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Implantable stimulator development

Cardiac pacemaker (rechargeable) ‐ Elmqvist

1959
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JHU Applied Physics Laboratory
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JHU/APL rechargeable pacemaker
1973





Internal (battery) power

• PRO
• Always available (viz., cardiac pacing)
• No antenna required during use

• although remote control still required

• CON
• Surgical replacement when depleted

• Compromise settings and usage
• Failure modes (and thus FDA Class)

• Runaway
• Battery leakage

• Bulky implant
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JHU/APL rechargeable stimulator
1979



First battery powered SCS implant

1981



Totally (or fully) implanted (??)



• Implanted pulse generator (?) or
• Internally powered generator 

• Externally powered generator
• aka “radiofrequency” or “wireless”

“IPG”

vs.



Wireless technology and implanted devices

Power
Real time 
Recharge battery

Telemetry 
Handshake ‐ security
Implant or biometric data

Command
Control parameters
Implant ID



Cordis 1981 Medtronic 1982





Primary cell capacity

- Botero

83g 42g
51cc



Neuromed Hybrid RF/primary cell

1990



Rechargeable cell power
vs. primary cell

• PRO
• Surgical replacement deferred 
• Less bulk, as smaller cell adequate
• Power availability 

• CON
• Recharging 

• Inconvenience
• Noncompliance – might compromise battery life
• Overheating?

JHU-APL 1975



• Charging Made Simple
• Portable- cordless & 

lightweight
• Charge on the go
• Stimulation on while 

charging
• Charge every couple of 

days or every couple of 
weeks-as patient prefers

(now Boston Scientific) 2004



C = (1 + x)(y)  (n = 0 to z) {[(1 + i) / (1 + d)] nb}

Patient Determinants of Lifetime Cost (C)

• b:   Battery Life in years
• Differs between primary and rechargeable cells
• Battery life is directly proportional to (24 hours/ usage)

• z:   # of re‐implantations required over lifetime = 
(Treatment time) / (battery life in years)

• Base case Treatment Time = estimated patient lifespan 
based on gender‐age actuarial tables.

Cost
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“Cost”



Computer‐controlled, patient interactive SCS

Jacqueline North, age 3, 1990



"increased pain‐paresthesia overlap [with]
1) up to 1500 Hz interleaved pulses
2) frequency doubling“

Flexibility



“Traditional”
“Tonic”
i.e., continuous

“Burst”
i.e., continual

Tonic vs. burstFlexibility



Flexibility Tonic vs. burst; “high” dose/frequency







www.wikistim.org



Evolving technology



Wireless technology scale

RF (inductive coupling), 1962 Microwave (electrical coupling), 2014



Wired IPG System

• IPG bulk requires placement on 
trunk (DBS, PNS)

• Reliability suffers
• Crossing mobile joints 
(neck, limbs)

• Adding extension cables 
and connectors, 
tethering points

• Pocket pain

Wireless ASIC System

• Receiver integral with 
electrode assembly can be 
“out on a limb”

• wearable transmitter in 
cuff, sleeve, eyeglasses, 
cap, jewelry, etc.

• MRI compatibility
• Single stage implant facilitated

Wired vs. wireless (PNS, DBS in particular)



Mobility

International Neuromodulation Society



SCS Implanter Specialties 2017

Source: 



Pain

International Neuromodulation Society



Neurostimulator Miniaturization



“Receiver”

International Neuromodulation Society
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IPG vs. wireless

Smaller

Cheaper

Better

“Pick any two.”



?



Chronic pain, CLBP

SCS

Shealy 1967 ff . . .

Responders



CLBP

HF10

CLBP

LF

Kapural 2015 RCT – “superiority“ 



versus LFHF10



CLBP

HF10 LF

Crossover ?



CLBP

HF10 LF

Crossover ? 

?



69%

21%

9%

Burst

Tonic

No Preference

Preferred therapy type:
Percentage of patients

(N=85)

Prefer tonic over burst

Deer, 2015



CLBP

Burst LF

Crossover – burst (mixed frequency)

*
21%



Dual purpose device



CLBP

HF 10 LF

Burst



CLBP

HF 10 LF

Burst High 
density

DTM
FAST

. . . and closed loop



Wassily Kandinsky, Several Circles (1926)



HF10, 
burst,
HD,
DTM,
FAST,
PSP

versus LF

Zero sum ?



Multi‐purpose device



October 23, 2001



New SCS waveforms

“Superior” to traditional
Complementary vs. competitive
Multipurpose devices needed, subject to

IP and engineering constraints
Caution re study designs and comparators 

“Evidence based medicine”
SCS is no longer a single treatment entity

2015



1992

1993

2000

and EBM

Users’ Guides to the Medical Literature
XXV. Evidence‐Based Medicine: Principles for Applying the Users’ 
Guides to Patient Care 



1994

and EBM



and SCS



2022

and SCS
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2022

and SCS







UnitedHealth Group Incorporated is a for‐profit[4] American 
multinational managed healthcare and insurance company . . .  the 
world's seventh‐largest company by revenue and the largest 
healthcare company by revenue, and the largest insurance company 
by net premiums. 

‐Wikipedia
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Proxy SCS outcomes do not include pain, QOL

Failure to mention contrary evidence and publications

Selective reporting of data

“Policy based evidence?”

and SCS and CoI
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“Multiple responses in JAMA and other medical journals outline the lack of validity of the 
Hara et al. study based on: 

1) trialing with tonic stimulation rather than the experimental burst SCS waveform . . .
2) allowing placebo-level responders to pass into the implant phase, 
3) using a single, ineffective waveform which is not used as monotherapy in clinical 

practice . . . amplitude corresponding to 50%–70% of the paresthesia perception 
threshold, effectively rendering it a placebo versus placebo trial, and 

4) trialing followed by randomization after the trial, which is inconsistent with other 
SCS studies and masks the true high attrition rate . . . “





“This is a strong signal this treatment may not work,” said the 
Institute for Musculoskeletal Health’s Dr Adrian Traeger, who 
has been writing a review of the evidence for spinal cord 
stimulators to treat back pain.   He called on Medicare to stop 
subsidising the surgery until more evidence was collected.”













Evidence pyramid, v 1.0



Evidence pyramid, v 2.0

http://healthlinks.washington.edu - modified from: Navigating the Maze, University of Virginia, Health Sciences Library



Evidence pyramid, v 3

http://www.atsu.edu



Never ask a question 
unless you already know 
the answer.

- Harvey Specter, Suits
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