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Abstract
Sixty patients with spinal cord
stimulators implanted for intractable
pain lasting up to 50 years were followed
for up to nine years. Forty seven per cent
derived significant benefit, 23% modest
benefit, 20% experienced no effect and
6-7% were made worse. Two were made
worse after initial benefit. Complications,
indications and factors relevant to the
mode of action are discussed.
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"permanently" implanted had an intracorporeal pulse generator and 52 had radiofrequency (RF) coupled devices with an external transmitter. Electrode positions were: high
cervical 18 cases, mid cervical three, low
cervical four, high thoracic 18, mid thoracic

15 and low thoracic two cases. In cases with
facial pain the electrodes were placed over the
spinal trigeminal nucleus and tract.
The systems were inserted for a variety of
pain states unresponsive to all other measures
tried. From July 1982, 48 of the 56 permanently implanted patients (86%) were followed up in a dedicated neurostimulation
clinic held weekly. Detailed records were kept
of wave forms and fields recorded via surface
electrodes. Faults in internal and external
apparatus were diagnosed and located and
appropriate remedial measures taken.5
Outcome was assessed according to four

The analgesic effect of electrical stimulation
has been known since Roman times, when the
shock from an electric fish was used to relieve
gout pain.'2 The gate theory of pain' inspired
Shealy to implant the first dorsal column
stimulator in a human in 1967,4 the dorsal
columns being rich in the large, low-threshold
A-fl fibres, which were alleged to "close categories:
1) Made worse (MW): self-explanatory.
the gate" against nociception-subserving
2) No effect (NE): on symptoms in the
afferents.
presence of a functioning stimulator.
Several thousand electrical spinal cord
3) Modest benefit (MB): definite imstimulators have since been implanted but the
provement gained, but without subprocedure remains controversial owing to a
stantial benefit, for example short-lived
lack of agreement regarding its indications,
relief, no significant change in medicalack of consistency in reported efficacy and
tion, activity, sleep pattern etc.
lack of understanding of its mechanism of
4) Significant benefit (SB): complete relief
action.
or partial, but sustained relief with
a significant effect on medication,
activity, life-style, sleep pattern. ConMaterials and methods
sistent praise of the apparatus by the
Of the first 62 consecutive cases with spinal
patient, being awoken in pain when
cord stimulators inserted by the Department
accidently disconnected during sleep,
of Neurosurgery at The London Hospital, 60
significant deterioration coinciding with
were examined retrospectively. Data from two
apparatus failure.
cases could not be retrieved and these were
The data are too few to subject them to
excluded from the report. The 60 cases comprised 34 males, age range 28-74 (median 55) statistical analysis.
years, duration of symptoms one to 37
(median seven) years and 26 female, ages 2174 (57) years and duration of symptoms three
months to 50 (eight) years. Follow up was Results
from two weeks to nine years (median 29 Four patients (6-7%) were made worse. All
months); 19 were followed for more than five were male but there were no other common
years. All electrodes were inserted via lamin- features. Another two were made worse after
ectomy and in most cases secured to the dura initial benefit; one had developed an aversion
with silk sutures. There were five unipolar to the implanted device after several months
electrodes, 11 bipolar of percutaneous type of MB and the other change occurred after
(but not implanted percutaneously), 32 three years and six months of SB in a man
bipolar plate, 11 4-pole plate electrodes and with facial anaesthesia dolorosa who
one unrecorded.
developed primary hyperparathyroidism.
Of 24 who were tested via temporary exter- Twelve patients (20%) reported no effect on
nal leads only four failed to proceed to full their pain; there were no common features.
implantation. Those four cases are included in Modest benefit was gained by 14 (23.3%) and
the analysis. No temporary external leads significant benefit by 28 (46-7%). Thus 70%
were employed after January 1983 and im- derived benefit. Overall, 10 patients experienplantation at a single operation was first per- ced complete relief of their pain, three had
formed in April 1979. Overall, four of the 56 virtually complete relief and three who had
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Total
Male
Female

34
26

MW

NE
3
9

4
-

MB
11
3

SB

MB -MW SB

15
13

1

MW

1
-

Table 2 Results related to age atfirst operation
Age

Total

20-29years
30-39years
40-49 years
50-59 years
60-69 years
70+ years

3
6
12
13
19
7
60

MW

NE

MB

SB

MB aMW SB -MW

-

1
4
1
4
2

2
2
5
3
2

-

12

14

3
3
5
5
9
3
28

1

1
2
4

-

-

1

1

-

-

-

1

1

Table 3 Results related to duration of symptoms
Duration

Total

MW

< I year
1-4 years
5-9 years
10-14 years
15-19 years

1
20
19
7
4
4
1
5
*61

-

20-24years
25-30years
> 30years

SB

NE

MB

1
5
3
2

-

-

-

2

-

3
5
4
1

-

1

-

9
10
1
1
3

-

-

1
1

4

12

*15

2

MB

MW SB aMW

-

1

-

-

1

-

-

-

-

-

-

4
28

-

-

1

1

*One patient had two pains of different duration

Table 4 Results related to presence or absence of appropriate evoked paraesthesiae

Appropriate
paraesthesiae
Present
Absent
Unknown

Total

MW

NE

MB

SB

45
9
6

3

5
4
3

8
4
2

27
1

1

1

-

-

-

-

-

-

1

testing via external leads, one became MW,
five MB and 12 SB.
Women were more likely to feel that there
was no effect than were men, but if a woman
felt an effect it was more likely to be significant
(table 1). The proportion benefiting became
smaller with increasing age; eight of the nine
cases below 40 years benefited. However, more
than half of those over 60 years derived benefit
(table 2). One third had had intractable pain
for more than 10 years, but long duration did
not mitigate against success; seven of the 10
with pain duration of more than 20 years
derived significant benefit (table 3).
Stimulation via electrodes placed over the
dorsal columns evokes sensations of tingling,
"bumping" or warmth. In table 4 "appropriate paraesthesiae" refers to such sensations
occurring within the painful area. The four
MB and one SB without appropriate paraesthesiae had evoked sensations, but not in the
painful area. It appears that an evoked sensation is necessary for pain relief, but it does not
have to be in the painful area although in the
majority of cases it was. Evoked paraesthesiae
do not, however, guarantee pain relief
(table 4).
It can be seen from table 5 that the conditions most likely to respond are traumatic and
unplanned surgical peripheral denervations,
idiopathic chronic focal pain, ischaemic pain,
painful paraparesis, paraplegia and hemiparesis, particularly if caused by an acute
event, and the "failed back" syndrome
(chronic low back pain usually with sciatica
after several or many surgical procedures).
Success may occur, but with less certainty, in
the thalamic syndrome, phantom pain, stump
pain, anaesthesia dolorosa and some nociceptive pains. The single patients each with
syringomelia and tabes dorsalis also benefited.
Post herpetic neuralgia yielded only one MB
from three cases.
The three patients with complete paraplegia
two NE,

MB - MW SB -MW

Table S Results related to diagnosis

Traumatic and unplanned surgical peripheral denervation
Painful paraparesis, paraplegia and hemiparesis
-

trauma

chronic disease
CVA
idiopathic
Painful conus lesion (trauma)
"Failed back" syndrome
Phantom pain (leg)

Stump pain-arm
-leg

*Anaesthesia dolorosa (face)
tThalamic syndrome
Post thalamotomy pain
Ischaemic leg

Nociceptive (eg carcinoma, spondylosis)
Idiopathic chronic focal pain (loin, groin etc)
Syrinx
Tabes dorsalis
Post herpetic neuralgia

MW

SB

MB

NE

6

5

-

1

2
5
1
1
1
7
4
1
4
3

2
2
1
1

1

1

1

-

-

-

-

-

-

-

4
1
1
1
1

1
2

1
2
1

-

-

1
-

10

3

3

2
1
2

1
2
4
6
1

-

-

-

2
2
3

-

-

1

-

1
3
1

1
3

-

1

Total

-

-

-

2

-

-

1
2
1
-

The total exceeds 60 as some had more than one pain, for example, stump and phantom, which are noted separately in this table.
In the text the overall response per patient is given.
*One patient was made worse, but first enjoyed significant benefit for three years and six months and is therefore recorded as SB in
the table.
tOne patient was made worse after initial modest benefit; the overriding result was MW.
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more than one pain obtained complete relief
of one. Of the 20 implanted after a period of

Table I Effiicacy: sex distribution
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Electrode

Operations 38
16
Patients

Leads* incl
insulation

Connector Receivertransducer

4
4

14
10

7
7

Infection

CSF leak Other

7
3

2
2

16
15

*"Lead" refers to the cable

comprised one SB, one NE and one MW, but
four out of five with a partial cord lesion (four
paraparetic and one hemiparetic) were SB
with one MB.
Of effective frequencies selected, 81 % were
within the range 50-120 cycles per second.
Only two patients found that only frequencies
below this range were effective and only one
patient found frequencies up to 1400 cps effective.
Of effective pulse widths recorded, 19%
were less than 0 5 ms and 67% were 0 5 to
0-8 ms. The commonest effective pulse width
employed was 0 5 ms (33%).
Eleven of the patients who benefited used
their stimulator for 24 hours every day, 14
used it all day and left it off at night and in 17
the pattern was different or unknown. Of six
patients who developed tolerance to the analgesic effect, five were continuous users.
There were no deaths and no neurological
deterioration related to surgery or to stimulation. The complications most frequently leading to re-operation were electrode failure
(through electrode fracture or the interposition of scar tissue between electrode and
dura), electrode movement and connector
failure (table 6). Infection occurred in three
cases (5%) two of whom had had temporary
external leads. Overall, the average total number of operations per patient was 2 8. If operations for infection and for the original implantation are excluded, however, then the average
number of additional operations after implantation per non-responder (MW plus NE) was
0-56 and per responder (MB plus SB) was 1-7.
Responders therefore had three times as many
additional operations as non-responders.
Almost 50% (29 cases) needed no re-operation after initial implantation.
Discussion
This series covers a wide range of conditions
which differs from that in many other series.
Mittal, for example, had a higher proportion
(more than 60%) of "failed back" syndrome6
and in the USA this figure reaches 94%7
compared with 12% in the present series.
Others have a greater experience of post
amputation (stump and phantom) pain.89
Whilst the ability to evoke paraesthesiae was a
necessary condition for pain relief, it was not
necessary for the paraesthesiae to be within the
painful area (although in most cases it was) and
this conflicts with the findings of others.'
Spinal cord stimulation (SCS) is not a
universal analgesic; it is most effective against
pain due to partial and abrupt deafferentation,
to ischaemia and in some nociceptive pains.
Thus painful paraparesis responds better than
complete paraplegia, particularly if caused by

acute trauma. In one report the best results
with SCS in cancer pain occurred in the cases
which had neurological deficit. 2 The effectiveness of SCS in ischaemic limb pain has been
widely reported""'6 and is supported here. The
results in phantom pain were similar to those of
others.8917 The overall result of this series is
consistent with other series. An overall success
rate of 40-60% has been reported by several
authors 8017- although others have reported
less success.121 Young reported that an initial
47% relief fell to only 8% after three years,22
whereas Long found that better case selection
improved his success rate from 33-70%.23
Differences in patient populations and in
methods of assessment make comparisons unreliable, however.
Implantation after a period of trial stimulation resulted in 17/20 (85%; four were not
permanently implanted) deriving benefit compared with 25/36 (69-4%) of those implanted
directly. Trial stimulation, however, did not
prevent one MW and two NE and the infection
rate was higher after a percutaneous trial (10%
compared with 2-8%). Trial stimulation
therefore appears to increase the rate of subsequent success but is not infallible and may
increase morbidity.
Good results from SCS depend not only
upon case selection, but also upon thorough
follow up by a team able to recognise and to
rectify faults and a willingness on the part of
both patient and surgeon to re-operate when
necessary. Those benefiting from SCS had
three times as many additional operations as
non-responders, which supports the assessment and suggests that good responders were
more willing to undergo re-operation.
The results suggest that infected systems
should be removed completely as attempts at
preservation are unlikely to be successful.
Tolerance to SCS can be prevented by
avoiding continuous use. Tolerance may have
contributed to the loss of response with time
reported by others.2224
Assessing the results of treatment of chronic
pain is problematical. After months or years of
relief or modulation, the quality and intensity
of the original pain may not be accurately
remembered. Patients' quantifications may be
unreliable (for example, "20% relief, but the
pain is -twice as bad when I stop stimulating").
Patients' interpretations may differ from the
doctor's: a patient complained that his
stimulator did not work because as soon as he
switched it off the pain returned. Another
reported no pain relief, but was able to discontinue her intake of approximately 200 analgesic
tablets per month.
Koeze25 assessed 26 patients who are
included in the present series and who were
extant and using stimulation in 1986. He found
on a quantitative assessment that exactly half
obtained 50%/ or more relief, but there were
discrepancies between this and the patient's
assessment of the "worth" of the treatment.
However, assessments by three different third
parties (clinician, psychologist and relative or
close friend) correlated well with each other.
Return to work is not regarded as a useful
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marker in the present series whose median age
was in the mid fifties and which contained many
disabled people.
Appropriate stimulation must be occurring
before a case is designated as "failed
stimulation"; some cases are in fact failed
attempts at achieving appropriate stimulation.
The- mechanism of action- of SCS is unknown. Fully blind studies are impossible but
an explanation in terms of placebo response is
refuted by the success rate and by the longevity
of response in addition to the need for the
electrodes to be above the neurological level of
the pain. A patient may experience evoked
paraesthesiae but have no pain relief until the
electrodes are re-positioned or the stimulation
parameters are altered. Many other treatments
will have been tried before SCS including,
surgical procedures, drug therapy, physiotherapy, acupuncture, hypnotherapy, relaxation therapy and transcutaneous electrical
nerve stimulation (TENS) without a placebo
response occurring. Finally, SCS can induce
analgesia in animals.26
Although elevated sensory thresholds'0227
and reduced somatosensory evoked potentials'" in the presence of SCS in humans have
been reported, an overt alteration in sensation
is not an accompaniment of effective SCS.2
Furthermore, SCS is no more effective against
nociceptive pain than against deafferentation
pain. SCS activates several pathways in the
spinal cord3' and has been shown to influence
thalamic activity in the monkey and the
human.2932 . In peripheral vascular disease the
analgesic effect of SCS may be, in part, secondary to an increase in perfusion.ll6
Any theory must explain the evoked paraesthesiae felt in phantom limbs, the universal
observation that the electrodes must be both
ipsilateral and (except in facial pain)
neurologically rostral to the painful area, the
autonomic effects of SCS and the fact that the
pain is converted into a neutral or even a
pleasant sensation rather than being simply
blocked or "gated".
SCS is reversible, non-destructive, has a low
morbidity and unlike destructive measures
does not itself produce deafferentation pain.
Controversy persists regarding the method of
implantation and the validity of selection by
trial stimulation but SCS can be a highly
effective therapy in selected chronically suffering patients for whom little or nothing else can
be offered.

