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 General considerations for PNS

 Types of PNS available 

 Evidence

 Technique tips



 Open PNS
 Off label  Paddle 
 Off label SCS leads
 Cuff electrodes

 Peripheral Field Stimulation

 Peripheral nerve stimulator
 First introduced by Patrick Wall and William Sweet in the 1960s when they reported on the 

use of the therapy for craniofacial pain.



 Why?

 4 companies with external 
pulse generator/battery 
available, allowing for 
percutaneous approach
 Stimrouter/bioventus
 Stimwave/StimQ
 Sprint
 Nalu

 Can implant leads with minimal 
incision
 Often just a stab incision that 

may heal with just dermabond or 
require 1-2 sutures 



• Indicated for chronic intractable pain of peripheral nerve origin.

Stimrouter/Bioventus, Stimwave/StimQ, and Nalu

• Indicated for up to 60 days for:
• Symptomatic relief of chronic, intractable pain, post-surgical and 

post-traumatic acute pain.
• Symptomatic relief of posttraumatic pain; and
• Symptomatic relief of postoperative pain.

Sprint/SPR (intentionally reversible)

Use for pain of cranial or facial nerve origin is not approved



 Stimrouter lead
 Flexible, 1.2mm dia, ~15 cm, platinum iridium, wrapped in silicone
 Receiver (proximal part of the lead) and three stimulating electrodes 

(distal end) are not insulated; each electrode is 1mm long, spaced 1mm 
from adjacent electrode

 Four pronged anchor just proximal to electrodes
 Stimulation end near target nerve, receiver end near skin

 Program settings
 Frequency/pulse rate- 2.4 to 2.48 GHz (usual 2-200 Hz)
 Intensity/Amplitude- 0-30 mAmp
 Pulse width/Duration- 0-2500μSec
 Waveform-biphasic- symmetric or asymmetric



 Sprint lead
 Thin, thread-like wire, 0.3mm dia. Coiled insulated; uninsulated 

stimulating surface-1.5 cm at tip
 The stimulating end is inserted through skin near a nerve, need 

>3cm under skin; stim probe is 12.5cm
 The other end remains outside of your body and attaches to the 

Pulse Generator using the MicroLead Connector and Cables

 Program settings
 Frequency/pulse rate- 12 to 100Hz 
 Intensity/Amplitude- 0-30 mAmp
 Pulse width/Duration- 10-200μSec
 Waveform-biphasic



 Stimwave lead
 Made of polyurethane, 1.35mm dia
 4 to 8 electrodes (platinum iridium); for PNS- 4 electrodes used
 3mm long,  4mm apart; each can be + to -

 Tines prevent migration
 Electrode array behind- 2.4 cm long 
 Channel Marker band from tip- 13 cm; Receiver marker band from tip- 23 cm
 Length out of kit= 47 cm cut after receiver marker band
 Copper RF receiver wire- 0.35mm wide
 Maximum recommended implant depth for receiver end- 6cm

 Program settings
 Frequency/pulse rate- 5 to 1499 Hz (>500- achieves sub-threshold)
 Intensity/Amplitude- 0.1-12.7 mAmp
 Pulse width/Duration- 30-1000μSec
 Waveform-2 sec on, 16 sec off 
 Possible surge setting (2 sec- 5 quick burst, 16 sec off)- used for SCS



 Nalu lead
 Made of polyurethane, 1.3 mm dia
 4 to 8 electrodes (platinum alloy)
 3mm long, 4 mm apart

 4 contact tined for perm
 Total length 25 to 40 cm
 IPG connects to the end of the end

 Therapy disc/ battery worn on skin through a 
adhesive pocket, placed over IPG

 Uses magnetic energy







 The criteria for acceptable placement locations included: 
(1) relatively superficial area and where USG guidance and needle placement were 
possible; 
(2) avoid vascular structures to the extent possible; 
(3) min traversing of muscular tissue (avoidance of unwanted muscular/motor 
stimulation effects); 
(4) the ability to anchor the device in fascia; and 
(5) proximal locations for common areas of pathology, such as tarsal tunnel syndrome, 
common peroneal injury at the fibular head, lateral compartment pain, and distal 
tibial and peroneal nerve injuries.



 Following areas were selected: 
(1) the tibial nerve at a point approximately 8 to 14 cm superior 
to the medial malleolus, 
(2) the tibial and peroneal nerves at 2 locations (the popliteal 
crease, and a point approximately 10 cm superior to the 
popliteal crease) in the popliteal fossa, and 
(3) the peroneal nerve at a point 2 to 4 cm inferior to the lateral 
fibular head.

 Each lead was dissected to the area of interest to: 
(1) verify close proximity (within 2 mm) of the lead to the target 
nerve; and 
(2) verify no transection or grossly visible injury to the nerve 





 Following areas were selected: 
 Radial nerve approximately 10-14 cm 

superior to the lateral epicondyle; 
 Median nerve approximately 6 cm below the 

antecubital fossa; and 
 Ulnar nerve approximately 9 to 13 cm above 

the medial epicondyle.

 After careful exposure, visual inspection 
showed no gross nerve damage. 



 Location: Intractable pain in 1-2 peripheral nerve distribution

 Relying on afferent signals: area of pain should have some sensation

 Accessibility: Patient can reach or has a caretaker that can reach the external pulse 
generator/area of stimulation.

 Trade-off: PNS may be preferable to SCS due to less invasive nature/ lower risk
 Sometimes SCS may not be an option due to 
 Spine anatomy
 Anticoagulation needs



 Pre-op imaging
 Review MRI if available
 Do in-clinic USG

 Co-morbidities 
 A foreign body will be placed
 Asses infection risk, bleeding risk, Diabetes status

 No psychological contraindication- consider psych eval if necessary
 Set expectations



 External pulse generator and array is not MRI safe with any manufacturer

 Bioness/stimrouter
 MRI conditional- specifications regarding location and magnetic field

 Stimwave/StimQ
 MRI conditional –full body at 1.5 T (no substantial concerns)

 Nalu
 MRI conditional at 1.5 T, impedance check needed

 Sprint/SPR therapeutics
 Even lead is not MRI safe
 Retained lead remmanent is MRI conditional at 1.5 T



Helps identify the correct nerve/level

High volume can result in false positives



May not be an option with some manufactures

Some clinicians consider intra-op stimulation as trial

Some do not have a perm option



 Biggest risk if lead migration

 Other device related
 Lead fracture
 Erosion
 Allergic reaction to implanted material

 Infection

 Bleeding

 Lack of pain relief



The Neurostimulation Appropriateness Consensus Committee (NACC): 
Recommendations on Bleeding and Coagulation Management in 
Neurostimulation Devices, 2017, Deer et al.

 Adopted from ASRA anticoagulation guidelines 

 Paucity of reports
 One case repot of gluteal hematoma after sacral nerve PNS implant

 Bleeding is potential risk, but consequences are less serious than with intraspinal
implantation

 Superficial bleeding 
 Easy to recognize and treat



Similar to spinal neuromodulation except for 
 ASA and ASA combinations- Shared assessment and risk stratification
NSAIDs- no need to stop
 Phosphodiesterase inhibitors (cilostazol, dipyridamole)- no



 Avoid being in muscle belly, in between fascial planes is better

Do not cross joints

 Figure out ideal placement of the receiver end in pre-op based on 
reachability

Mapping out nerve in pre-op or  intra-op before needle insertion is 
helpful

 You will be holding the USG for a long time, ensure ergonomics
 Good gel coating at the tip underneath probe cover, no air bubbles

 Lay out the stimulator lead on the skin to get an idea of ideal starting 
point
 Some recommend placement perpendicular to the nerve, some parallel

 Take X-ray of the final lead position for documentation



 Numerous! 

 Stimulation of named nerves

 Greater occipital for occipital headache

 Suprascapular and axillary for shoulder pain

 Superior cluneal, multifidus for low back pain

 Genicular, infrapatellar saphenous for knee pain

 Median, ulnar and radial for upper extremity pain
 CRPS, failed carpal tunnel, failed cubital tunnel, phantom limb, post traumatic

 Femoral/saphenous, sciatic, tibial, peroneal  etc. for lower extremity pain
 Phantom limb, peripheral neuropathy, CRPS, post traumatic, post surgical, 

 Truncal- illioinguinal, iliohypogastric



 74 patients with chronic axial back pain 
underwent percutaneous PNS leads targeting 
the lumbar medial branch nerves for up to 
60 days

 73% (54 out of 74) of the patient reported  
≥30% reductions in back pain intensity after the 
2- month per-cutaneous PNS treatment, 
sustained at 12 month 
 Clinically and statistically significant reductions in pain, 

disability, and pain interference were reported by a 
majority of participants with percutaneous PNS, along 
with reductions in opioid consumption and statistically 
significant improvements in health- related Quality of 
Life.



 28 lower extremity amputees with post-amputation pain. 

 Ultrasound-guided implantation of percutaneous PNS leads 

 Randomized to receive PNS or placebo for 4 weeks. The placebo group then crossed over and all 
subjects received PNS for four additional weeks.

RESULTS:

 58% of subjects receiving PNS (n=7/12, p=0.037) demonstrated ≥50% reductions in average pain 
during weeks 1-4 compared with subjects receiving placebo (n=2/14, 14%). 

 67 - 80% PNS subjects reported ≥50% reductions in pain (n=8/12, p=0.014) and pain interference 
(n=8/10, p=0.003) after 8 weeks of therapy compared with subjects receiving placebo (pain: n=2/14, 
14%; pain interference: n=2/13, 15%). 

 At 12 mo (FU study) -Significantly more participants in group 1 reported ≥50% reductions in 
average weekly pain at 12 months (67%, 6/9) compared with group 2 at the end of the placebo 
period (0%, 0/14, p=0.001).



 157 patients with chronic intractable migraine

 Implanted with a neurostimulation system with IPG

 Randomized to an active or control group for 12 weeks, and received open-label 
treatment for an additional 40 weeks.

 Headache days were significantly reduced by 6.7 (±8.4) days in the ITT population 
(p < 0.001) and by 7.7 (±8.7) days in the ICM population (p < 0.001). 

 2/3 patients had significant relief

 Significant infections and reoperations
 A total of 183 device/procedure-related adverse events occurred during the study, of 

which 18 (8.6%) required hospitalization and 85 (40.7%) required surgical intervention; 
70% of patients experienced an adverse event.



 Axillary nerve 
 Supplies portion of the GH joint 
 tcutaneous (regimental patch) and 
 motor component- Teres Minor and Deltoid
 provides the best mechanical solution for 

subluxed shoulder as it provides mechanically 
efficient reduction, rotation, compression, and 
elevation of the GH joint via activation of the 
Teres Minor and Deltoid muscles. 







Results(n=14). After the initial trial, 10 
patients had a pain reduction of 50% 
and received a permanent implant. 
At 12-month follow-up, VAS, 
Neuropathic Pain Scale, SF-12 physical 
and mental scores improved by 57.4% 
þ/- 10% (P ¼ 0.005), 60.2% þ/- 12.9% 
(P ¼ 0.006), and 21.9% þ/- 5.9% (P ¼ 
0.015), respectively.





Results. A lateral to medial approach with ultrasound 
guidance at the level of the ischial spine is likely to 
facilitate proper lead placement along the course of the 
pudendal nerve. Aftercare and adherence to post-
implant activity restrictions–particularly avoiding use of 
the extremes of hip flexion and extension for four 
weeks, to lie supine or in a lateral decubitus position 
rather than sitting for extended periods of time--lead to 
the absence of lead migration. 





 Lack of awareness regarding percutaneous PNS

 Not many robust clinical trials supporting use– changing landscape

 Lack of long term follow-up

 Which translates to variable insurance coverage
 Considered new and experimental by many



Consider PNS after positive diagnostic block, before SCS

Good anatomical knowledge and ultrasound skills is key

The field is evolving and we will likely see more in future
 Expanding outside of neuropathic pain
 Knee, low back pain

Need for research

Variable insurance coverage, hopefully will change with 
more data
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