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ABSTRACT
The objective of this study was to follow up patients
considered for spinal cord stimulation and assess
outcomes and patient selection factors associated
with outcome. A retrospective study of patients
considered for spinal cord stimulation was performed.
This included three groups: A) those who did not have
a temporary trial of stimulation, B) those who did not
go on to have long-term stimulation after a trial, and
C) those who did go on to have long-term stimulation
after a trial. Patient notes were obtained, a structured
telephone interview conducted, and patients returned
a questionnaire. VAS scores, percentage pain reduction reported, quality of life reports, Oswestry Disability
Index and Hospital Anxiety and Depression Indices
were recorded. Fifty-two percent of patients who had
long-term stimulation reported 50% or greater pain
reduction. In the subset of these patients with the
diagnosis of failed back surgical syndrome, 51%
reported 50% or greater pain reduction. Significant
improvements in VAS, Oswestry Disability Index, and
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depression were reported pre and post long-term
stimulation. There were significant differences in the
quality-of-life reports between the patients who received long-term stimulation (who showed a positive
outcome) and those who did not (who showed a
negative outcome); 80% of patients receiving longterm stimulation reported an improvement in their
quality of life. Follow-up of a cohort of patients
receiving long-term stimulation demonstrated some
reduction of treatment efficacy. Use of a psychological interview aided patient selection, but no other
factors showed a correlation with reported pain
reduction. No serious adverse effects were demonstrated. A revision rate of 23.5% occured in long-term
stimulated patients. We conclude that spinal cord
stimulation is an efficacious therapy which is not
associated with serious side effects. There is some
reduction in therapeutic efficacy over time. Patients
deteriorate without treatment. &

KEY WORDS: chronic pain, failed back surgical
syndrome, spinal cord stimulation.
INTRODUCTION
Since first reports of its use in 1967 (1), spinal
cord stimulation (SCS) has been used to treat a
variety of chronic pain states. In general, the
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indications for SCS can be divided into two broad
groups: ischemic vascular pain (including refractory angina and peripheral vascular disease) and
neuropathic pain (including failed back surgical
syndrome, complex regional pain syndrome, and
peripheral mononeuropathic pain). The mechanism of action of spinal cord stimulation is
thought to be different in these two groups (2).
Several series reporting the long-term efficacy
of SCS in reducing pain and improving functioning have been published (3–13).
One of the most important features of SCS is
patient selection. The pain states for which SCS is
effective are well recognized, however, selection
in an individual patient is also dependent on
psychosocial factors. We wanted to assess how
factors such as anxiety and depression affected
the efficacy of SCS. Also we wanted to assess the
progress of patients who did not go on to receive
SCS and to compare these patients to those that
did. It is not possible, by its very nature, to
perform a double-blind trial of SCS. Although
cross-over studies have been performed to
compare SCS against other treatments, we have
attempted to follow up groups of patients who
could be considered ‘‘control’’ groups.

METHODS
Some patients were sent for a formal psychological opinion prior to any trial of stimulation.
All interventions were performed by one physician (SJT). In patients likely to benefit from spinal
cord stimulation, the practice was to insert the
definitive epidural electrode(s) (Pisces Quad,
Quad Plus or Quad Compact, Medtronic Inc.,
Minneapolis, MN) and deliver a period of trial
stimulation via a temporary extension. The trial in
this population of patients lasted from one day to
a few weeks. Because of the accepted high
success rate of SCS in refractory angina, these
patients did not receive a formal trial. Electrodes
were placed under local anesthesia to obtain
adequate topographical mapping followed by
generator insertion. After the first 20 patients
were implanted, the remainder of the patients
received a trial of at least 6 days. If reduction in
pain (defined as 50% or greater pain reduction)
and improvement in function were demon-

strated, patients were converted to a permanently
implanted system. This involved reopening the
original wound and connecting the electrode via
a lead extension to an implanted pulse generator
(Itrel 2, Itrel 3 or Synergy, Medtronic Inc.,
Minneapolis, MN) or implanted radiofrequency
receiver (Extrel or Mattrix, Medtronic Inc., Minneapolis, MN).
From our database we obtained the notes of
patients who had been considered for spinal cord
stimulation. These were divided into three
groups: A) ‘‘Permanent Implant’’: Eighty-three
patients had permanent systems implanted
although some subsequently had their systems
removed; these patients were still included in this
group, even if, for example, the system had been
removed for failure to remove pain. B) ‘‘Failed
Trial of SCS’’: Eighteen patients had unsuccessful
trials of stimulation where permanent implantation did not follow. C) ‘‘No Trial of SCS’’:
Fourteen patients did not have an SCS trial
although this had been initially considered
because of the patient’s pain etiology. In some
patients, unresolved psychological issues meant a
temporary lead was not thought appropriate at
the time. Other patients simply wished to put off
their trial of stimulation and possible permanent
implantation temporarily for reasons such as they
felt they were too young.
At their initial assessment by the pain management department, patients had been asked to
rate their pain on a Visual Analog Score (VAS)
(0 = no pain and 100 = worse pain imaginable)
and had completed Part 1 (anxiety) and Part 2
(depression) of the Hospital Anxiety and Depression (HAD) Index and an Oswestry Disability
Index.
Patients were phoned by an independent,
noninvolved third party and completed a structured telephone interview. Patients were asked
identical questions by the interviewer from a
prepared document. If acceptable to the patient,
a written questionnaire was sent, which included
a VAS score, HAD Index, and Oswestry Disability
Index.
We noted whether patients had been sent for a
formal psychological opinion prior to their trial of
stimulation. Patients would be sent for this if it
was felt that there were significant psychosocial
factors which needed to be explored prior to a
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trial of stimulation. Three groups emerged from
these patients:
1. Those who it was felt were not suitable for an
SCS trial (these were included in the ‘‘no trial
of SCS’’ group).
2. Those who it was felt were suitable for an SCS
trial and had no psychological contraindications.
3. Those where it was felt an SCS trial was
indicated but caution was expressed by the
psychologist who had assessed the patient.
In 1997 a similar audit had been conducted on
23 patients who had permanent implants. It was
possible to follow up this cohort as a separate
group.
Statistical analysis was by methods stated and
significance was defined as p < 0.05.

RESULTS
A total of 101 patients had SCS trials or
permanent implants. Two sets of notes were
unavailable and are not included in the study.
Fourteen patients did not have SCS trials. Table 1
shows a breakdown of patients’ characteristics.
Table 2 lists the questionnaire results.
In the 81 patients who had permanent implants
inserted there appeared no correlation between
duration of pain prior to implantation, age or
HAD scores and reported levels of pain relief. Of

Table 1. Breakdown of the Number of Patients Audited
and their Diagnoses
Diagnosis
Failed back
surgical syndrome
Peripheral
vascular disease
Complex regional
pain syndrome
Refractory angina
Peripheral
neuropathic pain
Phantom limb pain
Others
Unknown
Total number
of patients

No trial
SCS

Failed trial
SCS

Permanent
implant

8

10

50

0

2

9

2

0

8

0
3

0
4

4
8

0
1
0
14

2
0
0
18

0
1
1
81
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Table 2. Patient Demographicsa
No trial SCS Failed trial SCS
Mean age
50.1
(years)
Range, SD
30–73, 13.6
Male/female
5/9
Mean duration
63.6
pain (months)
Range, SD
24–260, 40.4
Mean major
1.4
surgical episodes
0–4, 1.1
Range, SDb
Mean follow-up
44.4
(months)
Range, SD
10–82, 21.2

Permanent
implant

55.2

55.7

29–74, 14.2
10/8
76.4

28–81, 13.8
43/38
75.3

12–250, 63.5
1.8

3–300, 73.8
1.6

0–9, 2.2
42.5

0–9, 1.7
37.5

21–64, 16.6

6–83, 21.9

a

There were no significant differences (in all cases p > 0.1) between the
three groups (Chi squared tests for gender, Student’s t test for others).
b
These were defined as operative procedures undertaken to treat the
same pain as the SCS, eg, discectomies and stabilization procedures in
failed back surgical syndrome (FBSS) patients.

these 81 patients, nine patients had their systems
subsequently permanently removed.
Telephone Interview
Patients were asked to report if they had any pain
reduction, and to try to score it as a percentage
reduction (0% = no pain reduction, 100% =
complete pain abolition).
Only two of 14 patients from the ‘‘no trial of
SCS’’ group who took part in a telephone
interview reported any pain reduction. These
two patients were receiving regular epidural
steroid and local anesthetic injections for FBSS.
Overall one patient reported 50% or greater pain
relief (7% of all patients) with a mean percentage
pain reduction of all patients of 8%.
None of the 10 patients from the ‘‘failed trial of
SCS’’ group who took part in a telephone
interview reported any pain reduction after their
failed trial of stimulation with a variety of
therapies, including surgery, injection therapies,
medication, pain management programs, or
spontaneous improvement.
In the 81 ‘‘permanently implanted’’ patients
(including nine who had their implants subsequently removed) of the 69 patients who took part
in a telephone interview, 52% of patients reported
50% or greater pain relief, with a mean percentage
pain reduction of all the patients of 42%.
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From the permanently implanted group, it was
possible to separate out the 47 patients whose
diagnosis was FBSS. In this group, 51% reported
50% or greater pain reduction, with a mean
percentage pain reduction of 43%.
In their telephone interviews, patients were
asked to comment on whether their quality of
life, level of physical activity and quality of sleep
had improved, stayed the same, or worsened.
These results are presented in Figs. 1–3 below.
Fifty-nine of the 69 patients (87% of total) who
had permanent systems inserted would have an
implant inserted again and would recommend it
to another patient.
Written Questionnaire
Eleven of the ‘‘no trial of SCS’’, eight of the
‘‘failed trial of SCS’’, and 53 of the ‘‘permanently
implanted’’ patients returned written questionnaires sent out after their telephone interviews.
Table 3 lists the results of these questionnaires.
In the permanently implanted group there
were significant reductions in the Oswestry
Disability Index (0.001 < p < 0.01), the HAD
Part 2 score (0.001 < p < 0.01) and the VAS score
( p < 0.001) (Student’s t-test). There were no
significant differences between the pre and post
treatment scores in the other two patient groups.
In the permanent implant group, those who
had a formal psychological opinion which indi-

Figure 1. Patients who had permanent implants inserted
reported much improved quality of life compared to the other
two groups (p < 0.001) (Chi squared test).

Figure 2. Patients who had permanent implants inserted
reported much improved levels of physical activity; 0.02 < p
< 0.05 for No Trial of SCS vs. Permanent Implant, 0.001 < p < 0.01
for Failed Trial of SCS vs. Permanent Implant (Chi squared test).

cated no contraindications to a trial of stimulation (n = 50) showed little difference in mean
reported levels of pain relief vs. patients (n = 23)
where the implanting physician had not sought a
psychologist’s opinion (45.0% vs. 44.6% mean
reported pain reduction).
However, in patients in whom a caution was
attached to their psychological opinion (n = 8), a
smaller mean reported pain reduction (31.9%)
was demonstrated. This difference did not reach
statistical significance.

Figure 3. Patients with permanent implants inserted reported
much improved quality of sleep compared to the other two
groups (p < 0.001) (Chi squared test).
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Table 3. Results of the Written Questionnairea
No Trial SCS (n = 11)

Mean Oswestry Disability Indexb
Range
SD
Mean HAD Part 1 (anxiety)c
Range
SD
Mean HAD Part 2 (depression)c
Range
SD
Mean Pain VASd
Range
SD

Failed trial SCS (n = 8)

Permanent implant (n = 53)

Pre

Post

Pre

Post

Pre

Post

27.7
9–38
10.1
13.6
7–21
5.7
11.3
5–21
4.9
68.3
50 –100
19.4

25.9
10–35
9.2
11.0
8–18
3.4
9.4
4–15
4.0
66.4
50–90
16.3

28.0
8–39
11.7
10.6
4–18
4.6
11.1
4–16
4.0
60.0
30 –100
22.7

28.0
9–44
10.3
11.4
3–19
6.4
12.3
4–19
4.7
65.0
50 –100
18.9

28.0
9–40
5.8
10.1
3–20
4.3
10.0
3–17
3.6
71.6
30 –100
21.8

24.3e
4–38
7.5
9.2
1–19
4.5
7.5e
1–17
4.0
51.7e
0 –100
22.5

a

The mean scores for the data is tabulated, with the first figure being the score recorded at the initial consultation prior to any treatment (pre
treatment) and the second that of the written questionnaire at the time of the audit (post treatment).
b
Oswestry Disability Index scored from 0 – 50.
c
HAD scored 0 –21.
d
VAS scored from 0 –100.
e
Pre and post treatment scores significantly different.

Follow-up of a Cohort of Patients with
Permanent Implants
In 1997, a similar audit had been conducted and
it was possible to compare reported pain
reduction.
Seventeen of the 23 patients (74% of all
patients) had implants for FBSS, a larger proportion than other permanently implanted patients
(in which 62% were FBSS patients).
Mean follow-up in 2000 was 57.6 months
(range 41–82, SD 11.8); this is significantly longer
(p < 0.001 (Student’s t-test)) than other permanently implanted patients. There were no significant differences in age, number of previous
surgical procedures, or duration of pain prior to
implant between this group and the other
permanently implanted patients.
At the first audit, a mean of 16.4 months after
implantation, mean reported pain reduction was
64.3%, and 96% of patients reported greater than
50% pain reduction.
In 2000, a mean of 57.6 months after implantation, mean reported pain reduction was 52.3%,
and 61% of patients reported greater than 50%
pain reduction.
If only patients with a diagnosis of FBSS are
included. a pain reduction of 50% or greater is
demonstrated in all patients in the initial audit,
and in 59% of the patients in 2000. Mean pain

reduction was 67.2% in the initial audit, and
52.6% in 2000.
Adverse Events
Nine patients had their systems removed. In two
patients with FBSS, after several years of stimulation, the patients reported a gradual reduction
in pain and need for stimulation. This resulted in
the removal of their lead and generator as they
felt they longer needed it.
Two patients reported early (less than 6
months), and two reported later (greater than
6 months) failure to reduce pain in a fully
functioning implanted system with adequate
paresthesia mapping and stimulation amplitude.
In these cases failure to produce pain relief
occurred despite optimal spinal cord stimulation
therapy.
Two patients had their systems removed due to
infection and one due to lead migration and did
not elect to have a new system inserted. These
were early cases in the series.
The most common complication among all
patients was infection during the trial period; this
occurred in 11 of the first 59 patients, resulting in
delays in permanent system insertion where
appropriate, and antibiotic therapy. This complication of infection during the trial period was
reduced to three episodes in the next 40 patients,
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on the introduction of a revised dressing technique of the exit site of the lead extension, which
reduced lead movement at the exit site. All the
infections were superficial, with no episodes of
epidural or intrathecal spread.
Nineteen ‘‘permanent implant’’ patients
needed revisions, a rate of 23.5%.
Ten patients needed revision due to lead
breakage, including one patient in which this
occurred twice. Lead breakage was diagnosed by
impedance changes noted on telemetric interrogation of the implanted pulse generator and
confirmed by the inability of an external pulse
generator to produce paresthesia during a revision procedure. In some cases the breakage was
visible to the naked eye, in others confirmation
was by returning the lead to the manufacturer for
detailed examination. The mean period after
implantation at which lead breakage first
occurred was 18.0 months (range 3–54 months).
The majority of the lead fractures occured in the
earlier implants (seven of the 10 patients were in
the first 25 patients permanently implanted).
Eleven patients needed revision due to lead
migration, including two patients who had two
revisions due to migration. The mean period after
implantation at which this first occurred was
13.4 months (range 3–31 months). Migration
occurred in three of the first 27, two of the second
27, and six of the final 27 patients permanently
implanted.

DISCUSSION
In this series we have demonstrated a marked
improvement in many indices of pain and
function in those patients who received long-term
stimulation compared to a worsening in those
who did not. Placebo-controlled studies are not
feasible with SCS, by its very nature. The follow-up
of patients who did not go on to permanent
implantation demonstrates minimal, if any,
improvement in outcome measures. Other studies
have compared two patient groups who received
SCS or an active surgical treatment, whether this
be for FBSS (6) or angina (8,9). We believe that
this study is the first to have followed up patients
who did not receive permanent implantation and
demonstrated their worsening outcome.

This series is comparable to other studies in
the reported levels of pain reduction. In these
studies, the mean number of operations prior to
implantation is greater than our series, usually
about three (5,6,10,11). However this is the first
series published in the United Kingdom, where
the incidence of spinal surgery is accepted as
being lower than in North America.
Kumar (4) reported that, at a mean follow up
of 66 months, there was a 50% or greater pain
reduction in 59% of patients. At the relatively
short follow-up of one year, Burchiel et al. (11),
in a prospective study, reported 50% or greater
pain reduction in 55% of patients. In a literature
review of SCS in FBSS patients by Turner et al.
(10), in 29 studies, the mean percentage of
patients implanted who reported 50% or greater
pain reduction across all studies included was
59%, but there is no indication of follow-up time.
In Turner’s review, greater than 50% pain
reduction at 1, 2, and 5 years follow-up was
present in 62%, 64%, and 53% of patients,
respectively. In our follow-up cohort, the results
for 16.4 months (1 year) and 57.6 months
(5 years) were 100% and 59%, respectively.
These good initial results may be explained by
our patients’ relatively low number of previous
spinal surgeries. North (5) noted a tendency to a
better outcome in those who had fewer prior
operations.
It is of interest that the difference in VAS scores
is indicative of a 28% reduction in pain scores, in
comparison with the direct ‘‘please could you
score your pain reduction. . .’’, where a mean
reduction of 42% was reported; a not uncommon
finding in any chronic pain study.
It was noticed after the completion of the audit
that there was some discrepancy between the
patients’ reports of pain reduction in the audit
and the patients’ pain reduction when seen by
the authors of this article subsequently in an
outpatient setting. At the structured telephone
interview by an uninvolved third party, some
patients who reported poor or no pain reduction
had in fact been getting excellent long-term pain
reduction. However at the time of the interview
these patients had temporary technical problems
in the process of being dealt with (eg, implanted
pulse generator battery exhaustion or recent lead
movement needing reprogramming). The tele-
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phone interview was not vague in its questioning
but we have made no allowances for this in the
results, and thus there is underreporting of pain
reduction.
In other series improvement in other functional outcomes, eg, Oswestry Disability Index,
perceived quality of life, as well as pain reduction,
were recorded (3–7,11). These have been shown
to correlate with reported pain reduction (10),
and the presence of significant differences
between the outcomes of the three groups in
this study is in agreement with this.
We, like others (11), have demonstrated a
reduction in depression in patients treated with
SCS, but contrary to other studies did not find a
correlation between depression scores at initial
assessment and subsequent levels of pain reduction (11). We did not find any correlation with
any factors other than the opinion of a psychologist and the level of pain reduction the patient
reported.
We did not use any scales or indices to
psychologically assess our patients. In patients
whom it was felt were ‘‘psychologically uncomplicated’’ by the treating physician, a formal
psychologist’s opinion had not been sought at
the physician’s discretion. These patients’ results
differed little from those who were felt suitable
for a trial of stimulation by a psychologist, but
both groups had better pain reduction than
patients where caution had been attached.
The use of formal tests does not aid patient
selection (14), and we are in agreement with those
who rely on broad categories in this respect (7).
In the early part of this series, technical
problems were greater, particularly with respect
to lead fracture. This particular complication is
explained by the institution of an improved
epidural lead fixator device, in approximately
1995. Three early patients in the series elected
to have their systems removed as a consequence of
technical complications, and it is possible that if
implanted in 2001, would not have taken this step.
It was our practice not to perform non-incision
percutaneous trials. Trial leads were inserted
under local anesthesia via a small incision and
fixed to appropriate structures. The use of a
modified dressing technique and increased
patient education with respect to the dressing
lead to a reduction in infection rates during our
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trials. Prophylactic antibiosis was used at all lead
and generator insertions or revisions.
Overall, the infection rate compared favorably
with other series (4,5,10), considering the
inherent increased infective risk with our technique of using the trial electrode for permanent
implantation.

CONCLUSIONS
Our study shows that spinal cord stimulation is
an efficacious therapy, improving analgesia and
function in patients with chronic pain due to
FBSS and vascular disorders such as angina and
peripheral vascular disease. Our study also shows
a significant drop off in pain reduction with
longer term follow-up. The patient group without
treatment worsened in lifestyle and pain indices
over time. The incidence of serious side effects
with spinal cord stimulation is low, but minor
side effects are common. Selection appears aided
by a formal psychological opinion.
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