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September 3, 1999

Medtronk, hlC.

800 Syd AvenueN.E.
Minneapolis,MNjj421-I~ooUSA
WWW,medtronic.com

Janet L. Scudiero
Division of General and Restorative Devices
9200 Corporate Boulevard, HFZ-41 O
Rockville, MD 20850
Fax. (301) 594-2358

RE: Response to petition to Neurological Advisory Panel September 17, 1999 for
reclassification of Totally Implantable Spinal Cord Stimulator for use in the

treatment of chronic intractable pain.

Dear Ms. Scudiero;

Enclosed are twenty (20) copies of Medtronic’s response to the petition for
reclassification of Totally Implantable Spinal Cord Stimulators that will be presented at—.=___ the September 17, 1999 Neurological Advisory Panel. Under 513(b)(6) we respectfully
request that this information be provided to the panel members and FDA for their
consideration prior to the meeting.

We wish to reiterate our belief that the petitioner has not demonstrated reasonable
assurance that an FDA Class 11device classification with “Special Controls” is sufficient
to ensure the safety and efficacy of devices within this classification. The proposed
reclassification would allow a significant loss in the controls that are in place for the
protection of the general public. We believe our response will aid the panel members in
their determination to retain the Class III designation for the “Totally Implantable Spinal
Cord Stimulator for the use in the treatment of chronic intractable pain.”

Medtronic provides this information for the FDA Neurological Advisory Panel and
believes to the best of our knowledge that all data and information submitted are truthful
and accurate and no material fact has been omitted. Medtronic acknowledges that this
document’s contents are subject to, and comply with, 18 U.S.C. 1001, chapter 47, Fraud
and False Statements; as well as with 18 U. S.C. 1515, chapter 73, Obstruction of Justice
(for a proceeding before a federal government agency).

When Life Depends on Medical Technology
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Thank you for your time in reviewing this response. If you have any additional concerns
or questions please contact the undersigned or Kathy Jo Fahey at (612) 514-5198.

Sincerely,
MEDTRONIC, INC. NE ROLOGICAL DIVISION

?’.
./)

]/.

<J< gy-- ?,..’”/>
/’

W. Lynn Switzer
/

RA/QA Director NeuroStim Business
(612) 514-7338
Fax (612) 514-5078
Email: lym.switzer@medtronic. com
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1. Summary

It is the opinion of Medtronic that there is not enough valid clinical and scientific data to

support reclassification of this device. Additionally, the panel does not have the data that
is required before it. The current Petition does not provide:

. A description of radio frequency (RF) devices compared to internal battery pulse
generators (IPG)

. A discussion of predicate devices and their related regulatory history, and
● A discussion of comparative similar devices and their related regulatory history

In addition both the MDR descriptions and the literature review are inadequate. AS
justification to move the device from Class III PMA controls into Class II, the petition
advocates labeling and a limited standard as special controls to provide reasonable
assurance of the device’s safety and effectiveness. The petition fails to show that those
controls would be adequate to protect the public. Additionally, the referenced standards
are not accepted by FDA and, in general, apply only to testing of external devices.

The “addition of a battery” is written as if one is placing batteries in a flashlight. This is
not the case, as multiple manufacturers have discovered. Those technological issues and
hazards, which have led to patient injury and harm, have demonstrated the vast
complexities of such devices and the requirement to review each manufacturer’s device
on a case-by-case basis.

The complexity of the device with its various applications (pacing, gastrointestinal,
urinary, tremor, epilepsy, etc.) demands strong evidence demonstrating valid scientific
data before reclassification should be permitted. Little if any valid scientific evidence
supports the petition. We believe a case-by-case PMA review is necessary to protect the
public safety and to provide reasonable assurance that the device is safe and effective.

Finally, FDA has previously evaluated the classification of these devices as recently as
July 1999 (FDA Commissioner J. Henney letter, Attachment A) and determined that
these devices are “potentially high risk devices”. In 1995, FDA (FDA Director S. Alpert
letter, provided in Attachment B) confirmed that these devices are Class III because of the
significant technological characteristic of a totally implanted power source.

2. Regulatory Discussion
We believe the FDA classification level III, with the corresponding Pre-Market Approval
(PMA) review/ approval, is paramount to protect the safety of patients exposed to the
highly intricate specialized circuitry that is required to allow the power source to be
contained within this device. The complexity of a totally implantable pulse generator
greatly increases the level of risk to the patient, and increases the FDA controls required
to assure patient safety.
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The impact to patients of a device failure could be significant. Medtronic firmly believes
that a product-by-product PMA review, and the premarketing inspections that accompany
PMA approvals, are necessary to protect consumers.

Prior to marketing, the required level of FDA reviewiapproval for a Class III PMA device
includes:

. Full premarket approval review,

. Full premarket approval review of changes requiring PMA supplements,

. FDA inspection and audit of manufacturing facilities,

. Rigorous review of bench, animal and clinical data, and

. Approval of comprehensive labeling.

Examples of how the system works to protect the public (e.g. warning letters and
483 observations)

The current classification and the related FDA review and approval on a case-by-case
basis has resulted in the protection of public health.

Patient risks can be identified from both technological issues and actual events. From a
technical standpoint, there are significant issues in the attempted validation of an
implanted power source, e.g., insulation materials, hybrid circuit, feed-throughs, titanium
can sealing, electrical and welding specifications, and battery sealing.

Examples of attempted commercialization of neurostimulators include one
neurostimulation company’s de\7elopment of a totally implantable generator (IPG) that
was not successful because of the failure of the battery and (its associated control
circuitry) manufacturing methods, and facilities. The resulting patient injuries were
significant.

The risks to human health were so significant that FDA had to terminate the company’s
IDE clinical study because the “unreasonable risk to public health owing to the
inadequacy of the methods, facilities, and controls used in the manufacture of the device.”

This device’s technological failures included:
. Fluid leakage into the device causing battery failure (loss of hermetic seal),
● Battery failure due to insufficient or no welding,
. Battery feed throughs’ performance and process validation not documented,
. Inadequate battery cell and battery outer can validation/ qualification testing,

. High battery impedance,

. Transient programmer failure,

. Battery insulation redesigned and implemented, but not qualified and no FDA
notification or approval,

. Programmer/ Transmitter circuitry redesigned and implemented, but not qualified,
and no FDA notification or approval,

Medtronic Neurological Division
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This company’s clinical usage of the device with patient injuries included:

——

. N~repotiing patient injuries (such as``shoch'', ``getting zapped'', or
“electrical shocks”) to FDA via MDR or IDE,

● N~repofiing to FDA Unmticipated Adverse Device Effects, suchas
“intolerable increase in stimulation “, “increased stimulation to intolerable
levels”, and “battery thoroughly discharged.”

These failures demonstrate actual patient harm, as well as the increased risk inherent in
the devices. These observations would not have been discovered if not for the pro-
approval inspection of the manufacturing site.

A second neurostimulation company’s attempt to design and manufacture an implanted
device with internal battery also failed. This device failed because issues relating to the
battery and its technology resulted in patient harm. This battery’s electrolytes diffused
through its silicone holder, i.e., the electrolytes leaked within the implanted device. This
leakage caused the control circuit to fail, which in turn caused the device to either (a) not
be programmable (not able to turn off the device), (b) change parameters on its own, or
(c) cease functioning. At a minimum all of the failures resulted in device explant, and
some in patient harm.

Since totally implantable IPG technology is very similar between neurostimulators and
pacemakers, pacemakers can also be reviewed for risks of technology failures:

. The loss of the hermetic seal, (the battery feed through had a glass to metal seal
which failed) in one pacemaker company’s devices, resulted in the battery
shorting out within 4 to 18 months.

. Another pacemaker company issued a safety alert for pacemakers which could
fail without warning due to the loss of “hermeticity” because of cracked ceramic
feed throughs or separation of a braze joint between ceramic and titanium
components, resulting in fluid ingress into the pacemaker.

Medtronic Neurological Division
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3. Technical Discussion

As stated previously, the “addition of a battery” is written by the petitioner as if one is
placing batteries in a flashlight. As multiple manufacturers have discovered this is not
the case. The technological issues and hazards (those that have resulted in patient injury
and harm) have demonstrated the vast complexities of such devices and the requirement
to review each manufacturer’s device on a case-by-case basis.

W’hat is necessary to internalize the battery is not the only difference between an IPG and
a Radiofrequency system. A comparison of RF receivers and IPGs follows:

Table 1: Comparison

RF Devices -(Receiver only implanted)

Antenna to receive power

Circuit =
Simple demodulator and switch circuit

Does NOT:
1. Generate stimulation pulses
2. Control stimulation parameters

Encamulation = e~oxv

No Internal Power Source,
Power received from extema transmitter

Emergency Stop =
Remove external transmitter
Antenna

Engineering Design = Simple

Manufacturing = Simple

‘RF and IPG Devices

~G (with battery) ~~

Antenna to receive communication

Circuit =
1. Generates pulses
2. Controls stimulation parameters
3. Self-contained system
4. Reliability important because may

not turn off when desired (vs.
simply removing RF antenna)

. .

Container = Titanium

Internal Power Source
5. Large amount of chemical energy
6. Potential for electrical shorts
7. Potential for heating
8. Potential for battery chemical

leaks

9. Potential for fluid leakage into
battery

10. Extensive manufacturing controls
required

11. Potential explosive reactions

Emergency Stop =
Requires either:

● Programmer telemetry or
. Communication with IPG or
. Emergency explant

Engineering Design = Complex

Manufacturing = Complex

Medtronic Neurological Division
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_- . There are no FDA guidance documents on the appropriate testing of implantable pulse
generators, with internal power sources. For Class III devices, it is up to the manufacturer
to submit data demonstrating safety and effectiveness. For Class II devices, the
manufacturer only has to demonstrate “substantial equivalence” (510(k) approval) to a
pre-1 976 device, or to one that has already received 5 10(k) approval.

Examples of the differences in testing areas follows:

Table 2: Medtronic Testing Requirements - Differences

IPG fwith batterv)RF Devices -(Receiver only implanted)

NIA

NIA

Software Testing

Incompatible Transmitter Interaction

Battery
- Electrical discharge testing
- Longevity at nominal outputs

Hybrid Circuit testing

- Current Drain
- Rate limit
- Circuit Signal and converter
- Battery monitor
- Battery End of Life

Integrated Circuit Testing
- Telemetry linkage
- Signal converter
- Power on Reset

threshold

Programmer Testing
- Software
- Keyboard
- Programming Wand
- Components
- Function/ Telemetry capability-
- Mechanical shock and vibration

I

----
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Table 3: Medtronic Testing Requirements - Similarities

__—.

___

Stimulation Parameter testing
(Amplitude, Rate, Pulse Width)

Electrical Tests
Power up power on reset
Amplitude calibration / max. limit
Electrode programming/ channel
Net DC Current
Rate range
Pulse width range
Signal cross talk
Stimulation disable
Receiver implant depth max.
Receiver/ antenna offset max.
Multiple systems interaction

Biocompatibility Testing

Electromagnetic Compatibility (EMC)
Testing

Environmental Stress, e.g., mechanical
shock and vibration

Connector Testing, e.g., fluid leakage and
impedance

Extension and Lead Testirw

~PG {with battery)

Stimulation Parameter testing
(Amplitude, Rate, Pulse Width)

Hybrid Circuit testing
- Rate
- Pulse width
- Output pulse
- Switches
- Circuit components
- Burn in

Integrated Circuit testing
- Timing and interface
- Voltage reference
- Failure modes
- EMC
- System compatibility
- In-vitro test systems

BiocomPatibilitY Testing

Electromagnetic Compatibility (EMC)
Testing

Environmental Stress, e.g., mechanical
shock and vibration

Connector Testing. e.g., fluid leakage
and impedance

Extension and Lead Testing

4. Medical Device Reporting (MDR]
A search of the MDR database was performed using Medline and Diogenes. The
specified parameter was “spinal cord stim”. This search resulted in reports dated from

April 14, 1981 to December 1,1998. There were 2299 entries, of which 780 were specific
reports on implantable pulse generator (IPG) or radio frequency (RF) devices. There are
three MDR Categories: death, serious injury and malfunction. There was one death
reported (O.100/0),305 serious injuries (39°/0) and 474 malfunctions (610/O). The
definitions of the last two FDA categories are provided for reference.

“Serious Injury/(Serious illness) [$803.3(a)(l)]
. Is life threatening, even if temporary in nature;
. Results in permanent impairment of a body function or permanent damage to

a body structure; or

Medtronic Neurological Division
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.-. . Necessitates medical or surgical intervention to preclude permanent
impairment of a body fiction or permanent damage to a body structure.”

“Malfunction [$803 .3(m)]
A “malfimction” is a failure of the device to meet its performance specifications or
otherwise perform as intended. Performance specifications include all claims
made in the labeling for the device. A malfunction should be considered
reportable if any one of the following is true:

. The chance of a death or serious injury resulting from a recurrence of the
malfimction is not remote;

. The consequences of the malfunction affect the device in a catastrophic
manner that may lead to a death or serious injury;

. The malfunction causes the device to fail to perform its essential function and
compromises the device’s therapeutic, monitoring or diagnostic effectiveness
(emphasis provided by Medtronic) Which could cause or contribute to a
death or serious in.iury , or other significant adverse device experiences.
The essential function of a device refers not only to the device’s labeled
use, but for any use widely p rescribed within the practice of medicine;

. The malfunction involves a long-term device implant that would prevent
the implant from performing its function;

. The device is considered life-supporting or life-sustaining, and thus
essential to maintaining human life; or -

. The manufacturer takes or would be required to take action under section518
or 519(5 of the FD&C Act as a result of the malfimction of the device or other
similar devices.”

It is essential to remember the underlined portion above when reviewing this
reclassification petition. Consideration should be given to the fact that an IPG can be
prescribed for other stimulation therapies besides Spinal Cord Stimulation (SCS). A
physician may deem a stimulation system medically necessary and prescribe it for other
anatomical locations or symptoms of disease such as cardiac pacing, gastrointestinal and
urinary disorders, and tremor and epilepsy.

The reports by company, model number and type of event were reviewed and are reported
in Tables 4 through 6.

The MDRs were also reviewed by type of event. These were placed into eight categories:
device malfunction, battery, programming, stimulation, patient sequelae, elective
removal, improper implant procedure, and explanted – unknown reason.

The single death that was reported was due to meningitis and text from this report is
contained within the MDR “sample text” section of this document. The most frequently
reported event was “no output” at 160/780 (210A). Intermittent stimulation at 136/780
(17%) was the next most frequently reported event. Device malfunction at 132/780
(17?40)had a similar number of events reported.

Medtronic Neurological Division page 8
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Within the category of patient sequelae, the most frequently reported event was infection
33/780 (4?40). Pain was reported in 10/780 (1‘Yo)of MDR events. All of the above events
resulted in the patient undergoing an additional operative procedure in which the device
was explanted.

The petitioner has failed to recognize many MDR reported events related to these
devices. On page of 14 of this document are examples of MDR text in which the
respective manufacturers reported the events. This text is provided to show evidence of
events that can occur with an internal battery. The petitioner has suggested that battery
depletion is the only issue related to an internal battery, although the battery has caused
reportable events, not all are due to increased voltage which minimizes the life of the
battery. The petitioner has suggested labeling would bean adequate control for this
occurrence. Medtronic concurs; in fact we have already implemented such labeling,
However, the MDR text describes additional events which affect the battery such as: a
hybrid failure resulting in a current drain, a discrepant control gate also resulting in a
current drain and in a possible battery leak. None of these events would have been
resolved or minimized by the proposed labeling control. They clearly demonstrate the
need for additional bench testing for IPGs (see Table 2, page 6).

It is also important to take note of the number of “programming” events that were
reported: 228/780 (290/0), approximately a third of all the MDRs reviewed. As stated
previously all of these events resulted in the device being explanted. Since the circuitry
required to internalize the battery is complex, if there is an issue with programming the
device, (e.g., no telemetry, turning on and off on its own, no output or simply not able to
program,) in most instances the resolution is to explant the device. For RF devices,
programming occurs in the external portion of the system and can be easily remedied
with repair or exchange of the external unit.

Likewise, if a device is delivering intermittent stimulation or surges, (and in some cases
shocks), the device may have lost its capability to respond to the physician/patient
programmer and it may not be possible to turn the device off. In these instances, the only
resolution again is emergency surgical removal of the device. The labeling and limited
standard controls proposed by the petitioner would be inadequate to minimize these
occurrences. To restate, we as a current manufacturer of these devices, have, with the
assistance of FDA, instituted significant and rigorous clinical and non-clinical testing to
assure that occurrences such as these are minimized prior to commercial release of the
product.

The subject of this response as well as the subject of the petitioner’s request for
reclassification is the totally implantable spinal cord stimulator. The petitioner has
included MDR reports unrelated to this device. We have chosen not to include MDR
reported events for lead migration, epidural hemorrhage, seroma, paralysis, cerebral
spinal fluid leak, lead breakage, or loose connection in our review, differing from the
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petitioner’s analysis, since these were due to the interaction or failure of the lead and/or
extension.

The MDR database does not capture all events, as evidence of the fact is our review of
the FDA regulatory actions, a FDA 483 observations had noted that the
manufacturer/sponsor of an Investigational Device Exemption (IDE) had not reported
events as required by regulation.

Table 4: Type of MDR by Manufacturer

Medtronic Neuromed Cordis EBI Medical Systems Total
1

Death o 1 0 0 1
Serious Injury 181 106 15 3 305
Malfunction 199 261 14 0 474
Total 380 368 29 3 780

Table 5a: MDR Type by Manufacturer; by Model #: ikfedtronic

Model Death Serious Injury Malfunction Total
3272 0 6 1 7

1

3360 0 2 5 7
3462/3463 o 0 2 2
3464/3465 o 6 21 27
3470 0 22 2 24
7420/7421 o 10 88 98
7424 0 133 80 213
7425 0 2 0 2

1

Total 0/ 181 I 199 I 380 I
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Table 5b: MDR Type by Manufacturer; by Model #: Neuromed

Model Death Serious Injury Malfunction Total

TI-94 o 6 2 8
MNR4 o 0 3 3
MNR881 o 0 1 1
MNR88 o 46 128 174
MNR98 o 8 0 8
MNR916 o 17 0 17
MllR94 o 18 126 144
MNR944 o 2 0 2
MNR948 o 2 0 2
MBR88 o 1 0 1
MNT4D o 1 0 1
MNT46 o 1 0 1
MNT88D o 0 1 1
MCR88 o 1 0 1
Custom Device o 1 0 1
unknown 1 2 0 3
Total 1 106 261 368

Table 5c: MDR Type by Manufacturer; by Model #: Cordi.s

Model Death Serious Injury Malfunction Total
Mark H- 940D o 15 14 29
Total o 15 14 29

Table 5d: MDR Type by Manufacturer; by Model #: EM Medical Systems

Model Death Serious Injury Malfunction ~ Total

1O-1332W o 2 0 2
1O-137OW o 1 0 1
Total o 3 0 3

Medtronic Neurological Division
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Table 6: Overall MDR Report by Type of Event

Type of Event I Dtiath I Serious Injury I‘Malfunction , I TOTAL :

Device Malfunction

Malfunction o 65 67 132

Connector or adaptor passage clogged or blocked o 1 0 1

Signs of fluid intrusion and signs of rust in setscrews o 7 11 18

Battery

End of life/battery depletion o 13 49 62

Leakage – from battery pack o 2 0 2

Programming

Programming o 10 21 31

No Telemetry o 3 9 12

Turning on or off next to power lines o 0 1 1

Turning on or off on its own o 14 10 24

No output o 21 139 160

Stimulation

Unsatisfactory Stimulation o 10 29 39 ‘

Erratic Stimulation o 2 1 3

Intermittent stimulatiordno stimulation o 68 68 136

Overstimulation while passing through security system o 1 9 10

Greater stimulation than anticipated o 5 4 9

Surging o 5 13 18

Strong surges of stimulation o 2 0 2

Surging, Shocking, jabbing jerking movements o 9 0 9

Jolts around implant site and legs o ~ 3 5

Shock o 4 6 10

Severe shock o 1 0 1

Massive shock o 1 0 1

Electrical failure o 1 1 2

Medtronic Neurological Division Page I2

Confidential



Type of Event Ihath. Serious, Inju@, h$alfunction ,<~ ,TfJTAL “’”””-~>;..Y
Fluctuations in amplitude o 0 2 2
Runaway amditude o 1 0 1. .

Abnormal heartbeat o 1 0 1
Vibration o 1 0 1
Short Circuit o 0 2 2

Patient Sequelae

Constant burning pain o 2 2 4
Alleged permanent disability o 1 0 1
Patient injury o 7 2 9

Pain o 4 6 10

Infection o 20 13 33
Swollen implant pocket o 1 0 1
Hematoma at implant site o 1 0 1
Pocket healing o 2 1 3
Death 1 0 0 1

Elective removal o 6 1 7
Improper implant procedure – device explanted o 2 1 3
Exdanted – unknown reason o 9 3 12
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Examples of MDR text:

Death

TX - TEXT: A PT, WHOSE HEALTH WAS DETERIORATING RAPIDLY, WAS IMPLANTED
WITH A STIMULATOR CN 1/30/96. AFTER A 15 DAY TRIAL THE PT WAS DIAGNOSED
WITH MENINGITIS AND PASSED AWAY ONE WEEK LATER. THE DEVICE HAS NOT BEEN
RETURNED TO THE MFR FOR EVAL. BASED ON THE ONLY INFORMATION CO HAS
RECEIVED, CO DOES NOT FEEL THAT THERE IS ENOUGH INFORMATION TO SUGGEST
THAT CO’S PRODUCT CONTRIBUTED OR CAUSED THE PT’S DEATH. IN CO’S
LITERATURE FOR THE PHYSICIAN IT STATES THAT IT IS NOT RECOMMENDED ON
PATIENTS WHO HAVE RAPIDLY PROGRESSING DISORDER.
DT - DATE OF OCCURRENCE: 19960329
AN - ACCESSION NUMBER: 1551242

TX - TEXT: THE DEVICE WAS EXPLANTED DUE TO REPORTED “BATTERY DEPLETION”,
HOWEVER, ANALYSIS REVEALED A HIGH CURRENT DRAIN FROM THE HYBRID CAUSED
BY A LEAKY N-CHANNEL TRANSISTOR IN THE ANTENNA DRIVEN CIRCUIT OF THE L44
IC.
DT - DATE OF OCCURRENCE: 19960418
AN - ACCESSION NUM3ER: 1555967

TX - TEXT: FOREIGN MFR NO LONGER IN BUSINESS. THE RECEIVER WAS EXPLANTED
AND RETURNED TO CO ON 10/9/92 WITH A CLAIM THAT THE PT EXPERIENCEDA
~OLLEN POCKETANDSTRONGELECTRICAL SURGESEVENWHENTHE IMPLANTWAS
TURNEDOFF. UPONEXPLANT, THE POCKETWASFULL OF NECROTIC TISSUE
EVIDENTLYCAUSEDBY A BLACKISHGREENEXUDATECOMINGFROMTHE NECK OF THE
IMPLANT. THE BATTERY HAS BEEN SENT TO THE MFR FOR FURTHER ANALYSIS. A
FINAL REPORT WILL BE FORWARDED UPON CONCLUSION OF ANALYSIS. THE CAUSE
OF THIS EVENT HAS NOT BEEN DETERMINED. IN ADDITION, AVAILABLE FREQUENCY
AND SEVERITY DATA DO NOT INDICATE THAT ANY FURTHER INVESTIGATION IS
NECESSARY AT THIS TIME. BOTH THE FREQUENCY AND SEVERITY OF THIS EVENT
WILL BE PERIODICALLY MONITORED TO DETERMINE IF ANY FOLLOW-UP AND/OR
OTHER ACTION IS INDICATED.
DT - DATE OF OCCURRENCE: 19921215
AN - ACCESSION NUMBER: 1211057

TX - TEXT: PRODUCT WAS RETURNED TO CO FOR EVALUATION WITH A COMPLAINT OF
“DEFECTIVE, MALFUNCTIONING”. NO PT COMPLICATIONS OR PROBLEMS WERE
REPORTED. THE COMPLETED VENDOR ANALYSIS WAS RECEIVED BY CO ON 9/15/89.
ALTHOUGH THE UNIT DID MEET THE MINIMUM BATTERY CELL LIFE REQUIREMENTS
BASED ON IMPLANT AND EXPLANT INFO RECEIVED FROM THE CUSTOMER, A
DISCREPANT CURRENT CONTROL GATE WAS DETECTED ON ANALYSIS. THIS RESULTED
IN AN OUTPUT VOLTAGE WHICH WAS OUT OF SPECIFICATIONS AND A CURRXNT DRAIN
WHICH WAS HIGH FOR THE PROGRAMMED PARAMETERS. THIS REPORT WAS REVIEWED
FOR SIGNIFICANT PROBLEMS BUT WAS NOT CLOSED. IT IS BEING CLOSED AT THIS
TIME AS PART OF A BATCH CLOSEOUT PROCESS IN ORDER TO PREPARE THE
DATABASE TO SERVE AS HISTORICAL SUPPORT TO A REDESIGNED DATABASE.
DT - DATE OF OCCURRENCE: 19891005
AN - ACCESSION NUMBER: 1083292

Medtronic Neurological Division
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Stimulation

TX - TEXT: FOR THE PAST YEAR PT HAS EXPERIENCED PRICKLY SENSATION OR NO
STIMULATION WHEN DEVICE IS ON. STIMULATION HAS THROWN PT DOWN SEVERAL
TIMES WHEN STIMULATION COMES ON. DEVICE HAS NOT WORKJID AT ALL FOR THE
PAST TWO MONTHS. THE DEVICE WAS EXPLANTED. EXPLANT DATE: 3/24/96. DEVICE
NOT RETURNED TO MFR.
DT - DATE OF OCCURRENCE: 19960405
AN - ACCESSION NUMBER: 1553145

Fluid Intrusion

TX - TEXT: THE RECEIVER WAS EXPLANTED AND SIGNS OF FLUID INTRUSION WAS
FOUND IN THE RECEIVER. THERE WERJ3 ALSO SIGNS OF RUST FOUND IN SETSCREWS.
THE RECEIVER HAS NOT YET BEEN RETURNED TO CO FOR ANALYSIS. A FINAL
SUMMARY ANALYSIS WILL BE PROVIDED TO FDA WITHIN 120 DAYS UPON THE RETURN
OF THE DEVICE.
DT - DATE OF OCCURRENCE: 19950908
AN - ACCESSION NUMBER: 1486856

TX - TEXT: THE RECEIVER WAS EXPLANTED AND RETURNED TO CO ON 6/15/93 DUE
TO RECEIVER MALFUNCTION. A PRELIMINARY MDR, DATED 6/18/93, WAS SENT To
FDA. VISUAL EXAMINATION RJIVEALED SIGNS OF FLUID INFILTRATION, AS THE
HYBRID LABEL APPEARED WRINKLED. THERE WERE ALSO SIGNS OF FLUID INTRUSION
INTO TERMINAL BLOCKS 1 AND 5 WICKING DOWN THE HYBRID LEADS TO THE
HYBRID. THERE WAS ALSO SOME DISCOLORATION OF THE HYBRID NEAR LEADS 6, 7
AND 8 ON THE “A” HYBRID AND NEAR LEAD #1 OF THE “B” HYBRID. THERE WERE
NO SIGNS Of?BOOT LEAK. ELECTRICALLY THE RECEIVER WOULD NOT PASS
AUTOTESTING. FAILURE DUE TO FLUIDS BEING TRAPPED DURING THE IMPLANT
PROCEDURE AND EVENTUALLY WICKING DOWN AND CAUSING THE
ELECTRICALLY MALFUNCTION.
DT - DATE OF OCCURRENCE: 19930726
AN - ACCESSION NUMBER: 1289958

No Output

TX - TEXT: THE DEVICE WAS EXPLANTED
MFG AND DISTRIBUTED OUTSIDE THE rJS.
DRAIN ON THE HYBRID.
DT - DATE OF OCCURRENCE: 19950202
AN - ACCESSION NUMBER: 1448216

Electrical Failure

DUE TO “NO OUTPUT
ANALYSIS REVEALED

HYBRID TO

“ THIS DEVICE WAS
A HIGH CURRENT

TX - TEXT: THE RECEIVER AND LEAD WAS EXPLANTED AND RETURNED TO CO ON
5/6/94 WITH A CLAIM THAT THE DEVICE WAS MALFUNCTIONING. ANALYSIS
REVEALED THERE WAS ELECTRICAL FAILURJl OF THE RECEIVER, SPECIFICALLY THE
HYBRID .
DT - DATE OF OCCURRENCE: 19940727
AN - ACCESSION NUMBER: 1409253
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Programming

TX - TEXT: NEURAL STIMULATOR WAS EXPLANTED AFTER 4 MONTHS DUE TO REPORT
THAT THE PATIENT SUSTAINED A FALL THAT APPEARS TO HAVE RXiSULTED IN AN
INABILITY TO TURJJTHE STIMULATOR OFF. SOMETIME LATER, THE NEURAL
STIMULATOR REPORTEDLY QUIT ON ITS OWN. NO OTHER INFORMATION IS
AVAILABLE. THE NEURAL STIMULATOR WAS REPLACED UNEVENTFULLY WITH A NEW
CORDIS UNIT WITHOUT REPORT OF PATIENT INJURY OR COMPLICATION. PATIENT
CONDITION IS REPORTED AS SATISFACTORY. THE EXpLANTED STIMULATOR 1s TO B~

RETURNED TO CORDIS FOR ANALYSIS. THE CAUSE OF THIS EVENT HAS NOT BEEN
DETERMINED. IN ADDITION, AVAILABLE FREQUENCY AND SEVERITY DATA DO NOT
INDICATE THAT ANY FURTHER INVESTIGATION IS NECESSARY AT THIS TIME. BOTH
THE FREQUENCY AND SEVERITY OF THIS EVENT WILL BE PERIODICALLY MONITORED
TO DETERMINE IF ANY FOLLOW-UP AND/OR OTHER ACTION IS INDICATED.
DT - DATE OF OCCURRENCE: 19870130
AN - ACCESSION NUMBER: 1038892

TX - TEXT: THE DEVICE WAS EXPLANTED AND RETURNED DUE TO DIFFICULTIES IN
PROGRAMMING. FAILURE ANALYSIS REVEALED A COLD SOLDER JOINT AT THE
CONNECTION BETWEEN THE TWO HYBRIDS. THE CAUSE OF THIS EV2NT HAS NOT
BEEN DETERMINED. IN ADDITION, AVAILABLE FREQUENCY AND SEVERITY DATA DO
NOT INDICATE THAT ANY FURTHER INVESTIGATION IS NECESSARY AT THIS TIME.
BOTH THE FREQUENCY AND SEVERITY OF THIS EVENT WILL BE PERIODICALLY
MONITORED TO DETERMINE IF ANY FOLLOW-UP AND/OR OTHER ACTION IS
INDICATED.
DT - DATE OF OCCURRENCE: 19940322
AN - ACCESSION NUMBER: 1371922

Patient Injury

TX - TEXT: LEGAL DEPT’RECEIVED A TELEPHONE CALL FROM AN INDIVIDUAL WHO
IDENTIFIED HIMSELF AS BOTH A PHYSICIAN AND THE PT ASSOCIATED WITH THE

APPROX 4 REVISIONS WERE PERFORMED ON THE IMPLANT FOR LEAD AND POCKET
PROBLEMS. THE EXPLANTING PHYSICIAN WAS CONTACTED AND INDICATED THAT THE
SYSTEM WAS EXPLANTED PER THE PT’S REQUEST AS AN ELECTIVE PROCEDURE. THE
PT HAS INDICATED THAT HE WOULD LIKE TO AVOID LITIGATION ON THIS ISSUE
AND IS REQUESTING COMPENSATION FOR ALL HIS MEDICAL BILLS. THIS IS THE
FIRST SUCH CASE RECEIVED ALLEGING INJURY RESULTING FROM IMPLANTABLE
SILICONE DEVICES. THE PT IS IN POSSESSION OF THE EXPLANTED DEVICES AND
HAS NOT INDICATED THAT THEY WILL BE RETURNED FOR EVALUATION AND TESTING.
DURING THE DEVELOPMENT AND MFG OF BOTH THE PACING AND NEURO PRODUCTS, CO
DID EXTENSIVE TESTING ON THE SILICONE PRODUCTS FOR BIOCOMPATIBILITY. THE
SILICONE USED IN THESE PRODUCTS, UNLIKE THAT IN A GEL FORM, IS FULLY
CURED, WITH A HIGH MOLECULAR WEIGHT, SUCH THAT ONE WOULD NOT ANTICIPATE
ANY MIGRATION OF SILICONE. THIS IS SUPPORTED BY THE TEST RESULTS MEETING
OR EXCEEDING THE USP STANDARDS FOR LEACHABLES.
DT - DATE OF OCCURRENCE: 19931222
AN - ACCESSION NUMBER: 1323755

Medtronic Neurological Division Page 16
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TX - TEXT: A PT IMPLANTED WITH AN IMPLANTABLE PULSE GENEPJiTOR WAS BEING
DISCHARGED FROM THE HOSP. UPON ENTERING THE AUTO FOR THE TRIP HOME, HE
MOVED THE BAG CONTAINING THE MAGNETS ACROSS HIS LAP AND TURNED THE PULSE
GENEEU+TOR ON. A STRONG MOTOR RESPONSE WAS ELICITED WHICH CAUSED HIM TO
JAM HIS LEG INTO THE DASH AND CAUSED A FRACTURE OF THE FEMUR HEAD. HE
SUBSEQUENTLY HAD A PROSTHETIC HIP IMPLANT. THERE ARE NO PLANS TO EXPLANT
THE SYSTEM AT THIS TIME.
DT - DATE OF OCCURRENCE: 19930113
AN - ACCESSION NUMBER: 1240594

Shocking/Jolting

TX - TEXT: THE ANTENNA REPORTEDLY “SHORTED”. THE PT REPORTED HE RECEIVED
A JOLT WHILE DRIVING HIS CAR CAUSING AN ACCIDENT. THERE WAS NO INJURY
HOWEVER IT COULD CAUSE OR CONTRIBUTE TO AN INJURY IF THE MALFUNCTION
WERE TO RECUR. ANALYSIS REVEALED A BROKEN WIRE AT THE CONNECTOR END.
DT - DATE OF OCCURRENCE: 19931021
AN - ACCESSION NUMBER: 1318906

TX - TEXT: THE SYSTEM WAS EXPLANTED BECAUSE IT CAUSED CONSTANT PAIN AND
JERKY MOVEMENT. ANALYSIS IS ONGOING. ANALYSIS HAS SHOWN NO ANOMALY.
DT - DATE OF OCCURRENCE: 19930723
AN - ACCESSION NUMBER: 1272556

TX - TEXT: THE DEVICE WAS EXPLANTED DUE TO “JOLTS ROUND THE GENERATOR
SITE.” THE DEVICE WAS SENT BUT NOT RECEIVED FOR ANALYSIS (LOST IN
TRANSIT); THEREFORE, THE REPORTED PROBLEM COULD NOT BE VERIFIED. NO
DEATH OR SERIOUS INJURY HAS BEEN REPORTED.
DT - DATE OF OCCURRENCE: 19921109
AN - ACCESSION NUMBER: 1226340

TX - TEXT: PT EXPERIENCED MASSIVE SHOCK (FROM THE T~~ITTER) ~ THE
ASSOCIATED STIMULATOR CAUSED HER TO SHUT HER JAWS QUICKLY; CONSEQUENTLY
SHE REQUIRED DENTAL TREATMENT. THE CAUSE OF THIS EVENT HAS NOT BEEN
DETERMINED. IN ADDITION, AVAILABLE FREOUENCY AND SEVERITY DATA DO NOT
INDIcATz THAT ANY FURTHER INVESTIGATIO~ IS NEcEssARy AT THIS TIME. BOTH
THE FREQUENCY AND SEVERITY OF THIS EVENT WILL BE PERIODICALLY MONITORED
TO DETERMINE IF ANY FOLLOW-UP AND/OR OTHER ACTION IS INDICATED.
DT - DATE OF OCCURRENCE: 19880620
AN - ACCESSION NUMBER: 1059301

Afierreviewofthe type ofeventsthat can occurwiththis device andthe patient sequelae,
it should be concluded thatthe special controls proposed by the petitioner are not
adequate to reasonably assure the safety and effectiveness ofthe device. We believe that
therigors of the PMAprocess (clinical and non-clinical testing, and inspection) are
required prior to commercial release to assure that the device is safe and effective.

5. Literature
The literature regarding spinal cord stimulation from 1961 to 1999 is rich and includes
retrospective and prospective series, review articles, basic science discussions, and case
reports. Attachment Cis abibliography oftheliterature reviewed and Attachment
provides a summary of this literature, sorted by author. Quantity of patients,
complications rates, device used, and conclusion are listed.
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Two types of literature merit carefid consideration. The first k retrospective and
prospective series which appear to present quantifiable safety information (especially
when controlled). Next we turn to review articles, which may offer insights into the long-
term experience of seasoned practitioners in large institutions. While less quantifiable
than series articles, review articles are valuable because they include a discussion about
the management of risk and may aid in the understanding of safety. IPG safety, as
reported in the literature, then, is about understanding the risk of what happens rarely, as
well as what happens most frequently.

The 1995 meta-analysis of SCS by Turner, Loeser and Belll sought to assess the relative
safety of stimulator types:

A vast majority (33) of studies involved single-channel stimulators,
the only type available at the time most of the studies were
conducted. Only one study used a multiple-channel stimulator, and
four studies used both single and multiple channel stimulators. The
type of stimulator could not be determined in one study . . .We
attempted to compare complication rates of older systems versus
those of currently used systems, but this was not possible given the
extremely small number of articles that reported complications
exclusively for patients with the newer quadripolar or octapolar
systems.

Given this conclusion, and the changes in technology since that time, we view Turner’s
work as a pivotal point for discussions about IPG safety. The literature before 1995 is not
poolable for comparative purposes. However, some early studies may contain usefi.d data
regarding safety. Advancements in clinical reporting post-1995 greatly increased the
quality of safety discussions; this is especially significant in view of new technology.

Of the 72 series articles reviewed, we first reviewed those articles with an explicit
discussion of stimulator type. We have defined stimulator type as a radio frequency (RF)
device or an implantable pulse generator (IPG). Note that the number of cases of mixed
and unknown stimulator type has decreased, while the number of studies identified as
IPG studies has increased.

Table 7: Series before and after 1995, by stimulator type

Number of articles RF IPG Mixed unknown

Prior to 1995 42 18 6 12 6

1995 to present 30 7 16 6 1

We then reviewed complications, defined as: SCS-related problems such as; infection,
cerebrospinal fluid leakage, pain at the wound site, and/or hematoma. It does not include

‘ “Spinal Cord Stimulation for Chronic Low Back Pain: A Systematic Literature Synthesis”, Turner, Loeser
and Bell, Neurosurgery, volume 37, number 6, (December 1995).
Medtronic Neurological Division page 18
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We then reviewed complications, defined as: SCS-related problems such as; infection,
cerebrospinal fluid leakage, pain at the wound site, and/or hematoma. It does not include
problems related to lead placement or hardware failure, nor does it include unsatisfactory
therapy efficacy. Please note three findings. Relative to the total number of studies, the
average rate of complications as a percentage of implants has decreased and the number
of studies providing complications discussion has decreased. And, please note that IPG-
specific complications, as reported in the literature, have increased since the period prior
to 1995.

Table 8: Series before and after 1995, summary of complication

Complication Complications as a percentage of IPG-related
. Articles discussion implants (average) complications

Prior to 1995 42 36 5.93?40 6
1995 to present 30 19 5.23%40 20

Of the 72 series reviewed between 1961 and 1999, 34 studies (16 before 1995, 18 since
1995) include information about both the stimulator used and the complications
experienced. Table 8 demonstrates that the overall complication rate has decreased
slightly since 1995.

As stated previously we believe literature before 1995 is difficult to consider in regard to
a comparative quantitative analysis. Comparisons continu~’io remain difficult post-1995,
based on the lack of complications reported using similar definitions. Thus, our overall
review of these articles is inconclusive.

6. Conclusion
After review ofi

. The description of radio frequency (RF) devices compared to internal battery
pulse generators (IPG),

. The discussion of predecessor devices and related regulatory history, and

. The discussion of comparative/similar devices and related regulatory history.
And review of

. Adequate MDR descriptions, and
● The literature review.

We believe it can be concluded that the petitioner’s proposal has not demonstrated
reasonable assurance that reclassification of these devices from Class III to Class II will
adequately protect public safety. Reclassification would allow a significant loss in the
amount of control that is currently in place, and result in an increase in the level of risks
to the patient.
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I&. mepinski:

h response to your request to Kr. Red Sadlar for
class~ficat~on inSo~tion dated ~ov~ 22, 199S. The
Medtronic Xtrd= TQtally lmplantabZe Spinal Cord System was
deteraahed by PDA to be a class 111 device by =rder dated
October 29, 1980, (copy enciased). The Food and Omg
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to any device marketed prior to May 2S, 1976, e= to ?Lmy device
classified aS a class Z oz cla6s 1X device; thereforu~t could
net be marketed until FDA app%mmd a pseaarket approval
app~icaticm in accordance With Section 523(f) af the Federw,l Foo~
Dmg,and Cosmetic Act.

As specified by Seckion 513(f) of the Food, Dng, end CosEtEtic
Act (act), a device to be marketed after Kay 28, 1976, is
classified into class ZII unless th= FDA determines the d=viec to
be substantially ~Walext to a preamemdmen~ device, or t.txe
device is reclassified int~ class I or class XI.

FDA detemined that this MMtronic devicewas not substantially
equivalent to devices classified in !MtM 21, Code of Fe4ual
qlatiOrlS, *C’tiOn ilU2.5880 (21 CFR 882.5880) based en
significant technologica~ differences. For ~le, the
?fedtronic device employs m implanted device contahing a ~er
souroe; whereas, the devices ckssified h 21 m 882.S880
emplays an implanted device comprised ent~ely of passive.
coagmnents with necessary energy beinq p&ovided by an extarnal .

d-vice .

As further evidmcc of this determination. FDA sent a M&dtrac,
h=. OXI August 2, xgag, an order ap>sving the *emerk@t ApprovaX
Applicatim (PMA) for the Ifedtronic krel XI-, whkh iXXCIU&S a
Model 7424 hplanttile ~lse Genasator M a MOd~ 7496
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(301] 443-8517.

ETICIOSure

-—..

.

-





q ● ✎
✎❞✍ ✎✎

✌✎✎✎

☛ ☎✝✚
✍✎✎ ✎

✎ ✎✎
✟✎✎

“.

B
b-
.-

..-.

}

ahanative atailabk “ta you * * k, p&e COnFe
_—-—_

..
.

. .

,J

..4

,

i

-,
.

,-

.

.?.

.

. .

. .
. . .

.

Q

-.. -.

r.\* . . .

ll~ceiv~i Time $?Q.15,lo:?Md_ P~~ritTime $ep,16,10:5!AM_



-—
.4r-



BIBLIOGRAPHY

Al-Ghoul, W. M., G.L. Volsi, R.S. Weinberg, A. Rustioni, “Glutamate
Immunocytochemistry in the Dorsal Horn After Injury or Stimulation of the
Sciatic Nerve of Rats,” Brain Research 8u//etin, 30:453-459, 1993.

Ale, K, M., M.J. Yland, D.L. Kramer, J.H. Charnov, V. Redko, “Computer Assisted
and Patient Interactive Programming of Dual Octrode Spinal Cord Stimulation
in the Treatment of Chronic Pain, ” /Veurornocfu/ation, 1(1):30-45, 1998.

Andersen, C., “Complications in Spinal Cord Stimulation for Treatment of Angina
Pectoris,” Acts Cardio/ogica, 4:325-333, 1997.

Barolat, G., “Current Status of Epidural Spinal Cord Stimulation,” Neurosurgery
Quarterly, 5(2):98-1 24, 1995.

Barolat, G., “Experience with 509 Plate Electrodes Implanted Epidurally from Cl
to LI ,“ Stereotactic and Functions/ Neurosurgery, 61:60-79, 1993.

Barolat, G., “Spinal Cord Stimulation for Persistent Pain Management,” Chapter
154:1519-1537.-

Barolat, G., F. Massaro, J. He, S. Zeme, B. Ketcik, ‘iMapping of Sensory
Responses to Epidural Stimulation of the Intraspinal Neural Structures in
Man,” Journal of Newosurgety, 78:233-239, 1993.

Barolat, G., B. Ketcik, J. He, “Long-Term Outcome of Spinal Cord Stimulation for
Chronic Pain Management,” Neuromodu/ation, 1(l): 19-29, 1998.

Barolat, G., R. Schwartzman, R. Woo, “Epidural Spinal Cord Stimulation in the
Management of Reflex Sympathetic Dystrophy,” Stereotactic ancl Functional
Neurosurgery, 53:29-39, 1989.

Bell, G. K., D. Kidd, R.B. North, “Cost-Effectiveness Analysis of Spinal Cord
Stimulation in Treatment of Failed Back Surgery Syndrome, ” Journa/ of Pain
and Symptom Management, 13(5):286-295, 1997.

Broggi, G., D. Servello, 1.Dories, G. Carbone, “Italian Multicenter Study on Pain
Treatment with Epidural Spinal Cord Stimulationj” Neurosurgery, 62:273-278,
1994.

Brownridge, P., “The Management of Headache Following Accidental Dural
.—=

Puncture in Obstetric Patients,” Anesthesia and /nfensive Care, 11(1):4-15,
1983.



Burchiel K.J., V.C. Anderson, F.D, Brown, R.G. Fessier, W.A. Friedman, S.
Polofsky, R.L. Weiner, J. Oakley, D. Shatin, “Prospective, Multicenter Study
of Spinal Cord Stimulation for Relief of Chronic Back and Extremity Pain, ”
Spine, 21(23):2786-2794, 1996.

Burchiel K.J,, V.C. Anderson, B.J. Wilson, D.B. Denisen, K.A. Olson, D. Shatin,
“Prognostic Factors of Spinal Cord Stimulation for Chronic Back and Leg
Pain,” Neurosurge~, 36(6):1 101-1111, 1995.

Calvillo, O., G. Racz, J. Didie, K. Smith, “Neuroaugmentation in the Treatment of
Complex Regional Pain Syndrome of the Upper Extremity,” Acts
Orthopaedica f3e/gjca, 64(1 ):57-63, 1998.

Cameron, T., K.M. Ale, “Effects of Posture on Stimulation Parameters in Spinal
Cord Stimulation,” Neuromodu/ation, 1(4):177-1 83, 1998.

Campbell, J. N., “Examination of Possible Mechanisms by Which Stimulation of
the Spinal Cord in Man Relieves Pa in,” Applied Newophysio/ogy, 44:181-
186, 1981.

Castro-Lopes, J.M., 1,Tavares, A. Coimbra, “GABA decreases in the Spinal Cord
. Dorsal Horn After Peripheral Neurectomy,” Brain Research, 620:287-291,

1993.

ChapIan S. R., “Rethinking Reflex Sympathetic Dystrophy,” fain Forum,
5(4):257-261 , 1996.

Cioni, B., M. Meglio, L. Pentimalli, M. Visocchi, ‘Spinal Cord Stimulation in the
Treatment of Paraplegic Pain,” Jouma/ of Neuroswgery, 82:35-39, 1995.

Claeys, L.G.Y., S. Horsch, “Treatment of Chronic Phantom Limb Pain by
Epidural Spinal Cord Stimulation,” Pain Digest, 7:4-6, 1997.

Cooney, W. P., “Electrical Stimulation and the Treatment of Complex Regional
Pain Syndromes, of the Upper Extremity,” Hand C/kits, 13(3):519-526, 1997.

Croom, J. E., R.D. Foreman, M.J. Chandler, M.C. Koss, K.W. Barron, “Role of
Nitric Oxide in Cutaneous Blood Flow Increases in the Rat Hindpaw During
Dorsal Column Stimulation,” Neurosurgery, 40(3):565-571, 1997.

Cui, J.-G., B.A. Meyerson, A. Sollevi, B. Linderoth, “Effect of Spinal Cord
Stimulation on Tactile Hypersensitivity in Mononeuropathic Rats is
Potentiated by Simultaneous GABA~ and Adenosine Receptor Activation,”-
Neuroscience Letters, 247:183-186, 1998.



— Cui, J.-G., W.T. O’Conner, U. Ungerstedt, B. Linderoth, B.A. Meyerson, “Spinal
Cord Stimulation Attenuated Augmented Dorsal Horn Release of Excitatory
Amino Acids in Mononeuropathy via a GABAergic Mechanism,” Pain, 73:87-
95, 1997.

Cui, J.-G., A. Sollevi, B. Linderoth, B.A. Meyerson, “Adenosine Receptor
Activation Suppresses Tactile Hypersensitivity and Potentates Spinal Cord
Stimulation in Mononeuropathic Rats,” Neuroscience Lefters, 223:173-176,
1997.

De La Porte, C., J, Siegfried, “Lumbosacral Spinal Fibrosis (Spinal
Arachnoiditis). Its Diagnosis and Treatment by Spinal Cord Stimulation,”
Spine, 8(6):593-603, 1983.

De La Porte, C., E. Van de Kelft, “Spinal Cord Stimulation in Failed Back Surgery
Syndrome,” Pain, 52(1):55-61, 1993.

Demirel, T., W. Braun, C.D. Reimers, “Results of Spinal Cord Stimulation in
Patients Suffering from Chronic Pain After a Two Year Observation Period,”
IVeurochirurgia, 27:47-50, 1984.

Devulder, J., L. De Colvenaer, G. Rolly, J. Caemaert, L. Calliauw, F. Martens,
“Spinal Cord Stimulation in Chronic Pain Therapy,” The C/inica/ Jouma/ of
Pain, 6:51-56, 1990.

Devulder, J,, M. De Laat, G. Rolly, “Dual Channel Electrostimulation in Pain,”
Acts Newo/. Be/g., 98:195-198, 1998.

Devulder, J., M. De Laat, M. Van Bastelaere, G. Rolly, “Spinal Cord Stimulation:
A Valuable Treatment for Chronic Failed Back Surgery Patients,” Jouma/ of
Pain and Symptom Management, 13(5):296-301, 1997.

Devulder, J., H. Vermeulen, L. De Colvenaer, G. Rolly, L. Calliauw, J. Caemaert,
“Spinal Cord Stimulation in Chronic Pain: Evaluation of Results,
Complications, and Technical Considerations in Sixty-Nine Patients,” The
Clinical Journal of Pain, 7:21-28, 1991.

DiGiovanni, A. J., B.S. Dunbar, “Epidural Injections of Autologous Blood for
Postlumbar-Puncture Headache,” Anesthesia and Arxdgesia, 49(2):268-271,
1970.

Eisenberg, E., H. Waisbrod, “Spinal Cord Stimulator Activation By An Antitheft
Device. Case Report,” Journa/ of Neurosurgery, 87:961-962, 1997._-



—— Eliasson, T., L.E. Augustinsson, C. Mannheimer, “Spinal Cord Stimulation in
Severe Angina Pectoris - Presentation of Current Studies, Indications and
Clinical Experience,” Pain, 65:169-179, 1996.

Fiume, D., S. Sherkat, G.M. Callovini, G. Parziale, G. Gazzeri, “Treatment of the
Failed Back Surgery Syndrome Due to Lumbo-Sacral Epidural Fibrosis,” Acts
Newochirgica, 64;1 16-118, 1995.

Forrest, D.M., “Spinal Cord Stimulator Therapy, ” Journal of PeriAnesthesia
Nursing, 11(5):349-352, 1996.

Francaviglia, N., C. Silvestro, M. Maiello, R. Bragazzi, C. Bernucci, “Spinal Cord
Stimulation for the Treatment of Progressive Systemic Sclerosis and
Raynaud’s Syndrome,” British Journal of Neurosurgery, 8:567-571, 1994.

Galer, B.S., S. Bruehl, R.N. Harden, “IASP Diagnostic Criteria for Complex
Regional Pain Syndrome: A Preliminary Empirical Validation Study,” The
Clinical Journal of Pain, 14:48-54, 1998.

Gamsa, A., “The Role of Psychological Factors in Chronic Pain. 1. A Half
Century of Study,” Pain, 57:5-15, 1994.

—

Gibbons, J. J., P.R. Wilson, “RSD Score: Criteria for the Diagnosis of Reflex
Sympathetic Dystrophy and Causalgia,” The C/inica/ Journa/ of Pain, 8:260-
263, 1992.

Gordon, N., “Reflex Sympathetic Dystrophy,” Brain & Deve/oprnent, 18:257-262,
1996.

Gragnani, J., “A Review of Reflex Sympathetic Dystrophy And Related
Syndromes,” Missouri Medicine, 91(1 1):680-683, 1994.

Graziotti, P.J., C.R. Goucke, “Control of Intractable Pain in Erythromelalgia by
Using Spinal Cord Stimulation,” Journa/ of Pain and Symptom Management,
8(7):502-504, 1993.

Gybels, J. M., “The Role of Spinal Cord Stimulation in Contemporary Pain
Management,” American Pain Society Journa/, 2(2):100-102, 1993.

Gybels, J.M., “Indications for Neurosurgical Treatment of Chronic Pain,” Acts
Neurochirurgica, 116:171-175, 1992.

Gybels, J. M., “Central and Peripheral Electrical Stimulation of the Nervous_-
System in the Treatment of Chronic Pain,” Acts Neurochirurgica, 38:64-75,
1987.

4



— Hassenbusch, S.J., M. Stanton-Hicks, E.C. Covington, “Spinal Cord Stimulation=—,.
Verses Spinal Infusion for Low Back and Leg Pain,” Acts A/eurochirgica,
64:109-115, 1995,

Hautvast, R.W.M., G.J. Ter Horst, B.M. DeJong, M.J. L. DeJongste, P.K.
Blanksma, A.M.J. Paans, J. Korf, “Relative Changes in Regional Cerebral
Blood Flow During Spinal Cord Stimulation in Patients with Refractory Angina
Pectoris,” European Journal of Neuroscience, 9:1178-1183, 1997.

He, J., G. Barolat, J. Holsheimer, J.J. Struijk, “Perception Threshold and
Electrode Position for Spinal Cord Stimulation,” Pain, 59:55-63, 1994.

Hendler, N., S. N. Raja, Handbook of Pain Management. Baltimore: Williams &
Wilkins, 1989.

Holsheimer, J., “Computer Modeling of Spinal Cord Stimulation and Its
Contribution to Therapeutic Efficacy,” Spins/ Cord, 36:531-540, 1998.

Hoisheimer, J., “Effectiveness of Spinal Cord Stimulation in the Management of
Chronic Pain: Analysis of Technical Drawbacks and Solutions,”
Neurosurgery, 40(5):990-999, 1997.

.—
Holsheimer, J., G. Barolat, ‘Spinal Geometry and Paresthesia Coverage in

Spinal Cord Stimulation,” Newomodu/ation, 1(3) :129-1 36, 1998.

Holsheimer, J., G. Barolat, J.J. Struijk, J. He, “Significance of the Spinal Cord
Position in Spinal Cord Stimulation,” Acts Neurochir, 64:119-124, 1995.

Holsheimer, J., B. Nuttin, G. W. King, W.A, Wesselink, J.M. Gybels, P. de Sutter,
“Clinical Evaluation of Paresthesia Steering with a New System for Spinal
Cord Stimulation,” Neurosurgery, 42(3):1-9, 1998,

Holsheimer, J., J.J. Struijk, N.R. Tas, “Effects Of Electrode Geometry and
Combination On Nerve Fibre Selectivity in Spinal Cord Stimulation,” Medical
& Biological Engineering& Computing, Sep:676-682, 1995.

Holsheimer, J., J,J. Struijk, W.A. Wesselink, “Analysis of Spinal Cord Stimulation
and Design of Epidural Electrodes by Computer Modeling ,“ Neuromodu/ation,
1(1):14-18, 1998.

Holsheimer, J., W,A. Wesselink, “Optimum Electrode Geometry for Spinal Cord
Stimulation: The Narrow Bipole and Tripole,” /Wedica/ & Bio/ogica/
Engineering Computing, 35:493-497, 1997._—_



Holsheimer, J., W.A. Wesselink, “Effect of Anode-Cathode Configuration on_- ..
Paresthesia Coverage in Spinal Cord Stimulation,” Neurosurgery, 41 (3):654-
660, 1997.

Hosobuchi, Y., “Electrical Stimulation of the Cervical Spinal Cord Increases
Cerebral Blood Flow in Humans,” A/eurosurge~, 48:372-376, 1985.

Iyer, R., T.V. Gnanadurai, P. Forsey, “Management of Cardiac Pacemaker in a
Patient with Spinal Cord Stimulator Implant,” f%in, 74:333-335, 1998.

Jessurun, G.A. J., I.A.M. Ten Vaarwerk, M.J. L. DeJongste, R.A. Tie, M.J. Staal,
‘(Sequelae of Spinal Cord Stimulation for Refractory Angina Pectoris.
Reliability and Safety Profile of Long-Term Clinical Application, ” Coronary
Artery Disease, 8:33-38, 1997.

Jivegard, L.E.H., L.-E. Augustinsson, J. Helm, B. Risberg, P. Ortenwall, “Effects
of Spinal Cord Stimulation (SCS) in Patients with Inoperable Severe Lower
Limb Ischaemia: A Prospective Randomized Controlled Study,” Eur J Vase
Endovasc Surg, 9:421-425, 1995.

de Jongste, M.J. L., D. Nagelkerke, C.M. Hooyschuur, H.L. Journee, P.W.J.
— Meyler, M.J. Staal, P. de Jonge, K.1. Lie, ‘tStimulation-Characteristics,

Complications, and Efficacy of Spinal Cord Stimulation Systems in Patients
with Refractory Angina: A Prospective Feasibility Study, “ Pace, 17 (Part
1):1751-1760, 1994.

Kemler, M.A., G.A. M. Barendse, M. Van Kleef, F.A.J. M. Van Den Wildenberg,
W.E.J. Weber, “Electrical Spinal Cord Stimulation in Reflex Sympathetic
Dystrophy: Retrospective Analysis of 23 Patients, Journa/ of Neurosurg
(Spine /), 90:79-83, 1999.

Kidd, D.H., R.B. North, “Pain Treafment Centers at a Crossroads: A Practica/
and Conceptual Reappraisal’ Seattle: IASP Press, 1996.

Krames, E.S., “Spinal Cord Stimulation (SCS) or Spinally Administered Narcotics
(SAN). An A/gorithrn for Decision-Making,” Minneapolis: Medtronic, 1992.

Krainick, J. U., U. Thoden, “Dorsal Column Stimulation,” Textbook of Pain,
London: Churchill Livingstone, pp.701-705, 1984.

Kumar, K., R.K. Nath, C. Toth, ‘rSpinal Cord Stimulation Is Effective in the
Management of Reflex Sympathetic Dystrophy,” Neurosurgery, 40(3):503-
509, 1997._-—.



. Kumar, K., R.K. Nath, G.M. Wyant, “Treatment of Chronic Pain By Epidural
Spinal Cord Stimulation: A 10-Year Experience,” Jouma/ of/Vewosw-gery,
75:402-407, 1991.

Kumar, K., C. Toth, “The Role of Spinal Cord Stimulation in the Treatment of
Chronic Pain Postlaminectomy,” Current Review of Pain, 2:85-92, 1998.

Kumar, K., C. Toth, R.K. Nath, “Deep Brain Stimulation for Intractable Pain: A
15-Year Experience,” A/eurosurgety, 40(4):1-11, 1997.

Kumar, K., C. Toth, R.K. Nath, “Spinal Cord Stimulation for Chronic Pain in
Peripheral Neuropathy,” Wrgica/ /Veuro/ogy,46(4):363-369, 1996.

Kumar, K., C. Toth, R.K. Nath, A.K. Verma, J.J. Burgess, “improvement of Limb
Circulation in Peripheral Vascular Disease Using Epidural Spinal Cord
Stimulation: A Prospective Study,” Jouma/ of Neurosurgery., 86:662-669,
1997.

Kumar, K., G.M. Wyant, C.E. U. Ekong, “Epidural Spinal Cord Stimulation for
Relief of Chronic Pain,” The Pain C/inic, 1(2):91-99, 1986.

— Kupers, R., R. Van den Oever, B. Van Houdenhove, W. Van Mechelen, B. Hepp,
B. Nuttin, J. Gybels, “Spinal Cord Stimulation in Belgium: A Nation-Wide
Survey On The Incidence, Indications and Therapeutic Efficacy by the Health
Insurer,” Pain, 56:211-216, 1994.

Law, J. D., A.F. Kirkpatrick, “Pain Management Update. Update: Spinal Cord
Stimulation,” American Jouma/ of Pain Management, 2(2):34-42, 1992.

LeDoux, M.S., K.H. Langford, “Spinal Cord Stimulation for the Failed Back
Syndrome,” Spine, 18(2):1 91-194, 1993.

Licht, S., History of Electrodiagnosis in Electrodiagnosis and Electromyography,
New Haven: Elizabeth Licht, Publisher, 1961.

Liem, L.A., V, C.P.C. van Dongen, “Magnetic Resonance Imaging and Spinal
Cord Stimulation Systems,” Pain, 70:95-97, 1997.

Linderoth, B., G. Gherardini, B. Ren, T. Lundeberg, “Preemptive Spinal Cord
Stimulation Reduces Ischemia in an Animal Model of Vasospasm,”
Neurosurgery, 37(2):266-272, 1995.

Linderoth, B., B. A. Meyerson, “Dorsal Column Stimulation: Modulation of
_=—-

Somatosensory and Autonomic Function,” The Neuroscience, 7:263-277,
1995.

7



—- Long, D.M., “The Current Status of Electrical Stimulation of the Nervous System
for the Relief of Chronic Pain,” Surgical A/eurology, 49:142-144, 1998.

Long, D.M., D.E. Erickson, “Stimulation of the Posterior Columns of the Spinal
Cord for Relief of Intractable Pain,” Surgica/ Neuro/ogy, 4:134-141, 1975.

Lundberg, T., “Electrical Stimulation Techniques,” The bncet, 348:1672-1673,
1996.

Mannheimer, C., L.E. Augustinsson, C.A. Carlsson, K. Manhem, C.
Wllhelmsson, “EpiduraI Spinal Electrical Stimulation in Severe Angina
Pectoris,” British Head Jouma/, 59:56-61, 1988.

Mannheimer, C., T. Eliasson, L.E. Augustinsson, C. Blomstrand, H.
Emanuelsson, S. Larsson, H. Norrsell, A. Hjalmarsson, ‘tElectrical Stimulation
Versus Coronary Artery Bypass Surgery in Severe Angina Pectoris,”
Circulation, 97:1157-1163, 1998.

Marchand, S., “Nervous System Stimulation for Pain Relief,” American Pain
Society Journal, 2(2):1 03-106, 1993.

-_, Meglio, M., B. Cioni, G.F. Rossi, “Spinal Cord Stimulation in Management of
Chronic Pain. A 9-Year Experience,” Jouma/ of Neurosurgery, 70:519-524,
1989.

Meglio, M., B. Cioni, M. Visocchi, “Cerebral Hemodynamics During Spinal Cord
Stimulation,” Pace, 14:127-130, 1991.

Meglio, M., B. Cioni, M. Visocchi, A, Tancredi, L. Pentimalli, “Spinal Cord
Stimulation in Low Back and Leg Pain,” Nereotactic and Funcfiona/
Neurosurgery, 62:263-266, 1994.

Mittal, B., D.G.T. Thomas, P. Walton, 1Calder, “Dorsal Column Stimulation
(DCS) in Chronic Pain: Report of 31 Cases,” Royal Co//ege of Surgeons of
Eng/and, 69(3):104-109, 1987.

Melzack, R., P.D. Wall, “Pain Mechanisms: A New Theory,” Science,
150(3699):971-979, 1965.

Mullett, K. R., M.T. Rise, D. Shatin, “Design and Function of Spinal Cord
Stimulators - Theoretical and Developmental Considerations,” Pain Digest,
1:281-287, 1992.

.-=
Murphy, D. F., K.E. Giles, “Dorsal Column Stimulation for Pain Relief from

Intractable Angina Pectoris,” Pain, 28:365-368, 1987.



.-. Niv, D., “Complex Regional Pain Syndrome (RSD and Causalgia) Towards the
Year 2000- 8th World Congress of Pain; May 6-10, 1998,” Wenav Sessions,
pp 27, 1998.

North, R.B., “The Practice of Neurosurge~ Vo/s. 7-3.”Baltimore, MD: Williams
and Wilkins Co,, 1996.

North, R.B., “Spinal Cord Stimulation for Intractable Pain: Indications and
Technique,” Current Ther in Neuro/og surg-2, B.C. Decker Inc., 1989.

North, R.B., “The Role of Spinal Cord Stimulation in Contemporary Pain
Management,” American Pain Society Journa/, 2(2):91-99, 1993.

North, R.B., S. Bakshi, “The Failed Back: Augmentative Pain Procedures,”
Seminars in Spine Surgery, 8(3):239-244, 1996.

North, R.B., J.N. Campbell, C.S. James, M.K. Conover-Walker, H. Wang, S.
Piantadosi, J.D. Rybock, D.M. Long, “Failed Back Surgery Syndrome: 5-Year
Follow-Up in 102 Patients Undergoing Repeated Operation,” Neurosurgery,
28(5):685-691 , 1991.

___ North, R.B., M.G. Ewend, M.T. Lawton, S. Piantadosi, “Spinal Cord Stimulation
for Chronic, Intractable Pain: Superiority of “Multi-Channel” Devices,” Pain,
44:119-130, 1991.

North, R.B., D.H. Kidd, M.S. Lee, S. Piantodosi, “A Prospective, Randomized
Study of Spinal Cord Stimulation versus Reoperation for Failed Back Surgery
Syndrome: Initial Results,” Stereotactjc and Functions/ Neurosurgery,
62:267-272, 1994.

North, R.B., D.H. Kidd, R.L. Wimberly, D. Edwin, “Prognostic Value of
Psychological Testing in Patients Undergoing Spinal Cord Stimulation: A
Prospective Study,” Neurosurgery, 39(2):31 0-311, 1996.

North, R.B., D.H. Kidd, M. Zahurak, C.S. James, D.M. Long, “Spinal Cord
Stimulation for Chronic Intractable Pain: Experience over Two Decades,”
Neurosurgery, 32(3):384-395, 1993.

North, R.B., G.L. Roard, “Spinal Cord Stimulation for Chronic Pain,” Functions/
Neurosurge~, 6(l): 145-155, 1995.

Ohnmeiss, D., R.F. Rashbaum, G.M. Bogdanffy, “Prospective Outcome
Evaluation of Spinal Cord Stimulation in Patients With Intractable Leg Pain,”-+?=%
Spine, 21(1 1):1344-1351, 1996.



.-. Olin, J. C., D.H. Kidd, R.B. North, “Postural Changes in Spinal Cord Stimulation
Perceptual Thresholds,” Neuromoddation, 1(4):171-175, 1998.

Omoigui, S., “Tutorial 24: Therapeutic Modalities of Chronic Pain Syndromes,”
Pain Digest, 6:171-181, 1996.

Probst, C., “Spinal Cord Stimulation in 112 Patients with Epi-/lntradural Fibrosis
Following Operation for Lumbar Disc Herniation,” Acts Neurochir (Wein),
107:147-151, 1990.

Racz, G. B., J.E. Heavner, C.E. Noe, “Complex Regional Pain Syndrome,”
Seminars in Anesthesia, 15(1):70-87, 1996.

Racz, G. B., R.F. McCarron, P. Talboys, “Percutaneous Dorsal Column
Stimulator for Chronic Pain Control,” Spine, 4:1-4, 1989.

Raj, P., “Tutorial 26: Complex Regional Pain Syndromes (Reflex Sympathetic
Dystrophy and Causalgia),” Pain Digest, 6(5):298-317, 1996.

Ray, C. D, Lumbar Spine Surgery: Techniques & Complications, St. Louis:
Mosby Inc., 1987.

.=—.
Ray, C. D., B.A. Lifson, “Neurostimulation as Used in a Large Clinical Practice,”

App/ied Neurophysio/ogy, 45:160-166, 1982.

Robaina, F.J., M. Dominguez, M. Diaz, J.L. Rodriguez, J.A. de Verde, “Spinal
Cord Stimulation for Relief of Chronic Pain in Vasospastic Disorders of the
Upper Limbs,” Neurosurge~, 24(1):63-67, 1989.

Robaina, F.J., J.L. Rodriguez, J.A. de Vera, M.A. Martin, “Transcutaneous
Electrical Nerve Stimulation and Spinal Cord Stimulation for Pain Relief in
Reflex Sympathetic Dystrophy,” Stereotactic and Functions/ Neurosurge~,
52:53-62, 1989.

Ronk, L. L., “Spinal Cord Stimulation for Chronic, Nonmalignant Pain,”
Orthopedic Nursing, 15(5):53-58, 1996.

Rosner, H. L., “Percutaneous Neuraxial Implantation Devices for Management of
Chronic Intractable Pain,” Surgical Technology /nternationa/ W, pp. 1-8, 1997.

Rossi, U., J. Rabar, “Spinal Cord Stimulation in the Failed Back Syndrome: A
Reappraisal,” Proceedings from the American Pain Society, 1994.

10



4--- Rossi, U., J. Vernea, “Epidural Spinal Electrical Stimulation for Pain Control: A
Ten-Year Experience,” Proc Australasian Co/lege of RehabMafion Medicine
X//, pp.17-21 , 1992.

Sanchez-Ledesma, M.J., G. Garcia-March, P. Diaz-Cascajo, J. Gomez-Moreta,
J. Broseta, “Spinal Cord Stimulation in Deafferentation Pain,” Sfereotactic
and Functional Neurosurgery, 53:40-45, 1989.

Sanderson, J. E., B. Ibrahm, D. Waterhouse, R.B. Palmer, “Spinal Electrical
Stimulation for Intractable Angina - Long-term Clinical Outcome and Safety,
European Heart Jouma/, 15:810-814, 1994.

Segal, R., B.R. Stacey, T.E. Rudy, S. Baser, J. Markham, “Spinal Cord
Stimulation Revisited,” lVeuro/ogica/ F?esearch, 20:391-396, 1998.

Shea[y, C. N., J.T. Mortimer, J.B. Reswick, “Electrical Inhibition of Pain by
Stimulation of the Dorsal Columns: Preliminary Clinical Report,” Journa/ of
the /international Anesthesia Research Society, 46(4):489-491, 1967.

Siegfried, J., Y. Lazorthes, “Long-Term Follow-Up of dorsal Cord Stimulation for
Chronic Pain Syndrome after Multiple Lumbar Operations,” App/ied

---- NeurophysWogy, 45:201-204, 1982.

Simpson, B.A., “Spinal Cord Stimulation,” Pain Reviews, 1:199-230, 1994.

Simpson, B.A., “Spinal Cord Stimulation,” British Journal of Neurosurgery,
11(1):5-11, 1997.

Simpson, B.A., “Spinal Cord Stimulation in 60 cases of Intractable Pain,” Jouma/
of Neurosurgery, Neurosurg. Psychiahy, 54:196-199, 1991.

Spiegelmann, R., W.A. Friedman, “Spinal Cord Stimulation: A Contemporary
Series,” Neurosurgery, 28(1):65-71, 1991.

Stanton-Hicks, M., R, Baron, R. Boas, T. Gordh, N. Harden, N. Hendler, M.
Koltzenburg, P. Raij, R. Wilder, “Complex Regional Pain, Syndromes:
Guidelines for Therapy,” The C/inica/ Jouma/ of Pain, 14:155-166, 1998.

Stanton-Hicks, M., W. Janig, S. Hassenbusch, J.D. Haddox, R. Boas, P. VVdson,
“Reflex Sympathetic Dystrophy: Changing Concepts and Taxonomy,” Pain,
63:127-133, 1995.

Stanton-Hicks, M., J. Salamon, “Stimulation of the Central and Peripheral
.~.

Nervous System for the Control of Pain,” Journa/ of C/inica/ Neurophysio/ogy,
14(1):46-62, 1997.

11



n Tesfaye, S., J. Watt, S.J. Benbow, K.A. Pang, J. Miles, I.A. MacFarlane,
“Electrical Spinal Cord Stimulation for Painful Diabetic Peripheral
Neuropathy,” The Lancet, 348:1698-1701, 1996.

Torrens, J.K., P.J. Stanley, P.L. Raqunathan, D.J. Bush, “Risk of Infection with
Electrical Spinal Cord Stimulation,” The Lancet, 349(9053):729, 1997.

Turner J.A., J,D. Loeser, K.G. Bell, “Spinal Cord Stimulation for Chronic Low
Back Pain: A Systematic Literature Synthesis,” Neurosurgery, 37(6):1088-
1095, 1995.

Vaarwerk, I.A.M. ten, M.J. Staal, “Spinal Cord Stimulation in Chronic Pain
Syndromes,” Spins/ Cord, 36:671-682, 1998.

Vijayan, R., T,S. Ahmad, “Late Postdural Puncture Headache Following
Implantation of a Lumbar Spinal Cord Stimulator,” Pain Digest, 7:349-350,
1997.

Waisbrod, H., H.U. Gerbershagen, “Spinal Cord Stimulation in Patients with a
Battered Root Syndrome,” Archives o? Orfhopeadic and Trauma Surgery,
104:62-64, 1985.

—-%_-
Waisbrod, H., C. Panhans, D. Hansen, H.U. Gerbershagen, “Direct Nerve

Stimulation for Painful Peripheral Neuropathies,” Journa/ of Bone & Joint
Surgery, 67(3):470-472.

Waldman, S. D., A.P. Winnie, “/nterventiona/ Pain Management,” Philadelphia,
PA: W.B Saunders Company, 1996.

Walker, S. M., M.J. Cousins, “Complex Regional Pain Syndromes: }ncluding
‘Reflex Sympathetic Dystrophy’ and ‘Causalgia’ ,“ Anesthesia and Intensive
Care, 25:113-125, 1997.

Waltz, J. M., “Spinal Cord Stimulation: A Quarter Century of Development and
Investigation,” Stereotactic and Functions/ Neurosurge~, 69:288-299, 1997.

Wesselink, W.A., J. Holsheimer, H.B.K. Boom, “Analysis of Current Density and
Related Parameters in Spinal Cord Stimulation,” /E,EfE Transactions on
Rehabilitation Engineering, 6(2):200-207, 1998.

Wester, K., “Dorsal Column Stimulation in Pain Treatment,” Acts Neuro/ogica
Scandinavia, 75(2): 151-155, 1987.

12



___ Yamashita, J., H. Iianda, M. Ishikawa, T. Tsukahara, K. Mori, “Treatment of
Causalgia by PISCES (Percutaneously Inserted Spinal Cord Electrical
Stimulation),” Neuro/ /WedChir (Tokyo), 21:413-418, 1981.

Young, R.F., “Electrical Stimulation of the Trigeminal Nerve Root for the
Treatment of Chronic Facial Pain,” Journal of Neurosurge~, 83:72-78, 1995.

Young, R. F., “Evaluation of Dorsal Column Stimulation in the Treatment of
Chronic Pain,” Neurosurgery, 3(3):373-379, 1978.

Zdanowicz, N., P. Janne, C. Reynarrt, A. Wunsch, ‘rIntroduction of a
Schizophreniform Disorder by a Spinal Cord Stimulator,” Rsychosornatics,
40:76-78, 1999.

.—–.

13





rAuthor

1----At-Ghoul

tirsen

tigusbnsson

3ar01at

arolai

F

Barolat

1,

,,)--
Topic

at Study -Sciabc

wve

m@er Assiste
d Pattent

wat ure

gins and SCS

oldmg diflcult,e

3CS

>g-term

Icome of SCS

Chronic Pam

rent status of

s

I

er!ence wtth

Plate

:bod~s

appmg of senso~

sponses

X and RSD

—

Ya—

19!—

IS?—

99—

99—

991—

99!—

)93—

KJ3—.

89—

series

series

rewew

.sanes

review

series

series

serms

*

102

353 21 00

10s

18 5 0 2[

$tim Type

PNS

Scs

Scs

Scs

Scs

SCs

Scs

Scs

Scs

II

.
I I i

Device Etiology JoumaUBook Chapter Conclusions

I
Glutamate tevels m the dorsal

hOrn of rats !ncfeased after

chrome loose bgature of the
hyperpalhc sctallc nerve and also after
peripheral stmulalton of Cf!befs, butr’mt
neuropathy Brain Research Bullebn A f!bers m W scmtlc newe.

~w!fh2+ limb Spmeops ,2;

CRPS, 22 other, no other

mmphcatlons. no patient

requested renmval; use of

mulltple electrodes with

advanced pmgrammablhly m

SCS m$eases paresthesia

overlap, reducaspamsccwes,

reduces revtsmn rales,

unproves patient satisfaction
RF chrome pam Neuromcdulatsm wdh SCS

PG Itrell II- lgina pectorw

78% of pal tents treated with

SC S respended to treatment

and steppe.dfreducad mfake of

qnatemedwmon Fraquancy

of efectroda tip mqrabons hgh

but mulbpolar electrodes

~~nsated for mlaratlon,
Acts Cardlolcgm avo!ded sufgxal replacement

Interventlonal Pain Careful at[anf ion to delad is
Management requred to avoid problems

Ineuropathlc pain

87% of patients tnaled went on
to permanant implant m 1209

pallenls rewawed “seven

SeW3s) Considers adsldlsads

of RF and IPG syslems
various, uwludng Repans that several senas

IF and IPG motor dsordefs Neurosurgery Quarterly demonstrate 50% pam rebel

70% of electrodes stdt bang
Sterotacbc and Funcfm-tal used, 47 pataents were

RF Various Neurosurgery axplanted.

Soma targets are easy to map,

others, such as c-2 and fow
F and IPG vartous J Neurosurgery back, are more dfficult

:’%rSafe Comment

L4 explanls due to Infectkm (5%);

314 rejmplanted later

L
cammenf on complwalis in 3

other papers North, 19S3,

Augushnsa, 19S9, deJongste,

1994, 21 electrode mlgratnn 14

operabve replamment, 3

mfectkm, 2 technical electrcda

camphcabons, 1 techmcal

neurostlmulator com licalkm.

1---
Suty fmrcant of psments m the

serms used the st!mufator 24

hours/day Only 12% used d lass

than 12 hours/da

F

1-
Infecbons occurred in 3.4% of

pabents-+one severe. Electrode

migrabon and breakaga wera

mmor, fewer than iwenty m sanes

Four CSF leaks, one case of pan

due to adjec%nt spine probfem

(stenosis) One acute hematoma
w!fh sensory and motor ddjf

7 of 14 patwnts had tec$mul

Itrel,
The success of SCS for RSf3 probfems mcludmg ona csse of
might Improve N the procadure poor CQnnecbon due fo bcuy fluid

leuroMed ware used earber m tha mfilfratlon at the ~w, 01-w
3ctrode, treatment paradgm for fhese
euromed SIereotacbc Fwwdonal

device was explsrlted d~ 10 ffN
pallents. Early dmgnosw IS

rfult tstlm RSD Neurosurgery
tmpkmted system thfd ‘had the

lmpaf ant charactermflcs of an mfectlwsa,

1



T_
‘“L

Rat SILWy-ScwtIc

Ghoul Nerve

-1-SCS for persistent
Olal pain management

wnridge management

\Prospecthe,

I
I

t

Pmgnoshc faC106S

2hlel for SCS

%

1110 CRPS series

Importance of

Posture during

beronlAlo Scs

computer mrxlehng,

for examinhg

possible

mechanisms of

pbell Iscs

199—

1997

I 994—

I983—

995—

998

998.

981—

=11madeti

revmw

cad

series 283

review

aenes 29

modelmg

‘1
}

Glutamate levels m the dorsal

horn of rats mcreasad after

cfsromc Iwse Igature of the
hyperpathn sclatlc nerve and also after
peripheral

PNS
stunulatlon of C fbers, but not

neuropathy Brain Research Bul18bn A fbers m the sclahc nerve,

In the late 1970s SCS was

used for atmosl any type of

pain (~r patent selectum,

tech problems, mm!mal

surgeon expenenca), wawed

wih skept!cwn m early 1900’s

past 5-6 years regained

acceptance Exact

mechanwimss t!lluncbar, has
Scs chrome pam h~h rate of long-term effcawy.

SCS therapy can lead to

medmalsavmgs; Improvmg

effeclwmess of therapy woukf
Journal of Pam and Impmve those sawngs

Scs RFandlPG F BSS Symptom Management substantmdly

A t two year foflow-up, 232

patents were evaluated (283
FBSS(52%.), RSD Sterecdactic Funcliwal had been Implanted) arid were

002 Scs RF and IPG ( 15%) Neurosurg~ found to have 43% pan relmf

Raducthon of pressure
Anaeslhesia and Intenswe d Idterenhal, therapauuc blcad

c are patch - mdtsputable efficacy

s CS can be eftectwe for the

Scs
m gmt of chrome IGWback and

RF and IPG F BSS s pme Ieg pam

55% of pepulatiin reported at
005 Scs IPG Ibel 1, II FBSS Neurosurgery leasl 50% reductmn m pain

In late stages of CRPS,

nauroaugmenlailon IS a

reasonatie ophon when ak
C RPS of upper therapies have faded, Iongterm

o off SCS, PNS RF extremity Acts Orthopaedlca results remam to W defined

Muluple semngs to addreas all
Scs RF Neuromodulabon posture posmons

Pam reltief results from

bfOcJGsge of Wnductlon of pan

pathways m the spuaothakmc

trsct, “spinal axis stbm” IS mcwe

appropriate than SCS because

other structures m the spud

cord may account for
Scs chrome pam Apphed Neurophyslology therapeuhc effect

“L

L
i---

Neufologw.d damage

(mlraoperative mat or spinal cm

mlq, lntraspmat dot), ekimda
m~raton; tnfactmn; CSF W,

pare.

+

Infecuon IS a persistent problem

E
1 CFS bah 4 painfbuming afong

lead enerator, 3 tnfection

Orw patmnt reported a

shockmgktabbmg sansatton

atlr!buled to POW elecfrlcal

contact between extension wke

and IPG Fwe patients

complawwd of maffecfwe stim an

tour were explanted One petiwll

had pam at the unplant site that

resolved with time

2 patients developed infection at

Implant ske (generator removed),

1 developed a psyc+wais and SC:

was removed, 2 electrode

magrabonslmffease m pam faval

I(reoperatmn)

I
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Gfutamate tevels In Ihe dorsal

horn of rats Inueased after

chrwIc hose hgature of the

hyperpathlc

Rat Study-Se@ Ic
sclattc nerve and also after

peripheral
A1-Gheul Nerve

stunulatlOn 0fCf8bers, but not
19s3 mcdelmg PNS neuropathy Brain Research 13ullelm A fibers m the saatc r?%rve

rat study - GABA

dacmases In the

spinal cord dorsal

horn after
The tevel of GABA m the dorsal

horn IS regulated by tha
peripheral

Castro-Lopes
amount of primary afferent

neurecfom y 1993 modehng Bran Research
RSD deftnitmn and

Input

physmlocyd
Cause of sympathetic

mdlcation

ChapIan discwssicm
abnormafltles m peripheral

19S6 nomenclature RSD Pain Forum nefve Injwy are nof clear

best canddales those

expermncurgpamful spasmsrn

canslrwlh. e-type pain

Incomplete fhoraclc Iesmns,

SCS for paraplegic
ccmfums general skepticism of “rmma jot’ asepl~meningitm,

CtOni
SCS efficacy for paraplsgc mfecfwe potiei, elactrcQe

pam 1995 series 25 2 008 Scs paraplegic pain J Neurosurg pam d!slodge

Treatment of

chrc+uc phsntom 5/7 patients had gocd initial
Claays limb patn with SCS 1997 serges 7 0 000 Scs IPG Itrelll phantom llmb

Implantation compbcafiis were

Pan Digest rebef -three months not observsd by fha author

Complcdtnns were few wih cmlI

Stlm and CRPS of
we bang recaver-related

EO% had a tolerable level of
cOOt’10y Upper Extremly 1997

(un.wnfwmed matuncflon)
series 60 0 000 PNS RF and IPG CRPS Hand Clum$

SCS Inmeaass
paIn rehef Compared IPG to a pacemaker.

btocd flow 10

extremities may

c room
Nltrlc Oxide has a role m SCS

salvage limbs 1997 ammal study Scs Ammal Research Neurosurgery

Receptor Ac.ttvatmn
tnduced hmb blood ffow

GABA and

c l-u Adenosme 1998 ammal research
GAEfA anti Adenosme impact

Scs s ctientlf tc Neuroscsenca Letters Ihe effect of SCS

Ral Study -
A denosme recaptor stlmulafmn

AdenOsm.3
entagonues tacble

hypersensttwty m a CCI model
Receptor AcOvation

c UI and SCS
0f mononeuropathy and

1997 modeling Scs v arlous Neurosctenca Letters patenbates the acf!on of SCS

SCS attenuates

dorsal horn release

of excitatory ammo s CS leads to inwease in GABA
c UI aads 19s7 basic sclenca Scs Pam d Ialysale mrats

5 wound mfecfions, 8 cases of

e Iecfmde migratmn, 6 cases of

Long-term success rates may wIre breakage, 8 pahents had
reasonabla be axpcted in 0 ~al~ns for chsnging the

de la Porte s CS n FBSS 1993 senas
patlents w!th infractabla pain battery ‘_fachncal fatlure stiU

64 5 0.08 Scs RF and IPG F9SS Pam due to FESS ra reams a problem in SCS “

c cunplcattons 9 skm erosmn, 5

s CS IS very successful and fws pam at ste of mcislon, 4 pam af

a low cmnpltilon rate fci this re -plor ste, 1 mfectmn, 1 CSF

Indubon and shoufd ba II stule, 21 eledrode
s CS for spinal

ds la Porte
W nsldered the treatment of dl spfwsmentfnot optimal sate, 12

arachnoldlt is 1983 serms 38 Zla 053 SCs RF 10w hack Ie” “s,” S ore . h,mra r.,h-, h2,,i”,.,e-,al m,a,4 m,,+., am.
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Rat Study-Sclatw

Al-Ghoul Nerve

Scs

Charactenshcs am

Effcacy in Angna

DeJongste Patients

SCS in pam

patmnts after 2

year observation

Demirel perlcd

Dual channel

Devutier shmulattcm

SCS. a valuable

treatment

Devulder (prospectwe series

Devuldsx Scs In Chrontc pair

k
w
I ISCS activation by

1993 modeting PNS

la94 wrtes 22 Scs

1964 series 50 7 0.14 Scs

1998 series 3 Scs

1997 series 69 Scs

1991 series 69 12 017 Scs

1990 series 45 4 009 Scs

1970 reviaw

1IPG Itrell, II ~ ma LPace

RF

Angnal attacks were reduced

$Ignkantly with SCS and affe

1 year fot!ow-up parameters

2 death not relsled to SCS, 6 b-

dwlocatlons StmusIWIPG can

cause mterfarence wiLh the

fuiuimn of a pacamakaf Riaka

can ba mmimlzad by using b@s

systems, optlmmng ssnsitiwfy

and avoldmg mc.ckdatad a!nplit.

had not changed skgmfmanlly I and freq balow 20 Hz

33 of 50 patients recatved I
implant Resutfs were 11 electrode disfocafkass, faads

ds.appmntmg due to too bberal migrabcms, 3 equtpmenl failures,

patient seksctmn without 1 pabenl had a CSF fWula wti

psychatrlc eval and psych men!ngbsm that resolvad after

tesbng Lead mlgrabon naads electrode removal, 4 dalayad

ta be addressad for successful lmftammatlon outside the spinaf

Various Neuroc.hkurgl Scs canal due to a foreign body.

Dual channel SCS can Improve Daap brain efacfroda comb-

steering of paresthasla,

RF FBSS

with a spnal cord elecfrcde and a

Acla Neurol Bedg reaching multtple sties of pam single IPG

I 26 pallents stopped using SCS, Battery systems need s!gnfio

Journal of Pam and 43 continued and obla!ned fewer electrods interventims fhar

RF and IPG FBSS Symptom Management good rellef the RF syslems

I IBO% pan-free (some with, I

Stricl selection cntena and

many swgkal remt8rvemtu3ns

were necassary 82”h exp.

gcad 10 exc pam rehef

Fun@onal campkabon 3 gatt

probfams 1 Homer% sign, warn

sensat!on throughout tha body

and headache durna

L
67 replacements (battery faifure);

107 rewwons dus 10 Iechnwal

fadure, electrode migration,

inaufhciant slim, elc, 5 gad
pmbs 1 torticcdlis, 1 cau5a@a 2

coohngtwarmng m fha @a, 2

infect Ions

I
Tachmcal cmmplieakcms: 2

formatm of s.caf tIssua, 6 pow

Iocaltzatmn of pareelheala, 2 W

mlgrahon, 4 Iaad breakage, 2 paw

from electrode, 3 lead

dw.lwaons, 1 Infection 1 woLW

RF and IPG Various Tha Chncal Journal of Pam atamulation, cnolmg ;f the lags pan, 11 mulllpfe reulerventsms.

I I lTachnlqua of placing autofogus I 1

I Anasfhas!a snd uncfolted blood n the apldural

Analgsala.. Current space appears safe and II

Researches effectwe

I I lThere exists the rfsk for CNS I !

upper extramo y

injury that could reach a fiie-

thraatemng Iavel wdh an RF

sttmulalor Uncontrolled

Patient experiences tremor,

memcfy loss, gad alana afwl mifd

4
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Rat Study-Sciatic

d-Ghoul Nerve

I

SCS m severe

Itasson angina PEW 10(1s

I

Treatment o FESS

\due to epidural

Iume fibrosis

orrest SCS Therapy

Scs fw

Prcgresswe

Sclerosis and

rancavigl!a Raynauds Dbseas

*

IASP diagnoshc

,aler cnleria for CRPS

L
Rewew -50 years

of thwgh[ on the

role of

psychological

factors in chronic

amsa pain

ragnani IRSD

199:—

1w:

!994—

I 998.

I994

1992—

I9S6.

1994

mcdelmg

rewew

aenes

rewew

swims

rewew

rewew

rewew

dlagnos!s

dmgnosla

5

1

0o!

Ool

PNS

Scs

Scs

Scs

Scs

IPG Itrel II

PG Itrel 1, II

Iyperpathc

mrpheral

Ieuropathy

,ngma

0SS

‘VD

RPS

arlous

I
Glutarrwne levels m tha dorsal

horn of rata u?aeaaed after

chrome 100so hgature of the

wake nerve and also after

shmulat lm of C fibers, but not

hain Research Eulletm A fibers m the scmttc nerva.

Palient leaching and foltow-up

are important to th!s therapy.

Improvements have ocusrad

over the past twenty years. Tc

improve overall results, SCS

should be used m conjunction

wth physcal therapy, exercise

ournal of Perianesthes ia weight control and low dose

kxsng medbcattons

SCS IS effective wlpatmnts wttt

Iribsh Journal of PSS and $laynaud%

neurosurgery Iphenomenon

ICRPS decision rules may lead

to overdiagnosls, up to 37% of

d!abatii nwropathy patienla

met Ihe clnical cnfena for

“he Clinical Journal of Pam CRPS

At the turn of the century, pain

was attributed entirely to

physical causes Later

psychological facfc+s were

recogmzed as hawng great

!mpo!tance Now we are once

again focusing more on the

pathophystokrgy of chron~

pan, but also take into accounl

the modulatmg mfluencs of

‘am psychological fac40rs

IRSD score correfales f. clinics

RPS Tfw CtinticalJwrnal of Pam diagnosis

RSD shou!d be considered in

deferential dmgnosls of hmb

SD Brain & Development pam m chldren

The unknown mechanism

makes treatment of these

condtflonm d#fMt and sub)oct

To mdhwtual Praclllwnor

SD Mmsouri Medkxna observat ums

The symptom of angina is a

‘Warrung s!gna~ mdcatii

presanca of m yocsrdlal lschamia

If SCS attenuates thk pain

wlthoul mfluencmg m ycardlal

Ixham ia, palfenls WIII bs dapdw

of a waning awl and wiH risk

wchemlc campliilmm

However, study indicated SCS

results m reduction in myocardial

Ischemta

lSaveral patients had e!wtrode

k
dwlocations and fractures 5

patmnts developed infedons; 8

had 10 have theti battenas

exchanged and 34 overall naadm

sur Ical rewsions

I__SIXPoss!ble WMpfi@iOM bss 01

sdm effectivane.sa, CSF -,

nerve damage feadmg to para$%i

or death, spinal cord

comprasslon, alfergy to Implanted

matenab, serious mfechons

I

F
One pabant required removal of

I
I

I

I

5
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Rat Study-Sciatic

Af-Gfwul Nerve

II
Controlbng Pam in

Erythromelalg!a

GrazIoltI w!lh SCS

Role of SCS m pail

Gybel$ mgmt

Gybels cancar related
1

Scs VsSprnal
Infusion for low

Hasssnbusch back and leg pain

Hautvast angina

Hendler RSD and Causalgie

Computer modeimg

Holshetmer of Scs

Paresthesia and

Holsheiier cathode position

—

199:—

1993

1993

19s2.

1987—

1995—

1997

I994—

I989—

998

998

ma$ahng

case report

review

rewew

review

series

series

series

Indication

modelmg

modelmg

4

c

136

Om

-+

PNS

Scs

CS, PNS, DD

IBS, SCS PN

Scs

Scs

Scs

=

Scs

Scs

- ‘)-

IPG

IPG Itrdll

IPG Itrel II

‘G Itrd I II-

Glutamate fevefs m the dorsal

horn of rats Increased after

tircmc loose kgature of the
?yperpathlc saalIc nerve and also after
~ripheral stlmulationof C Ibws, but not
>europathy Brain Research Bulletin A fibers m the scgattc nerve.

Patbent had !mmedaate posifIvI

respon$eto TNS 75% pain

reducftonwith SCS, Same

res+umse with second Implant

affer6mos of onstmulatmn

J of Pam and Symptom System rarely turned off
:rythromelalgta Mgmt Possible placabo affect

SCS IS reversible, has few

compicabons and has

rmpmved !mplanlahon

Iechmquesanddevum. We

need to understand more alma

APS Journal long-term loss of benefd

Neurost lm techniques aren’t

used much In cancer pain but

are first chwca m neurcgww

pain L)DB IS confmverslal but

hss bsen found by a few (and

fhs aulhor) to work Welt for fon

!erm tnlense pan unrelated to

timnu pam Acts Newocfw cancar

DES E&M 193 (55%) SU~SS

SCS 66’?A short term& 52%

Iong term success, PNS 46%

hromc pam Acts Neurosurgc.al success

16/26 SCS pabents recsived

50% or better pam rellef, 2116

mfusrm patients had YJ”A w

belter rehef. 10 in fusmn

palmnts had IOng-tarm paLn

BSS Acfa Neurochr rehef

The anti-anginal effect of SCS

3fract0~ angina Eumpaan Journal of may be the resuii of cemlrally

ectorls Neuroscience mediated analgesm effects

I I

BSS, CRPS,

ertpheral nerve

The percapt!on threshold IS a

functicm of the spinal level of

the unplanted electrodes. of th(

medlolateral palm In the

spinal canal and the contact

separahon of electrodes.

PerceptIon ttueshold ddf. are

due to varwno d8Dfhs of ths
pry Pam dorsal CS~ l~yer’

I I Need to make a distinction
Hmdbwk of Pain between ttw two dtagnoses

SD, Causalgla Management because the treatments vary

I lModel IS a slmpl!fcation of

Spinal Cord reabt y

Dorsal CSF layer thickness is

Inversely related 10 SCS

vomc pam Neuromcdulatbn success

b
SCSoffers a rcwersibfa aMernafiv

to ablatwe blocks and mediczdii

Battery faki after 12 mea. of

continuous uee Lasd requuad

refmsttlonm due to m rats?fs.

L
One pauenl undwwent a reviakm

for electrode replacement (to

surgcal lead); no technicsl

problems with stimulator

hardware, !ncfuding infectms,

cannectsms or generator failure.

Fjve petlents requued

rep.asitmmcg of efacfrodea and

two required rewsion.

I

1---Did not dwuss safety

considerations; “none aufferad

from major sensor de fic.i~

6



olsheimer system for SCS

ISCS and electrode

+

+
Effacf of amfcde-

cathode

conflguraoon on

olshmmer ]Scs

I

-1-
geometiylcombmat[

on and newe fber

olshmmer sefactwlty

Stimulabon of

Cerwcal Spinal

Cord Inaeases

Cerebral Blood

mobuchi IFIow

]Mgmt of a

+

I

‘ SCSsequelae,

ssurun anguw

—

199.

193—

1991.

199;

19%

199;

199:

199$—

19B5

! 998—

I997—

I995.

999.

modelmg

mcdeling

modehng

modehng

modehng

mode%ng

modelwsg

modehng

series

case report

series

series

series

rev Iew

1

022

PNS

Scs

Scs

Scs

Scs

Scs

Scs

Scs

Scs

Scs

Scs

Scs

Scs

Scs

l-l
/lower Iunbs and I Ifhan polarity cthmges In I I I
trunk Neurosurgery convermonal SCS systems

I I [Reducedspaca betwcwn I I
epldural e~ctrode and tha

Neuromcdulation sptnal cord IS gmd
I I I I I

I I homcmveemcacw.enhancad I I I,.
Neurosurgery DC St)mulatlon IS needed

I I lCOmputer mcdel suggests I I
optimum contact Ienglhs and ‘

Mechcal and BIolog@ wtiths for both pare and Iami

Engmeerng and Computtng Iaads

Relattve posmon of anodes,

c.fdhcdes and their dlslanca

from the spinal cord are majw

datermmants of

Neurosurgery aclwat Imrdparesthes!a

I I IDorsal CSF layer IS mam factor ] I

I I determtnmo perc%ptmn

threshold and paresthasm II
1 Acts NeurochIrg!cs covarage

[ IPrefemnhal ac4wati0n is I I

possible wth different

Medud and Btologlcal orientatums of a rostrocaudal

Engmearmg and Computmg contact array

Cerwcal splmlcord stlmufation

may prove useful m treating

ddflcult cases of

RF Pam In one limb Neurosurgery cerebrovasudar u!suff mancy

Pacemaker safe to use with

totally unpfantabie stimulator Impfantable sensing issues of
lower hmb lschemm Pam under c%rtam wnd!tions pacemaker

refractory angina

Scs Withquadrlpo!arleadsin
patients wtth itiraclable angiw

lead to unproved system

performance and chmcal result

In properly selected patients,

Mortally rate swwlar to that of

paIIenls Irealed with CAD,

stable angna pectorls,

traatment IS tolerated well by

bad% mostly, baffark dapf,: 9

patlWltS dmd (2 fmncardrac

dmaase, 6 severe heal fadure, 1

acute mym.ardlal infracflon); 21

SRA, 6 extenskm fed fracfuree, ~

epldural lead fractures, 6 faad

dtsl-ttons, 4 addmonal SRAS

such as dysfuncfionsl bkxk, 2

patients refused to have systems

reoaired/rerAaced all others
‘G Itrel1, II pactons Coronary Artery Dk.ease these pat!ents, satmfied

I I [SCS cfowdad oain relief but I I

European Journal Vascular dtd not sigmflcantly Improve

PG Itrel II PVD Endovascular Surgery Ihmb salvage

An tnfected pulse.ganarator
Journal of Neurosurgery pccket m one palrant and an

‘G Itrel 11,3 CRPSIRSD Spree Subjectwe improvement infected lead wound m anothar
r r 1 r

SCS has a low morbldily rate of

less Ihan 5% m this experience

failed ba@ surgery ~ which always i.v.lved mfecbon
syndrome at the recewer stite

7
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Rat Study-Sciat!c

Al-Ghoul Nerve

Kramti Scs

! SCSm the

Treatment of

Chrome Pam

k+==

1----1DBS for intractable

Kumar pam

L--LSCS for chronic

pam m peripheral

Kumar neuropathy

Treatment of

w
I Epldural SCS for

Rehef of Chronic

Kumar Pam

.

1993.

1s64—

1992

1998.

I 997—

I997

997

t

9%

mmtehng

series

revmw

series 182 12

series 46

series 12 0

serms 53 24

series 30 1

991 series 121 10

366 series 60

Oc

00

0,4.

00:

0 0[

or-x

PNS

Scs

SCS, SAN

Scs

Scs

Scs

DBS

Scs

Scs

Scs

I
.

RF

?F and IPG

IPG Itrel II

JG Itfel 1 II-

!F and IPG

1

F and IPG

RF

4
lPGa are more advantageous

as they are simpler for tha

patient 10 handle. LM.advantafi

is battery changes are raquka,

I landsl)m parameters carmof b
ITextbcmk of Pam Ichanged easily by the patient

I ISCS and SAN should be usad

after conservative, Iradlttonal

!F@raples but before non.

revarslble fherapkas for

Madtromc Intractable pam

I /The low morbldltv of SCS whal

campared w!th destructwe

sufgary or other pain rellef

proc%duras makes SCS an
womc pam Current Review of Pam altracfwe alternate

u rasulls were m pahents with

I SCS supww to ablative
flex sympathetic procadure for RSD, five minor
strophy \ Neurosurgery ~plf=tlonsl 12 total patiants

I [62% pam rehef for DBS with

vaoous e[lol~les, headache
fad back (43), pam as complumon
‘r!ph neuro (6), underreported; four mfactmns,
ilam IC pain (5) two hardware matiw!ctk?as em
]er (14) Neurosurgery one electrical leak

stherpettc

uraigla,

wcostal

uralg la,

usalgfic pam

Ibetic neuropathy

d kdoapathic Certain etiologies respand
uropathy Surg Neurobgy better than others

Epdural SCS has been proven

to ba an effectw. and safe

mean of controlbng pam on a

Icmg-lerm basas n a select
ious Neurosurgery group of patients

6 1% had good or fair results,

pm relief dropped off by the

end of Iha fust year and then

plateauad Eleclroda chotce dd

not affect results, but

compluat Ions wera

experienced wlh older leads.
Varous, but mostly

RF
Etfeclive for arachmwJIIs w

back and leg pam The Pam Cfmc flbrosw & M S pan

11,,,

,—

>mplicat!ons incfudad CSF bas

ght memngftts and -slant

m mtensl[y durtng teSt Sbm

IIng a Medt floawig lead.

wtiimng the bp in the middb t

]her carwcal kwel should ba

otded because of aiieretwn in

anslty during head move

nfacled systems, 2 efadr~

iks, 1 CFS leak,

rc.mtage of cam fkations h@

m if mmor

mpfiittons related 10 IPG

6, even with major exparhncr

ve

comphcatlons fead rafalaa

c3pt for tolerance 9/19

nphcatmns mckdad wound

Ction efeclrcda dlspf~m~

racturmg and fiirosis al tha

u.tlatmg trp of the efedfode.

ound infactlcm, 1 CSF ksak,

iectmde displacements, 2

:&Ode fractures, 3 flbrosls at

i bp, 2 fake to cover pam

Paresthesia, 2 burnksg

ssibon, 1 death due 10 rt@we

n abdommal aofmc aneurysm

ieks post-implant

8
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Rat Study -Sclal{c

J-Ghoul Newe 199

wu rs SCS in Eel ium T99

SCS for pain

SW maria ement 199;

-1---k
filstofyof

electccdmgnosm

and

CM electrom yography 1s61

3m MRI and SCS 1S97

Pre-empbve Use of

SCS Ismemta
?derolh Reductmn 19!35

+

mcdekng

rewew 697 5 00

revmw

serms 26 4 01

review

case rep+xf

wmal research

ammal and

human

research

rev rnw

series 69 13 019

rewew

PNS

Scs

Scs

Scs

Scs

Scs

Scs

2S, DBS, PN$

Scs

ESCS

--

1---hyperpattvc

peripheral

neuropathy

+-----

Fakd back (61%]

Trauma (9%),

Iahgemc (6%),

Back pam (4%)

----+--
I

I

kStump pare, leg

and back pain;

fa!led back surge~

Both syndrome

-F---Scaentifu

+

--4=-
1

+

tnlractable pan

(chrome low-back,

arachruxdtt w,

mjunes. cancer

RF pam e!c )

Glutamate levets m ma dorsal

horn of rats mcraaaad after

chmmc loose Iigattua of tha

saatic rwwe and also after

sdmulatmno fCftbers, but not

ram Research Bulletin A f!be.rs ,n the SCK+IKnerve

Large stdy by heatih

authoobes confirmed world

Ittecature on pan relief w!th

am Scs

Effective as pad of

comprehenswe medical

nerlcan Journal of Pam Iraalment and If done by
anagement expemenced team

26 pallenls recewed systems,

19 were available fcw folfow-up

after fwo years, 140f whom Ten electrode m~etsms, 4 with

repfxted a good resufl wtth Pam at recawer site; 2 racaivar

SCS After fwe years, maifunchons, 2 nonapecdii
howevar, wllh e@l reportii, system malhmdons 1 fautty

only 3 had good resdts and 5 pnctiin box umnecfions; w
me had poor resuks mfecftons or neurolcg Ic dsficifs,

The htstory of elactrodia~is

and electromyography has

been one of mcreasmg

quanbhcatwn on dtmhmsh!ng

areas It would saam that we

story of Electrod!agnows have raachad the hmlts of
,d EIectrom yograph y mmuteness m tame and bp

Case sludtes show various

concerns regarding st Imulalors A II concerns are recawer w IPG
(un and use of MRI related

s CS reduces vasospasm and
,urosurgery Ischemm

s CS expcmmental studies need

to be ta!lored to the therapeubc

e Neurosctiencas procadure

Riska are low, newous system

SCS IS mportanl for FESS injury wrtually unreported,

pabenta PNS cand!date II infection n 5% of casea, .senOua

numbers small, DBS m complwtmn in DES n 5% of
rg Neurology mvesttgatwe I cases

16U pabenis wth pain of bemgn I I
or~ln, of these, 10 had -

axcellent results and 45 were

faturas (less than SO% pam

rdaf) Improvement m

elactncat d%slgn, surgcal

technques, and patlant

‘9wI Neurofogy selection would help

Compkabons 1 fxwitoparafive

cfol, two poss!ble paraparesis, 6

poaI+@faIIve cSF collecbona in

wound sites, 2 excasslve Sllm. In

the perineum, 2 primary

mfetitons

I

Eiactrual stimulation merits

futir efforts between
j Lancet sclantlsts and clmclans

9
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Rat Study -Sclallc

4f-Ghoul Narve

+

*

+

Aufhot% results

d 110 over 9 ear parted

theory on Pam

dafza* mechamsms

&
I

---r--
I

+

s

1=1993 modalm

I
L19sf3 aarles

+

+--

1S93 cnmmentar

1994 Sarias

l--1991 mcdelm

+

I 9S9 senas

1S65 revtew

k1987 series

1992 rawew

E
9s7 series

indication

998 nomenclature

996 series

53

10 (

I

+

33

+

z31 4

10 c

+

o 1!

01:

01:

00(

PNS

Scs

Scs

SCS, DBS

Scs

Scs

Scs

Scs

SCS, PNS

Scs

Scs

‘1\
-,

I I I
Glutamate Ievals in the dorsal

horn of rats Increased after

chrome tome hgature of the

hyperpalhlc saahc nerve and also after

panpheral stimulatica of Ctbars, but not

neuropathy Brain Research Bulletin A fibers m the aaahc newe.

1 I ISCS and CABG acwear 10 ba

I

equwatent methods for

symptom rehef, SCS may ba a

Iherapeulbc allemat!va for

patients wllh an finc$eaaed nak

of surgical complumons and

rw prognostic beneft from

CrculabOn surgary

Anti-angmal effect, mcraasad
1 work capacity, dac$ea$a ST

IPG angina pectorls Bntlsh Heart Journal segment depressmn, etc

I i [SCS IS a good alternative far

pam managamant in Patients m

whom othar corwardlonal pan

APS Journal treatments have faded

1 Scs wasC41nlcauy successful u

Stero and FutiIonal trealmo CLBLP m oatlenta

RF and IPG FBSS Neurosurgery wlmult!ple lumbar surgenaa

1 I lThe sbmulatton of any

sagmental fevel of the spinal

cord seems to be able to alter

CBF, SCS may induca

mcdfwmons of cerebral

hemcdynamcs, but further

studtas naadad to delermw!-a

Pac8 mechamsm and appkations

Bast clImcal results are

vascular origin and post-

RF and IPG chrome pam Journal of Neurosurgery herpabc neuralgia

pain !Manca “gate contro~

I

Raaponse to TENS corra!atad

well 10 the raaponsa to SCS.

60”A had good to fau rehaf of

Various, but most Iy pam with SCS Some had a

low back and leg Royal College of Surgacma @ response for 5 years or

RF (AvWy) pam of England mwe

I I ISCS IS now an accaoted

modally for the treatment d

RF and IPG Pam Dtgest chrome, retractable pam

SCS was beneficial m all

RF arm IPG angina pectorls Pam patents, mechanism uncartam

I ItIS hopas Ihal a new

nomenclature WIII start a naw

Pfanarv Sessmns, World dmlooue among chmchans and

/RSD Congress of Pam provl;e dtiagno;llc un!fofmlt y.

I lThare are sumikanl.
FBSS (42), spinal associalmns between

cord mlury (2), paychologvcal test scores and

peripheral Iha K18uIIs Of Kraemng with

nauropathc pam lamp percutaneous SCS

RF (14) Neurosurgery eksctrodes I

,,—

L-..-Q
Menmglt!s and badend infacticm

developad m 7 patients. One

became a parapfagw other

problems, rejedion, CSF laal@#

hematoma, dml ement

4 broken wwes, 3 infections, 2

wue displacements, 2 casea of

uwreased dmomfort whan rate

dtal turn to a h@ar taval. 1

pattiant suffered mold pulmonary

embohsm 10 days after davica

Implant. Sha(au)varad and
ciewa leftm placa.

1 signal remwar fault (replaced

after 3 mos ), 1 efaclroda

readjustment and IPG

replacement (posture-related).

F---
10



1,

I randomizwl Inal,

camparlng Scs vs.

m
I \SCSover two I

Nwfh decades 1993

SCS m contemp

North pain mgmt 1993

SCS 5 Year fOllOw-

UP with 102 FBSS

patmrds

(retrospect we

North series) 1991

w
H
I Prospedwe

outwme evaluahon

Ohnfmass of SCS for leg pam 19%

1 I
/’

Glutamate levels m the dorsal

horn of rats Immeased after

chrome boss hgalure of Itw

hyperpathic saahc nerse and also after

parbpheral stlmulatmn of C fb%rs, but not

modeling PNS neumpathy Brain Research Bulletin A fhers m the sciatic nerve

The author has encountered r!a

morbldtiy (spud cord infury,

menmgltis) wIfh SCS during 2

decades. Surgical WOUfld

mfecfms have occurrad n 5% 01

palmts However, senws

wmplcahons (e,g, epdural

The Praclic.s of hematomas and duad spinal cm

rewew SCS, PNS RF and IPG Neurosurgery mjunes) may occur

NeurOauQmentabve and

tailed back surgery muumally ablative procedures DBS: Inktmn risk, 3-6%,

review SCS, DBS syndrome Seminars in Spne Surgery have grown slgmficantly hardware fa!lures (2-12%)

SCS has resufted in sigrdfiinl

improvement m Obledwe

cim!cal and awnamlc outcome

review Scs Funcllonal Neurosurgery for a w!de range of conditmns

faded back surgery Stereolacllc and Funcfnnal SCS IS probably a useful tool

eeries 12 Scs RF syrufrome Neurosurgery for FBSS

Most patients report 50% w “No major morbidly has occured

better pain relef aftar fwe years m our expamwe with spmaf ad

follow-up, tecfwvcal advancas stimutatlon m the past two

have unproved system decades “, 5% SWf)l@31WWfld

series 249 12 005 Scs RF FBSS, VMIOUS Neurosurgery rehabhty and cltmcal resutLs InfectIons

SCS has a sub.+anhally higher “In w experience with SCS, w

~yield--m terms of patient have encountered w major

sabsfacllon, pam relief and morlxdtty (spired cord mIury,

abildy 10 perform daify adwitws meningtis) Surgwal wound

-when compared to pam mgmt Infect ions, all supetitaal or

alkernatwes fw this stage of

rewew

extraspmal, have c“w.med in 5%

Scs RF Various APS Journal care of patients

Successful Pam relief in 53”A to

60% of SCS pal!ents

Characterwtw of youth ad

women fared best Pabent 28% of patients need addtbnal

selection cntena for SCS has surgery due 10 Iechnal fatlura of

been tdenhf!ed as relevant lead or refmskiomng of the lead

series 50 6 012 Scs RF FBSS Neurosurgery toward treatment outcomes fw enhanced mverage

Two signticant associations 7 subcutanaws wound mfecticma

between “success”: patent aex aledroda m~rafmn, fead fatii

chrontc retractable (favoring famala) and Implamt fractura m 13% of patlants,

series 67 7 010 Scs RF pam Pam type (favoring multtdannal) racwer famra m 1O% of pafhfa

Multi-channel dewces offer Rates of fadurea requirii aur~

Indcalbons and Current Therapy in increased flextbhty and revismns have been reduced

review Scs RF T echmque Neurological SurgeV effectweness wlnew dev!ces

3 patients had discomfort in

or{oinal location of unplanl, 4 had

tO have lead pOWlm @djUStOd, 1

SCS can result m 8mpi0ved had wound mfedon; diabafii

function and decxeased pan in

series 40 5

patient had skm probbms at fha

013 Scs IPG. Itrel II Ieg pam s pine carefully screened patmnts stimulation site

11
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Glutamate tevels in the dorsal

horn of rats tnmeased after

chrome loose Ihgakue of Ihe

hyperpathrc sctatc nerve and also altar

Rat Study-Sciatic

N-GfwM f4ewe 1993

peripheral

modehng

sttmulatmn of C ftws, but not

PNS nswopathy Brain Research Bullelm A fibers In the scmtlc nerve

Voltaga requtremants chsnge

Postural changes in chrome, mlractable depetimg on patient pomtm,

SCS perceptual

Totally mplanlabla davicas nsk of

low back and leg paresttmsm KSrelated to change m pcmt.um is somewtat

Olm thresholds 1998 serties 42 Scs RF pam Neuromodulation

Therapeullc

poslbon more dfiilt to stop unmediiteiy

Good pam mgmt requwes

mcdshtes of assessment, Ireatment,

chrmic pam reassessment and somettmes,

0m08gu0 syndromes 1996 rawew Pam DIgesl referral

Radicular patn rsqmnds better 20 dmpfacemant or instabdify of

to SC S than back pan etactrodes 7 ladww.al faults, 5

Relapss of pan occurs mainly mfectlons SCS IS a slmpfe

Using SCS for Ept- durmg the ftrst postoperatwe

Intramural Flbrosls

prccedure. Instabtkty as the

ept-mtradural year SC S decreases r+aed for

Following

cause of symptoms shouti k

hbrosls following analgesics and improvas return ruled cut Sevare complcatw

Operation for operation for 10 work 67% goad results w!th da not occur R~peration is

Lumbar Oisc lumbar disc SCS after 4112 years Belter common, lath advances will

Probsl Hermatlon 1993 sanes 112 5 004 Scs RF and IPG hermatlon Ada Neumclwr results with ap Idural implant daaeases reoperabon

Complex ragtonal

CRPS causes much pam and

Racz pam syndrome

suffering and IS costly to tha

1996 ind!critlon Semtnars m Anesthesia haalth care system

Lead migration m 70% of patianls

was most canmon rmmplmfkm,

Good to excalient pan rehef m Others broken leads, IPG

65% of pabents. Useful repkscaments, postoperative

Percutaneous SCS

Racz for Chronic Pam 1989

Iachnque for patmnts wdh no

review Scs

fsamatoma, and atqxwfiil wound

IPG various Spree olher treatment optons Infecoons

Pathophyslologc mechanism IS

sbmiar m varmus forms of

CRPS .dBorders, common

Complex regional

Issue IS fissue damage whtch

Ra)

inmates a reflex response m the

pam syndrome 1996 mdicatlon Pam D!gest PNS and CNS

L0ss of effectiveness, macfwnwl

fallure, infec$cm, CSF faakago,

spinal cord compression, dud
1 Neuroaugmentative davicas eroslon, allergy to timpht

share a h!gh effiicy degraa m atenals, fbms.s of travarsad

w kh other established methods m uscle along lead path these sire

0 f pam control, m benign pain rsreiy seen In expariencad hsrrds,

s CS for chrome pf ONems, (1is supemor to many no permanent, wtoward side

and severe pam

Ray

chronic and severe Lumbar Spine Surgery

rahef 1987

0thers, especially dastruciwe

rawaw

effects kyorui c8s8atiin of

Scs pam Techmques & Compkstknw surgery stlmulahon

ExpeCt 10 see more implantatde

dewcas, currently neurostim

Neuroehm results chmrwc pare, augmenls rather than replaces

m neuro m ult tpfe sclerosls, fu nctmns of the CNS, expact 10

department over 9 PENS, DES, a usalgla, FBS, see more Unplanlabla 00

Ray years 1982 series 850 Scs —r pain, etc A pphad Neurophysiology pumps N0 safety comments hsled

s tlm results wera better than

those obtained wth blocks or

sympalhectomms Msny

T ENS and SCS for

patmnts wera abla to undergo

Robama c RPS

s tereotachc Functional

1989 series 6 0

re hablttatmn because of tha

000 Scs c RPS Neurosurgery amount of pain rellef

12
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Glutamale levels m the dorsal

horn of rats lutcfeased after

chrontc loose hgature of the

hyperpathtc saattc nerve and also after

Rat Sludy-Sctatn

Al-Ghoul f4erve

peripheral etrmulattonof Cflbers, butncd

1993 rncdehng PNS neuropathy Brain Research Bulletin A fibers m fhe sciatic nerve

SCS fcf rehef of Paltents lrealad for

vasopathc RSD and idmpalhc

dtaordars of upper Raynau’fs Ten patents had very good Local Infect&on In one patient no

Robaum Ifmbs 1989 series 11 1 00?3 Scs Dwease Neurosurgery [eSUltS with SC S mortaldy and very Ma morbiitiy.

Nurses can play a vital robin

SCS fw chrome evaluating and teaching SCS

Rcmk nonmalignant pain

A change m stlmulat!cm add

1996 Scs Orthopedic Nursing patients 10 unprove effwacy cause a loss of control

Advantages of SCS

nondeslruchve, drug-free,

easily reversbfe,

dlsadvanlaQen’ dtfrculf to cover

w8desprWdd areas of pare,

aomettmes tnlolerable

SCS and DDB for

se.nsattcms caused by h!gh

ainplmdes nec8saary for

chrome Intractable chrornc Intractable Surgcal Technology Certan kinds of pare, electrde

Rosner pam management 1997 rewew SCS, DDB pam Internaltonal VI m~ratmn Electrode migralon

Reintervenl#m fcw technical or

sufgicd problem WN8 ~

in 15inslanc8af0r 12patianta

(24%) 3patentshsdSCS

i Pmcaadmgs from the Effectwe coverage of low ti

Ross{ SCS for FBSS 1994 series

explanled because of perceived

45 4 009 Scs FBSS ,%nercan Pam Society and leg pain areas worsemng of ther condfton.

Reduced part, decreased

SCS fw Pam lmparment of AOL’s, reduced Incidence of re.cpwafions for

control rmnsumpttonofmttds SCSIs tedmical problems IS 2-3 times

(retrospective Auatrafaslan College of preforenttally effective in hgher tf w!re-hke electrodes and

Rosst series) 1992 series SCS, ESES FBSS, others Rehabdtatmn Medlcme X11 neuropalhbc or !schemic pain IPG’s are used

Causalgla, RSD,

SCS in

poetherpehc

neuralgta, plexus Aftw mean follow-up of 5.5 Two complc-atuma. one from @

Deafferentatlon

Sanchez-Led%sma pam

avulsmn, phantom Stereo facflc Fundcmal

1989 series 49 1

years, 57% of palwnts had tha other from connectw to

0.02 Scs RF and IPG hmb, slump paw! Neurosurgery greater than 75% pam rellef receiver

Concern that SCS can allow

I*mia 10 develop (masks

‘Wammg s@’), 16electrmde.s

rapoamoned, 1 pcuch lmfecfion,8

Effective, safe akemative repmgrammmgholtage

Sanderson SCS for angina

therapy for occasmnrd angina adjustment, 3electmde

1994 serhes 23 1 004 Scs IPG Itrell, ll angtna European Hearf Journal pahents fracturelbreakage.

22 patients still have Onlyonemaifutilon ofltrelll

faied back surgery stimulators of 24 !mplanted requtnngrewson; 130f24

Segal

syndrome; RSD,

SCS revmted

unnpanents of psych patiinls use theu afiiufalrx 24

199B series 24 0 000 Scs IPG. Itrel II various Neurokg ical Research evaluahon are still unclear houmaday exposure

Afthough tfua patlenl dti

becauae of unexpected

subacute baclertal endocarddis

wtlh emtmhsm of the left side of

the bra!n, heexpenencad

complete patn rahef Lwfore his

deafh, Thaautfwcancludea

thnf lecfmlcal probbms can ba

SCS for pain in Journal of the Inlernatwnal overcome and SCS IS a

lower chesLfupper Anesthesia Research potenhally pracbcal metfmd fof

Sfwaly abdomen 1S67 case sfudy Scs severe dtfuse pam Soaet y pam relief

13
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Glutamate levels bnthe dorsal

horn of rats increased after

chrome loose hgature of the

hyparpaihlc

Rat Study-Scratlc

saallc nerve and also after

Al-Ghoul

peripheral

Nerve

stbmulatwr of C flbars, but not

1993 modelmg PNS neuropathy Brain Research Bulietm A fibers m tha auatc nsrva.

Long-tarm follow-

Up of Scs for chrome low

chrome pam aftar baddleg pam Overall results are god and Mowng electrodes, defects ifs

mu ft!ple lumbar almad y operated

Sisgfrmd opwathons 1982 series 89

Justify further use of SCS for

7 008

stm S yslem, nauoaffi and

Scs on 1* times Applled Neumphystology this mdcatton mfecll~, rejecmon of recaver.

SCS can be helpful when all

Simpson

Brmsh Journal of

SC S-edilOnal 1997 edttortal

else has failed case selechon

Scs Neurosur~ry IS extremely fmpodant

Largest number of implants Comphcahons have included -

have ken for ‘fa!lad back cord ccsnpresston, hardware

syndrome,’ not cm of the basl failure (had fractura, currant

mdrcabons Most wnplants ara leakage, ele~roda techmcal

parcutanaous and are for lower failure), lead migralk.m and

Imdyihmb pam Despite much dislodgement, CSF leakage,

General Rewmv of

speculalcm for 27 years, we hygroma, pseudameningcaefe,

SIIII do not know how SCS Imfechon, prolmgedfexaggeralad

Simpson Scs 1994 revww Scs Varieus Pam Reviews works. post-operative pam

SCS not unwersai analgesic,

effecbve wldefferentabom Most frequent compkatmn

Retrospective pam Journal of Neurosurgery and Ischemta and nocl-pflve Iaadmg to addItIwIal surgery was

Stmpson study 1991 sertias 56 9 016 Scs RF and IPG chrontc pam Psychiatry pare(s) Reversible electrode fadure

3 infections, 1 menmgfis, 1

30 of 43 pallenls reawad myocardlal mfarckfs, 1 acute

implant Slmpfe pr0c9dure that hepalltw during foal period,

is reversible and remarkably seccudaiy 10 anesthesia 13%

benign when compared ‘wlh -Pll-tlon rate Lead breakage
ablatrve procedures. Success bad migration after p+umanent

Spiegalmann SCS Series

rates of 45% or more may

1991 series

1replant Body postura chngaa

30 c 000 Scs RF and IPG Vaoous Neurosurgery

CRPS gutdelmes

raasona4iy be expected ekated variatmrts in intensify.

Functmnal restoration

Slanton-Hicks for therapy 1998 mduatmn Clinical Journal of Pam approach to CRPS beatment

Stimulatcw time and use ml

I
Methods problems suggest reported m most senas, and

Stim of the CNS

and PNS for the

petentml for statistical bias. wmpllcatmms from newer

Stanton-Hds Control of Pam

Journal of Clinical

1997 review

Stunulator uaa and tIme uaad

SCS, PNS

syatarns dlffmult to connect 10

Neurophys!olagy not repoflad m most series earner serlas’ comphcaf iin rates.

RSO. changing Presentatlcm of rewsed

corrcspts and taxonomy system fof cRPS to

Slanton-H@s taxorwmy 1SS5 mdlwtlco Pam allow for differential diagnosis

Tesfaye

d,abetac perpheral 2 bad migrations, 2 wound

dmbetlc neuropathy 1s96 series 10 2 020 Scs RF neuropalhy T he Lanced 1nfecbons that requued antibbtics

Diabetes pahents maybe DHbatas pabents may ~

suscaptlble to mfectmn susceptlble to mfactior.

Prcxmdura does not carry tfss Procadure de%s riot carry tha rkk!

r lsks of surgery, but IS not nsk 0f surgery, but IS not rtsk fraq it

f ree, It may gtve rise 10 a “Me- may gwe rwe to a ‘life-threatan@

threatenmg mfscmn” (CSF 1nfecftion” (CSF faak dmcovarad),

penphsral vaswlar

Risk of mfectiin

Iaak discovered). “It is “ It IS therefore impalant to b9

d lsease, dlabet tc therefore Important to bs aware aware of the risk of seriws
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A1-Gfmul Nerve
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Nas.bred, SCS for Batterad

;erbefsha n Rwt Syndrome

T
+

SCS A quarter

canlury of

development aiuf

Nallz mvesugahon

+

rlnalyw of current

density and relateo

parameters for

Vesselmk Scs

SCS in Pam

destar Treatment

—

19%—

199:

199[

1997

198!—

19e5—

1997—

1997—

1998

! 987—

modabng

nets-analysl!

rewew

case stutiy

ser)es

series

!nddcabon

rev iew

modebng

series

19

16

35

01

00

0 0!

PNS

Scs

Scs

Scs

PNS

Scs

Scs

Scs

Scs

‘“),

‘r

-1---
hyparpalhic

peripheral

nauro ath

I

+

+

RF - Avery

Shmulafor chrome pan

lBattered Room

T

I
I

4---motor disorders

RF Various

I

There IS insuffmant evidence I

draw a mnciuslon about the

eff my of SCS relat lve to no
treatment or to other

treatments for thm palient

eurosurgery POpulat Ion

Lake onset u unusual and

am Digest features were not typical

e the frequency of sbmulatmn.

From an elactr!cal safety

slandpmnt, pulsewldth should

ml ba larger than 34)0 us and

tha mmbmation of high pulse

wdth and small ccmtacf area

shoufd be avoided (although if

may help patn rel!ef) Nervous

EE Tranaacbona on Itissue adjacent to the contact

>hab Engmeertng SI19 may be damaged

Modesl results suggest future

restrlct!on on the use of

Stlmulallon. Chrome bacA pain

responkd batter, phantom

Itmb pm most res!stanl, PVD

pair! responds well aa notad by

other authors SCS IS time

ta Nauroi Stand. consummg and expenstve,

1=Sbmulalor type could not be

studad because of muad usa

moss studtes, most usad smgk

channel dewcas 0-90,4 of patIw

had stimulator mmphcatkms, WI

data from 14 sludraa (39 anafyz

]m all)

I Refamng to Turner% comments

L---
about complumcma, Vaanwmk

notes that ‘These events abnosl

never resulted m Ikfe-threataninf

sltuatfions or new neurokagicsl

loss “

SkiI fawn atsiteof implant, on

devefoped nauosis over faad

cabb

L
5 !%ad dtslocal}c+w, one hfactiof

In thla study, patients wdh

panrad!cular filxosls prewousfy

operated on for spinal nerve car

stencms do not respond as thos

wlh f!bros!s wIlhout sbsnosis do

Mulfidmc!plmary care and

wnbnued rasearch IS neaded lo

-

L
Expenenmsd thrae CSF leaks, a

lranstent cord cam~esam, ten

cases of patn at slim site, 122

csses of electroda ma ffursdmn,

recaiver fadure in 136 pabants,

and infections, usually at ramive

sakeof mseruon site, in 46 cases

In rewew of 1336

L----
From an elacmcal safety

standpwnl, pulse wKfth should m

be larger than 300 ua and the

combination of high pulaa width

and smalt contact araa afmuld &

avoided (although It may help pa

rehef

L
2 infections, 1 machankxd

dtsccsnforf, 13 reoparaocsns fer

lead reposmomng Lwken wires{

mechamcal dmomforf Patiamfs

seledsd after psych and *m

cfderm m other studias claimad

beltar results, but requires

mu fbprolesslonal resouroas
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Rat Study-Sciahc

#d-Ghoul Nerve

wTreatment of

Yamahfia Causal lab SCS

Young trvgem inal neuralgu
I

L----LEvaluation of SCS

Yowl for chronic pain

Single SCS patient

1993

1981

1995

1978

1999

F b
Glutamate levels m the dorsal

horn of rals mcreaaed after

cJwomc Iooaa I!gidura of Ihe

hyparpalhlc aaalIc nerve and also after

peripheral sttmulataOn Of Cfibars, but not

modehng PNS neuropathy Bratn Resaarch Bullebn A f}bers m the scbahc neme.

StlmuMr3n IS aasy to pafform am

savere pain of tha Excellent Immedtate effecf should be used bafora more

Scs RF median nerve Neurol Mad Chuur using SCS destructive forms of pain ralisf.

Chronic elactrwal stunulatmn of

the trlgemuial nerve root

appears to be an easy, safa

tachnqua for prowchng rellaf of

chrome facial pam related to

series 23 0 000 IPG Ilrel chroruc facial pam J Neurosurg Injury to the Ingemmal nerve. one dlsp!aced .#%cfmde

senas 51 14 027 Scs

casa study Scs

SCS for chrorwc retractable pan

has fow rale of effachveness Complmatmns 3paresthesianol

and has multitude of uIcfeared location, 6tnfactlwa, 3

Iectn’valoglcal problems that CSF leaks, 2 lead erosmn thrwgf

chrontc mtraclable furlher reduce efftcacy and skin, 81eadm!grabon, 51aad

RF pam Neurosurgery patient sahsfacttion breakage

IPG Psych0s0matic5 SCS led to psychiatric dwxder IPG removed

16


