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HISTORY  

¶ SCS has been used as a modality to treat chronic pain since 1967 when Dr. Shealy implanted the 

first spinal cord stimulator in a terminally ill patient with bronchogenic carcinoma and right lower 

chest pain. 

 

 

PHYSIOLOGY  

¶ clinical application of SCS initially was inspired by the Gate Control Theory of pain: increased 

activity of large innocuous afferents presynaptically inhibits input to pain-transmitting projection 

neurons via inhibitory interneurons, as well as trigger supraspinal circuits that also modify spinal 

pain processing. 

 

 

PARADIGMS  & OUTCOME STUDIES  

Classical Tonic Stimulation 

- low-frequency stimulation; patient feels paresthesias (allows anatomical coverage mapping). 

 

STUDIES 

PPRROOCCEESSSS  ssttuuddyy  --  SSCCSS  vvss..  MM eeddiiccaall   MM aannaaggeemmeenntt  
Kumar K. ñSpinal Cord Stimulation vs. Conventional Medical Management: A Prospective, 

Randomized, Controlled, Multicenter Study of Patients with Failed Back Surgery Syndrome 

(PROCESS Study).ò Neuromodulation. 2005 Oct;8(4):213-8 

Kumar K et al. Spinal cord stimulation versus conventional medical management for 

neuropathic pain: a multicentre randomised controlled trial in patients with failed back surgery 

syndrome. Pain 2007; 132 (1ï2): 179 ï 188 
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PPRROOMM II SSEE  ssttuuddyy  

Rigoard P ñSpinal cord stimulation for predominant low back pain in failed back surgery 

syndrome: study protocol for an international multicenter randomized controlled trial 

(PROMISE study).ò Trials. 2013 Nov 7;14:376 

Recruitment began in January 2013 and will continue until 2016 

 

 

SSCCSS  vvss..  rr eeppeeaatteedd  ssuurr ggeerr yy  
Spinal cord stimulation versus repeated lumbosacral spine surgery for chronic pain: a 

randomized, controlled trial. North RB, Kidd DH, Farrokhi F, Piantadosi SA. Neurosurgery. 

2005;56(1):98-106 

Old trial (only 4-contact leads) ï only surgical candidates (i.e. pathology is still seen after failed back 

surgery and patient is a good candidate either for repeat open surgery or SCS) 
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HF10 (10K High Frequency) - Nevro 

¶ proprietary HF10 therapy : high frequency (10 kHz), short-duration (30 msec), low-amplitude (1-

5 mA) pulses - relieves back and leg pain without causing constant paresthesias (so no awake 

intraop testing is needed or available; for trial ï implant and then test for 7 days) 

 

 
 

vs. traditional therapy : low-frequency (40-60 Hz), longer duration (300-600 msec), and higher 

amplitude (4-9 mA) pulses. 

 

¶ mechanism of action: 

o low-frequency SCS - thought to achieve pain relief by activation of Aɓ fibers in the dorsal 

column, generating paresthesia and indirectly affecting pain signaling. 

o paresthesia-free 10-kHz SCS - pain relief achieved by inhibiting pain processing more 

directly in the spinal dorsal horn. 

¶ FDA approval in May 2015: a paresthesia-free therapy provided via high-frequency stimulation at 

10-kHz (HF10 therapy). 

¶ lead position is based on extensive empirical observation that most patients respond to stimulation 

application near T9/10, while allowing for patient variation by covering T8-T11. 

N.B. implant at T9/10!!! 

¶ high drain on battery - only rechargeable battery that lasts 10 years under typical settings. 
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STUDIES 

SSEENNZZAA--RRCCTT::  SSeennzzaa  ssyysstteemm  ((NNeevvrr oo  CCoorr pp..))  vvss..  PPrr eecciissiioonn  PPlluuss  ssyysstteemm  ((BBoossttoonn  SScciieenntt ii ff iicc))  

- 10 kHz vs. traditional low-frequency (both systems consisted of two 8-contact leads and rechargeable 

IPG). 
Kapural L, Yu C, Doust MW, Gliner BE, Vallejo R, Sitzman BT, Amirdelfan K, Morgan 

DM, Yearwood TL, Bundschu R, Yang T, Benyamin R, Burgher AH. ñComparison of 10-

kHz High-Frequency and Traditional Low-Frequency Spinal Cord Stimulation for 

the Treatment of Chronic Back and Leg Pain: 24-Month Results From a Multicenter, 

Randomized, Controlled Pivotal Trial.ò Neurosurgery. 2016 Nov;79(5):667-677. 

 

Leg pain ï responder rate (> 50% pain decrease from preop): 

 

F/U Traditional SCS HF10 p value 

3 mos 55.5% 83.1% < 0.001 

12 mos 50% 80.9%  

24 mos 49.3% 72.9% < 0.001 

http://www.neurosurgeryresident.net/
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Back pain ï responder rate (> 50% pain decrease from preop): 

 

F/U Traditional SCS HF10 p value 

3 mos 43.8% 84.5% < 0.001 

12 mos 51.3% 78.7%  

24 mos 49.3% 76.5% < 0.001 
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1100  kkHHzz  SSCCSS  ffoorr   nnoonnssuurr ggiiccaall   rr eeffrr aaccttoorr yy  bbaacckk  ppaaiinn  
Kapural L et al. Treatment of nonsurgical refractory back pain with high-frequency spinal cord 

stimulation at 10 kHz: 12-month results of a pragmatic, multicenter, randomized controlled 

trial. J Neurosurg Spine. 2022 Feb 11;37(2):188-199. 

¶ patients with chronic back pain that is refractory to conventional medical management (CMM) and 

who have no history of spine surgery and are not acceptable candidates for spine surgery. 

¶ multicenter, randomized controlled trial. 

¶ 159 patients were randomized 1:1 to CMM with and without 10-kHz SCS. 

http://www.neurosurgeryresident.net/
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¶ endpoints: responder rate (Ó 50% pain relief), disability (Oswestry Disability Index [ODI]), global 

impression of change, quality of life (EQ-5D-5L), and change in daily opioid use - 3 and 6 months 

after randomization. 

¶ protocol allowed for an optional crossover at 6 months for both arms, with observational follow-up 

over 12 months. 

¶ at the 3-month follow-up: 

ð 80.9% of patients who received stimulation and 1.3% of those who received 

CMM were responders (primary outcome, Ó 50% pain relief; p < 0.001). 

ð significant difference between the treatment groups in all secondary outcomes at 

6 months (p < 0.001). 

¶ in the 10-kHz SCS arm, outcomes were sustained, including a mean 10-cm visual analog scale 

score of 2.1 ± 2.3 and 2.1 ± 2.2 and mean ODI score of 24.1 ± 16.1 and 24.0 ± 17.0 at 6 and 12 

months, respectively (p = 0.9). 

¶ in the CMM arm, 74.7% of patients met the criteria for crossover and received an implant Ÿ 

78.2% responder rate 6 months postimplantation. 

¶ 5 serious adverse events occurred (procedure related, of 125 total permanent implants), all of 

which resolved without sequelae. 
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SSEENNZZAA PPDDNN  --  1100  kkHHzz  SSCCSS  ++  CCMM MM   vvss..  CCMM MM   aalloonnee  iinn  tthhee  ttrr eeaattmmeenntt  ooff   ddiiaabbeett iicc  nneeuurr ooppaatthhiicc  

ll iimmbb  ppaaiinn  

https://clinicaltrials.gov/ct2/show/NCT03228420 

Inclusion: 

1. Clinically diagnosed with diabetes & diabetic neuropathy resulting in lower limb pain. 

2. Refractory to conservative treatments, including pregabalin or gabapentin and at least one other 

class of analgesic. 

3. Symptomatic despite conservative therapy for Ó 12 months 

4. Ó 5 out 10 cm on the pain VAS in the lower extremities. 

5. Willing to undergo SCS placement percutaneous procedures. 

6. Willing to participate in around 14 research visits over 24 months 

Exclusion: 

1. Lower limb amputation other than toes. 

2. HbA1c > 10% 

3. BMI > 45 

4. Daily opioid dosage > 120 mg morphine equivalents. 

5. Prior experience with SCS (includes failed trials) 

6. Have an implanted drug pump or active implantable device such as pacemaker. 

7. Other painful areas with VAS > 4 (such as PDN in hands) 

Results ï at 6 months: 

Pain: 

¶ 85% of participants reported pain relief > 50% (vs 5% in the CMM control arm, p < 0.001). 

¶ average pain relief was 76% (% reduction of VAS from baseline) vs average worsening of 2% 

in the control arm. 

Quality of Life:  

¶ 92% of patients were either "satisfied" or "very satisfied" with 10 kHz SCS therapy vs 91% of 

CMM patients who were either "dissatisfied" or "very dissatisfied" with treatment. 

¶ sleep disturbance due to pain in the 10 kHz SCS group was remarkably diminished. 

 

 

Burst stimulation ï Abbott / St. Jude 

- does not generate paresthesias (possible to do placebo-controlled studies) 

 
De Ridder D et al. Burst spinal cord stimulation for limb and back pain. World Neurosurg. 2013 

Nov;80(5):642-649.e1. doi: 10.1016/j.wneu.2013.01.040. Epub 2013 Jan 12. 

http://www.neurosurgeryresident.net/
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DTM  (Differential Target Multiplexed)  - Medtronic 

¶ Dr. Vallejo invention ï algorithm with variation of waveform, frequency, amplitude, pulse width - 

targets glial cells. 

¶ patients may feel some paresthesias 
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Clinical Studies 
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Surround Inhibition ï WaveWriter  (Boston Scientific) 

 
 

ñDonut pillowò for coccygeal pain. 

 

 
 

 

Closed-loop systems 

MEDTRONIC (INCEPTIV SYSTEM ) 

http://www.neurosurgeryresident.net/
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SALUDA (EVOKE SYSTEM ) 

Hardware ï see below >> 

¶ all currently available commercial SCS systems still operate in a fixed-output stimulation (or 

open-loop) configuration (e.g. fixed frequency, fixed pulse width, fixed amplitude, and fixed pulse 

train) regardless of the neural activation of the spinal cord (SC) fibers; 

ð these fixed-output systems do not account for the large variation of electrical field strength 

and, subsequently, volume of tissue stimulated that occurs because of changes in the 

distance between the electrode and SC from normal physiological activity (e.g. breathing 

and heartbeat) and movement - changes in stimulation strength lead to variable activation 

of the SC and, thus, variable inhibition of pain processing pathways. 

¶ each suprathreshold stimulus elicits an evoked compound action potential (ECAP), which 

represents the sum of all single-fiber action potentials generated by the stimulus; ECAP is therefore 

a direct measure of SC activation and provides information on the fibers elicited by SCS, 

contributing to the therapeutic effect of stimulation. 

¶ closed-loop SCS system that maintains stable SC activation via continuous ECAP measurement. 

¶ recording electrodes for measuring the ECAP can be any 2 nonstimulating electrodes on either 

lead. 

¶ ECAP elicited by the stimulation is sensed and processed by the stimulator to measure its 

amplitude Ÿ amplitude is used to drive a feedback loop that adjusts the stimulus current at each 

stimulus pulse to maintain near-constant SC activation. 

¶ ECAP amplitude correlates with stimulation sensation intensity in a linear fashion, i.e. a higher 

ECAP amplitude results in an equal or stronger perceived stimulus sensation (never weaker). 

¶ therapeutic window - range of ECAP amplitudes lying between the stimulus perception threshold 

and the maximum level of stimulation (discomfort threshold).  

 

 

EEVVOOKK EE  ssttuuddyy  ((NNCCTT0022992244112299))  --  cclloosseedd--lloooopp  SSCCSS  vvss..  ooppeenn--lloooopp  

¶ 134 participants, age 18-80 years, chronic intractable pain of the back and legs.  

¶ closed-loop SCS system - Evoke System (Saluda Medica, Artarmon, Australia). 

¶ closed-loop SCS had statistically superior overall back and leg pain relief with no increase in pain 

medications compared with open-loop SCS: 

ð of those treated with closed-loop SCS, 83.1% (49/59) had at least 50% pain relief vs 61.0% (36 

of 59) for those treated with open-loop SCS (P=.006). 

ð for participants using opioid medications, use was reduced or eliminated for 55% (17/31) of 

participants treated with closed-loop SCS vs 40% (12/30) of those treated with open-loop SCS.  

http://www.neurosurgeryresident.net/
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ð closed-loop system maintained spinal cord activation within the therapeutic window 95.2% of 

the time vs 47% of the time for open-loop SCS. 

 

AAvvaalloonn  ssttuuddyy  --  cclloosseedd--lloooopp  SSCCSS  oouuttccoommee  aatt   1122  mmoonntthhss  

¶ prospective, multicenter, single-arm study. 

¶ at 12 months: 

ð proportion of patients with Ó 50% relief was 76.9% (back), 79.3% (leg), and 81.4% (overall). 

ð proportion with Ó 80% pain relief was 56.4% (back), 58.6% (leg), and 53.5% (overall). 

ð 68.8% (22/32) eliminated or reduced their opioid intake.  

ð ECAP measurements are possible long term and remain stable over a 12-mo period. 

ð closed-loop SCS was able to maintain SC activation within a therapeutic window for 84.9% of 

the time - helps to avoid overstimulation discomfort as well as understimulation (suboptimal 

therapeutic delivery). 

 

 

 

PATIENT INCLUSION CRITERIA , TRIALING  

1. Intractable pain for > 3 months 

2. Objective evidence of pathology 

3. No untreated substance abuse 

4. Mandatory psychological clearance - to examine factors such as patient expectations, 

psychosomatic components of the pain, and secondary gain motivation. 

20-30% patients later request SCS removal (ñDoes not work for meò)! 

5. Not pregnant 

6. Satisfactory results from neurostimulation trial; most authors agree that screening trial with 50% 

pain relief warrants permanent implantation 

N.B. trial always has placebo effect, so permanent implant always does slightly worse ï aim for 

70% pain relief with trial plus definitive functional improvement (not just ñreduced amount of 

pain pillsò) 

Indication for insurance purposes ï at least 50% pain reduction. 

Indication for neurosurgeons ï worthwhile pain reduction leading to functional improvement. 

¶ trial has to be for Ó 2 days (e.g. some burst paradigm patients start to respond after 3 days of 

stimulation). 

 

SMOKING  

¶ SCS population has an estimated prevalence of smoking that is 2.5 times greater than that in the 

general population. 

¶ American College of Surgeons advocates for 4-6 weeks of smoking cessation before surgery, 

particularly involving implanted materials, because a reduction in wound-related complications has 

been reported when patients quit four to eight weeks before surgery. 

¶ tobacco users have worsened outcomes with SCS. 

 

 

INDICATIONS  

1) persistent spinal pain syndrome (it replaced the old term "failed back surgery syndrome") -

recurrent back pain after multiple low back operations; Class I evidence demonstrating success of 

SCS over repeat spinal surgery in this population 

2) radicular pain 

3) painful peripheral neuropathy (e.g. inguinal pain after herniorrhaphy, diabetic polyneuropathy) 

4) spinal arachnoiditis 

http://www.neurosurgeryresident.net/
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5) complex regional pain syndrome I, II  ï effectiveness of SCS is greater for those treated within 12 

months of diagnosis 

6) traumatic nerve injury 

7) postherpetic neuralgia 

8) ischemic (vasculopathic) pain (e.g. angina) 

9) peripheral stretch injuries pain 

10) stump pain 

 

 

 

CONTRAINDICATIONS  

1. Nerve compression amenable to surgery causing a significant neurologic deficit 

2. Gross instability of the spine 

3. Inability of the patient to control the device 

4. Poor surgical candidate 

5. Infection (esp. systemic or near surgery site) 

 

 

 

TARGET LOCATION  & CLEARANCE  

ï check percutaneous trial results! (ideally middle of paddle will be where active electrode of trial lead 

was) 

For arms ï C4-7 

For legs ï T8-11 (for Nevro ï it is 80-90% at T9-10 disc space, 10-20% contact next to T9-10) 

¶ electrodes are placed into posterior epidural space. 

¶ stimulation elicits tingling sensation (paresthesia) in corresponding dermatomes, with goal of 

stimulation paresthesia to fully cover painful area (or surround it) ï the basis to do trial placement 

in awake patient. 

¶ most rostral contact no more than several cord segments above most rostral level of pain. 

 

N.B. to prevent cord injury, avoid inserting the paddle at vertebral levels where: 

o thickness of the CSF layer is < 3 mm along the width/length of the lead 

o thickness of the paddle allows < 1 mm of CSF clearance 

o spinal canal is narrowed by focal stenosis or degenerated discs and cannot be surgically 

corrected to allow for 1 mm of clearance. 

 

 

ELECTRODE CHOICE  (perc lead vs. paddle) 

specific products by vendor ï see below >> 

Both can be used for trial and for permanent implantation! 

 

Coverage 

Percutaneous leads have better rostro-caudal coverage**  vs. paddle leads ï better left-to-right 

coverage! 

**up to 16 contacts per lead 

Paddles have more columns of electrodes (vs. per leads ï max 2 leads implanted) 

Medtronic ï 3 columns 

Boston Scientific ï 4 columns 

St. Jude ï 5 columns (but outside columns are not independent) 
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Spinal cord stimulation electrode design: prospective, randomized, controlled trial comparing 

percutaneous and laminectomy electrodes-part I: technical outcomes. North RB, Kidd DH, Olin 

JC, Sieracki JM. Neurosurgery. 2002 Aug;51(2):381-9 

Old study (only 4-contact leads): paddles had better LBP coverage, larger area of pain 

coverage (67% vs. 47%), and only needed half of voltage used for perc* leads. 

 

 

Energy 

*Percutaneous leads have no dorsal insulation ï radial stimulation pattern with half of energy being 

wasted! Plus, paddles take more space ï push contacts closer to dorsal columns. 

 

Migration 

Paddles ï practically never migrate after implantation (vs. perc leads ï higher revision rates but 

technology is getting better). 

 

Implantation 

Paddles ï more risky surgical procedure. 

 

 

GENERATORS 

specific products by vendor ï see below >> 

 

Rechargeable ï pocket must be no deeper than 1 cm (at least for Medtronic); last twice as long as 

non-rechargeables. 

 

Non-rechargeable 

 

 

IMPLANT LOCATION  

¶ ask patient to tape dental floss box to the buttocks and ask to live with it for several days - to make 

sure belt and other equipment does not rub against the ñbatteryò; in the morning of surgery patient 

will show the location which was selected as acceptable. 

¶ generator placement subcutaneously: 

a) flank area above belt ï shortest distance for leads, minimal IPG movement 

b) upper buttock area ï enough tissue padding; mark incision with patient sitting in 

PACU (make sure incision is not under belt ï will irritate and may erode through 

the skin; make also sure incision is not too low or patient will sit on generator) 

c) anterior abdominal wall (subcostal flank area) ï after stimulator leads are finally 

placed with patient in prone position Ÿ coil leads in spinal incision and 

temporarily staple skin Ÿ patient is repositioned to lateral decubitus. 

d) subclavicular 

N.B. verify generator position with patient preop! 

There is no perfect place for IPG for all patients! 
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PATIENT COUNSELLING  

 
 

SURGICAL PROCEDURE 

 

Absolutely necessary to review a thoracic spine MRI - to avoid cord injury by implanting in 

congenitally narrow thoracic canal! 

¶ also review axial images at intended level ï may anticipate difficulties of symmetric paddle 

placement! 

 

Ratio of trial : permanent  ï 40% nationally (75-80% in expert hands) 

 

 

PERCUTANEOUS LEADS 

- trial for 3*-30 days. 
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*if response is obviously good, remove trial leads in 3 days to minimize 

epidural scar formation 

¶ hardware: 

ð 1 or 2 x8 contact percutaneous lead; Medtronic has choice of stylets ï soft, stiff, 

steerable (has bent tip ï directs lead advancement under fluoroscopy while rotating 

stylet hub) 

ð external neurostimulator (ENS) with snap-lid connector cable 

¶ anesthesia: MAC (PPRROOPPOOFFOOLL is best; second choice ï PPRREECCEEDDEEXX) 

¶ position: prone on chest rolls or radiolucent Wilson frame, arms forward. 

¶ target puncture ï few levels below (e.g. skin entry at L1) 

¶ using fluoroscopy, mark on skin interlaminar space (e.g. T11-12) ï will be visual guide to insert 

needle. 

¶ insert hollow 14G needle with stylet (bevel up) on one side of spinous process (paramedian) Ÿ 

using AP fluoro go with needle tip just under lamina (feel sudden give) Ÿ dorsal epidural space is 

verified with glass syringe (tap plunger with finger until sudden give - easy air injection without 

plunger going back) + sterile saline entry without resistance (drop saline into needle hub ï negative 

epidural pressure draws saline in); make sure not to go intrathecally (no CSF is aspirated). 

¶ percutaneous 8 contact electrode lead is advanced to desired level under live fluoroscopy. 

¶ some experts insert 2 leads but that is rather difficult; some experts use percutaneous leads for 

permanent implantationï then need to insert second lead ï usually from opposite side (sometimes, 

if difficult to steer lead, may insert second lead on same side parallel to first needle). 

¶ stimulation - patient is reporting tingling area while surgeon moves lead until patient agrees with 

location. 

¶ advance lead a little bit up than desired as lead tends to migrate caudally during needle withdrawal 

(withdraw needle while watching lead tip on live fluoro). 

¶ tunnel lead subcutaneously using same Tuohy needle; secure lead to skin with few stitches, 

Tegaderm 

ð St. Jude has wireless model ï communicates with unit tapped to skin; patient adjusts 

stimulation using iPhone app. 

ð some experts use ANCHORED (ñBURIEDò) TRIAL  if patient is highly likely to benefit 

from trial - make midline skin and subcutaneous tissue incision Ÿ secure lead to fascia; 

advantage ï may leave permanently (disadvantage ï if patient does not like stimulation 

still needs to go to OR for lead retrieval; otherwise surgeon just can pull lead in office). 

¶ before taking final XR (to be used for programming), ask patient flex and extend ï leads always 

migrate caudally by 1-2 contacts (esp. obese patients): 

 

 
 

N.B. stop blood thinners before trial hardware removal - based on numerous series and case 

reports, placement and removal of SCS percutaneous leads in the presence of altered coagulation 

increases risk of epidural hematoma! 

 

 

LAMINOTOMY PADDLE 
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¶ check MRI ï make sure there is Ó 3 mm anterior-posterior CSF cuff at intended level! 

¶ anesthesia: general oral endotracheal. 

¶ position: prone on chest rolls or radiolucent Wilson frame* with arms forward; if neck too 

extended, place head on horseshoe head holder. 

*Dr. Holloway thinks that Wilson frame makes paddle insertion more difficult. 

N.B. the best option is open spine table ï no X-ray artefact, easy to navigate 

fluoroscopy around! 

¶ skin incision is really short. 

¶ leave supraspinous ligament intact: 

1) serves as tension band 

2) will be used to suture anchors 

¶ remove some of vertebral lamina (to make window for paddle insertion) ï from inferior 

hemilaminotomy up to full laminectomy ï extent dictated by patient anatomy and surgeonôs 

choice. 

¶ inferior hemilaminotomy ï 1-2 levels below (e.g. if need paddle electrode to cover T9 vertebral 

body, perform inferior T10 hemilaminotomy ï center incision around T10-11 disc space ï best to 

check and measure on sagittal MRI knowing the length of paddle to be implanted and levels to 

cover from trial results). 

ð use Williams retractor; some even use METRx tubular or Redmond retractors. 

 
ð Nevro paddle always at T9-10, so plan T11 laminotomy (plan skin incision over T11-12 

disc space); important - Nevro paddle is long (covers two full vertebral bodies) - try 

T12 laminotomy? 

ð if stenosis at level of insertion, may insert retrogradely (hemilaminotomy 1-2 levels 

above target). 

¶ optional: insert dummy paddle (ñhockey stickò) into dorsal epidural space (right on dura below 

epidural fat) and take XR Ÿ insert real paddle. 

N.B. if feel slightest resistance ï STOP! 

ð if trouble inserting, perform hemilaminotomy one level above (alternative - remove 

inferior part of spinous process and perform full inferior laminotomy; up to full 

laminectomy may be needed to expose intended paddle location, - in this case, some 

would secure paddle to dura with few dural stitches). 

¶ stimulator leads are secured to edges of supra/interspinous ligament using special anchors and 2-0 

silk (do not use polypropylene or monofilament suture because of possible damage to the anchor 

and lead) 
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ð Boston Scientific has anchors with screws to secure lead inside and special automatic 

suturing device (works well for small incisions). 

 
 

¶ leads are tunneled from spinal midline incision to generator pocket and connected to generator. 

 
N.B. tunnel leads only after you coiled them in loop and secured anchors to fascia (hard 

to do that if leads already tunneled and twisted). 

N.B. leads must be implanted adjacent to each other in the tunnel (nonadjacent leads 

have the possibility of creating a conduit for stray electromagnetic energy - theft 

detectors and metal screening devices - changes in perceived stimulation): 
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¶ connect to IPG 

N.B. exposure of the internal IPG contacts to body fluids or saline can cause corrosion and 

affect stimulation (if exposure occurs, clean the contacts with sterile deionized water or sterile 

water [not saline!] for irrigation and dry completely) 

¶ generator is interrogated to make sure all impedances are within normal limits. 

¶ generator is placed into pocket with leads folded underneath; secure generator in the position to the 

fascia with 2 anchoring stitches of 2-0 silk. 

¶ fill incisions with vancomycin powder. 

¶ do not use staples for skin - heats up with charging battery so reps delay turning on stimulation. 

 

 

ELECTROPHYSIOLOGICAL ASSISTANCE  

SSEP + EMG 

 

Neurostimulation Appropriateness Consensus Committee (NACC) guidelines: 

ñConfirmation of correct lead placement has been advocated with either awake intraoperative verbal 

confirmation of paresthesia coverage or use of neuromonitoring in asleep placement, such as EMG 

responses or SSEP collision testing.ò 

 

¶ use implanted paddle contacts to stimulate at pulse width of 350 microseconds, frequency of 40 

Hz, current gradually increasing from 1 to 5 mA.  

¶ SSEP is monitored to find physiological midline of dorsal column ï watch for SSEP response 

attenuation until complete flattening (current where clinical effect will be observed) ï must be 

symmetric (or adjust paddle position left to right). 

¶ further increasing current, watch for EMG  changes (side effect* ; current should be higher than for 

SSEP flattening). 

*but also can be used as SSEP substitute when registering CMAP in the 

myotomes corresponding to painful dermatomes 

 

NNoonnaawwaakkee  vvss  AAwwaakkee  PPllaacceemmeenntt  ooff   SSppiinnaall   CCoorr dd  SStt iimmuullaattoorr ss  
Steven M Falowski, Ashwini Sharan, James McInerney, Darren Jacobs, Lalit Venkatesan, 

Filippo Agnesi. Nonawake vs Awake Placement of Spinal Cord Stimulators: A Prospective, 

Multicenter Study Comparing Safety and Efficacy. Neurosurgery, Volume 84, Issue 1, January 

2019, Pages 198ï205 

ð subjects were assigned to undergo asleep (n = 19) or awake (n = 11) SCS paddle 

implantations in a nonrandomized fashion. 

ð process for intraoperative programming differed between the groups: awake subjects 

participated by verbally reporting on pain-paresthesia overlap, while for asleep subjects, 

paresthesia location was inferred based on EMG monitoring. 

ð operative time was shorter for the asleep group (88.9 ± 51.2 min vs 

125.2 ± 37.9; P = .018). 
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ð at 6 wk postimplant, subjects in the asleep group had better pain-paresthesia overlap 

than the awake group (83.5% ± 19.8 coverage vs 46.6% ± 44.5; P = .05) and fewer 

extraneous paresthesia (16.7% ± 23.1 vs 71.2% ± 30.3; P < .001). 

ð both groups had equivalent levels of pain relief (more than 50%) after 6 and 24 wk of 

treatment. 

ð there were 2 adverse events in the asleep group compared to 6 in the awake group. 

 

Asleep surgery becomes even more feasible with anatomical paddle placement paradigms where 

lateralization is even less important! 

 

 

LAMINOTOMY PADDLE FOR TRIAL  

¶ book two surgeries 7 days apart: 

1) implant paddle, connect to extension, externalize extension (to the opposite side of where 

patient will want a permanent battery ï you want to use a fresh tract!) and connect it to external 

battery; may send home on oral antibiotics (e.g. doxycycline + Augmentin). 

2) either remove entire system or open incision, completely remove extensions (by cutting hubs 

inside incisions Ÿ pull extension outwards) and implant internal battery (send cultures from 

spine incision*, put vancomycin and tobramycin powder into wound). 

*in case, patient later comes back with infection, you will know antibiotic 

sensitivities already; if spine incision has murky fluid, may send STAT Gram 

stain intraop before implanting expensive battery 

 

 

BATTERY REPLACEMENT  

¶ dead SCS battery (unable to test impedances) ï may connect external extension and test 

impedances before opening new battery. 

 

 

PADDLE EXPLANTATION  

¶ most can be done as outpatient (careful with cervical SCS paddle removals!). 

¶ some recommend using IONM (SSEP and MEP) to increase safety. 

¶ explant battery (IPG) first. 

¶ careful using Bovie (even if IPG is explanted, it is still possible that monopolar electrocautery can 

conduct through the wires and should be used with caution). 

¶ focus incision around the inferior point of the paddle. 

¶ osseus overgrowth, scar formation, ligamentous hypertrophy are commonly encountered 

obstructing the paddle - may need laminotomy (at insertion level or above it). 

¶ although rare, the lead can scar ventrally to the dura, necessitating complete 

exposure of the paddle for safe dissection off the dura. 

N.B. tension to remove the paddle without dissection can result in contacts that remain 

adhered to the scarred dura. 

N.B. certain paddle types are at risk for electrode contacts to disconnect during removal 

(may use fluoroscopy if in doubt). 

 

 

 

SPECIAL SITUATIONS  
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EPIDURAL SCAR 

¶ may insert retrograde (from above). 

¶ may need skip laminotomies (leaving bars of lamina to keep paddle against the dura). 

 

 

SPECIFIC PRODUCTS BY VENDORS 

Cannot test impedances preop if battery is dead. 

Normal impedances are < 2000. 

 

 

 
Dr. Ryder Gwinn 

 

¶ independent amplifiers ï each contact current can be adjusted individually ï see Illumina 3D 

system (otherwise, all contacts get the same voltage and current depends on resistance at the 

particular contact) 

¶ positional compensation: Medtronic generators (RestoreSensor®) feel body position and may 

adjust stimulation parameters. 

¶ warranty: Boston Scientific maintains warranty for rechargeable batteries (price 30,000 USD) even 

if patient fails to charge properly. 

¶ high frequency: all companies have it (Nevro up to proprietary 10K); St. Jude has also ñburst 

stimulationò. 

 

 

 

MEDTRONIC  

GENERATORS 

http://professional.medtronic.com/pt/neuro/scs/prod/index.htm#.UMmxkiBsLAQ 

 

¶ some model have 1200 Hz (called "High output" regimen) ï RestoreSensor, RestoreUltra 

 

 

PrimeAdvanced (37702) 

FDA Approval Date Jul 2006 
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PrimeAdvanced SureScan MRI (97702) 

FDA Approval Date Mar 2013 
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RestoreSensor (37714) 

FDA Approval Date Nov 2011 

 
 

 

RestoreSensor SureScan MRI (97714) 

FDA Approval Date Mar 2013 
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RestoreAdvanced (37713) 

FDA Approval Date Jul 2006 

http://www.neurosurgeryresident.net/


 CORD STIMULATORS , INTRATHECAL PUMPS (TECHNIQUES) Op240 (29) 

 
 

 

RestoreAdvanced SureScan MRI (97713) 

FDA Approval Date Mar 2013 
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Itrel 4 (37703) 

FDA Approval Date May 2012 

 
 

 

RestoreUltra SureScan MRI (97712) 

FDA Approval Date Mar 2013 
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Intellis with AdaptiveStim (97715) 

 
 

 

 

PADDLES 

http://professional.medtronic.com/pt/neuro/scs/prod/index.htm#.UMmxkiBsLAQ 

 

Specify (model 3998) 
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Specify 5-6-5 (model 39565), Specify 2x8 (model 39286) 
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BOSTON SCIENTIFIC  

GENERATORS 

 
 

 

WaveWriter AlphaÊ SCS system and Fast-Acting Sub-perception Therapy (FASTÊ) ï uses Surround 

Inhibition paradigm. see above >> 

¶ full -body MRI-conditional portfolio. 
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PADDLES 

 
 

Boston Scientific paddle has four leads! 

 

 

ABBOTT  (ex ST. JUDE) 

Surgery mode ï avoids interference with Bovie. 

 

GENERATORS 

Nonrechargeable 

Proclaim 7 (model 3662), Proclaim 5; full body MRI compatible 

¶ can stimulate between perc leads (distance Ò 6 mm) 
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Proclaim XR - lasts up to 10 years at low-dose settings (0.6 mA, 500 Ohms, duty cycle 30s on/360s 

off) 

¶ upgradeable technology that can deliver the latest advancements via software updates 

 

Rechargeable of two types: 

Protégé - no MRI 

Protégé MRI - can have head and extremities MRI (not full body) 

¶ rechargeables can go deepest - 2.25 cm deep. 

¶ burst can go with nonrechargeable e.g. Proclaim. 

¶ burst adjustments - can go up or down on amplitude (if overstim - pt feels tiredness as after 

marathon); cannot adjust frequency or pulse width. 

 

 
 

PADDLES 

N.B. dummy paddle does not have a stiff handle to help navigate and open epidural space (so no real 

need to use dummy). 

 

 
 

 

Penta 

¶ only MRI conditional lead! 

¶ 5x8 electrode paddle with two leads. 

¶ paddle size 46x11x2 mm (25 mm electrode array length). 
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Lamitrode S-4, Lamitrode 4 

http://www.neurosurgeryresident.net/


 CORD STIMULATORS , INTRATHECAL PUMPS (TECHNIQUES) Op240 (37) 

 
 

 
 

¶ slimline design for enhanced maneuverability. 

¶ S-4s feature removable stylets (straight and curved) that provide added stiffness to facilitate 

steering and control during lead placement. 

 
 

¶ feature an indicator  that shows which direction the electrodes are facing. An anterior-posterior 

(AP) fluoroscopic view will allow you to see the directional indicator (see the following figure). If 

the indicator is pointing to the right in the AP view, the electrodes are facing anteriorly (toward the 

dura). If the indicator is pointing to the left, the electrodes are facing posteriorly (away from the 

dura): 
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Lamitrode 44 and 44C 
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Lamitrode S-8 
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Lamitrode Exclaim  ï reports of difficulty with programming 

 
* Electrode number includes all three button electrodes 
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Lamitrode Tripole 16C and 16 
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Lamitrode 88 
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