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Management of Pain after Spinal
Cord Injury

- Two thirds of patients with SCI; pain
- One thirds of pain; severe & debilitating
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Table 1. Proposed IASP Classification of Pain Related to SCI
Broad Type | Broad System | Specific Structures/Pathology
(Tier 1) (Tier 2) (Tier 3)
Nociceptive | Musculoskeletal | Bone, joint, muscle trauma, or inflammation
Mechanical instability
Muscle spasm
Secondary overuse syndromes
Visceral Renal calculus, bowel, sphincter dysfunction, etc.
Dysreflexic headache
Neuropathic | Above level Compressive mononeuropathies
Complex regional pain syndromes
At level Nerve root compression(including cauda equina)
Syringomyelia
Spinal cord trauma/ischemia(transitional zone, etc.)
Dual-level cord and root trauma(double lesion
syndrome)
Spinal cord trauma/ischemia(central dysesthesia
Below level
syndrome, etc)
Siddall PJ and Middleton JW, 2006
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Figure 1 Assessment and treatment algorithm for the management of nociceptive pain following SCI
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Siddall PJ and Middleton JW, 2006
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Figure 2 Assessment and treatment algorithm for the management of neuropathic pain following SCI
Siddall PJ and Middleton JW, 2006
Table 2 Evidence. limitations and specific indications of third-line treatments

Treatment Level of evidence

Disadvantages or side effects”

Specific indications

Pregabalin Unpublished RCT
Opioids +
Mixed serotonin, e
noradrenaline reuptake

inhibitors

Mexiletine —ve RCT
Topiramate +ve RCT
Lamotrigine —ve RCT

tve cases
—ve RCT (valproate)

+ve cases

Dronabinol
Older anticonvulsants
Acupuncture

Intravenous ketamine +ve RCT
Intravenous propofol tve RCT
Intravenous alfentanil +ve RCT
Intravenous morphine +ve RCT
Intrathecal baclofen +ve RCT
Intrathecal morphine and +ve RCT

clonidine
Subarachnoid lignocaine
Spinal cord stimulation

Deep brain stimulation
Motor cortex stimulation
(transcranial)

Motor cortex stimulation +ve cases
(epidural)

DREZ +ve cases
Cordotomy +ve cases

Somnolence, dizziness, asthenia, dry mouth, oedema,
constipation

Constipation, drowsiness, tolerance. dependence
Hypertensive effects, gastrointestinal disturbance, dry mouth,
reduced appetite, sweating

Gastrointestinal upset. cardiovascular, haematological
disturbance, skin reactions

Drowsiness, dizziness, ataxia, anorexia, fatigue,
gastrointestinal upset

Potentially life-threatening skin rash. hepatic effects, diplopia,
blurred vision, dizziness

Dizziness, drowsiness. irritability

Drowsiness. dizziness, liver dysfunction, haematological effects
Invasive

Short-term relief, invasive,
Short-term relief, invasive,
bradycardia

Short-term relief, invasive, respiratory depr
bradycardia, sedation, hypotension. nausea, vomiting
Short-term relief, invasive, respiratory depression, sedation.
hypotension, nausea, vomiting

Invasive, reports of increased or ‘unmasked’ neuropathic pain

dysphoria
hypotension, arrhythmias,

Invasive, tolerance, hypotension, respiratory depr
drowsiness

Invasive. central nervous system disturbance
asive

on,

Invasive, intracranial haemorrhage
Short-term effect

Invasive

Invasive, risk of further deficits
Invasive, risk of further deficits

Effectiveness for below-level
neuropathic pain uncertain

Effectiveness demonstrated for
mechanical allodynia
Stronger evidence for spasm-
related pain

At-level neuropathic pain,
incomplete injuries

At-level neuropathic pain

“Commonly listed side effects. For further details, consult pre:

RCT. randomised controlled trial; —ve or + ve, evidence indicates drug superior (+ve) or no more effective (—ve) when compared with placebo (RCT) or reported as

beneficial (+ ve cases)

ribing information

|
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Table 7. Treatment Effectiveness Summary
Treatment Type of Pain Effectiveness Level of Evidence
Gabapentin Neuropathic + 1
Pregabalin Neuropathic + 1
Lamotrigine Neuropathic + 2
Valproic acid Neuropathic 1
Levetiracetam Neuropathic - 1
Trazodone Neuropathic - 1
Amitriptyline Neuropathic +1 1
Lidocaine Neuropathic +1 1
Intravenous ketamine Neuropathic + 1
Intravenous alfentanil Neuropathic + 1
Intrathecal morphine/ Neuropathic/ + 1/2
clonidine Mixed
Intravenous morphine Mixed + 1
Tramadol Neuropathic + 1
Mexilitene Neuropathic 1
Capsaicin Mixed + 5
Cannabinoids Spastic +/- 2/4
Intrathecal baclofen Neuropathic +/- 1/4
Intrathecal baclofen Musculoskeletal/ + 4
Spastic
Botulinum toxin Spastic + 4
i&bbre\{iation S effect.ive; -, not effective : +/-, conflicting.
*Only in Gepressed persons Teasell RW, et al., 2010
* Short-term.
SCI Neuropathic pain
Predominantly
nociceptive/inflammatory pain
Pregabalin (150-600 mg/d) Tricyclic gn?idepressants d
Gabapentin (1200-3600 mg/d)  |or (amitriptyline,
clomipramineimipramine) Tramadol
(25_150 mg/d)* (200-400 mg/d)
! T
Side effects, CI or no efficacy | | Partical efficacy |
A l
Incomplete SCI with |
mechanical allodynia |~ _| Combination™ |
A 4
v | Strong opioids |
Lamotrigine Attal N, et al., 2009
(200-400 g/d)™
Fig. 1. Pharmacological therapeutic algorithm for SCI neuropathic pain management. “TCAs:
tricyclic antidepressants,to be used mainly in patients with comorbid depressive disorders.
*Recommended combination: tricyclics and gabapentin or pregabalin; tramadol and
gabapentin or pregabalin; not recommended: tramadol and high-dosage tricyclic
antidepressant drugs or: gabapentin and pregabalin. **Slow titration should be used to
reduce the risk of skin rashes; no official approval for use in France in analgesia.
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Table 2 Level of evidence and grade of commendation for the pharmacological treatments evaluated
in SCI pain (based on the classification of the French Authority of Health, HAS)

Pharmacological treatments Grade of recommendation for SCI pain

Level of scientific evidence

Antiepileptic drugs

Gabapentin 2 B (discrepant results)?

Pregabalin 1 A (scientific evidence for efficacy)
Lamotrigine 2 B (presumed inefficacy®)
Valproate 2 B (presumed inefficacy )
Clonazepam 4 C (low level of evidence)
Carbamazepine 3 C (low level of evidence)

Tricyclic antidepressant drugs

Amitriptyline 2 B (presumed efficacy in a subgroup of depressed patients)
Opioids

Levorphanol© 2 B (presumed efficacy)

IV Morphine 2 B (presumed inefficacyd)

IV Alfentanil 2 B (presumed efficacy)

Local anesthetic drugs/equivalent
IV lidocaine 2 B (presumed inefficacy)
Mexiletine 2 B (presumed efficacy)
GABAergic agonists

1V Propofol 2 B (presumed efficacy)

2 One positive study(20 patients) and one negative study (22 patients).

b Efficacy on the basis of one study on a small sub-group of patients with incomplete SCI and allodynia.

¢ Treatment not available in France.

d Except on allodynia (brushing). Attal N, et al., 2009

Pregabalin in central neuropathic
pain associated with spinal cord injury

A placebo-controlled trial

P.J. 5iddall, MBBS, PhD; M.J. Cousins, MD, DSc; A. Otte, MD, PhD; T. Griesing, PhD:
R. Chambers, MSPH; and T.K. Murphy, PhD

¢ Method
o 12 week, multi-center, double-blind, randomized clinical trial
comparing pregabalin 150 mg to 600 mg/day (n=70) vs placebo
(n=67)
« Patients
« Patients with central neuropathic pain associated with spinal
cord injury
« End Point
 Primary: End Mean Pain Score
« Secondary: Pain Responder Rates, SF-MPQ, Sleep Interference,
Mood and the Patients Global Measure of Change

Neurology 2006;67:1729-1800

NIoT4 1l
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Pregabalin in central neuropathic
pain associated with spinal cord injury

A placebo-controlled trial

P.J. Siddall, MBES, PhD; M.J. Cousins, MD, DSe; A. Otte, MD, PhI); T. Griesing, PhD;
R. Chambers, MSPH; and T.K. Murphy, PhD

RESULTS: The mean baseline pain score was 6.54 in the pregabalin group and 6.73
in the placebo group. The mean endpoint pain score was lower in the pregabalin
group (4.62) than the placebo group (6.27; p<0.001), with efficacy observed as early
as week 1 and maintained for the duration of the study. The average pregabalin
dose after the 3-week stabilization phase was 460 mg/day. Pregabalin was
significantly superior to placebo in endpoint assessments on the SF-MPQ. The > or
=30% and > or =50% pain responder rates were higher with pregabalin than
placebo (p<0.05). Pregabalin was associated with improvements in disturbed sleep
(p <0.001) and anxiety (p<0.05), and more patients reported global improvement at
endpoint in the pregabalin group (p<0.001). Mild or moderate, typically transient,
somnolence and dizziness were the most common adverse events.

CONCLUSIONS: Pregabalin 150 to 600 mg/day was effective in relieving central
neuropathic pain, improving sleep, anxiety, and overall patient status in patients with
spinal cord injury.

Neurology 2006;67:1729-1800

Pregabalin in patients with central neuropathic pain: A randomized,
double-blind, placebo-controlled trial of a flexible-dose regimen

J.H. Vranken **, M.G.W. Dijkgraaf ®, M.R. Kruis *, M.H. van der Vegt %,
M.W. Hollmann #, M. Heesen ©

¢ Method
» 4 week, double-blind, randomized, placebo-controlled trial of
a flexible-dose regimen pregabalin 150, 300, 600 mg/day
(n=20) vs placebo (n=20)
« Patients
« Patients with central neuropathic pain
 Efficacy parameter

« Pain Intensity Score (at baseline, end of each week, and 4
weeks following) using VAS

« Health status (Pain Disability Index and EQ-5D) and Quality of
Life(SF-36)

Pain 136 (2008) 150-157
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Pregabalin in patients with central neuropathic pain: A randomized,
double-blind, placebo-controlled trial of a flexible-dose regimen

J.H. Vranken **, M.G.W. Dijkgraaf ®, M.R. Kruis *, M.H. van der Vegt %,
M.W. Hollmann *, M. Heesen ©

« Forty patients received escalating doses of either pregabalin (150, 300, and 600
mg/day) or matching placebo capsules. In both groups, patients started with 1
capsule per day (either 150mg of pregabalin or placebo). If pain relief was
insufficient, patients were titrated to a higher dose.

- There was a statistically significant decrease in mean pain score at endpoint for
pregabalin treatment, compared with placebo (p=0.016). Follow-up observation
showed no significant difference in Pain Disability Index scores between the
two groups.

» The pregabalin group, however, showed a statistically significant improvement
for the EQ-5D. Pregabalin treatment led to a significant improvement in the
bodily pain domain of the SF36. In the other domains, more favorable scores
were reported without reaching statistical significance.

« Pregabalin, in a flexible-dose regime, produced clinically significant reductions
in pain, as well as improvements in health status in patients suffering from

severe central neuropathic pain.
Pain 136 (2008) 150-157

Pregabalin for Central Cord Pain

 Pregabalin is effective in relieving central neuropathic pain and
mean global pain score in patients with spinal cord injury

« Pregabalin is effective in improving sleep, anxiety and overall
patients status in patients with spinal cord injury

 Pregabalin efficacy observed as early as week 1 and maintained

for the duration of the study

NIoT4 1l
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Cord Central Pain

- |27 0§ ofHLt.
- DBS & MCS: & 7t QiCt.
e SCS (Kim, et al, Neurosurgery 48:1056-1065, 2001)
7/20 — successful trial stimulation
5/7 — successful pain control for at least 1 year after permanent

insertion
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Failed Trial Stimulation

(cord central pain)

Failed trial 44/122 13/20
Paresthesia, but no pain relief 29 05
Insufficient paresthesia 06 04
Painful or unpleasant sense 08 04
Failure of procedure 01 0

(Kim et al, Neurosurgery, 2001)

Spinal Cord Infarction (04/56)

MF 1.75

-

'sp —7.1
Fov' 200400
180 *5120

N ;

2001. 2. 13.

DR S LI B 2011 45



MLt 1

Permanent Implantation
2001. 02

2005.10.27.
Trial: 10->3

2005.11.3.
Permanent:
10->3

2007.9.21:
Change of PG

46 | F 177 2



NEUROMODULATION: TECHNOLOGY AT THE MEURAL INTERFACE

Volume 10 « Mumber 4 « 2007
hittpey e bola chwvell-synergy comifloifner

ORIGINAL ARTICLE

Sacral Nerve and Spinal Cord Stimulation for
Intractable Neuropathic Pain Caused by Spinal
Cord Infarction

Sung Ho Kim, MD* . Seong Ho Kim, MD* . Sang Woo Kim, MD* .
Sung Ho Jang, MD1

Depariments of * Newrosargery and "Pk_nsr'm{ Medicine and Rehabilitation. College of Medicine, Yewngnam Univernity, Dasgu, South Kowa

ABSTRACT

Central cord pain is very diffcult to relieve. even with the many kinds of medical and surgical treatments available. Following spinal
cord infarctions, central cord pain can develop. The problems that may arise could include limb pain, pelvic pain, diffculties voiding,
and difficulties defecating. We are reporting a case of central cord pain caused by a spinal cord infarcion of the conus medullaris.
Limb pain was reduced by spinal cord simulaton. Voiding and defecarion difficulties and pelvic pain were reduced by sacral nerve

stimulation. Thus, in a case involving both inwactable limb and pelvic pain, 2 combinadon therapy of these wo stimulations mighe be
an effective reatment modaliry,

KEY WORDS: Bladder-bowoel dysfunciion, miractable bain, saoml nerve sttmulation, spinal cond infarction, spinal cord siimukation.

Spinal Cord Injury (k}/62)

Oph 88 88 & SE O

2001. 8. 10.

NIoT4 1l
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Trial Stimulation (T 4-5)

Spinal Cord Injury (34/M)

» Onset; 2007.02
Vector; AL @ EE EICHIt R
e T12 burst fracture, complete cord injury

2

ot

(T12 O|3h2 7| F s BHUSH, ==
X|EHOl Hi 532/ 2| band like pain (Rt. T9-T12,

Lt. T7-T8) (Continuous pain + paroxysmal pain)

e Insomnia
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Progress

2008.05.26-06.19 : adm. & medication0j|= VAS 9 > 8

2008.06.
2008.06.
2008.06.20
2008.06.22

2008.06.26

2008.10.20
2009.02.17
2009.11.02

: nerve blocks = no effect

D UM 2 A}

: trial, SCS > postop. wound site pain(+)

s trial 2L 2 E pain ZAE(Rt. side2 & =™ E).

VAS score 8->3
Rt. T9 - T12(VAS 8->3)
Lt. T7 - T8(VAS 8->7)

: Pulse generator insertion op. &

(wireld M= 7t &€

>
>

: pain ™ AE[(VAS 8->3)
: pain 2t3H(VAS 8) MDT A|&(VAS 8)
. MOl =™ E(VAS 3-4)

Slemens Siemens
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SCS for Pain with SCI

« Op procedure
Plate type (trial & permanent)
Trial: Laminotomy under LA or SA
« Successful trial stimulation
Sufficient dorsal column fibers
No allodynia
Segmental pain (complete)

Limb pain >perineal pain (incomplete)

Drug Infusion System

-qw"“-““-WM__m_WM_“m

Catheter tip

Pump
anchored
using
suture

M R T

Dura loops
/puncturg or m?‘sh
Paramedian [ pouc
oblique A
entry % Loop of
. excess
; 3 catheter
V-wing anchor 3 nder
. pump
‘?
5 cm of slack ’
= Catheter
in catheter Sl
wl'ich also
Strain-relief functions as
sleeve the primary

anchor
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Intrathecal Therapy for Pain

» Opiates

» Non-opiate analgesics
Clonidine, octreotide, ziconotide(neuronal specific Ca- channel
blocker), NMDA antagonists, benzodiazepines, butamin, bioactive
implants(matrix adrenal medullary cells), tricyclic antidepressants,

NO synthetase inhibitors

The Efficacy of Intrathecal Morphine and Clonidine in the
Treatment of Pain After Spinal Cord Iniurv

Philip J. Siddall, MBBS, MMed (PM), PhD*,

Allan R. Molloy, MBBS, BSc (Hons), FANZCA, FEPMANZCA,

Suellen Walker, MBBS, MMed (PM), FANZCA, FFPMANZCA*, Laurence E. Mather, PhD, FANZCA*,
Susan B. Rutkowski, mest, and Michael J. Cousins, MD, FANZCA, FFPMANZCA*

*“Pain Management and Research Center, University of Sydney, and tSpinal Injuries Unit, Royal North Shore Hospital, |
St. Leonards, NSW,

» 50% —
- COAT LEVEL NEUROPATHIC PAIN (n=4) |
8 45%
o » @ BELOW LEVEL NEUROPATHIC PAIN (n=14) |
b |
(:l,) 40% WALL SUBJECTS (n=15) .
Y 3% |
2 30%
z b
& 25%
@ b
@ |
w  20% i
o \
W 15%
£ 10%
E o
S 9
e 5%
w
o 0% ]
PLACEBO CLONIDINE MORPHINE MIXTURE
AGENT ADMINISTERED

Figure 1. Percentage of people in each group (at-level neuropathic
pain, below-level neuropathic pain) who obtained 50% or greater
pain relief after the administration of intrathecal saline (placebo),
morphine, clonidine, or a mixture of morphine and clonidine.
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The Efficacy of Intrathecal Morphine and Clonidine in the
Treatment of Pain After Spinal Cord Injury

Philip J. Siddall, MBBS, MMed (PM), PhD*,

Allan R. Molloy, MBBS, BSc (Hons), FANZCA, FFPMANZCA',
Suellen Walker, MBBS, MMed (PM), FANZCA, FFPMANZCA*, Laurence E. Mather, PhD, FANZCA*,
Susan B. Rutkowski, mest, and Michael J. Cousins, MD, FANZCA, FFPMANZCA*

*“Pain Management and Research Center, University of Sydney, and tSpinal Injuries Unit, Royal North Shore Hospital,
St. Leonards, NSW, Australia

__ 180 _ 180
2 140 2 140
= E
g 120 @ 120
& 100 = 100
£ g0 £ a0
& g
= &0 & €0
B 40 2 a0
E Ed
g =0 g 20
0 0 -
pre post pre post
PLACEBO MORPHINE

180 180
g 140 2 a0
g 120 g 120
i ) g 100
E 80 E 80
g o0 g o0
& 40 @ 40
z z
ER 2 =20
] =
B o o 04

pre pest pra post
CLONIDINE MORPHINE & CLONIDINE

Figure 2. Pain relief (expressed as a percentage of the pretest base-
line numerical pain rating score) after the administration of saline
(placebo), morphine, clonidine, and a mixture of morphine and
clonidine in the group of subjects with spinal cord injury. Lines
represent the change in individual subjects and the heavy lines
represent the means for the group with the vertical line indicating
SEM. Pre, pretest; post, end of test.

Anesth Analg. 2000 Dec;91(6):1493-8.

The Efficacy of Intrathecal Morphine and Clonidine in the
Treatment of Pain After Spinal Cord Injury

Philip J. Siddall, MBBS, MMed (PM), PhD*, Anesth Analg. 2000 Dec9
Allan R. Molloy, MBBS, BSc (Hons), FANZCA, FEPMANZCA',

Suellen Walker, MBBS, MMed (PM), FANZCA, FFPMANZCA*, Laurence E. Mather, PhD, FANZCA*,
Susan B. Rutkowski, MBBst, and Michael J. Cousins, MD, FANZCA, FEPMANZCA'

*Pain Management and Research Center, University of Sydney, and tSpinal Injuries Unit, Royal North Shore Hospital,
St. Leonards, NSW, Australia

Table 1. Incidence of Side Effects

1(6):1493-8.

Pruritus ~ Hypotension ~ Nausea ~ Sedation  Dry mouth

Oxygen
desaturation

Saline 0 0 0 2(13%) 0
Morphine 6 (38%) 1(6%) 2(13%) 8 (50%) 0
Clonidine 0 8(53%) 6(40%)  5(33%) 3(20%)
Morphine/clonidine 4 (25%) 9(56%) 0 3(19%) 4(25%)
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Combined intrathecal baclofen & morphine
infusion for the tx. of spasticity related pain
and central deafferentiation pain.

— 5 patients with severe spasticity related pain.

— Patients with spasticity treated with intrathecal application of baclofen

and morphine were pain free for a mean period of 2 years.

Acta Neurochir Suppl. 2002;79:75-6.

Intrathecal clonidine and baclofen in the
manaﬁempnt of spasticity and neuropathic
pain following spinal cord injury: a case study

— (F/32) incomplete C5 tetraplegia (anterior cord syndrome)

— Severe, intractable anal spasm following a hemorrhoidectomy, which
persisted despite very good healing. (This prevented evacuation of her
bowels and resulted in severe rectal pain and episodes of autonomic
dysreflexia.)

— Intrathecal baclofen through an existing programmable infusion pump
failed to reduce anal sphincter spasm or improve symptoms. A right-
sided pudendal block with lignocaine provided some relief.

— Clonidine was added to baclofen in the pump reservoir and both drugs
were administered intrathecally in combination.

— An immediate improvement in anal sphincter spasm and pain relief,
allowing rapid reestablishment of her normal bowel pattern without
need for any supplemental analgesia.

Arch Phys Med Rehabil. 1996 Aug;77(8):824-6
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Treatment of SCI Pain
Ewde'nce Evidence Available
Required
Standards I Intrathecal: morphine + clonidine
Guidelines ILII Intrathecal: alfentanil + ketamine
Epidural: morphine; clonidine
Intrathecal: baclofen
Options III Oral: tricyclic antidepressants;
carbamazepine; gabapentin
Intrathecal: morphine
Ablative surgery: DREZ lesions,
cordectomy, cordotomy, myelotomy
Burchiel KJ, et al, 2001
Treatment of SCI Pain
e L] $EH X2
- =KX= o J2=XH22(SCS)
Anticonvulsants, Antidepressants, . LAl = X225 (DBS)
Na channel blockers, Opioids, « SEI|E X2 (MCS)
Clonidine, K channel blockers, « AZAXICHS
NMDA receptor antagonists, « Q2 =0l (ITD)
GABA-B receptor agonist
« =C|X|Z(TENS)
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