatment. Methods: Fifty-four
patients with chronic RSD were randomized to receive either SCS together with physical therapy (SCS+PT; n = 36) or
physical therapy alone (PT; n = 18). Twenty-four SCS+PT patients responded positively to trial stimulation and under-
went SCS implantation. During 12 months of follow-up, costs (routine RSD costs, SCS costs, out-of-pocket costs) and
effects (pain relief by visual analogue scale, health-related quality of life [HRQL] improvement by EQ-5D) were assessed
in both groups. Analyses were carried out up to 1 year and up to the expected time of death. Results: SCS was both more
effective and less costly than the standard treatment protocol. As a result of high initial costs of SCS, in the first year, the
treatment per patient is $4,000 more than control therapy. However, in the lifetime analysis, SCS per patient is $60,000
cheaper than control therapy. In addition, at 12 months, SCS resulted in pain relief (SCS+PT [-2.7] vs PT [0.4] [p <
0.001]) and improved HRQL (SCS+PT [0.22] vs PT [0.03] [p = 0.004]). Conclusions: The authors found SCS to be both

more effective and less expensive as compared with the standard treatment protocol for chronic RSD.
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Reflex sympathetic dystrophy (RSD) is a neuropathic
pain syndrome that starts after trauma or operation
on a limb, and is now conventionally termed complex
regional pain syndrome (CRPS) type I; it is believed
to be fundamentally similar to causalgia or CRPS
type II. We use the more common name—RSD. The
incidence of RSD is not precisely known, but has
been estimated to be 1 case in every 2,000 accidents.!
RSD is a clinical diagnosis that probably subsumes a
variety of mechanisms; a subgroup of patients with
RSD have sympathetically maintained pain. Al-
though in most patients symptoms will subside after
some years, a smaller percentage—again, the inci-
dence is unknown—will develop severe chronic dis-
ability. Chronic RSD is a tremendous problem for
both patients and physicians. The syndrome has an
unknown pathophysiology, and results in functional
disability and severe pain in affected arms or legs.
Conventional treatments—consisting of a long list of
analgesic medication, physical therapy (PT), sympa-
thetic blocks, psychological therapy, and transcutane-
ous electrical nerve stimulation—are recommended
by expert panels,? and are being used despite a lack

Additional material related to this article can be found on the Neurology
Web site. Go to www.neurology.org and scroll down the Table of Con-
tents for the October 22 issue to find the title link for this article.

of evidence of effectiveness from randomized con-
trolled trials. The treatments are largely ineffec-
tive.>* Spinal cord stimulation (SCS), on the other
hand, has been shown to relieve pain, but not to
improve function in patients with chronic RSD.5 The
costs of this treatment are considered prohibitive.
Nevertheless, no economic evaluation, in which the
increment in health benefits resulting from SCS is
related to the increment in cost, has been reported.

Alongside a randomized controlled trial on the ef-
fectiveness of SCS in chronic RSD, we performed an
economic evaluation. We adopted the societal per-
spective—i.e., measuring all the costs and benefits of
providing SCS, regardless of who pays or who bene-
fits. In addition, we projected the long-term benefits
and costs for the entire life of the patients in the
cohorts. The comparisons were made from inclusion
to 1 year following implantation of a SCS system,
and up to the predicted date of death.

We sought to determine whether treatment of pa-
tients with chronic RSD with SCS in addition to
conventional treatments is preferable to the existing
treatment with conventional procedures alone from
the viewpoint of 1) the budget of the Sickness Funds
(i.e., the Dutch health insurance council, comparable
with the National Health Council in the United
Kingdom) and 2) society.
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Figure 1. Flow chart illustrates the study protocol and
indicates the groups compared in the intention-to-treat
analysis. SCS-PT = spinal cord stimulation + physical
therapy.

Methods. Our analysis used data from a randomized
controlled trial.’ For details on study characteristics, surgi-
cal procedures, and study outcomes, we make reference to
the report of the clinical trial. In brief, 54 patients with
chronic RSD of one extremity, referred to our department
during the period March 1997 to July 1998, were included
in the study. The study sample size was based on a power
analysis.” In 33 cases, the arm was the affected limb,
whereas in 21 cases it was the leg. Patients were assigned
by randomization to a group with SCS and a standardized
PT program (SCS+PT group) or to a group with the stan-
dardized PT program alone (PT group). The randomization
was stratified according to the location of RSD (hand or
foot). All patients assigned to SCS+PT underwent test
stimulation; those not successfully responding did not re-
ceive the SCS system. The randomization used a 2:1 ratio
in favor of the SCS+PT group, and thus 36 patients were
allocated to SCS+PT and 18 were allocated to PT. Of the
36 patients allocated to SCS+PT, 24 responded to test
stimulation successfully and underwent implantation of a
SCS system (figure 1). The success rate of test stimulation
did not differ between hand and foot patients.

Health outcomes. Both pain and health state valua-
tions were assessed on six occasions during the first year.
These included baseline (T0), 1 day prior to implantation
of the SCS system (T1), and 1 (T2), 3 (T3), 6 (T4), and 12
(T5) months following T1.

Pain. Pain intensity was measured using a 10-cm vi-
sual analogue scale (VAS)—O0 cm representing no pain, 10
cm the most extreme pain—on which patients rated their
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pain at three fixed timepoints per day for 4 consecutive
days. The average of these samples indicated the mean
pain intensity.5

Health state. Patients rated their health-related qual-
ity of life (HRQL) in relation to mobility, self-care, usual
activities, pain/discomfort, and anxiety/depression using
the EQ-5D.7% Each of these five attributes has three lev-
els—no problem, some problems, or major problems—thus
defining 243 possible health states, to which has been
added unconscious and dead for a total of 245 in all. In the
societal perspective, patients’ health states have to be val-
ued by the general public, because everyone is not only a
potential patient but also a taxpayer. Therefore, each pa-
tient’s EQ-5D ratings were transformed into a utility (i.e.,
a preference score that the general public would give for
the health state as indicated by the patient). The relative
valuations of members of the general public of different
states of health (i.e., EQ-5D ratings) were derived from
Dolan et al.® and have been elicited by using the time
trade-off.®

Costs. Spinal cord stimulation. All costs were calcu-
lated in 1998 Dutch guilders, but are expressed in 1998
Euros. One Euro is equal to 2.20371 Dutch guilders. The
costs of SCS for year 1 were calculated by estimating each
component of resource use. Applying 1998 financial and
service data resulted in the determination of a fully allo-
cated unit price for each service (microcosting). The actual
cost for each patient was determined by recording the
quantity of services used, multiplying the quantity by the
unit price of the service, and then calculating the totals for
all services. Unit prices not only reflect the direct costs of
care (e.g., salaries, wages, and supplies), but also the costs
of support departments (e.g., administration and house-
keeping) and overhead items (e.g., employee benefits and
equipment depreciation).

SCS costs for the predicted lifespan were calculated as
follows. Life expectancy of each patient at the start of the
study was calculated from age- and sex-specific life expect-
ancies for the Dutch population.™ In this way we obtained
a mean residual life expectancy of 41 years (range 15 to 60
years). Longevity of the pulse-generator was estimated on
all hospital visits of patients with an implanted SCS sys-
tem (n = 24) with the console programmer, using pulse-
generator settings (number of hours use per day,
amplitude, rate, pulse width) of each patient. The console
programmer applied Medtronic (Minneapolis, MN) longev-
ity tables and estimated a mean battery life of 5.8 years
(range 0.6 to 9.8 years). For year 1 we used the actual
complication costs observed, but for subsequent years we
have calculated the average cost of complications. The fre-
quency of each type of complication (e.g., infection, other
biologic complication, electrode defect, electrode displace-
ment, pulse-generator defect) was acquired from a sys-
temic literature synthesis of SCS.'? By linking the cost per
complication type in our study to the frequencies of the
literature synthesis, a total cost of 1,371 Euro for any
complication was obtained. A mean percentage of patients
with any complication of 42% has been reported.'? All pa-
tients in that study had an implanted SCS system,
whereas in our study only two thirds of patients in the
SCS+PT group had an implanted SCS system. Therefore,
28% of patients in the SCS+PT group (2/3 X 42%) could be
expected to have any complication each year. By multiply-




ing the total cost for any complication by the percentage of
patients with any complication, the complication costs per
patient per year were calculated.

Routine RSD costs. Routine RSD costs are the costs of
resources that are generally consumed by patients with
RSD. The costs are divided into five categories: medical
care (e.g., hospital treatments, general practitioner visits,
outpatient attendances, bed days); physical therapy; trans-
port (e.g., journeys to and from the hospital by taxi, car,
train, or ambulance); medication; and aids (e.g., splints,
crutches, special chairs). In the Netherlands, health insur-
ance is a legal requirement for all citizens.’® As a conse-
quence, health care expenses of the inhabitants of the
country are precisely known and registered. We gathered
this information for all patients from the authorities con-
cerned, and calculated mean annual routine RSD costs
before and after the intervention. Costs of PT were disre-
garded in the analysis, because these costs were a conse-
quence of the study protocol and were generated equally in
both groups.

Out-of-pocket expenses. In order to estimate patient
and family resources, patients were required to complete
seven cost diaries prospectively during the first half year of
the study (one in each month). The diaries provided informa-
tion on resource use and expenses resulting from illness and
treatment.'* We compared information from Diary one (be-
fore intervention) with the mean of Diaries two to seven
(after intervention). Because virtually all patients in both
groups were unfit for work before and after the intervention,
no actual working hours were lost by the patients. The oppor-
tunity costs of leisure time were disregarded in the analysis:
the costs are low and do not differ between both groups. For
out-of-pocket expenses, the exact financial expenditures as
reported by the patients were used. Journeys made for health
care visits were rated at 0.27 Euro per kilometer, as is nor-
mal practice in the Netherlands.

Analyses. Analyses were done up to 1 year after im-
plantation of the SCS system, and up to the predicted
death date. Costs included SCS costs and routine RSD
costs. Because costs to patients (out-of-pocket expenses)
did not differ between the groups, these were omitted in
the analysis. Effects included reductions in pain intensity
and quality-adjusted life-years (QALY; i.e., a measure of
health improvement combining morbidity and mortality
into one measure) gained. We undertook two types of anal-
ysis: 1) a cost-effectiveness analysis, which investigates
the additional cost and the additional net economic cost
per reduction in pain intensity; and 2) a cost-utility analy-
sis, which investigates the additional cost and the addi-
tional net economic cost per QALY gained.'®

Treatment with SCS requires the early expenditure of
large amounts of money to achieve later gains. Therefore,
in the reference case analysis, both costs and health effects
were discounted at the end of the year at a rate of 3% per
annum to convert the future values to their equivalent
present value, as recommended by the US Panel on Cost-
Effectiveness in Health and Medicine.!'” In the reference
case analysis, life expectancy was set at 40 years, longevity
of the pulse-generator at 5 years, and the annual complica-
tion rate at 30%.

Sensitivity analyses were performed in order to deter-
mine the robustness of the findings in the presence of
major changes in key factors. The following factors were

Table 1 Pain intensity and health state valuations at baseline
and at 1-year follow-up of patients with chronic reflex
sympathetic dystrophy (RSD)

Pain intensity/health state  Baseline  Follow-up A T0-T5
Pain intensity (VAS)
SCS+PT, n = 36 7.1(1.5) 4.4(28) —2.7(2.8)
PT,n = 18 6.7 (1.2) 7.1(2.2) 0.4 (1.8)
p Value <0.001
Health state (EQ-5D)
SCS+PT, n = 36 0.21(0.33) 0.43(0.32) 0.22(0.33)
PT,n = 18 0.19(0.30) 0.22(0.29) 0.03(0.13)
p Value 0.004

Mean pain and health state scores (SD) of patients with chronic

RSD either treated by spinal cord stimulation plus physical ther-
apy (SCS+PT) or by physical therapy alone (PT). Pain intensity

on a 0 (no pain) to 10 (most severe pain) scale, health state on a

0 (death) to 100 (perfect health) scale.

VAS = Visual Analogue Scale; EQ-5D = EuroQol-5 dimensions.

varied: the discount rate (0 to 10%); implantation rate
(success of test stimulation) (67 to 100%); life expectancy (2
to 50 years); longevity of the pulse-generator (1 to 7 years);
complication rate (30 to 50%); and reduction in routine
RSD costs (0 to 100%).

Statistical analysis. The statistical analysis was car-
ried out according to the “intention to treat” principle: all
patients, including withdrawals from treatment, remained
in the group to which they had been assigned by random-
ization. For health outcomes, change from TO to T5 was
compared between the SCS+PT and PT groups using inde-
pendent samples ¢-tests. Costs were not normally distrib-
uted and, therefore, change from TO to T5 was compared
between the SCS+PT and PT groups using nonparametric
tests. Differences between patients with an affected arm or
leg were assessed using independent samples ¢-tests. Lin-
ear regression analysis was performed to assess potential
influences of age, sex, or location of RSD on effect size.
Two-tailed p values < 0.05 indicated significance.

Results. Two patients in the PT group who had had con-
stant scores were lost to follow-up after the 6-month as-
sessment (T4). In order to prevent loss of information,
their T4 scores were also used in the T5 analysis.

Health outcomes. As shown in table 1, the mean pain
intensity (SD) reduced by 2.7 (2.8) in the SCS+PT group
and increased by 0.4 (1.8) in the PT group (p < 0.001). The
mean HRQL score (SD) improved by 0.22 (0.33) in the
SCS+PT group and by 0.03 (0.13) in the PT group (p =
0.004). Graphical presentation of the course of HRQL is
provided in figure 2. Regression analysis revealed no rela-
tionship between effect of treatment and age, sex, or loca-
tion of RSD. The incremental health improvements by SCS
in year 1 were calculated from the area between the curves
of SCS+PT and PT, and were found to be 0.18 QALY and
—2.7 cm VAS per year. The yearly incremental health
improvements by SCS to death were calculated as follows:

Pain change in SCS+PT group (1 year score — baseline
score): 4.4 — 7.1 = =27
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Figure 2. Societal EQ-5D scores of spinal cord stimulation + physical therapy (black) and physical therapy (white). The
area between both lines represents the quality-adjusted life years gained by spinal cord stimulation.

Pain change in PT group (1 year score — baseline score):
71-6.7=04

Incremental difference: —2.7 — 0.4 = —3.1

EQ5D change in SCS+PT group (1 year score — baseline
score): 0.43 — 0.21 = 0.22

EQ5D change in PT group (1 year score — baseline
score): 0.22 — 0.19 = 0.03

Incremental difference: 0.22 — 0.03 = 0.19

Complications requiring reinterventions did not occur
during test stimulation. Of the 24 patients who received an
SCS system, 17 complications in 9 patients during the first
year could only be treated by means of an operation (com-
plication percentage of 9/24 equals 38%). These included
repositioning of a displaced electrode (eight actions in six
patients), revision of a painful pulse-generator pocket or
plug wound (“other biologic”; seven actions in six patients),
removal and reimplantation of a SCS system after clinical
signs of infection (one action), and replacement of a defec-
tive lead (one action).

Costs. Spinal cord stimulation. The unit prices of the
separate parts of treatment with SCS and the subsequent
total costs in this study are presented in table 2. Costs are
measured to 1 year and as projected to death. Costs of SCS
in the first year consisted mainly of implantation costs
(202,986 Euro; 83%). The remaining costs were generated
by test stimulation (30,128 Euro; 12%) and complications
(11,904 Euro; 5%). Costs as projected to death include re-
placement every 5 years and an annual complication rate
of 30% through the 40-year residual life expectancy.

Routine RSD costs. Mean (SD) annual routine RSD
costs at baseline were 5,741 (5,177) Euro and did not show
significant differences between patients with an affected
arm as opposed to patients with an affected leg, but these
groups had a different distribution of costs over categories
(see the supplementary figure on the Neurology Web site.).
The costs of aids (p < 0.03) and transport (p < 0.05) were
higher for patients with an affected leg. Between TO and
T5, change of median (interquartile range [IQR]) routine
RSD cost was —751 (—4,335/—125) Euro in the SCS+PT
group and 179 (—4,109/1,435) Euro in the PT group (p =
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0.03). The cost reduction in the SCS+PT group was mainly
caused by a diminished requirement for medical care. Ex-
penditure on transport, medication, and aids remained
constant. In further calculations (see table 2), mean base-
line costs of the complete group (n = 54; 5,741 Euro) and
mean costs after SCS of the SCS+PT group (n = 36; 2,999
Euro) were used.

Out-of-pocket expenses. Only one patient refused to
complete cost diaries. The median (IQR) baseline out-of-
pocket cost of all other patients (n = 53) was 885 Euro
(382/1,769) per year. There were no significant differences
in out-of-pocket expenses between patients with an af-
fected arm vis-a-vis patients with an affected leg. The
change between TO and T5 in out-of-pocket expenses
showed no significant difference between the SCS+PT
group and the PT group. Consequently, out-of-pocket ex-
penses were omitted from all further analyses.

Economic evaluation. Table 3 presents incremental
costs and effects of SCS for chronic RSD. In this table,
future costs (those beyond the first year) and effects (pain
intensity and QALY) are presented both undiscounted and
discounted at a rate of 3% per annum. In the reference
case analysis, as a consequence of the reduction of routine
RSD costs by SCS, costs in the PT group permanently
exceed costs in the SCS+PT group after 3 years (figure 3).

Sensitivity analyses. Results of the sensitivity analy-
ses are presented in table 4. Incremental costs of SCS
remained negative for all variants of discount rate, compli-
cation rate, and implantation rate. Extreme values for
mean longevity of the pulse-generator (1 year or below)
and mean life expectancy (2 years or below) resulted in
positive incremental costs. However, if a pulse-generator
were to have a mean longevity of only 1 year, the incre-
mental cost per QALY would nevertheless merely be 9,352
Euro (3% discount rate). With regard to the reduction of
routine RSD costs, it has been demonstrated that incre-
mental costs of SCS would become positive if the reduction
of routine RSD costs were less than 47% of the amount
that was measured in our study. However, even if SCS
were not to result in any reduction of routine RSD costs,
the cost per QALY ratio would only be 6,735 Euro.




Table 2 Costs to 1 year and to death in the SCS+PT, PT, and implanted SCS groups (undiscounted)

SCS+PT, n = 36 PT,n = 18 SCS,n =24
Number Cumulative Number Cumulative Number Cumulative
Timing and procedures Costs of actions costs of actions costs of actions costs
To 1 year
Spinal cord stimulation
Outpatient visit 1 125 36 4,505 24 3,003
Implant test lead 664 36 23,898 24 15,932
Outpatient visit 2 48 36 1,725 24 1,150
Implant SCS system 8,458 24 202,986 24 202,986
Reposition lead 363 8 2,906 8 2,906
Replacement lead 1,543 1,543 1,534
Infection (removal + 6,245 1 6,245 1 6,245
reimplant)
Other biological 173 1,210 1,210
Replacement system 6,072 0 0 0
Total SCS costs 245,018 234,975
Routine RSD costs
SCS + PT group 2,999 36 107,973
PT group 5,741 18 103,331
SCS group 2,931 24 70,334
Total cost 352,991 103,331 305,309
Mean cost per patient 9,805 5,741 12,721
To Death (projected)
Spinal cord stimulation 1,842,585 0 1,832,566
First implant 233,090 223,071
Complications 589,391 589,391
Replacement system 1,020,104 1,020,104
Routine RSD costs 4,318,922 4,133,239 2,813,352
Total cost 6,161,507 4,133,239 4,645,918
Mean cost per patient 171,153 229,624 193,580

Values expressed in 1998 Euros. Multiply by 1.04 to calculate equivalent in 1998 US dollars. Replacement system cost is used for pulse
generator failure due to longevity.

SCS+PT = spinal cord stimulation plus physical therapy; RSD = reflex sympathetic dystrophy.

Discussion.

The current study demonstrates that

randomized controlled trial, resource use and clinical

for patients with chronic RSD, SCS is both more
effective and, after 3 years, less costly than the con-
ventional treatment protocol. SCS can therefore be
classified as a grade A technology, meaning that there
is compelling evidence for adoption and appropriate
utilization.!® Even in the worst-case scenario—a mean
battery life of 1 year—the incremental cost per
QALY gained would be 9,350 Euro. Technologies
that cost less than 13,500 Euro per QALY gained are
almost universally accepted as being appropriate
ways of using the resources of society and the health
care system.’® Note, however, that these criteria
have no official status.

As stated earlier, to our knowledge, a comparable
economic evaluation of SCS has not been performed
previously. Our study was carried out alongside a

effects were assessed prospectively, and costs were
valued via microcosting. The only study that we
could find in the literature—cost-effectiveness of
SCS for failed back surgery syndrome—based costs
and effects almost entirely on assumptions and esti-
mates, and applied a 5-year time horizon.* Because
SCS is dependent on expensive pulse-generator re-
placements throughout treatment, a short time hori-
zon is a potential result-improving factor.

Total mean calculated costs in the first year were
almost twice as high in the SCS+PT group as com-
pared to those in the PT group (difference between
mean costs per patient per year of 4,000 Euro). The
high initial expense of SCS was mainly due to the
implantation itself, which formed 83% of the expen-
diture. Because implantation of the complete system
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Table 3 Incremental costs and effects of spinal cord
stimulation for chronic reflex sympathetic dystrophy
(undiscounted and discounted)

Table 4 Sensitivity analysis on incremental costs of spinal cord
stimulation for chronic reflex sympathetic dystrophy (RSD)
(discounted at 3%)

Period Costs
To 1 year
Cost 4,064.68
Pain reduced, cm 2.7
QALY gained 0.18
Cost/QALY gained 22,5681.57
To death (projected), undiscounted
Cost —58,471.44
Pain reduced, cm 124
QALY gained 7.6
Cost/QALY gained Dominant
To death (projected), 3% discount rate
Cost —17,927.31
Pain reduced, cm 38.02
QALY gained 2.33
Cost/QALY gained Dominant

Costs expressed in 1998 Euros. Multiply by 1.04 to calculate
equivalent in 1998 US dollars.

QALY = quality-adjusted life-year.

is restricted to year 1, expenditures in the SCS+PT
group after 1 year will be considerably lower. In fact,
costs in the lifetime analysis for the reference case
were lower for SCS than for the conventional treat-

120000

100000 4

80000 «

60000 +

40000 o

20000 +

Cumulative costs (Euro)

Time (Years)

Figure 3. Projected undiscounted cumulative costs in the
spinal cord stimulation + physical therapy (SCS+PT)
group (continuous line) and the PT group (dashed line).
The steeper portions of the SCS+PT line pertain to im-
plantation years based on assumed pulse generator longev-
ity. PT costs go beyond SCS+PT costs after 3 years.
Values expressed in 1998 Euros. Multiply by 1.04 to calcu-
late equivalent in 1998 US dollars.
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Incremental  Delta  Cost/QALY
Alternative costs QALY gained
Reference case —17,927 2.33 Dominant

Discount rate, %

0 —58,471 7.60 Dominant

10 —1,292 0.17 Dominant
Complication rate, %

50 —14,648 2.33 Dominant
Longevity, y

1 21,789 2.33 9,352

2 —3,034 2.33 Dominant

7 —-20,410 2.33 Dominant
Life expectancy, y

2 1,661 0.36 4,615

3 —545 0.52 Dominant

50 —16,805 2.17 Dominant
Implantation rate, %

100 —10,676 2.33 Dominant
Reduction of routine

RSD costs, %

0 15,693 2.33 6,735

40 2,245 2.33 963

50 -1,117 2.33 Dominant

Costs expressed in 1998 Euros. Multiply by 1.04 to calculate
equivalent in 1998 US dollars. In the reference case analysis,
costs were discounted at 3%, life expectancy was set at 40 years,
pulse-generator longevity at 5 years, the annual complication
rate at 30%, the implantation rate at 67%, and the reduction of
routine RSD costs at 100% (i.e., the measured value of 2,741
Euro).

ment protocol. Consequently, we have been able to
restrict the lifetime analysis to just a presentation of
costs. The results of the lifetime analysis were very
robust. Whatever figure was chosen, discount rate,
implantation rate, and complication rate did not in-
fluence the fact that conventional treatment costs
outweighed those of SCS. In unrealistic situa-
tions—a mean longevity of the pulse-generator of 1
year, or a mean life expectancy for patients of 2
years—SCS did become more expensive than conven-
tional treatment. In addition to reducing costs, how-
ever, SCS also results in diminished pain intensity
and improved HRQL.?

We emphasize that our results are solely applica-
ble to the specific category of patients with chronic
RSD. A characteristic of this type of patient is their
intensive consumption of therapeutic resources due
to unsatisfactory long-term relief of chronic pain. Af-
ter treatment with SCS, demands for medical care
made by patients with chronic RSD appear to come
down. The sum of costs of SCS treatment, plus the
reduced medical costs caused by SCS, result in a



lower total as compared to costs of the conventional
treatment. In the reference case analysis, we sur-
mised that the reduced routine RSD costs would per-
sist. Remarkably, incremental costs of SCS only
became positive if the reduction of routine RSD costs
diminished to less than 47% of the amount that was
measured in our study, and even if SCS did not re-
sult in any routine RSD cost reduction, the incre-
mental cost per QALY ratio would still be acceptable.

In the reference case analysis, we applied an im-
plantation rate of 67%, a life expectancy of 40 years,
a longevity of the pulse-generator of 5 years, and a
complication rate of 30%. These assumptions are
based on the findings of the clinical study® and are in
line with figures reported in the literature. In both
the pilot study?® and the clinical study® we measured
a 67% success rate of test stimulation in RSD. It has
been reported that approximately 83% of all
screened patients (i.e., not specifically RSD patients)
will have a successful test stimulation.’® RSD is a
chronic benign pain syndrome that does not affect
life expectancy. Therefore, we could apply unmodi-
fied life expectancy tables for the Dutch population.
The longevity of the pulse-generator has been found
to be 65 months in another trial,’ comparable to the
5 years we calculated in the current study. The com-
plication rate, and the cost for any complication fi-
nally, was (as explained previously) based on a
systemic literature synthesis of SCS.? If we had
used our own figures, the cost of any complication
would have been 709 Euro instead of 1,371 Euro. We
chose to apply figures from the literature synthesis,
because these are least likely to be influenced by
chance.

This study did not take into account potential fu-
ture developments that might influence the results.
Once SCS becomes a more common treatment, this
will reduce the costs. Technological developments
might result in longer battery life, rechargeable bat-
teries, or batteries charged by kinetic energy. Each
development will result in reduced costs of treat-
ment. It is hard to find any factors that might result
in higher costs, apart from economic changes in in-
flation or interest rates. For patients with chronic
RSD, who are currently often deprived of SCS, the
discovery that the only treatment with proven effect
on their clinical situation has now been shown to be
effectively cheaper in the long run can be considered
an enormous step forward.

Acknowledgment

The authors thank Prof. George Torrance from the Center for
Health Economics and Policy Analysis, McMaster University, To-
ronto, Canada, for critical reading of the manuscript.

References

1. Plewes LW. Sudeck’s atrophy in the hand. J Bone Joint Surg
1956;38B:195-203.

2. Stanton-Hicks M, Baron R, Boas R, et al. Complex regional
pain syndromes: guidelines for therapy. Clin J Pain 1998;14:
155-166.

3. Schwartzman RdJ, McLellan TL. Reflex sympathetic dystro-
phy: a review. Arch Neurol 1987;55:555-561.

4. Ochoa JL. Guest editorial: essence, investigation, and man-
agement of “neuropathic” pains: hopes from acknowledgment
of chaos. Muscle Nerve 1993;16:997-1008.

5. Kemler MA, Barendse GAM, van Kleef M, et al. Spinal cord
stimulation in patients with chronic reflex sympathetic dys-
trophy. N Engl J Med 2000;343:618—-624.

6. Jensen MP, McFarland CA. Increasing the reliability and va-
lidity of pain intensity measurement in chronic pain patients.
Pain 1993;55:195-203.

7. Euroqol Group. EuroQol—a new facility for the measurement
of health-related quality of life. Health Policy 1990;16:199—
208.

8. Euroqol Group. EQ-5D user guide. Rotterdam: the Euroqol
Group, 1996.

9. Dolan P. Modeling valuations for Euroqol health states. Med
Care 1997;35:1095-1108.

10. Dolan P, Gudex C, Kind P, Williams A. The time trade-off
method: results from a general population study. Health Econ
1996;5:141-154.

11. Life tables, 1997 and 1993-1997. Mndstat Bevolking 1999;47:
29-31.

12. Turner JA, Loeser JD, Bell KG. Spinal cord stimulation for
chronic low back pain: a systematic literature synthesis. Neu-
rosurgery 1995;37:1088-1095.

13. Boot JM, Knapen MHJM. De Nederlandse gezondheidszorg.
9th ed. Utrecht: Spectrum, 1996.

14. Goossens MEJB, Rutten-van Mélken MPMH, Vlaeyen JWS,
van der Linden SMJP. The cost diary: a method to measure
direct and indirect costs in cost-effectiveness research. J Clin
Epidemiol 2000;53:688—-695.

15. Elsevier Belasting Almanak. Amsterdam: Elsevier Bedrijfsin-
formatie, 1999.

16. Drummond MF, O’Brien B, Stoddart GL, Torrance GW. Meth-
ods for the economic evaluation of health care programmes.
2nd ed. Oxford: Oxford University Press, 1998.

17. Weinstein MC, Siegel JE, Gold MR, Kamlet MS, Russell LB.
Recommendations of the panel on cost-effectiveness in health
and medicine. JAMA 1996;276:1253—-1258.

18. Laupacis A, Feeney D, Detsky AS, Tugwell PX. How attrac-
tive does a new technology have to be to warrant adoption and
utilization? Tentative guidelines for using clinical and eco-
nomic evaluations. Can Med Assoc J 1992;146:473—-481.

19. Bell GK, Kidd D, North RB. Cost-effectiveness analysis of
spinal cord stimulation in treatment of failed back surgery
syndrome. J Pain Symptom Manage 1997;13:286-295.

20. Kemler MA, Barendse GAM, van Kleef M, van den Wilden-
berg FAJM, Weber WEJ. Electrical spinal cord stimulation in
reflex sympathetic dystrophy: retrospective analysis of 23 pa-
tients. J Neurosurg 1999;90(suppl 1):79-83.

October (2 of 2) 2002 NEUROLOGY 59 1209



