Supplemental Evidence Table 6.1: Characteristics of Case Studies Using Spinal Cord Stimulation

	Author
	Study Design/Quality
	Patient Description
	Intervention
	Outcome Measures & Findings 

	Author: Buchhaas 1989

Country: Germany

Setting: Tertiary care

Refman ID:  638
	Design: case series of 7 SCI

Followup:   complete

Reliable/valid outcome measures: NR

Length of study: 1 y


	Gender:  75% male

Age:  mean 44.5 y

Level of injury:  cervical, thoracic 

Completeness of injury:  2 complete, 5 incomplete

Cause of injury:  NR

Time since injury:  NR

Duration of pain:  NR

Onset of pain:  NR

Pain description:  causalgia, phantom, vegetative, hyperpathia
	Intervention: Spinal cord stimulation at conus or mid-thoracic area

Type: unipolar/bipolar

Dose: NR

Frequency: NR


	Outcome measures:  Categorical outcome for pain relief

Stimulation in mid. thoracic spine (3) 

postop

· 80-100% relief (1/3)

· 50-80% relief (1/3)

· 0-30% relief (1/3)

at 1y 

· 50-80% relief (2/3)

removal of electrode (1/3)

Stimulation of conus/epiconus (4)

postop & 1 y

· 80-100% relief (3/4)

· 30-50% relief (1/4)

Adverse effects:  deterioration in 1 patient

	AUTHOR’S DEFINITION OF NEUROPATHIC PAIN –  No definition provided.


Supplemental Evidence Table 6.1: Characteristics of Case Studies Using Spinal Cord Stimulation (continued)

	Author
	Study Design/Quality
	Patient Description
	Intervention
	Outcome Measures & Findings 

	Author:     Cole, 1991

Country:  UK
Setting:  Tertiary Care

Refman ID:  271


	Design:  Case reports (4) - 3 with TSCI

Followup:   4 d to 3 w

Reliable/valid outcome measures:  NR

 
	Gender:  2 male, 1 female

Age:  26, 43, 41

Level of injury:  thoracic 

Completeness of injury:  complete

Cause of injury:  2 MVA, 1 NR

Time since injury:  2 y, 16 y, 3 y

Duration of pain:  2 y, 15 y, 3 y

Onset of pain:  soon after

Pain description:  sharp, worsening, persistent, present to some extent at all times
	Intervention: Spinal Cord Stimulation

Dose:  varied

Frequency:  rate 10 - 100 HZ, ampl 1-10 mA, duration 10-100 us

If no effect is found within a reasonable period between one week to a month or so, then the electrode is removed.


	Outcome measures: relief of pain

Adverse Effects:  NR

Authors conclusion: SCS is not an effective technique for the relief of chronic deafferentation pain projected below the level of complete SCI.

	AUTHOR’S DEFINITION OF NEUROPATHIC PAIN –  Intractable central deafferentation pain 


Supplemental Evidence Table 6.1: Characteristics of Case Studies Using Spinal Cord Stimulation (continued)

	Author
	Study Design/Quality
	Patient Description
	Intervention
	Outcome Measures & Findings 

	Author:  Devulder, 1991
Country:  Belgium
Setting:  Tertiary Care

Refman ID: 567


	Design:  Case series 2/69

Followup:  Not specific

Reliable/valid outcome measures:  NR


	Gender:  1 male, 1 female

Age:  NR

Level of injury:  paraplegic

Completeness of injury:  NR

Cause of injury: NR

Time since injury:  NR

Duration of pain:  NR

Onset of pain:  NR

Pain description:  neurogenic
	Intervention:  Spinal Cord Stimulation, neurosurgical implantation, unipolar electrode, monopolar stimulation system

Dose: NR
Frequency: 8.5 mA; 230 us; 60pps RF


	Outcome measures:  4 categories: good pain relief, no analgesics; good pain relief, occasional nonnarcotic analgesics; little pain relief, continuing need for narcotic analgesics; discontinuation of stimulation procedure

Both TSCI patients had the stimulation device removed.

Adverse Effects:  (entire sample) technical complications 69; revisions 107; functional complications 12



	AUTHOR’S DEFINITION OF NEUROPATHIC PAIN –  No definition provided.


Supplemental Evidence Table 6.1: Characteristics of Case Studies Using Spinal Cord Stimulation (continued)

	Author
	Study Design/Quality
	Patient Description
	Intervention
	Outcome Measures & Findings 

	Author:  Kumar, 1991

Country: Canada
Setting: Tertiary care 

Refman ID: 111 


	Design: case series of  2/121 SCI

Followup:  every 6 m for up to 10 y

Reliable/valid outcome measures:  VAS, MPQ
Length of study:  up to 10 y


	Gender:  NE

Age:  NE

Level of injury:  Paraplegic

Completeness of injury:   Incomplete 
Cause of injury:  GSW

Time since injury:  NR

Duration of pain: NR  

Onset of pain:  NR
Pain description:  burning, deafferentation pain, other-intractable 
	Intervention:  Epidural Spinal Cord Stimulation

Implantation within the periventricular grey matter, specific sensory thalamic nuclei, or the internal capsule.
	Mean pain reduction:  

· early pain relief: 1 successful

· long-term pain relief: 0 successful

Adverse Effects:  NC for TSCI patients. 

For entire sample of 121: displaced electrode, infection, fractured electrode, electrical leak, battery depletion, cerebrospinal fluid leak  

Comments: All conventional methods of pain control had previously failed in this population.



	AUTHOR’S DEFINITION OF NEUROPATHIC PAIN –  No definition provided.


Supplemental Evidence Table 6.1: Characteristics of Case Studies Using Spinal Cord Stimulation (continued)

	Author
	Study Design/Quality
	Patient Description
	Intervention
	Outcome Measures & Findings

	Author: Lazorthes, 1978

Country:  France

Setting: Tertiary Care

Refman ID:  215
	Design:  case series of 2/12

Followup:  NR

Reliable/valid outcome measures: NR

Length of study: NR
	Gender:  1 male, 1 female

Age:  32 y, 50 y

Level of injury: thoracic, both paraplegic

Completeness of injury: 1 complete, 1 incomplete  

Cause of injury:  1 traumatic, 1 postradiotherapeutic

Time since injury:  NR

Duration of pain:  NR

Onset of pain:  NR

Pain description:  causalgia, intractable chronic pain, rebellious pain
	Intervention:  Percutaneous implantation of pain-relieving stimulator; 1 case anterior stimulation, 1 case posterior stimulation

Dose: NR

Frequency:  NR


	Outcome measures:  scale 0 to 4; 1 subject had complete relief (4) one subject had initial relief (3) which then deteriorated to no relief (0)

Adverse Effects: displacement of electrodes

Comments: 

· Authors do not conclude that anterior medullary stimulation is better than posterior column stimulation.

Article published in French.

	AUTHOR’S DEFINITION OF NEUROPATHIC PAIN –  No definition provided.


Supplemental Evidence Table 6.1: Characteristics of Case Studies Using Spinal Cord Stimulation (continued)

	Author
	Study Design/Quality
	Patient Description
	Intervention
	Outcome Measures & Findings

	Author:     Long, 1975, Long 1981

Country: USA

Setting: Tertiary Care

Refman ID: 856, 792


	Design:  case series 3/69 with TSCI

Followup:  evaluated post-operatively for more than 30 m

Reliable/valid outcome measures: NR

Length of study: NC
	Gender:  NR

Age:  NR

Level of injury:  NR

Completeness of injury:  NR
Cause of injury: NR

Time since injury:  NR

Duration of pain:  NR

Onset of pain:  NR

Pain description:  burning, dysesthesia
	Intervention:  Dorsal column stimulators

Dose: as needed
Frequency: NR


	Outcome measures: Patient statements of pain relief and a combined set of criteria from the protocol adopted by the National Study Group for Dorsal Column Stimulation

Adverse Effects:  not available for TSCI population.  For the entire sample: 1 postop clot, 2 paraparesis, 8 postop cerebrospinal fluid collections, 33 failure of stimulation into a painful part, 2 excessive stimulation in the perineum, 2 primary infections, 2 erosion of equipment, 1 cerebrospinal fluid leak, 1 allergic reaction



	AUTHOR’S DEFINITION OF NEUROPATHIC PAIN –  No definition provided.


Supplemental Evidence Table 6.1: Characteristics of Case Studies Using Spinal Cord Stimulation (continued)

	Author
	Study Design/Quality
	Patient Description
	Intervention
	Outcome Measures & Findings

	Author:   Moraci 1982

Country: Italy
Setting:  Tertiary Care

Refman ID: 309


	Design:  1 case report

Followup:  NR

Reliable/valid outcome measures: NR

Length of study: NC
	Gender: 1 male

Age:  58

Level of injury:  cervical

Completeness of injury:  NR
Cause of injury: MVA

Time since injury:  2 y

Duration of pain:  20 m

Onset of pain:  4 m

Pain description:  intractable pain
	Intervention:  Spinal cord stimulation, electrodes implanted percutaneously into the epidural space

Dose: 1 hour 3 times/d

Frequency: 50-60 pulses/ second, pulse width 100 to 400 msec, voltage 0.5 to 0.8 volt


	Outcome measures: 10 m followup: good relief of pain without drugs

Adverse Effects:  Hypotonia of the legs



	AUTHOR’S DEFINITION OF NEUROPATHIC PAIN – No definition provided.


Supplemental Evidence Table 6.1: Characteristics of Case Studies Using Spinal Cord Stimulation (continued)
	Author
	Study Design/Quality
	Patient Description
	Intervention
	Outcome Measures & Findings

	Author:     North 1991; North 1993

Country: USA

Setting: Tertiary Care

Refman ID: 591, 514


	Design:  5/62; retrospective case series

Followup:  mean 2.14 y following implantation

Reliable/valid outcome measures:  McGill 

Length of study: NR
	Gender: 55% male

Age:  mean 48.3 y; min 21 y, max 72 y

Level of injury:  4 paraplegic

Completeness of injury:  NR
Cause of injury:  NR

Time since injury:  NR

Duration of pain:  10.6 y; min 1 y, max 40 y

Onset of pain:  NR

Pain description:  intractable, chronic pain
	Intervention:  percutaneous and laminectomy electrodes, single and multichannel devices

Dose: NR

Frequency: NR


	Outcome measures: 2/5 success (success defined as at least 50% reported relief of pain 2 y postoperatively and patient satisfaction with treatment. Patients with spinal cord injury reported slightly longer latency and much shorter persistence of pain relief.

Adverse Effects: Lead fracture (13%), electrode migration (0), infection (11%) were all discussed for the entire population.



	AUTHOR’S DEFINITION OF NEUROPATHIC PAIN – No definition provided.


Supplemental Evidence Table 6.1: Characteristics of Case Studies Using Spinal Cord Stimulation (continued)

	Author
	Study Design/Quality
	Patient Description
	Intervention
	Outcome Measures & Findings

	Author: Richardson, 1980

Country:  USA

Setting: Tertiary Care

Refman ID: 207


	Design:  prospective case series; 7/10 TSCI

Followup: Diagnostic testing 3 to 5 d after implant, 1 y followup

Reliable/valid outcome measures: NR
Length of study: 1 y
	Gender: NR

Age: NR

Level of injury:  6 thoracic; 1 lumbar

Completeness of injury:  5 complete

Cause of injury: 5 GSW, 1 MVA, 1 Other trauma

Time since injury: NR

Duration of pain: NR 

Onset of pain: NR

Pain description:  intractable pain
	Intervention: percutaneous, epidural, dorsal column & peripheral neurostimulation

Dose & Frequency: “as per published techniques”

In addition to stimulation, 5 of 7 patients received some form of medication: Diazepam (4); codeine phosphate and acetaminophen (2); oxycodone with aspirin, phenacetin, and caffeine (2)
	Outcome measures: % of pain relief

Results:

· initial results: 2/10 had significant pain relief (>50%)
· 1 y after implantation only 1 patient was still using the stimulator with significant pain relief
Adverse Effects:  none mentioned



	AUTHOR’S DEFINITION OF NEUROPATHIC PAIN –  Diffuse, nonlocalized, central (or phantom) type of pain is most common, most severe, and the most difficult to treat. It is typically described as “burning,” although it is also described as “aching,”  “cramping,” “tingling,” and “tightening and often involves the feet.”


Supplemental Evidence Table 6.1: Characteristics of Case Studies Using Spinal Cord Stimulation (continued)

	Author
	Study Design/Quality
	Patient Description
	Intervention
	Outcome Measures & Findings

	Author:  Simpson, 1991
Country:  UK

Setting:  Tertiary care

Refman ID: 593


	Design:  case series 2/60 with TSCI

Followup: 2 w to 9 y, median 29 m entire sample

Reliable/valid outcome measures: NR

Length of study: NC
	Gender: NR TSCI; 57% male entire sample

Age:  NR TSCI; median 55 y entire sample

Level and Completeness of injury:  NR

Cause of injury:  NR

Time since injury:  NR

Duration of pain: NR TSCI; median 9 y entire sample

Onset of pain:  NR

Pain description:  intractable, paraperesis
	Intervention:  Spinal cord stimulation

Dose: NR
Frequency: NR

	Outcome measures: categorical – made worse (MW), no effect (NE), modest benefit (MB), significant benefit (SB)

· 2 TSCI subjects had SB – complete or partial relief

Adverse Effects: 

· sustained relief with a significant effect on medication, activity, lifestyle, sleep pattern.



	AUTHOR’S DEFINITION OF NEUROPATHIC PAIN – No definition provided.


Supplemental Evidence Table 6.1: Characteristics of Case Studies Using Spinal Cord Stimulation (continued)

	Author
	Study Design/Quality
	Patient Description
	Intervention
	Outcome Measures & Findings 

	Author:   Tsuda, 1985

Country:  Japan

Setting:  Tertiary Care

Refman ID:  741
	Design:  case series 8/44 TSCI
Followup:  1 y

Reliable/valid outcome measures: NR

Length of study: surveyed 6 m after surgery
	Gender: 88% male 

Age:  mean 44 y

Level of Injury:  NR

Completeness of injury:  NR

Cause of injury:  NR

Time since injury:  NR
Duration of pain: mean 4.6 y 

Onset of pain:  NR

Pain description:  burning, deafferentation
	Intervention:  percutaneously inserted spinal cord electrical stimulation

Dose:  NC

Frequency: NC


	Outcome measures:  good, fair, poor relief of pain.

· at 6 m: 2 fair, 6 poor

Adverse Effects:  NR

Article published in Japanese.

	AUTHOR’S DEFINITION OF NEUROPATHIC PAIN –  No definition provided.


Supplemental Evidence Table 6.1: Characteristics of Case Studies Using Spinal Cord Stimulation (continued)

	Author
	Study Design/Quality
	Patient Description
	Intervention
	Outcome Measures & Findings

	Author:      Urban, 1978
Country:  USA

Setting: Tertiary care

Refman ID: 825


	Design:  3/20 case series

Followup:  up to 2 y

Reliable/valid outcome measures: No – subjective patient report

Length of study: 2 w observation period, followup up to 2 y
	Gender: 1 male, 2 female

Age:  42, 69, 39 y

Level of injury: L2, T11, L3/T12

Completeness of injury:  NC

Cause of injury: trauma

Time since injury:  NR

Duration of pain:  14 y, 2 y, 12 y

Onset of pain:  NR

Pain description:  intractable
	Intervention:  percutaneous epidural stimulation  

Dose: NR
Frequency:  9 v battery-powered radio transmitter, pulse width 200 to 300 msec, frequency between 7 and 200 Hz, voltage 0 and 15 V.


	Outcome measures: 4 categories of pain relief – 0% to 24% poor; 25% to 49% fair; 50% to 74% good; 75% to 99% excellent. Positive results were noted only if pain relief was constant and persistent over several months.

· 1 subject had no relief of pain (poor)

· 1 subject had decreased pain (fair) for up to 1 y

· 1 subject had some relief (fair) for up to 6 m

Adverse Effects: not reported for TSCI population: in general, cessation of stimulation, skin erosion, infection

Comments: 

· All patients were suffering from chronic pain that had failed to respond to extensive prior treatment.

· Authors state overall poor results in controlling chronic pain with electrical stimulation of the spinal cord are confirmed with this study.

	AUTHOR’S DEFINITION OF NEUROPATHIC PAIN –  No definition provided.
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