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Central poststroke pain (CPSP) is a type of
neuropathic pain that affects approximately
1% to 8% of patients after stroke1,2 and is

characterized by pain and sensory dysfunction
involving the area of the body that has been
affected by the stroke.3 Once present, CPSP rarely
abates, causing a considerable long-term impact
on patient’s quality of life.4 Although amitripty-
line and gabapentin are usually the drugs of first
choice, they are often ineffective. In addition, the
utility of amitriptyline is limited by its intolera-
ble side effects, including dry mouth, urinary
retention, arrhythmias, and sedation, especially
in elderly stroke patients.5

The use of neurostimulation techniques has
been proposed for severe medically refractory
CPSP.6 Deep brain stimulation has yielded vari-

able results,7 whereas motor cortex stimulation
(MCS) has been reported to achieve pain relief in
approximately half of patients.8 MCS involves
implanting electrodes over the motor strip through
a craniotomy. Its use is correspondingly restricted
to well-established functional neurosurgical centers.6

Spinal cord stimulation (SCS) is the most
widely used neurostimulation technique for
chronic pain because it is minimally invasive, has
a low complication rate, and is generally effec-
tive.9 SCS has been proven effective for various
types of neuropathic pain of peripheral origin,
in particular, failed back surgery syndrome and
peripheral neuropathy.9 In contrast, SCS is con-
sidered ineffective for central neuropathic pain,
including CPSP.7 However, the efficacy of SCS for
CPSP has not been adequately explored, and
there are only a few reports of its use in a small
number of patients.6,7,10,11 To evaluate the effi-
cacy of SCS in CPSP, we retrospectively reviewed
our clinical data from SCS in 30 consecutive
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patients with intractable CPSP and report the results of trial as
well as long-term stimulation.

PATIENTS AND METHODS

Patient Population
Between May 2002 and July 2009, 87 patients with medically refrac-

tory CPSP underwent one or more of the following neuromodulatory
procedures at the Department of Neurosurgery of Osaka University
Hospital: MCS (13 patients), repetitive transcranial magnetic stimula-
tion (59 patients), or SCS (30 patients). We reviewed the records of the
30 consecutive patients with medically refractory CPSP who underwent
SCS trials or implantations. They included 21 men and 9 women, with
a mean ± standard deviation age of 64.8 ± 7.4 years and a mean dura-
tion of pain before surgery of 44.8 ± 35 months.

All patients were diagnosed with CPSP according to the following
findings12: (1) development of pain after stroke, (2) sensory disturbance
correlated with the cerebrovascular lesion, (3) pain located within the
territory of sensory disturbance, and (4) exclusion of other causes of noci-
ceptive and peripheral neuropathic pain, especially lumbar canal steno-
sis and poststroke shoulder pain caused by contracture deformity.
Comprehensive neuropsychological assessment was performed in all
patients to rule out serious psychiatric disorder or severe cognitive dys-
function. All patients had a poor response to medical treatment for at
least 6 months before the SCS treatment, including antidepressants and
anticonvulsant drugs.

We used to recommend MCS as a primary neurostimulation option
for patients with medically refractory CPSP. However, we found that
some patients refused MCS because of the need for a craniotomy. Another
group of patients had a poor response to repetitive transcranial magnetic
stimulation, which predicted a poor response to MCS.13 In these situa-
tions, we discussed an SCS trial as an alternative and less invasive option.
Moreover, because SCS is most effective in well-localized pain,12 we con-
sidered SCS in patients with restricted pain distribution or when pain
had a wide distribution but the area with greatest pain and disability was
restricted to a small area like a foot or hand (Figure 1).

The most frequent cause of stroke was putaminal hemorrhage (n =
12; 40%), followed by thalamic hemorrhage (n = 9; 30%). Other less
frequent causes (n = 9; 30%) are listed in Table 1. All patients had uni-
lateral pain, which varied in distribution from single limb to hemibody
pain (Figure 1). Allodynia was observed in 18 patients (60%) and hyper-
pathia in 11 patients (37%). Motor weakness was mild in 20 patients
(Manual Muscle Test grade 4; 67%) and moderate in 3 patients (Manual
Muscle Test grade 3; 10%).

Trial Stimulation
With the patient under local anesthesia and in the prone position, a

percutaneous lead with quadripolar electrodes (Pisces Quad, Model
3487A; Medtronic, Inc, Minneapolis, Minnesota) was inserted into the
epidural space using a Touhy needle. The tip was advanced to the required
spinal level: C4 to C7 for upper limb pain or T9 to T12 for lower limb
pain. The electrodes were manipulated with fluoroscopic guidance so
that the  stimulation-induced paresthesia covered the entire region affected
by pain.14

Using an externalized temporary lead connected to a test stimulator
(Model 3625; Medtronic, Inc), trial stimulation was performed to eval-
uate the efficacy of pain relief before permanent implantation. During

the trial period (2-7 days), patients were allowed to test the  pain-
relieving effects of several stimulation parameters and combinations of
active electrodes. Thereafter, the temporary electrodes were removed, and
patients were discharged. After counseling the patients in the outpa-
tient clinic, those who decided to proceed were scheduled for implan-
tation of a permanent SCS system.

Implantation of Permanent SCS System
A permanent lead was implanted in a similar manner as used for the

trial lead and was anchored subcutaneously. A second trial stimulation
was performed to verify consistent efficacy. Finally, an implantable pulse
generator (Itrel III Model 7425 or Synergy Model 7427 V; Medtronic,
Inc) was implanted in the left lower abdomen or anterior chest with the
patient under general anesthesia.

Evaluation of Pain Relief
Pain intensity was evaluated using a visual analogue scale (VAS) rang-

ing from 0 (no pain) to 10 (worst possible pain) at baseline, during the
trial, and at follow-up visits every 6 months. In patients with wide regions
of pain, the VAS score was assessed independently for each region, and
the target area for SCS was determined based on the area with greatest pain
and disability (Figure 1).

In addition, the Patient Global Impression of Change (PGIC) scale
was assessed at the latest follow-up visit after the permanent implant.
The PGIC scale indicates overall improvement according to a 7-point
categorical scale: 1, very much improved; 2, much improved; 3, mini-
mally improved; 4, no change; 5, minimally worse; 6, much worse; and
7, very much worse. The ratings 2 and 1 were considered clinically sig-
nificant improvement.15

During data analysis, the degree of pain relief was classified into 3 cat-
egories: good (≥50%), fair (30%-49%), or poor (<30%) based on the per-
centage of reduction of the VAS score: [% reduction = (VASpre-stimulation

− VASpost-stimulation/VASpre-stimulation) × 100%].13 Pain relief of fair or bet-
ter was considered clinically significant based on a report documenting
that a pain reduction as low as 30% corresponds to clinically meaningful
success.15

FIGURE 1. Illustrated case (patient
16). Magnetic resonance imaging
reveals evidence of an old right puta-
minal hemorrhage (A). The distribu-
tion of pain in the left hemibody shows
that pain was more severe in the left
foot; the patient therefore underwent
implantation of a lower thoracic elec-
trode targeting the foot region (B).

A B
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Clinical Factors Related to the Outcome
of Trial Stimulation

Based on the degree of pain relief during trial stimulation, patients
were classified into 2 groups: good and fair in one group and poor in the
other. Clinical factors such as age, sex, painful region treated (upper vs lower
limb), duration of pain, cause of stroke (putaminal vs thalamic hemor-
rhage), presence or absence of hyperpathia or allodynia, and degree of
motor weakness (absent or mild vs moderate) were compared between

the 2 groups using the Mann-Whitney U test for age and duration of
pain and the Fisher exact test for the remaining factors.

Statistical Analysis
VAS scores before the trial, during trial stimulation, and at latest

follow-up were compared using the Wilcoxon signed-rank test for
nonparametric data. For the 2 patients with 2 implanted electrodes,
VAS score reduction for the thoracic electrode was used for statisti-

TABLE 1. Patient Characteristics and Results of Trial Stimulationa

a Allod, allodynia; Hyperp, hyperpathia, VAS, visual analogue scale; IPG, implantable pulse generator; L, left; R, right; LL, lower limb; UL, upper limb; thal, thalamic; hem, hemor-
rhage; put, putaminal; inf, infarction; sc, subcortical; +, presence; −, absence. Median VAS score in target regions decreased significantly from 8.5 to 6 after trial (P < .001).

Patient 
Age,

y/Sex

Pain
Duration,

mo

Underlying
Disease

Painful
Region
Treated

Motor
Weakness

Sensory
Disturbance

Baseline
VAS

Score

VAS
Score
After
Trial

%
Change
in VAS
Score

Trial
Stimulation

Result

IPG
Implantation 

Allod Hyperp

1 59/M 48 L sc inf R LL Mild + − 7 7 0 Poor −

2 54/F 12 L thal hem R UL Mild + + 10 7.5 25 Poor +

3 59/F 97 R put hem L LL Mild − + 8 4 50 Good +

4 65/M 30 R thal hem L LL — − − 9 4 56 Good +

5 71/M 19 L thal hem R UL Moderate + − 10 10 0 Poor −

6 64/F 68 L put hem R LL Mild + − 10 7 30 Fair +

7 74/F 156 L put hem R LL Mild − − 8 8 0 Poor −

8 75/F 24 L thal hem R LL Mild − − 7 3 57 Good +

9 75/M 24 R put hem L LL — − − 10 7 30 Fair −

10 58/M 60 L pontine inf R LL Mild + − 6 3 50 Good −

11 66/F 32 R put hem L LL Mild + − 7 3 57 Good +

12 67/M 52 L thal inf R UL Mild + + 8.5 8.5 0 Poor −

13 57/M 80 R put hem L LL — + + 6 6 0 Poor −

14 72/M 83 L thal hem R LL Moderate − − 8.5 7.5 12 Poor −

15 65/M 33 L thal inf R UL Mild − − 9 6 33 Fair +

16 48/M 11 R put hem L LL Mild + − 8.6 3 65 Good +

17 69/M 6 L thal hem R LL Mild + + 8 8 0 Poor −

18 66/M 81 R put hem L LL — − + 8.5 7 18 Poor −

19 67/M 14 L medullary inf R LL — + − 5 5 0 Poor −

20 61/M 29 L pontine inf R UL Mild + − 9 6 33 Fair −

21 72/M 16 L put hem R LL Mild + + 9 9 0 Poor −

22 76/M 41 L thal hem R UL Moderate − − 8.5 2.5 71 Good −

23 62/F 6 R sc hem L LL Mild + + 8 5.6 30 Fair −

24 51/F 46 R put hem L LL 
& UL

Mild + − 7 3 57 Good +

25 65/F 20 R medullary inf L LL — + + 9.5 8.5 10 Poor −

26 64/M 56 R put hem L LL Mild + + 8 8 0 Poor −

27 56/M 6 R thal hem L LL — − − 7.8 5 25 Poor −

28 74/M 93 L thal inf R LL Mild − − 8 5 38 Fair −

29 62/M 19 L put hem R LL Mild − − 7 7 0 Poor −

30 71/M 82 R thal hem L LL 
& UL

Mild + + 6.5 1.5 77 Good +
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cal analysis. In all comparisons, findings with P < .05 were consid-
ered significant.

Ethical Issues
Informed consent was given by each patient, and an approval was

obtained from the local Ethical Review Board of Osaka University Hospital.

RESULTS

Trial Stimulation
For trial stimulation, 30 patients had a single lead implanted (24

at the thoracic level for lower limb pain and 6 at the cervical level
for upper limb pain). Pain relief was good in 9 patients (30%),
fair in 6 patients (20%), and poor in 15 patients (50%). The
median VAS score in target areas decreased significantly from 8.0
(range, 5.0-10.0) to 6.0 (range, 1.5-10.0) after the trial (P < .001).

Permanent Implantation
Of the 30 patients receiving the trial SCS, only 10 patients

decided in favor of a permanent SCS system implantation. Two
patients had 2 leads implanted, 1 at the thoracic level for lower
limb pain and 1 at the cervical level for upper limb pain (patients
24 and 30; Table 1). The clinical characteristics of the 10 patients
who underwent implantation are presented in Table 2.

Of the 10 patients with permanent implants, the degree of pain
relief during SCS trial was good in 7 patients, fair in 2 patients,
and poor in 1 patient. Only 1 patient with a poor response to trial
stimulation decided to have a permanent implant (patient 2; Table
2). That patient was satisfied with a modest degree of pain relief
(25% VAS score reduction) and elected to have the implant despite

a detailed explanation of the low potential for a favorable long-
term outcome.

Results at Latest Follow-up
At the time of the latest check, 1 patient (patient 30) had

less than 6 months of follow-up and was therefore excluded
from the long-term follow-up analysis. The remaining 9 patients
had a mean duration of 28 months of follow-up (range, 6-62
months). At the latest follow-up, 7 patients reported signifi-
cant pain relief on the VAS scale (5 good and 2 fair). On the
PGIC scale, 6 patients reported a rating of 2 (much improved)
and 1 patient reported a rating of 3 (minimally improved). All
7 patients used the stimulator regularly (2-10 times daily; Table
2). The remaining 2 patients reported poor pain relief; 1 reported
a rating of 4 (no change) and 1 a rating of 5 (minimally worse)
on the PGIC scale. The median VAS score in the 9 patients
decreased significantly from 8.6 (range, 7.0-10.0) to 4.5 (range,
3.0-8.0; P = .008; Figure 2). The mean VAS score reduction in
all 9 patients was 41.5% (range, 19%-57%). In the 7 patients
with good long-term outcome, the mean VAS score reduction
was 46.5% (range, 30%-57%).

Analysis of data from the 2 patients who showed poor long-
term results revealed that patient 2 had an initially modest response
to trial stimulation. Thereafter, she experienced decreased anal-
gesic efficacy of SCS along with uncomfortable paresthesia in
response to stimulation. The other patient (patient 16) had a good
response to trial and initial stimulation, but subsequently expe-
rienced progressive loss of efficacy of SCS.

The most common stimulation parameters were an amplitude
of 1.5 to 3 V (range, 1.5-6 V), a pulse width of 210 μs (range,

TABLE 2. Patient Characteristics and Long-Term Follow-up of 10 Patients With Permanent Implantsa

a Allod, allodynia; Hyperp, hyperpathia; VAS, visual analogue scale; PGIC, Patient Global Impression of Change (scale) (2, much improved; 4, no change; 5, minimally worse); 
L, left; thal, thalamic; hem, hemorrhage; R, right; UL, upper limb; LL, lower limb; put, putaminal; inf, infarction; ND, not determined.
b These patients had 2 electrodes implanted, but in the statistical analysis, only results for the thoracic electrode are included. 
c This patient had less than 6 months of follow-up at the time of latest follow-up and was therefore excluded from long-term-follow-up analysis.

Patient 
Age,

y/Sex

Pain
Duration,

mo

Underlying
Disease

Painful
Region
Treated

Motor
Weakness

Sensory
Disturbance

Allod Hyperp

% VAS Score
Reduction

During Trial

Latest Follow-up

%VAS Score PGIC
Reduction Rating

Follow-up,
mo

2 54/F 12 L thal hem R UL Mild + + 25 20 5 16

3 59,/F 97 R put hem L LL Mild − + 50 50 2 62

4 65/M 30 R thal hem L LL — − − 56 50 2 60

6 64/F 68 L put hem R LL Mild + − 30 30 3 6

8 75/F 24 L thal hem R LL Mild − − 57 57 2 41

11 66/F 32 R put hem L LL Mild + − 57 57 2 24

15 65/M 33 L thal inf R UL Mild − − 33 33 2 25

16 48/M 11 R put hem L LL Mild + − 65 19 4 12

24 51/F 46 R put hem L LL and ULb Mild + − 57 57 2 12

30 71/M 82 R thal hem L LL and ULb Mild + + 77 NDc NDc NDc
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210-350 μs), and a frequency of 31 Hz (range, 10-50 Hz) with a
bipolar configuration.

Complications
The complications observed included only minor displacement

of the electrode tip in 2 patients. This displacement was not asso-
ciated with a change of efficacy of stimulation, and thus no repo-
sitioning was attempted. During the follow-up period, 1 patient
(patient 4) died 3 years after implantation of a cause unrelated to SCS.

Clinical Factors Related to the Outcome of Trial
Stimulation

There was no significant difference between the 2 groups in
any of the factors examined. The incidence of hyperpathia was
higher in the poor group than in the good and fair groups, but
this result was below the threshold for significance (P = .074; data
not shown).

DISCUSSION

SCS has previously been considered ineffective for CPSP
despite the paucity of data in the literature to support this
idea.6,7 This study is the first to find that SCS may provide
improved pain control in a group of patients with medically
refractory CPSP. We found that half of the patients exhibited sig-
nificant pain relief during trial stimulation (Table 1). Moreover,
7 of 9 patients continued to exhibit significant pain relief over
a mean follow-up period of 28 months (range, 6-62 months;
Table 2). Among these 7 patients, 6 patients reported a rating
of 2 (much improved), whereas 1 reported a rating of 3 (min-
imally improved) on the PGIC scale, and the mean VAS score
reduction was 46.5%.

A previous report indicated that 80% of failed back surgery syn-
drome patients achieve more than 50% pain reduction during trial
stimulation.9 We obtained a lower rate of success during trial stim-
ulation, with 50% of our patients reporting more than 30% pain
reduction, and 30% reporting more than 50% pain reduction.
However, this modest degree of efficacy is important considering
the severity of pain in these patients, the refractory nature of their
pain, and the paucity of alterative therapeutic options.

To our knowledge, only 2 previous retrospective studies inves-
tigated the use of SCS in CPSP.6,7,10,11 In agreement with our
findings, the first study reported long-term efficacy in 3 of 10
patients,10 whereas the second study reported long-term pain
reduction (≥60%) in only 3 of 45 patients.11 Using 30% or greater
pain reduction as a threshold for success, 6 of our 30 patients
(with a mean VAS score reduction of 51.5%) were considered to
have a satisfactory outcome, as supported by their choice of much
improved on the PGIC scale. The discrepancy between our find-
ings and those of the Katayama et al11 study may be because of
differences in the threshold indicator of a good outcome. Although
no consensus exists regarding the definition of a good outcome
in chronic pain studies, the criterion of 50% pain relief is increas-
ingly challenged because pain reduction as low as 30% corre-
sponds to a clinically important improvement in many patients.7,15

We therefore suspect that the clinical efficacy of SCS may have
been previously underestimated as a result of the use of an unsuit-
ably high threshold for success.

Therapeutic options for medically refractory CPSP are limited.16

MCS is reported to provide pain relief in 50% of patients with
CPSP.8 However, because MCS requires a craniotomy, its use is
limited to specialized neurosurgical centers.6 In contrast, the
SCS technique is relatively simple, less invasive, and can be mas-
tered not only by neurosurgeons but by many anesthesiologists
and pain clinicians as well.17 Compared with other neurostim-
ulation procedures, percutaneous trial SCS is better tolerated
by patients and the electrodes can be removed easily if a trial
fails. In our series, the minimal invasiveness and high degree of
safety of SCS were demonstrated by the absence of significant com-
plications.

The distribution of CPSP throughout the body may be quite
variable. CPSP most often occurs in a hemibody fashion, but may
be restricted to distal parts of the body such as the hand or foot.6
Because coverage of the entire targeted region of pain by stimu-
lation paresthesia is essential for the success of SCS,18 we selected
the most painful region, which is somewhat restricted, as a target
for SCS. In this context, a majority of our patients had leg pain
most frequently caused by putaminal hemorrhage. Putaminal
hemorrhage that affects the posterior part of the internal capsule
has the propensity to cause pain that is most severe in, or con-
fined to, the leg.19 We considered patients with leg-dominant
CPSP suitable candidates for SCS because thoracic electrodes are
less susceptible to displacement than cervical electrodes.20 In addi-
tion, lower limb pain is not considered a good indication for MCS,
given the technical difficulties associated with implanting elec-
trodes on the medial surface of the brain.8

FIGURE 2. Bar graph showing changes in visual analogue scale (VAS) scores
for 10 permanently implanted patients during trial stimulation and latest
follow-up The median VAS score in target areas decreased significantly from
8.3 (range, 6.5-10.0) to 3.5 (range, 1.5-10.0) after the trial (P < .001) and
to 4.5 at latest follow-up (range, 3.0-8.0; P = .008). *Patient 30 had less
than 6 months of follow-up and was therefore excluded from long-term follow-
up analysis.



In our analysis of clinical factors that may be predictive of response
to trial stimulation, we found that patients with hyperpathia tended
to respond less well to trial stimulation than those without. This obser-
vation is consistent with a previous report in which SCS was less
effective for control of evoked pain than spontaneous pain.21 We
also found that the effects of trial stimulation were sustained after
permanent implantation in the majority of patients. SCS trial stim-
ulation is thus advantageous for predicting efficacy in a minimally
invasive manner before permanent implantation.

The mechanism behind the pain-relieving effects of SCS is
still not fully understood. Inhibition at the spinal segmental
level and activation of supraspinal mechanisms have been sug-
gested as possible neurophysiological mechanisms.22 Positron
emission tomography and functional magnetic resonance imag-
ing studies have detected brain activation during SCS.23 Using
H(2) 15O positron emission tomography, we recently observed
activation not only in somatosensory areas but also in those areas
concerned with emotional aspects of pain such as the anterior
cingulate cortex and prefrontal areas.22 CPSP is thought to be
caused by abnormal processing of nociceptive information ros-
tral to the level of deafferentation.11 Therefore, we speculate
that the  pain-relieving effect of SCS in CPSP may be interpreted
in light of its supraspinal mechanisms.

Study Limitations
Two limitations of our study are its retrospective design and

small sample size. Unfortunately, it is difficult to recruit a large
number of CPSP patients in 1 center owing to the low prevalence
and underdiagnosis of this condition.6 A third limitation is that
our study lacked a control arm. Because SCS induces perceptible
sensation, it is difficult to conduct prospective, crossover, placebo-
controlled studies or blinded evaluations.24 Therefore, the role of
the placebo effect remains an unresolved problem in SCS litera-
ture.24 However, the sustained pain relief in our patients and its
correlation to certain stimulation parameters argue against a
placebo effect. In the face of unblinded assessment, it may be
claimed that placebo effects themselves can run as high as our rel-
atively low threshold of success (30% pain reduction). However,
using double-blind testing in MCS patients, Rasche et al16 found
all placebo responders to have less than 30% pain reduction.
Therefore, the author concluded that setting the bar at 30% was
helpful to discriminate between true and placebo responders. We
could not recruit case-matched controls, as our surgical practice
allowed us to provide long-term follow-up care only for surgically
treated patients. In view of the lack of a control group, one may
argue that the long-term pain-relieving effect of SCS may be attrib-
uted to spontaneous regression of symptoms; however, in our
experience, as in that of others, medically refractory CPSP usually
persists over a long time and rarely regresses spontaneously.4

Despite these limitations, our data support the idea that SCS
may provide improved pain control in a group of patients with
severe CPSP that is refractory to other treatments. A prospective,
controlled study with a larger population of patients is needed to
provide stronger evidence of the efficacy of SCS in CPSP.
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CONCLUSION

This study is the first to find that SCS may provide improved
pain control in a group of patients with medically intractable
CPSP. The efficacy of SCS in CPSP is generally modest, both in
terms of the success rate and degree of pain relief. However, this
modest degree of efficacy is important considering the severity of
pain in these patients, the refractory nature of their pain, and the
paucity of alterative therapeutic options. A further prospective,
controlled study with a larger population of patients is needed to
provide stronger evidence of the efficacy of SCS in CPSP and
define the patient population who are most likely to benefit from
SCS treatment.

Disclosure
The authors have no personal financial or institutional interest in any of the

drugs, materials, or devices described in this article.
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COMMENT

This article reports the authors’ experience using spinal cord stimula-
tion to treat central poststroke pain. This pain syndrome is quite

 difficult to treat using typical pain management techniques such as phys-
iotherapy and pharmacologic measures. The few reports in existence
describe fairly unimpressive results for the efficacy of spinal cord stimu-
lation in poststroke pain. I applaud the authors’ persistence in provid-
ing additional evidence of the use of this technique. Apparently there
may be hope yet for this technique in poststroke pain.

Of the 30 patients who underwent a trial of spinal cord stimulation, 10
underwent permanent placement, and 9 were available for follow-up. Good
or fair pain relief was seen in 7 of 9 patients (78%) with just over a mean
2-year follow-up. Outcome measures were change in visual analogue scale
scores and a patient satisfaction rating (Patient Global Impression of
Change). Minor, clinically insignificant migrations were seen in 2 patients.

These results are not all that different from results of spinal cord stim-
ulation used to treat other neuropathic pain syndromes. Given that post-
stroke patients who do not respond to less invasive pain management
strategies have few remaining treatment options, an overall 30% (9/30)
success rate, as seen in this study, is better than nothing. At least most of
the treatment failures can be screened by the trial process, thus reducing
the overall cost of the therapy. Patients with permanent implants had
nearly an 80% success rate at 2 years.

Additionally, regarding the authors’ belief that a 50% response rate as
a definition of a “successful” implant, I agree that this is arbitrary and
restrictive. It is a reasonable number, however, for research purposes and
allows a degree of standardization of outcomes between studies. As noted
by these authors, in clinical practice, patients will often be satisfied with
less than 50% pain relief. I routinely see this in my practice, and this issue
should be kept in mind when interpreting the outcomes of any pain study.

I completely agree with the authors’ belief that spinal cord stimula-
tion should be one of many neurostimulation techniques available to
treat the medically-refractory post-stroke pain patient. Depending upon
the distribution of pain, motor cortex stimulation, spinal cord stimula-
tion, spinal nerve root stimulation, peripheral nerve stimulation, and
subcutaneous peripheral nerve stimulation should all be considered as
reasonable options. Generally, I favor the least invasive, safest, and most
effective technique that covers the pain most completely. This study pro-
vides evidence that spinal cord stimulation, like these other forms of neu-
rostimulation, should not be excluded a priori as a treatment option, but
should be used when appropriate when less invasive measures fail.

Christopher J. Winfree
New York, New York
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