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BackgrouNd
Commercially available SCS devices control the energy delivered to neural tissue through constant voltage 
(CV) or constant current (CC) stimulation (Figure 1).  Both activate neural tissue, causing the sensation of 
paresthesia.  Anecdotal information has suggested that patients can perceive a difference between current-
controlled and voltage-controlled stimulation.  However, no studies have assessed whether patients can 
consistently detect pulse-type differences or whether they consistently prefer one pulse type over the other. 

This study was designed to determine 1) whether patients could correctly identify identical and different pulse 
trains, and 2) if patients prefer voltage- or current-controlled stimulation. 

Figure 1

Methods
In this IRB-approved multicenter feasibility study, patients (n = 14; 5 male, 9 female) undergoing SCS trial 
participated in a single in-clinic study.  An external neurostimulator (ENS), Model 37021 NP with firmware 
modified from the commercially available Model 37021 SCS screener was used to deliver stimulation to 
the externalized trial leads.  The screener was controlled via software on a laptop computer, called the NP 
Programmer.  The computer was powered by its own internal battery when used with subjects. 

At the onset of the study, patients were either presented with CC or CV stimulation (randomized) and 
paresthesia thresholds were obtained.  Stimulation was then alternated (toggled) between CV and CC to 
establish similar paresthesia intensity. Subsequently, each patient received a total of 20 pairs of 15-second pulse 
trains (Figure 2). Pulse train pairs were randomly presented as: 
Figure 2
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Patients identified whether the two pulse trains were the same or different, and if different,  
if they preferred the first or second train (Figure 3).  Patients and the experimenter asking  
for patient response were blinded to the type of stimulation presented.
Figure 3
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Question to patient: Were these pulses “same or ”di�erent”?
If  “di�erent”, did you prefer pulse 1 or pulse 2? 

results
1Patient Demographics

Age 50.3 ± 11 years 
Range: 38.3 – 76.4

Pain Etiology • Failed Back Syndrome (n = 4) 
• Radicular Pain Syndrome (n = 4) 
•  Both Failed Back and Radicular Pain 

Syndrome (n = 5)
•  Complex Regional Pain  

Syndrome (n = 1)
Pain Duration 8.3 ± 6.2 years 

Range: 2.0 - 20
Baseline 
pain intensity (McGill)

No pain (n = 0) 
Mild (n = 0) 
Discomforting (n = 4) 
Distressing (n = 0) 
Horrible (n =5) 
Excruciating (n = 5)

3 Paresthesia was obtained with similar charge per pulse in each stimulation mode.

Paresthesia amplitude:
Voltage mode (V)

Calculated  
current  

amplitude (mA)

amplitude:
Current mode 

(mA)

Calculated  
voltage  

amplitude (V)

charge per 
Pulse

Voltage mode 
(µCoulomb)

charge per 
Pulse

Current mode 
(µCoulomb)

Threshold 3.6 ± 2.2 6.8 ± 4.2 5.1 ± 3.6 3.0 ± 2.3 2.7 ± 1.7 2.3 ± 1.7

Strong-but- 
tolerable

5.3 ± 2.9 9.6 ± 4.6 8.8 ± 4.9 4.9 ± 3.1 3.9 ± 1.9 3.8 ± 2.1

As stimulation amplitude increased, patients were asked to indicate when they first detected paresthesia (paresthesia threshold). Amplitude 
was increased until a “strong but tolerable” level was achieved (a strong paresthesia sensation that could be left on for at least 30 minutes). 
Patients were randomized as to whether they first experienced current or voltage-controlled stimulation. Using Ohm’s law (V = IR), the 
corresponding current and voltage amplitudes were calculated based on the therapy resistance measurement obtained while in voltage 
mode. Arrows compare current to “calculated current” and voltage to “calculated voltage.” Thresholds were slightly higher in voltage mode 
when compared to the calculated voltage when in current mode (paired T-tests). Charge per pulse (area under the curve) was calculated 
based on the equations in Figure 1. Charge per pulse did not differ at either paresthesia level under current or voltage mode. n.s. = not 
significant (paired T-test).

4 Charge per pulse did not differ when similar paresthesia intensity was obtained in voltage- &  
current-controlled modes.

amplitude:
Voltage mode 

(V)

Calculated  
current  

amplitude (mA)

amplitude:
Current mode 

(mA)

Calculated  
voltage  

amplitude (V)

charge per 
Pulse

Voltage mode 
(µCoulomb)

charge per 
Pulse

Current mode 
(µCoulomb)

Similar  
Intensity  
Stimulation

4.9 ± 2.7 9.1 ± 4.5 8.6 ± 5.1 4.8 ± 3.0 3.7 ± 1.8 3.7 ± 2.2

Once “strong but tolerable” levels were obtained, stimulation was toggled between current and voltage to ensure similar intensities.  
Using Ohm’s law (V = IR), the corresponding current and voltage amplitudes were calculated based on the resistance measurement obtained  
while in voltage mode.  Arrows compare current to  “calculated current” and voltage to “calculated voltage.” n.s. = not significant (paired T-test).

5 Only three patients performed above the group average in correctly identifying both same  
and different pulse pair trains.

subject Id

same Pulses 
(cc vs. cc or cV vs. cV)

difference Pulses  
(cc vs. cV or cV vs. cc)

different same different same Preference
16390101 8 2 10 0 CC 8, CV 2
16390102 2 8 5 5 CC 5, CV 0
16390103 1 9 4 6 CC 3, CV 1
16390104 3 7 8 2 CC 0, CV 8
16390105 2 8 4 6 CC 1, CV 3
16390201 6 4 9 1 CC 2, CV7
16390202 6 4 9 1 CC 7, CV 2
16390203 6 4 6 4 CC 4, CV 2
16390204 6 4 6 4 CC 4, CV 2
16390205 7 3 9 1 CC 9, CV 0
16390301 7 3 5 5 CC 3, CV 2
16390302 3 7 7 3 CC 7 , CV 0
16390303 1 9 2 8 CC 1, CV 1
16390304 4 6 10 0 CC 2, CV 8
average correct responses (percent): 55.7 ± 24.1% 67.1 ± 25.2% 

After stimulation intensity was equalized between current- and voltage-controlled mode, patients were presented with randomized pulse pairs and asked 
to determine whether the pulses were the “same” or “different” and if different, which pulse (1st or 2nd) they preferred.  All patients were presented with 10 
trials that would correctly be called the same (CC-CC or CV-CV) and 10 trials that would correctly be called different (CV-CC or CC-CV*).  The outcomes are 
displayed.  Areas highlighted in green indicate the three patients who performed above the group average in correctly identifying both same and different 
pulse types.  *The first two patients did not have CC vs CV included in their randomization; all 10 different trials were CV vs CC. 

6 Many patients could not correctly identify both same and different pulse pair trains.
•  No patients got all comparisons correct. 
•  Because patients could not consistently identify same and different pulse pair trains, the preference for 

voltage- or current-controlled stimulation is not clear cut.
 •  The interpretation of patient preference should consider the number of correct responses.  
Assumption 1: For a reliable preference, patients must correctly identify a certain number of different pairs 
(criteria: above the group average = at least 67% correct ).  
seven patients meet this criteria and the preference is 4 cc and 3 cV. 
Assumption 2: For a reliable preference, patients must correctly identify a certain number of same pairs  
(criteria: above the group average = at least 56% correct).  
three patients meet this criteria and the preference is 1 cc and 2 cV.

7 Few patients (n = 3) were able to beat the group average and distinguish same and different pulses.
 same

Below 56% correct  
(Incorrectly identifying 

same)

above 56% correct  
(Correctly identifying 

same)

total  
patients

Below 67% correct  
(Incorrectly identifying different) 3 4 7

above 67%  
(Corrrectly identifying different) 4 3 7

total patients 7 7 14

Patients were categorized based on their performance in the blinded pulse-pair task.  One group performed poorly  
(below the group average) in identifying pulse types (red).  A second group performed well in identifying pulses as “same”, but also thought differ-
ent pulses felt the “same.”   In this study, these patients indicated that CV and CC pulses feel same (dark yellow).   A third group could not consistently 
identify “same” pulses (light yellow). Therefore, caution should be taken in interpreting their indicated preference. The most credibility in pulse prefer-
ence belongs to a fourth group which performed above the group average in correctly identifying both same and different pulse pair trains (green). 

Example randomization scheme for delivering  
20 trials. The colors represent two types of pulses   
presented (green: CC-CV; yellow CV-CC;  blue  
CV-CV, and red CC-CC).  Numbers represent the  
order in which the trials were presented.

2 Pulse Parameters & Impedance

Frequency 66 ± 19 Hz 
Range: 40 -90

Pulse width 439 ± 40 µs 
Range: 300 -450

Impedance 
(using programmed 
contacts)

576 ± 275 Ω 
Range: 268 - 1138

Patients were within their trial SCS during participation in the 
study. Pulse parameters were chosen based on the patient’s trial 
programming.  

p = 0.05 p < 0.05

p < 0.05 p < 0.05

n.s.

n.s.

n.s. n.s.
n.s. di

ffe
re

nt

unable to correctly identify  
pulse pairs
Identified pairs as “same”
Identified pairs as “different”
able to correctly identify  
pulse pairs

1 preferred cc
2 preferred cV

coNclusIoN  
•  Charge per pulse did not differ when similar paresthesia intensity was obtained in voltage- & current-controlled modes.
•   Overall patients have a difficult time determining that two identical pulse pairs are the same, and/or that different pulse pairs are different.  For example, identical pulses were only correctly identified as the same 55.7% of the time.
•  Patients tend to fall into four categories: 1) Unable to correctly identify pulse pairs, 2) most pulse pairs are identified as the same, 3) most pulse pairs are identified as different, and 4) able to correctly identify pulse pairs.  
•  Only 3/14 patients performed well (above the group average) in identifying both same and different pulse pair trains.  Two preferred voltage-controlled stimulation and one preferred current-controlled stimulation. 
•  This study suggests that caution should be used when interpreting studies that assess patient preference after a single crossover trial of voltage- and current-controlled stimulation.    
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Figure 1. Voltage and current waveforms are depicted on 
the left. Charge delivered per pulse was calculated  
for current and voltage modes based on the equations 
below, where Q = charge; I = current amplitude;  
V = voltage amplitude; RC = time constant.
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NEUROSTIMULATION SYSTEMS FOR PAIN THERAPY

Brief summary:  Product manuals must be reviewed prior to use for detailed disclosure.

Indications 
Implantable neurostimulation systems - A Medtronic implantable neurostimulation system is indicated for spinal cord stimulation (SCS) system as an aid in the management of chronic, intractable pain of the trunk and/or limbs-including unilateral or 
bilateral pain associated with the following conditions:

Failed Back Syndrome (FBS) or low back syndrome or failed back•	
Radicular pain syndrome or radiculopathies resulting in pain secondary to FBS or herniated disk•	
Postlaminectomy pain •	
Multiple back operations•	
Unsuccessful disk surgery•	
Degenerative Disk Disease (DDD)/herniated disk pain refractory to conservative and surgical interventions•	
Peripheral causalgia •	
Epidural fibrosis •	
Arachnoiditis or lumbar adhesive arachnoiditis•	
Complex Regional Pain Syndrome (CRPS), Reflex Sympathetic Dystrophy (RSD), or causalgia•	

contraindications 
diathermy  - Do not use shortwave diathermy, microwave or therapeutic ultrasound diathermy (all now referred to as diathermy) on patients implanted with a neurostimulation system.  Energy from diathermy can be transferred through the implanted 
system and cause tissue damage at the locations of the implanted electrodes, resulting in severe injury or death.

warnings
Sources of strong electromagnetic interference (eg, defibrillation, diathermy, electrocautery, MRI, RF ablation, and therapeutic ultrasound) can interact with the neurostimulation system, resulting in serious patient injury or death. These and other sources of 
EMI can also result in system damage, operational changes to the neurostimulator or unexpected changes in stimulation.  Rupture or piercing of the neurostimulator can result in severe burns.  An implanted cardiac device (eg, pacemaker, defibrillator) may 
damage a neurostimulator, and the electrical pulses from the neurostimulator may result in an inappropriate response of the cardiac device. 

Precautions
The safety and effectiveness of this therapy has not been established for pediatric use (patients under the age of 18), pregnancy, unborn fetus, or delivery. Patients should be detoxified from narcotics prior to lead placement. Clinicians and patients should 
follow programming guidelines and precautions provided in product manuals.  Patients should avoid activities that may put undue stress on the implanted neurostimulation system components. Patients should not scuba dive below 10 meters of water or 
enter hyperbaric chambers above 2.0 atmosphere absolute (ATA).  Electromagnetic interference, postural changes, and other activities may cause shocking or jolting. 

adverse events
Adverse events may include: undesirable change in stimulation described by some patients as uncomfortable, jolting or shocking; hematoma, epidural hemorrhage, paralysis, seroma, CSF leakage, infection, erosion, allergic response, hardware malfunction 
or migration, pain at implant site, loss of pain relief, chest wall stimulation, and surgical risks.

For further information, please call Medtronic at 1-800-328-0810 and/or consult Medtronic’s website at www.medtronic.com.
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