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Spinal cord stimulation and the relief of chronic pain
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SUMMARY Twenty six patients who had received spinal cord stimulation for chronic pain were

evaluated by videotaped structured interviews with staff not directly involved in the patients' care.

In addition estimates of pain relief were obtained from clinicians involved in the patients' care and
from close relatives and friends. Information about lifestyles and drug usage was also collected and
correlated with pain relief. At the time of the interviews half of the patients were receiving 50% or

better relief of their pain.

In 1967 Shealy' reported that electrical stimulation of
the dorsal column of the cat spinal cord suppressed
the response to noxious stimulation. Two months
later Shealy and his colleagues2 reported the abolition
of pain by electrical stimulation of the dorsal columns
of the thoracic spinal cord in a patient with terminal
carcinoma. The rationale for this procedure was pro-
vided by the "gate theory" of pain proposed by Mel-
zack and Wall.3 There was an early, enthusiastic
response for this technique. The early reports, how-
ever, were often very brief, covered very short periods
of treatment and did not always describe the methods
of evaluation. Considered and thoughtful evaluations
were provided by Nashold4s and by Long.6 9 The
largest number of reports was based upon North
American experience. Although the technique has
been used in the United Kingdom10 and there are
reports of success in continental Europe,1 -15 only
Siegfried and Lazorthes'6 have reported detailed,
long term results from Europe.
Many of the patients reported in the North Ameri-

can studies had serious problems with drug abuse and
addiction.47 9 17 In many reports a considerable
number of patients developed their intractable pain
after extensive low back surgery. 18-22 Many
patients, especially in the early reports, had serious
psychiatric problems.46 8 23-25 The organisation of
health care in North America meant that some
follow-up surveys were based upon postal and/or tele-
phone replies.4 69 17 25 26
The present survey is based upon 26 patients with
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severe intractable pain who are using spinal cord
stimulation for the control of their pain. These
patients were regularly seen in a stimulator clinic and
were available for extensive interviews and testing.
None of these patients had a known psychiatric illness
nor were any known to be abusing drugs or involved
in legal proceedings for compensation. One patient
was excluded from the study because severe language
problems made it difficult to obtain reliable
responses. Another patient had a stimulator
implanted and removed a year before this survey was
undertaken and is not included in this study. Other-
wise, the group of patients presented in this report
includes all the patients who had received a dorsal
column stimulator for the relief of pain.

In this report we address the following questions:
What amount of pain relief can be expected from spi-
nal cord stimulation in a group of patients who are
not abusing drugs, are not involved in litigation, are
not overtly psychotic and are regularly seen in a spe-
cial follow-up clinic? Can the relief of pain be cor-
related with other factors including change in
life-style, drug intake and diagnosis?

Material and Methods

Patient sample: The survey was based upon 10 female and 16
male patients. The median age was 65 years (interquartile
range 50-72). The duration of pain before spinal cord stimu-
lation had an interquartile range of 3-20 years with a median
of 7 years. The median period of spinal cord stimulation was
28 months (interquartile range 13-5-425). The details of the
patient's diagnosis are shown in table 1. Two diagnostic cat-
egories were used in the analysis: traumatic (phantom
limb/stump pain, cauda equina and spinal root and periph-
eral nerve injuries) consisting of 12 patients; and non-
traumatic (post herpetic pain syndrome, claudication,
syrinx, cervical spondylosis, arachnoiditis and thalamic syn-
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Table I Patient diagnosis

No Diagnosis No Diagnosis

4 Pain associated with 4 Amputation with stump pain
thalamic syndrome I Pain with peripheral

I Syringomyelia vascular disease
1 Cervical spondylosis 1 Denervation pain secondary
I Arachnoiditis to pelvic inflammation
I Post herpetic pain I Undiagnosed spinal cord
5 Root lesions disease (? myelitis)

(trauma or surgery) 2 Intercostal neuralgia
3 Peripheral/Cranial Nerve (unknown aetiology)

Lesion (trauma or surgery) I Undiagnosed perineal pain

drome) consisting of 14 patients. Four patients for whom no

cause for the pain syndrome could be found were classified
in the nontraumatic group.

The majority of patients had utilised other treatments
apart from drugs for the relief of their pain before spinal
cord stimulation. Three patients had used only noninvasive
techniques (ultrasound, diathermy, transcutaneous electrical
nerve stimulation (TENS), vibration), and six patients had
been treated with invasive but nondestructive techniques
(epidural injections, nerve blocks) as well as noninvasive
techniques. Fourteen patients had been treated with invasive
destructive techniques (nerve or root section, phenol injec-
tions, cordotomy, sympathectomy) to control pain in addi-
tion to nondestructive measures. Nine patients had been
treated unsuccessfully with TENS before receiving dorsal
column stimulation.
The patients had extensive experience with analgesic

drugs. The history of drug usage was obtained from the
patients and by a careful search of medical records. The
drugs used were placed into three categories: nonsteroid
analgesics, codeine and similar strength drugs and morphine
and its derivatives. The "highest" category of drug usage for
each patient was recorded. One patient had used nonsteroid
analgesics only, 17 had used codeine and/or similar strength
analgesics and seven had used morphine or its derivatives for
pain relief. There was no known case of drug abuse.

Patients were selected for spinal cord stimulation by a
consultant neurosurgeon. Most were referred from neu-
rologists or other neurosurgeons. There was no routine use
of psychiatric or psychological screening. There were no
patients with known psychiatric disorders.
Spinal cord stimulation Twenty two patients used
Medtronic units, two patients used Avery units and two
patients used Cordis implanted units. The electrodes were

implanted epidurally under general anaesthesia. Pisces elec-
trodes were used in 10 patients, myelostat electrodes were
used in 13 patients and three patients were given other types.
The amount of spinal cord stimulation varied. Eight patients
used continuous stimulation, 11 patients used stimulation
for 12 hours each day. Four patients used intermittent stim-
ulation daily and three patients used intermittent stimu-
lation weekly.
Evaluation The patients in this survey were interviewed by
either of two psychologists who had not previously met the
patient or participated in any way in the patient's treatment.
The structured interview used by each psychologist was vid-
eotaped. During this interview the patients were given the
Melzack pain adjective list27 and asked to evaluate their
pain relief on a visual analogue scale (VAS).
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A relative or close friend was available for a structured
interview for 16 patients. The relative also rated the patients'
apparent pain relief from spinal cord stimulation on a visual
analogue scale.
At the time of these interviews the clinician who regularly

saw the patient in the stimulator clinic also rated the
patient's apparent pain relief as a percentage estimate. The
clinician also asked the patient to rate the "worth" of the
treatment on a categorical scale ("very much so", "yes",
"not sure", "no" and "absolutely not"). The assessments by
the clinician and the psychologist were made independently
and only compared after the interview.

Results

No patient refused to be interviewed or to have the
interview videotaped. The patients were willing to
answer all questions. One patient expressed serious
doubt about the usefulness of the questions, calling
the visual analogue scales "hocus pocus"! The
reliability of the patients' responses appeared to be
high when these could be checked against other
sources of information. The patients' estimate of the
duration of stimulation and the duration of their pain
were both checked against their clinical records. The
agreement was good with a kappa value of 0 80+ for
each estimate.
The three dimensional plot of fig. 1 shows the

relationship between the patient's estimate of pain
relief (VAS), the relative's or close friend's estimate
(RVAS) and the clinical estimate (CLINEST). The
values, rounded to the nearest whole integer, are on a
scale of 0 to 10 where 0 is no pain relief and 10 is
100% pain relief. Kendall's tau-b, a nonparametric
measure of correlation between these variables, was
between 0 71 and 0-74 (p = 0-001). The mean of these
three variables (MVAS) was used for the estimate of
pain relief. Figure 2 is a histogram of the MVAS val-
ues. Thirteen of 26 patients had a pain relief estimate
of 50% or more (5 or more on the MVAS scale). The
distribution shows relatively large numbers of
patients at each end of the scale.

There was no correlation (Kendall's tau-b) between
MVAS and age or sex. MVAS was positively cor-
related with pain duration before stimulation (0 35,
p = 0 008) and negatively correlated with present
pain severity (-0 31, p = 0-019) and hours each day
in pain (-0-29, p = 0-026). The latter two
relationships would be expected if the evaluations
were consistent. Figure 3 shows a cross tabulation in
Chi square form between MVAS and the two diag-
nostic categories. The results suggest that the
"trauma" patients did rather better than the "non-
trauma" patients. The probability that this distribu-
tion was due to -chance was 0-06 (Fischer exact
probability).
Many reports (for example4 9) report a negative
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Fig I Three dimensional plot of the pain relief estimates
made by the patient (VAS), the relative (RVAS) and the
clinician (CLINEST). Perfectly, positively correlated data
(0, 0, 0; 1, 1, 1; 2, 2, 2; etc.) would be illustrated by points
on a line running from the lower left corner to the upper
right.
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Fig 2 Histogram of the mean estimate ofpain relief
(M VAS). The pain relief estimate values have been
rounded to the nearest whole integer. Zero represents a pain
estimate between 0 and less than 10%.
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Fig 3 Cross tabulation of diagnostic categories "trauma"
and "nontrauma" (see text for further details) with the
mean estimate ofpain relief (MVAS).
correlation between effectiveness and duration of
stimulation. Thus reports of effectiveness of patients
who have had stitulation for 1-2 years are often very
much better than-reports on patients who have been
receiving stimulation for 5-10 years. The interquartile
range of stimulatiow- duration was 13-5 to 42 5
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months. Surprisingly our results showed a positive
nonparametric correlation between MVAS and
duration of stimulator use (0 35, p = 0-013).

Patients were asked if they had noted any change in
their work (W), leisure (L) and domestic (D) activities
(Table 2). These were scored as 0 for less, I for
unchanged and 2 for an increase. These scores were
added to produce another variable TOTWLD. There
were positive, nonparametric correlations between
MVAS and leisure, domestic and TOTWLD scores
(0 35 to 0 49, p = 0.02). There was no significant cor-
relation between MVAS and work. Chi square anal-
ysis of these variables (recoded to "less or same" and
"more") and MVAS (recoded to " < 50%" and "50%
or more") revealed that patients with 50% or more
pain relief had increased domestic scores (p = 0-01)
but not for work or leisure activities. There was a
significant negative correlation between age and
domestic activity (-0-29, p = 0-04) but not between
age or sex and any of the other activity variables.

Table 3 records the changes in drug usage. Fifteen
patients decreased the use of analgesics while only
two increased their usage while using the spinal cord
stimulation. The Chi square analysis of the change of
analgesic usage with MVAS, however, failed to reach
significance although nine patients with 50% or more
pain relief were using less drug than before the stimu-
lation. In all, except for the antidepressants, more
patients decreased drug usage than increased. The
antidepressant drug usage revealed that six patients
were taking more antidepressants than before spinal
cord stimulation.
The Melzack pain questionnaire was given to all

the patients. The affective category scores, the evalu-
ative category scores and the total word count
showed no correlation with MVAS, changes with life-
style or changes with drug usage.
Many reports of evaluations of spinal cord stimu-

lation have used categories such as "poor", "fair",
"good" or "excellent". These classifications are usu-

Table 2 Changes in lifestyle

Activity Less Same More

Work 2 (8%) 22 (84%) 2 (8%)
Leisure 1 (4%) 16 (61%) 9 (35%)
Domestic tasks 0 15 (58%) 11 (42%)
TOTWLD 2 (8%) 19 (73%) 5 (19%)

Table 3 Changes in drug usage

None Less No change More

Analgesics
Sedatives
Antidepressants
Benzodiazepines
Neuroleptics

0 15 (58%) 9 (35%) 2 (8%)
0 .10 (44%) 9 (39%) 4 (17%)
2 (9%) 6-(26%) 9 (39%) 6 (26%)
4 (17%) 6 (26%) 10 (44%) 3 (13%)
9 (390%) 8 (35%) 3 (13%) 3 (13%)
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Fig 4 Plot ofpatient's estimate
estimate ofpain relief (MVAS).
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Discussion

There are difficulties in the a

by spinal cord stimulation.69
assessments was made by the
treatment. The psychologists
assessment had not previous]
assessing clinician had not be
tion or operative care of the
ticipated in the care of the pi
the spinal cord stimulation. '

relation between the assessm
the clinician and the patient's
(0-71 to 0 74). The mean val
suggested that at median ti

implantation half of the patients had a 50% or better
relief of pain.

* It is difficult to make a meaningful comparison of
*- our results with other reports because of differences in

* * * patient population characteristics and because
different methods of assessment were used. Long28

a a reviewed 489 patients from published reports and
found "excellent" pain relief in 18% and "satis-

* a factory" relief in 37%. Erickson and Long9 in a 10
year follow up reported a similar figure to ours at 3

* years after the implantation of the stimulator. After
10 years only 20% of the patients reported significant

sure much so relief. Nashold4 reported a success rate of 28% three
years after implantation.

th Many investigators have commented on the poor
results of long term spinal cord stimulation and this

of+ "worth" against mean has discouraged many from using the technique for
the treatment of intractable pain. However, when it is
realised that for most of the patients this technique is
a "last resort", then the results are not as disap-

an's evaluation of the pointing as might first appear. Certainly when they
nts were asked to make are compared with other techniques such as cor-
atives in response to the dotomy, thalamotomy and nerve section they would
imulator is worthwhile? appear to be longer lasting and cause less disability.
)nse plotted against the The patients using spinal cord stimulation need less
with a MVAS score of analgesic medication and this may help to avoid
ponded with a "yes" or addiction and drug abuse.
aestion. There was a general reduction in drug intake except
blems were encountered for the use of antidepressants. This is because of the
he period of this evalu- belief that antidepressants may act synergistically
lures, in addition to the with spinal cord stimulation, perhaps by activating
lantation of the stimu- endogenous antinociceptive systems.29 30 The associ-
Twenty procedures were ation between antidepressant use, pain relief and
ulating electrodes after activity will be discussed elsewhere.3
l stimulation. Ten sur- In our patient population there was a considerable
,ary to repair or replace spread in the duration of stimulation and our results
leads" or "leaky" con- may have been biased by the inclusion of a number of
were 45 faults to the patients whose duration of stimulation was less than 2
the system that required years. In fact, for this group of patients, the degree of
e of wound infection. pain relief was positively correlated with the period of

stimulator use.
There is often a desire to base an assessment of the

utility of spinal cord stimulation on "objective" crite-
Lssessment of pain relief ria. Young 22 set his criteria for "success" as the com-
In our study none of the plete or nearly complete relief of pain, cessation of
surgeon involved in the narcotic usage and the return to full activity. He
who participated in the found the effectiveness of spinal cord stimulation
ly met the patients. The "disturbingly low". However, if these same stringent
en involved in the selec- criteria are applied to other methods of pain control it
patient but he had par- is unlikely that other methods would do was well as
atient over the period of spinal cord stimulation. Erickson and Long9 in their
The nonparametric cor- 10 year survey compared the unstated "objective" cri-
tent by the psychologist, teria of pain relief with patients' responses in a ques-
; relatives was quite high tionnaire. While 20% of the patients felt that spinal
lue of these assessments stimulation was ". . . of significant value to them for a
ime of 28 months after substantial amount of time", "objectively" only 3%

142.7
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(2 patients) showed significant relief after 10 years.
One suggested "objective" criterion is return to

work.31 Return to work however, depends upon
many factors besides pain relief, particularly in a pop-
ulation with a median age of 65. As in the study of
Nielson et al,25 we did not find return to work a
significant indicator of pain relief. Increase in other
activities involving leisure or domestic life were much
better indicators in our population.
We felt that it was important to obtain from the

patients their assessment of the "worth" of the tech-
nique. This was rather different from an assessment of
the pain relief as it would include consideration of the
time and trouble involved in returning to the clinic for
periodic visits and of the pain and discomfort of
repeated surgical procedures to correct technical
problems. We were surprised to find nine patients
with less than 50% pain relief responded with a "yes"
or "not sure" to the "worth" question. Clearly many
patients are prepared to make considerable sacrifice
for what others would perhaps regard as marginal
pain relief.
At a median time of 28 months, 21 patients felt

either "not sure" or were positive in their replies to
the "worth" question. Against this must be weighed
the "cost" of this achievement. The large number
of technical complications have been noted by
others.5 9 22 32 In practical terms this means that long
term follow-up in clinics prepared to diagnose equip-
ment failures and electrode dislocation are essential to
maintain a reasonable success rate. The surgeon must
be prepared to operate repeatedly to correct these
defects.

There is clearly room for improvement in the avail-
able equipment. We have recently been changing
from systems with external transmitters to totally
implantable devices. This should eliminate many of
the problems that occur with the transmitters and
antennae.33 Better techniques for electrode fixation
are urgently required and the problem of fractured
"leads" and "leaky" connectors must be solved.
Given the cost of the equipment and the necessary

surgery, it would clearly be helpful if procedures
which would accurately predict the outcome could be
developed. The response to TENS stimulation has
been suggested as a screening procedure for spinal
cord stimulation.2028 33 Nine of our patients had
used TENS stimulation but the response to the stimu-
lation was insufficient to relieve substantially the pain
for a significant period. If patients enjoy a reasonable
degree of success with TENS it seems sensible to con-
tinue this treatment rather than to proceed to spinal
cord stimulation. It has been suggested that a suc-
cessful trial of stimulation with percutaneously
implanted electrodes should be used to select patients
for permanent spinal cord stimulation.8 We have not
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used this technique because of the risk of infection.

Personality testing (for example the MMPI) has
been suggested as an aid in patient selection.17 34 35

Others, however, have not found such tests useful in
predicting success or failure with spinal cord stimu-
lation.4122325 Given this uncertainty and the fact
that the MMPI has been standardised upon a North
American population, we felt its use with our patients
would not compensate for the time and effort
required of patients and staff.36

Daniel et a126 conducted an interesting study to
predict the results of spinal cord stimulation. By using
a structured interview and a number of psychological
tests, including the MMPI, they were able to predict
the outcome successfully in 76 5% of the patients. An
analysis of their spinal cord stimulation data reveals a
kappa of 0-44 (se +0-23, t = 1-89, 0-10 > p > 005)
This is a low value for kappa which suggests that the
predictability beyond that which could be assigned to
chance is rather low.37
The problem of patient selection is even more crit-

ical in a state sponsored health care system where the
cost of a treatment must compete for scarce funds and
methods for selecting patients must be improved. It
must be remembered, however, that for many
patients spinal cord stimulation is a "last hope". As
Sternbach38 has suggested it may be unethical to deny
a patient access to a therapeutic procedure simply
because of a personality profile based upon a psycho-
logical test.
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