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Case 2  

A 56-year-old right-handed man with a past 
medical history including brainstem infarction 
8 years prior presented with severe left facial pain 
thought to represent long-standing trigeminal 
neuralgia.

Examination demonstrated decreased pinprick 
and temperature sensibility involving the right 
hemibody with right facial sensation apparently 
intact. The presence of allodynia was demonstrated 
by an unpleasant sensation triggered by soft 
touch to the left face. Exam also demonstrated 
decreased vibratory sensitivity bilaterally in distal 
lower extremities, wide-based gait, and very poor 
tandem gait.

His medical history included mild residual ataxia, 
dysphagia, and vocal cord weakness following left 
lateral medullary and left cerebellar stroke 8 years 
earlier, type II diabetes diagnosed at the time of his 
stroke, obesity, hyperlipidemia, obstructive sleep 
apnea, gastroesophogeal refl ux, and most recently 
essential thrombocythemia. An earlier tentative 
diagnosis of antiphospolipid antibody syndrome 
could not be substantiated. His medications at 
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Although pain associated with sensory 
 defi cits following otherwise minor stroke 
has been recognized for over 100 years, 

it remains a clinically challenging problem  today, 
posing diffi culties both in recognition and  therapy. 
Two of our recent cases illustrate this.

Case 1 

A 60-year-old woman with a past history of 
stroke, hypertension, diabetes, dyslipidemia, 
and depression was evaluated for the complaint 
of not remembering the names of her children. 
During her evaluation, it was discovered that she 
had intermittent right arm pain, right perioral 
numbness, and involuntary movements of the 
right hand and forearm. Exam demonstrated 
decreased sensitivity to pinprick involving the 
right upper extremity as well as postural tremor 
of the right upper extremity and chorea of the 
right hand and forearm, mild fl attening of the 
nasolabial fold on the right, and dyskinetic 
tongue movements. Among her many problems, 
including poststroke depression, Dejerine-
Roussy syndrome was suspected. MRI brain was 
obtained confi rming a chronic right thalamic 
infarct (Figure 1). The patient responded well to 
duloxetine 60 mg daily and counseling regarding 
her right-sided dysesthesias and abnormal 
movements.
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evaluation included acetaminophen, escitalopram, 
hydroxyurea,  lansoprazole ,  met formin, 
nortriptyline, oxcarbazepine, saxagliptin HCl, and 
tramadol. MRI brain demonstrated the old left 
lateral medulla ischemic infarction (Figure 2). 

His left facial pain was attributed to central 
poststroke pain syndrome (CPSP). Oxcarbamazepine 
and escitalopram were discontinued while 
nortriptyline was increased to 100 mg nightly and 
gabapentin was initiated at 300 mg at bedtime 
and gradually advanced to 300 mg 3 times daily. 
He enjoyed a marked decrease in facial discomfort 
over subsequent weeks. 

CPSP: Defi nition, History, and Diagnosis

Neuropathic (or neurogenic) pain arises 
not from the normal signaling functions of 
nocioceptors, but from abnormal pain signaling 
within the nervous system. Central pain is a 
form of neuropathic pain caused by damage 
or dysfunction within the central nervous 
system. CPSP is defined as a central pain 
syndrome occurring as a direct consequence of a 
cerebrovascular lesion, most commonly ischemic 
stroke but also hemorrhagic stroke, associated 
with either intracerebral or subarachnoid 
bleeds.1 

Figure 1. Axial T2 FLAIR MR image (left panel) showing a chronic 
left thalamic infarction (arrow). A T2 coronal image (right panel) 
demonstrates the postero-lateral thalamic location of the infarct.

Figure 2. T2 weighted MR image showing a 
chronic left lateral medullary plate lesion (upper 
arrow) and a posterior inferior cerebellar artery 
infarct  of the same age (lower arrow).

In some instances, pain is present at stroke 
onset, but this is not common. CPSP typically 
begins days or weeks after the ictus. In a 



118 TOPICS IN STROKE REHABILITATION/MAR-APR 2013

prospective study, 63% of patients were affected 
within 1 month, another 18% within 6 months, 
and the remaining 18% after 6 months.2 CPSP 
is characterized by disabling chronic pain and 
sensory abnormalities. Individuals suffer from 
pain described as mild to moderate, recurrent 
or constant, sharp, stabbing, burning, or 
paradoxically burning cold. Patients further 
describe the pain as “troublesome, annoying 
or tiring.”1 Pain is always or nearly always 
circumscribed within an area of stroke-associated 
sensory defi cit involving pinprick or thermal 
sensation.3 Patients describe spontaneous pain 
and pain evoked by touch or movement. Undue 
sensitivity to noxious stimuli (hyperpathia) may 
be present. Spontaneous unpleasant sensations 
(dysesthesias) may be present. Allodynia, an 
exaggerated response to normal touch or another 
normally nonpainful stimulus perceived as 
intense pain, may be present. Allodynia may 
involve single modalities such as warmth, 
coolness, or soft touch or more complex stimuli 
such as a moving brush termed mechanical 
allodynia.4 Mechanical allodynia in response to 
contact with clothing, bed sheets, or air currents 
can be particularly debilitating. Allodynia, when 
present, is pathognomonic of neuropathic pain 
and is a common feature in patients with CPSP; 
it is reported in two-thirds of CPSP patients 
and in more than 90% of patients in selected 
series.3 CPSP is a major impediment to stroke 
recovery, causing diffi culties during rehabilitation 
and interfering with sleep. In some cases, it is 
associated with  self-harm.1 

The history of CPSP begins with the description 
of the “thalamic syndrome” by Dejerine and 
Roussy in 1906.5 Such patients tended to have 
hemibody sensory defi cits, mild motor defi cits 
often associated with abnormal movements or 
posturing and minor stroke overall. Although 
thalamic lesions comprise only 1 of the 3 
anatomical locations commonly associated with 
CPSP, it remains the best known. Head and 
Holmes6 described patients with cortical lesions 
and central pain in 1911; subsequently, lateral 
medullary lesions and pontine lesions were 
added, leading to the generalization that lesions 
anywhere along the spinothalamic tract or its 
trigeminal equivalent could cause central pain.3 

Currently, it is generally recognized that injury 
to the spinothalamic tract or its central targets is 
necessary but not suffi cient for the formation of 
CPSP. It is unclear how a secondary pathologic 
gain of function then develops.1 The anatomic 
fi ne structure of lesions crucial to the formation 
of thalamic pain involves circumscribed areas 
of the ventral and lateral thalamus, but the 
precise fi ne structure is still debated.7,8 CPSP of 
cortical origin seems to involve an increasingly 
 well-defi ned anatomical region in the posterior 
insula and neighboring opercular parietal 
cortex.9  

Poststroke pain is common in stroke 
survivors. CPSP is not uncommon. In a population-
based study of stroke patients, prevalence of CPSP 
is 8% but may range from 1% to 12% in different 
series.10 Frequency of CPSP appears to depend 
upon lesion location. In lateral medullary infarction 
(Wallenberg’s), 25% of cases may develop CPSP; 
in inferior-lateral thalamic infarctions, 17% to 
18% of cases go on to develop CPSP.1,11 Cortically 
based CPSP seems less frequent and involves the 
posterior insular and adjacent parietal cortex most 
specifi cally.9 

Although the diagnosis of CPSP is too frequently 
overlooked, it is crucial that the clinician 
carefully consider other causes of poststroke pain. 
Musculoskeletal pain, especially pain related 
to abnormal shoulder movement, is probably 
most common and comprises roughly 40% of 
cases; headache following stroke is common, 
and pain associated with spasticity must also be 
considered.1 Finally, the clinician should recognize 
that several types of chronic pain often co-occur in 
patients, and the contribution of each type needs 
to be differentiated at the initiation of treatment 
and as treatment proceeds. 

Pharmacological Treatment

Clinical data regarding pharmacological 
treatment are limited both by the small numbers 
of patients enrolled and by a lack of well-designed 
trials. We calculate that up to 2009, a total of 96 
CPSP patients were involved in 6 randomized 
controlled trials (RCTs) or masked outcome trials 
(Class IIB or better) as listed in a systematic review 
by Kumar and colleagues.11 What we believe to 
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be the largest RCT to date, published in 2011,12 
included 219 patients and failed with regard 
to the primary endpoint, which was adequate 
improvement in pain scales in patients treated 
with pregabalin.

Medications from the following groups can 
be considered: antidepressants, anticonvulsants, 
antispasticity drugs, anesthetic agents, and 
analgesics.

Antidepressants

Tricyclic antidepressants

Amitriptyline is considered to be the fi rst-
line treatment for CPSP, however side effects 
may be an issue and not all patients respond to 
amitriptyline.13 Placebo-controlled studies show 
effi cacy in treating CPSP.14–16 Anti-cholinergic 
side effects include dry mouth, constipation, and 
urinary retention. Orthostatic hypotension and 
cardiac arrhythmia are potentially serious side 
effects. Other tricyclic antidepressants (TCAs) 
such as nortriptyline are known to treat other 
forms of neuropathic pain,17 but their effi cacy 
in patients with CPSP remains to be clearly 
established. 

Selective serotonin reuptake inhibitors

Selective serotonin reuptake inhibitors (SSRIs) 
have less serious side effects than TCAs, but there 
are no placebo-controlled studies confi rming their 
effi cacy for CPSP.15 Fluoxamine, up to 125 mg 
daily, was effective in patients with CPSP who had 
stroke within 1 year.18 In that study, effectiveness 
of pain treatment seemed independent of effect on 
depression. 

Selective serotonin and norepinephrine 
reuptake inhibitors

Dual-action antidepressants are known to be 
effective in different chronic pain syndromes. 
These agents increase the availability of the 
neurotransmitters serotonin and norepinephrine 
and generally have relatively fewer side 
effects than TCAs. Selective serotonin and 
norepinephrine reuptake inhibitors (SNRIs) 
currently available in the United States are 

venlafaxine, duloxetine, and desvenlafaxine. 
Milnacipran is  approved in Europe for 
depression and is approved in the United States 
for fi bromyalgia. Venlafaxine, milnacipran, and 
duloxetine may be more effective in relieving 
pain than SSRIs.19 Multiple studies report 
the efficacy of SNRIs in neuropathic pain 
syndromes,20–26 but as of yet there are no specifi c 
studies limited to CPSP.

Commonly used anticonvulsants

Agents initially developed as anticonvulsants 
make attractive candidates for possible effi cacy 
in neuropathic pain syndromes generally and 
in central pain syndromes in particular. Several 
anticonvulsant agents are used in the treatment of 
CPSP, but there have been only a few controlled 
clinical studies.

Carbamazepine

In a placebo-controlled, crossover study 
comparing amitriptyline, carbamazepine, and 
placebo,  carbamazepine was better at 3 weeks 
only, whereas amitriptyline was signifi cantly 
better than placebo in relieving pain at 2, 3, 
and 4 weeks.14 Carbamazepine, particularly 
at higher plasma levels, has been found to be 
benefi cial.13 Use of carbamazepine is limited 
by its side-effect profi le and interaction with 
other medications. Clinicians should be aware 
of ataxia, rash, hyponatremia, bone marrow 
dysfunction, and hepatic dysfunction as possible 
side effects. Overall, the effi cacy of carbamazepine 
is limited.11

Lamotrigine

Lamotrigine monotherapy was found to be 
moderately effective in amounts up to 200 mg/day 
in randomized double-blinded placebo-controlled 
trial of 27 CPSP patients.27 At the maximum 
tested dose, 200 mg daily, pain reduction appeared 
clinically meaningful and statistically signifi cant 
when compared to controls. Lamotrigine was well 
tolerated except for the occurrence of mild rash. 
However, Stevens-Johnson syndrome and toxic 
epidermal necrolysis (TENS) are serious potential 



120 TOPICS IN STROKE REHABILITATION/MAR-APR 2013

side effects of lamotrigine, and appropriate patient 
instruction must be given. 

Gabapentin

Gabapentin has proved to be effi cacious and well 
tolerated in other neuropathic pain syndromes 
such as diabetic neuropathy.28 Gabapentin 
is relatively tolerable, safe, and has minimal 
interactions with other drugs.13 The starting dose 
of gabapentin generally is 300 mg 3 times daily for 
3 days, gradually increasing to 1800 or 2400 mg 
daily. A few patients encounter undue somnolence 
at the usual starting dose, and therapy in these 
cases can be reinitiated at 100 mg 3 times daily.

Anesthetics 

Ketamine 

Ketamine may have a role in refractory patients 
with CPSP.29  

Lidocaine 

In a randomized, double-blind, placebo-
controlled trial of 16 patients with neuropathic 
pain receiving lidocaine, a majority of patients 
(62.5%) had signifi cant relief of spontaneous 
pain.30  

Antispasticity drugs

Baclofen   

Studies are lacking, but there have been reports 
on the use of baclofen for neuropathic central pain 
syndrome or complex regional pain syndrome 
(refl ex sympathetic dystrophy).31

Newer or less commonly used anticonvulsants   

Pregabalin is approved for fi bromyalgia. In a 
study of patients with central neuropathic pain 
caused by brain or spinal cord injuries, there was 
overall improvement in patients suffering from 
severe central pain.13,32–34

Levetiracetam35 and oxcarbazepine36 are known 
to reduce neuropathic pain, although studies in 
poststroke pain are lacking. There is inconclusive 

evidence supporting the use of phenytoin, 
zonisamide, and topiramate in CPSP. 

Overall, there are few options. Amitriptyline 
and lamotrigine can be considered fi rst-line agents 
and gabapentin is considered a second-line drug.11 
Polypharmacy is an option but has little formal 
trial support. Analgesics are too often ineffective 
and habituating. In patients not responding to 
medications, repetitive transcranial magnetic 
stimulation and deep brain stimulation have been 
benefi cial.11 

Nonpharmacological Treatment 

Invasive motor cortex simulation (MCS), deep 
brain stimulation (DBS), and repetitive transcranial 
magnetic stimulation (rTMS) are experimental 
modalities that have been employed in patients 
with CPSP refractory to pharmacotherapy. The 
numbers of treated patients are often small. 
Furthermore, invasive methods tend to limit study 
design to observation alone, because it is diffi cult 
to provide effective controls. 

Deep brain stimulation

DBS is a neurosurgical procedure involving 
insertion of deep stimulating electrodes through 
burr holes into target brain regions. Once the 
DBS electrodes are optimally positioned, they are 
coupled to a pulse generator (pacer) that allows 
adjustment of pulse frequency, amplitude, 
and contour. DBS is used to treat Parkinson’s 
disease, depression, and chronic pain. In patients 
with chronic pain, target structures include 
periaqueductal or peri-third ventricular gray 
matter or sensory thalamus. The mechanism 
of action by which DBS achieves pain relief is 
not completely understood. In a meta-analysis, 
DBS was well tolerated and effective in patients 
with neuropathic pain, although it appeared 
to be signifi cantly more effective in relieving 
chronic nociceptive (non-neuropathic) pain. Of 
the 45 CPSP patients included, 53% of cases 
achieved suffi cient pain relief to justify permanent 
implantation while 58% of permanently implanted 
patients maintained pain relief at follow-up.37 In a 
recent series of 15 patients with CPSP, 12 (80%) 
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achieved suffi cient pain relief to justify permanent 
DBS implantation; of these, 7 patients (58%) had 
prolonged pain relief suffi cient to discontinue all 
pain medications.38  

Epidural stimulation of motor cortex

Pioneered in 1991,39 electrical MCS by means 
of implanted prefrontal epidural electrodes has 
been tested in patients with neuropathic pain 
syndromes of multiple causes. A recent systematic 
review of 327 patients receiving invasive MCS, 
including 193 patients with CPSP, found a mean 
positive response rate of 64% across studies. In 
follow-up, the mean response rate fell to 55%.40 
Although these results are encouraging, these 
studies were neither blinded nor controlled, 
and the defi nition of a positive response was set 
within each individual study and not necessarily 
standardized. 

Repetitive transcranial magnetic stimulation

rTMS is a noninvasive procedure where an 
external magnetic coil positioned tangentially to 
the scalp generates a brief high-intensity magnetic 
fi eld in subjacent brain, inducing an electrical 
fi eld perpendicular to the magnetic vector. The 
electrical fi eld may stimulate neurons directly 
or through induced extracellular currents.41 The 
magnetic coil can be positioned over any area of 
cerebral cortex including the prefrontal cortex. 
Deliberate misalignment of the coil permits sham 
stimulation. rTMS appears to be safe and is US 
Food and Drug Administration (FDA) approved 
for the treatment of depression. rTMS can be 
effective for some patients with neuropathic pain. 
The mechanism of action of rTMS in chronic 
neuropathic pain is unclear. It may relate to 
activation of presumably inhibitory projections 
from the motor and premotor cortices to sensory 
thalamic nuclei and from there to other deep 
structures such as brainstem or limbic system.40 
In one study of 48 patients with neuropathic 
pain, including 24 with CPSP, rTMS produced 
a signifi cant decrease in pain compared with 
controls (P = .025). There were no major side 
effects.42 In another randomized controlled study 

of rTMS, 24 of 60 patients with neuropathic 
pain had CPSP. Real stimulation compared with 
sham stimulation led to pain reduction.43 rTMS 
of the precentral gyrus (5 or 10 Hz) reduced 
intractable deafferentation pain in patients with 
spinal cord injury.44 In another study of patients 
with spinal cord injury, pain reduction in the 
real rTMS group continued during the follow-up 
period.45 A meta-analysis comparing noninvasive 
to invasive MCS40 found noninvasive MCS using 
either rTMS or direct current stimulation less 
effective than invasive MCS, with a responder 
rate of 40% compared to the 64% reported in the 
invasive stimulation group. Still, the presence of 
sham controls enhances the credibility of the rTMS 
results. In this pooled analysis, there were 274 
chronic neuropathic pain patients, including 134 
with CPSP. 

Conclusions 

There are many causes of poststroke pain, 
and these frequently coexist in our patients. It 
is crucial to recognize CPSP and differentiate it 
from musculoskeletal pain or spasticity-associated 
pain. As our clinical cases illustrate, CPSP can 
be overlooked. CPSP associated with thalamic 
stroke is probably best known and therefore more 
frequently suspected. The pathophysiological 
insight that CPSP can involve any point along the 
spinothalamic or trigemino-thalamic pathway is 
not just mechanistically interesting but clinically 
useful. The most frequent extrathalamic locus 
is the lateral medulla and the least recognized 
common site may be the parietal-insular cortex. 
With these 3 loci in mind, few cases should be 
overlooked. CPSP is treatable. Recognition of 
the syndrome in and of itself can be reassuring 
to the patient. Amitriptyline and lamotrigine are 
currently fi rst-line agents, and gabapentin is a 
second-line agent in common clinical practice. 
Polypharmacy, although not verifi ed in clinical 
trials, is probably frequently employed and may be 
effective. Noninvasive stimulation therapy should 
be considered in patients who are refractory to 
pharmacotherapy, and invasive stimulation should 
certainly be considered in carefully selected 
patients who are refractory to other approaches. 



122 TOPICS IN STROKE REHABILITATION/MAR-APR 2013

19. Briley M. Clinical experience with dual action 
antidepressants in different chronic pain 
syndromes. Hum Psychopharmacol. 2004;19 
(suppl 1):S21–25. 

20. Vranken JH, Hollmann MW, van der Vegt MH, et al.  
Duloxetine in patients with central neuropathic 
pain caused by spinal cord injury or stroke: a 
randomized, double-blind, placebo-controlled 
trial. Pain. 2011;152(2):267–273. 

21. Berrocoso E, Mico JA, Vitton O, et al. Evaluation 
of milnacipran, in comparison with amitriptyline, 
on cold and mechanical allodynia in a rat model 
of neuropathic pain. Eur J Pharmacol. 2011;655
(1–3):46–51. 

22. Kimura M, Kanetani K. Imai R. Suzuki H, Isayama 
K, Endo S. Therapeutic effects of milnacipran, a 
serotonin and noradrenaline reuptake inhibitor, on 
post-stroke depression. Int Clin Psychopharmacol. 
2002;17(3):121–125. 

23. Kato Y, Sato T, Katagiri A, et al. Milnacipran dose-
effect study in patients with burning mouth 
syndrome. Clin Neuropharmacol. 2011;34(4):
166–169.

24. Giza E, Kyriakou P, Liasides C, Dimakopoulou A. 
Glossopharyngeal neuralgia with cardiac syncope: 
an idiopathic case treated with carbamazepine and 
duloxetine. Eur J Neurol. 2008;15(5):e38–e39. 

25. Ito M, Yoshida K, Kimura H, Ozaki N, Kurita K. 
Successful treatment of trigeminal neuralgia 
with milnacipran. Clin Neuropharmacol. 2007;
30(3):183–185. 

26. Ito M, Kimura H, Yoshida K, Kimura Y, Ozaki N, 
Kurita K. Effectiveness of milnacipran for the 
treatment of chronic pain in the orofacial region. 
Clin Neuropharmacol. 2010;33(2):79–83.

27. Vestergaard K, Andersen G, Gottrup H, 
Kristensen BT, Jensen TS. Lamotrigine for central 
poststroke pain: a randomized controlled trial. 
Neurology. 2001;56(2):184–190.

28. Chen B, Stitik TP, Foye PM, Nadler SF, DeLisa JA. 
Central post-stroke pain syndrome: yet another 
use for gabapentin? Am J Phys Med Rehabil. 
2002;81(9):718–720.

29. Vick PG, Lamer TJ.  Treatment of central post-
stroke pain with oral ketamine. Pain. 2001;92
(1–2):311–313.

30. Attal N, Gaudé V, Brasseur L, Dupuy M, Guirimand 
F, Parker F, Bouhassira D. Intravenous lidocaine in 
central pain: a double-blind, placebo-controlled, 
psychophysical study. Neurology. 2000;54(3):
564–574.

31. Taira T, Hori T. Intrathecal baclofen in the 
treatment of post-stroke central pain, dystonia, 
and persistent vegetative state. Acta Neurochir 
Suppl. 2007;97(pt 1):227–229.  

32. Vranken JH, Dijkgraaf MG, Kruis MR, van der 
Vegt MH, Hollmann MW, Heesen M. Pregabalin 
in patients with central neuropathic pain: a 
randomized, double-blind, placebo-controlled 
trial of a fl exible-dose regimen. Pain. 2008;136
(1–2):150–157.

REFERENCES

1. Klit H, Finnerup N, Jensen TS. Central post-stroke 
pain: clinical characteristics, pathophysiology, and 
management. Lancet Neurol. 2009; 8:857–868.

2. Andersen G, Vestergaard K, Ingeman-Nielsen M, 
Jensen TS. Incidence of central post-stroke pain. 
Pain. 1995;61(2):187–193. 

3. Bowsher D. Central pain. Pain Rev. 1995;2:175–186. 
4. Backonja MM, Galer BS. Pain assessment and 

evaluation of patients who have neuropathic pain. 
Neurol Clin. 1998;16(4):775–790. 

5. Dejerine J, Roussy J. Le syndrome thalamique. Rev 
Neurol. 1906;14:521–532.

6. Head H, Holmes G. Sensory disturbances from 
cerebral lesions. Brain. 1911;34:102–254. 

7. Krause T, Brunecker P, Pittl S, et al. Thalamic sensory 
strokes with and without pain: differences in lesion 
patterns in the ventral posterior thalamus. J Neurol 
Neurosurg Psychiatry. 2012;83(8):776–784.

8. Sprenger T, Seifert CL, Valet M, et al. Assessing 
the risk of central post-stroke pain of thalamic 
origin by lesion mapping. Brain. 2012;135(pt 8):
2536–2545.  

9. Garcia-Larrea L, Perchet C, Creac’h C, et al.  
Operculo-insular pain (parasylvian pain): a distinct 
central pain syndrome. Brain. 2010;133(9):
2528–2539.

10. Klit H, Finnerup NB, Andersen G, Jensen TS. 
Central poststroke pain: a population-based study 
[published online ahead of print January 26, 
2011]. Pain. 2011;152(4):818–824.

11. Kumar B, Kalita J, Kumar G, Misra UK. Central 
poststroke pain: a review of pathophysiology and 
treatment. Anesth Analg. 2009;108(5):1645–1657. 

12. Kim JS, Bashford G, Murphy TK, Martin A, Dror 
V, Cheung R. Safety and effi cacy of pregabalin 
in patients with central post-stroke pain. Pain. 
2011;152(5):1018–1023.

13. Hansson P. Post-stroke pain case study: clinical 
characteristics, therapeutic options and long-
term follow-up. Eur J Neurol. 2004;11(suppl 1):
22–30. 

14. Leijon G, Boivie J. Central post-stroke pain – a 
controlled trial of amitriptyline and carbamazepine. 
Pain. 1989;36(1):27–36.

15. Bowsher D. Central post-stroke (“thalamic 
syndrome”) and other central pains. Am J Hospice 
Palliative Care. 1999;16(4):593–597.  

16. Lampl C, Yazdi K, Röper C. Amitriptyline in the 
prophylaxis of central poststroke pain. Preliminary 
results of 39 patients in a placebo-controlled, long-
term study. Stroke. 2002;33(12):3030–3032. 

17. O’Connor AB. Crossover randomized controlled 
trial: study fi nds that the combination gabapentin 
plus nortriptyline reduces neuropathic pain 
more than either drug alone. Evid Based Med. 
2010;15(2):45–46.

18. Shimodozono M, Kawahira K, Kamishita T, Ogata 
A, Tohgo S, Tanaka N. Reduction of central 
poststroke pain with the selective serotonin 
reuptake inhibitor fl uvoxamine. Int J Neurosci. 
2002;112(10):1173–1181.



 Central Poststroke Pain 123

of the literature. Neurology. 2008;70(24):
2329–2337.

41. Hallett M. Transcranial magnetic stimulation: a 
primer. Neuron. 2007;55(2):187–199. 

42. Khedr EM, Kotb H, Kamel NF, Ahmed MA, 
Sadek R, Rothwell JC. Long-lasting antalgic 
effects of daily sessions of repetitive transcranial 
magnetic stimulation in central and peripheral 
neuropathic pain. J Neurol Neurosurg Psychiatry. 
2005;76(6):833–838.

43. Lefaucheur JP, Drouot X, Menard-Lefaucheur I, 
et al. Neurogenic pain relief by repetitive 
transcranial magnetic cortical stimulation depends 
on the origin and the site of pain. J Neurol 
Neurosurg Psychiatry. 2004;75(4):612–616.

44. Saitoh Y, Hirayama A, Kishima H, et al.  Reduction 
of intractable deafferentation pain due to spinal 
cord or peripheral lesion by high-frequency 
repetitive transcranial magnetic stimulation of 
the primary motor cortex. J Neurosurg. 2007;
107(3):555–559. 

45. Defrin R, Grunhaus L, Zamir D, Zeilig G. The effect 
of a series of repetitive transcranial magnetic 
stimulations of the motor cortex on central pain 
after spinal cord injury.  Arch Phys Med Rehabil. 
2007;88(12):1574–1580.

33. Gray P.  Pregabalin in the management of central 
neuropathic pain. Expert Opin Pharmacother. 
2007;8(17):3035–3041.

34. Siddall PJ, Cousins MJ, Otte A, Griesing T, 
Chambers R, Murphy TK. Pregabalin in central 
neuropathic pain associated with spinal cord 
injury: a placebo-controlled trial. Neurology. 
2006;67(10):1792–1800.

35. Price MJ.  Levetiracetam in the treatment of 
neuropathic pain: three case studies. Clin J Pain. 
2004;20(1):33–36. 

36. Carrazana E, Mikoshiba I. Rationale and evidence 
for the use of oxcarbazepine in neuropathic pain. 
J Pain Symptom Manage. 2003;25(5 suppl):S31–35.

37. Bittar RG, Kar-Purkayastha I, Owen SL, et al. Deep 
brain stimulation for pain relief: a meta-analysis. 
J Clin Neurosci. 2005;12(5):515–519. 

38. Owen S, Green A, Stein J, Aziz T. Deep brain 
stimulation for the alleviation of post stroke 
neuropathic pain. Pain. 2006;120(1–2):202–206. 

39. Tsubokawa T, Katayama Y, Yamamoto T, Hirayama 
T, Koyama S. Chronic motor cortex stimulation 
in patients with thalamic pain. J Neurosurg. 
1993;78(3):393–401. 

40. Lima MC, Fregni F. Motor cortex stimulation for 
chronic pain: systematic review and  meta-analysis 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 1
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 595
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (Use these settings to create press-ready Adobe PDF documents for Cengage Learning books using Distiller 8.0.x.  The resulting PDF will be compatible with Acrobat 8 \(PDF 1.7\) per CL File Preparation and Certification Task Force)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


		2013-04-02T06:33:35+0530
	Preflight Ticket Signature




