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Objectives: Spinal cord stimulation devices control energy by generating either constant voltage (CV) pulses or constant current 
(CC) pulses. This study aimed to investigate: 1) whether patients feel differences between CV and CC stimulation; 2) if patients 
prefer CV or CC stimulation. · 

Methods: Fourteen patients blinded to the type of pulse generation received 20 randomized pairs of 1 5-sec pulse trains (CC-CV, 
CV-CC, CV-CV, or CC-CC). Patients identified whether the pairs were the same or different, and if they preferred the first or second 
train. 

Results: There was no difference in charge-per-pulse input between CV and CC modes. Patients performed at chance level in 
identifying identical pairs (55.7 :t 24.1% correct, 10 trials), and slightly better in identifying different pairs (67.1 :t 25.2% correct, 
10 trials). No patients correctly identified all pairs. Patients were categorized based on their performance in this task. Only three 
patients fell into a category where preference could be established with some confidence with respect to the group averages. Two 
of these patients preferred CV, while one patient preferred CC. 

Conclusion: The lack of patient ability to discriminate in this preliminary investigation suggests that patient preference for a 
stimulation type should not be the key determining factor in choosing a spinal cord stimulation system. 
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INTRODUCTION 

Spinal cord stimulation (SCS) is a treatment for chronic pain that 
delivers electrical pulses to spinal neural tissue generating the sen
sation of paresthesia. The generally accepted belief is that the par
esthesia sensation must be present and overlap with the region of 
pain in order to provide effective pain relief (1-3). 

Spinal cord stimulation devices control the energy being deliv
ered to neural tissue by generating either constant voltage (CV) or 
constant current (CC) pulse trains. The first commercially available 
SCS devices were voltage-controlled and numerous studies have 
reported the efficacy of these devices (4-8). More recently, current
controlled devices have become commercially available. The energy 
output from both CV and CC devices are able to activate similar 
populations of neurons as evidenced by the resulting paresthesia, 
and both systems are effective in clinical trials (9-1 1 ). 

Although both CV and CC devices supply energy to tissue, there 
are differences in how this is accomplished (12, 13). CV devices 
supply a fixed (constant) voltage by varying the amount of current 
as dependant on changes in impedance. In contrast, CC devices 
supply a fixed (constant) amount of current by adjusting the 
amount of voltage dependent on impedance. Thus, if impedance 
increases over the course of a pulse, CC devices will supply CC by 
increasing the voltage. In contrast, CV devices will decrease the 
current with increasing impedance to maintain a CV. Furthermore, 

impedance increases as scar tissue slowly forms around the SCS 
lead, causing CC devices to increase the power output while CV 
devices will decrease the power output. These distinct features have 
been anecdotally reported to result in differences in sensation and 
subsequent pain relief. 

Arguments can be made that there should be no physiologic 
difference between CC and CV stimulation or that the differences 
are irrelevant. 1) Although the shape of the microsecond current 
pulse may differ between CC and CV, the energy actually penetrat
ing into the cord is minimal, whereby about 90% of the power 
delivered is dissipated in the cerebral spinal fluid and less than 10% 
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enters the spinal cord (14). Additionally, the pulse shape that 
reaches the cord will be different than the shape at the electrode 
because to attenuation and filtering because of capacitive effects 
across the tissue. 2) Per the traditional strength-duration curve, it is 
the charge (pulse width x amplitude) being delivered that will be 
the main determining factor whether neurons are activated. 3) CC 
increases the power delivered secondary to increasing impedance 
during fibrosis. However, the slow changes in impedance during 
fibrosis are less concerning than the required amplitude adjust
ments patients must make on a daily basis. Patients using both 
systems must still adjust stimulation levels during changes in 
posture, and therapy impedance is stable with body position 
(15,16). Neither CC nor CV systems adjust stimulation levels in 
response to the changes as the spinal cord moves farther from or 
nearer to the lead. Patients must manually adjust their stimulation 
level because of the changes in paresthesia threshold and intensity 
(17). 4) The patient's perceived stimulation preferences are often 
secondary to pain levels that change frequently in response to mul
tiple factors such as medication ingestion, weather, activity, and 
disease state ( 18,19). 5) No large-scale studies have assessed 
whether there are any long-term differences in pain relief or quality 
of life between CV and CC devices. Clinical investigations of 5CS 
efficacy either use only one type of neurostimulator or include both 
types of devices into the study. A small study comparing SCS 
therapy outcomes by technologies found negligible differences and 
cautioned on drawing conclusions from the small number of 
patients surveyed (20). 6) With both types of stimulation devices, 
there will be some patients who experience limited pain relief. For 
example, a recent publication reported on patients with less than 
50% pain relief after SCS trial using a current-controlled device (21 ). 
Interestingly, these patients who "failed" their trial and still received 
permanent implants later experienced an increase in pain relief with 
their stimulation systems. This indicates that pain relief at trial is not 
necessarily indicative of long-term outcome. 

Paresthesia is produced by activation of large-diameter sensory 
axons in the dorsal columns and/or dorsal roots. Modeling studies 
predict that large, myelinated axons would be activated at much 
lower amplitudes than small, unmyelinated axons, particularly at 
microsecond pulse widths (14). Thus, at the same settings (electrode 
configuration, pulse width, frequency, and amplitude) similar popu
lations of large-diameter axons should be activated by CC and CV 
devices. From a neurophysiologic perspective, it is unclear as to 
why SCS patients might perceive a "better" paresthesia sensation 
with either a CC or CV device when stimulating under the same 
parameters. 

In lieu of finding a physiologic explanation for a CV or CC "prefer
ence; perhaps product attributes and outside factors influencing 
human preference should be considered. If patients are asked to 
chose between two systems (CV or CC), there may be numerous 
factors influencing patient choice, such as aesthetics, function, 
experiences, and experimental bias. Furthermore, if two systems 
have been programmed independently, possible confounding vari
ables include differences in programmable parameters and differ
ences in the time spent optimizing parameters. Therefore, any study 
purely assessing the sensation of CV vs. CC sensation should control 
for these other variables. 

Because of anecdotal reports that patients do perceive a differ
ence between CC and CV, this prospective, randomized, blinded 
study was designed to provide preliminary insight into this phe
nomenon (12,13). This study aimed to investigate: 1) whether 
patients could correctly identify identical and different CV- or 
((-generated pulse trains; 2) if patients prefer CV or CC stimulation. 

STIMULATION PREFERENCE IN SCS PATIENTS 

Patients participating in this study were undergoing their SCS 
therapy trial. 

METHODS 
Subjects 
Patients participated in this IRS-approved multicenter study after 
giving written informed consent. Fourteen patients were recruited 
from Investigators' practices at three pain management clinics in 
the USA (The Center for Pain Control, TX, USA, center 1; Medical 
Advanced Pain Specialists [MAPS)), MN, USA, center 2; John Sasaki, 
M.D., Inc., CA, USA, center 3). Because the scope of the study was to 
obtain preliminary information, the study was not powered and no 
sample size calculations were performed. 

Because the patient's own SCS therapy was not a part of this 
protocol, there was no requirement or controls placed on lead 
number, configuration, or implant technique. Ultimately, the CC vs. 
CV comparison was made within subject. 

Study devices and programming 
An external neurostimulator (ENS) with firmware modified from the 
commercially available Medtronic Model 37021 ENS was used to 
deliver stimulation to the externalized trial leads. The screener was 
controlled via software on a laptop computer. The computer was 
powered by its own internal battery when used with subjects. 

Before the study began, an impedance check was performed. 
Electrodes with impedance above 3500 n were not used. Program
ming of anodes and cathodes was typically based on the patient's 
trial programming to optimize paresthesia coverage over the 
patient's pain area, and therefore varied from patient to patient. 

Study design 
After the settings were established, patients were randomized to 
experience either CV or CC stimulation. Stimulation amplitude was 
slowly increased by the investigator until the patient first reported a 
sense of paresthesia (threshold). The amplitude was further 
increased by the investigator, and patients were instructed to indi
cate when the paresthesia felt"strong, but tolerable enough to leave 
on for 30 min:· The threshold and strong-but-tolerable amplitudes 
were recorded for each patient in both CV and CC modes. A therapy 
impedance measurement was taken after stimulation in the voltage 
mode. 

Once the strong-but-tolerable amplitude was established in 
both stimulation modes, stimulation was alternated (toggled) 
between CV and CC to establish similar paresthesia intensity. 
Because the "sensation• of paresthesia might be different between 
CV and CC, it was important to exclude intensity as a potential 
variable. Once similar paresthesia intensity was established, 
patients were not told which type of stimulation they were receiv
ing, but were asked if they had a preference for stimulation "A" or 
stimulation "B:' Patient preference (if any) and amplitudes in both 
modes were recorded. 

Patients next received a total of 20 randomly presented pairs of 
15-sec pulse trains (Fig. 1 ). This allowed patients to experience pairs 
of pulses that were the same (CC-CC and CV-CV) and different 
(CV-CC and CC-CV). Patients were asked for verbal feedback by the 
investigator whether they felt the two pulse trains were the same or 
different. and if different, if they preferred the first or second train 
(Fig. 2). Patients and the experimenter asking for patient response 
were blinded to the type of stimulation presented. 

www.neuromodulationjournal.com () 2010 International Neuromodulatlon Society Neuromodulation 2010; 13:210- 217 



SCHADE ET AL. 

~ Ill 
Figure 1. Example randomization scheme for delivenng 20 trials. The shading 
of the boxes represents the types of pulse pa1rs presented. Numbers represent 
the order 1n which the trials were presented. CC, constant current; CV, constant 
voltage. 
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Figure 2. Two pulse trains were presented to the patient in succession (pulse 
pa1rs). Follow1ng the second pulse train, the patient was asked whether these 
pulse tra1ns were the 'same' or 'different.' If the patient reported that the two 
pulse tra1ns were different, trtey were asked whether the first or second pulse 
train was preferred 

Calculations and analysis 
Ohm's law (V = IR) was used to calculate the corresponding stimu
lation amplitude, where R equaled the therapy impedance deter
mined in voltage mode. An estimate of charge per pulse (Q) was 
obtained by the following equation: Q(t) = /(t)dt. In current mode, 
this was a simple Q = lma/(PW), where I is the current amplitude, and 
PW is the pulse width. The ca lculation of charge in voltage mode 
considered the change in impedance over the duration of a single 
pulse with the equation: 

then, 

where V is the voltage amplitude and RC is the time constant of 
decay. 

Paired t-tests were used to compare the amplitudes and charge 
obtained in CC and CV modes. All significance levels were set at 
p < 0.05. 

RESULTS 
Subjects 

Fourteen patients were enrolled (5 male, 9 female) between the 
three centers (center 1, 5 pat ients; center 2, 5 patients, center 3, 4 

patients). Thirteen patients were diagnosed with failed back/low 
back syndrome and/or radicular pain syndrome, while one patient 
was diagnosed 'with complex regional pain syndrome. The average 
age was 50.3 years (range: 38.3-76.4 years). The average duration of 
pain at the time of enrollment was 8.3 years (range: 2-20 years), and 
average pain over the week prior to enrollment was 7.6 ::!:: 1.8 on a 
0-10 numeric rating scale. All patients were determined to be can
didates for SCS therapy. Patients participated in this out-patient 
clinic study during their SCS trial. While four adverse events were 
reported, none of these were unanticipated. One patient experi
enced the two adverse events of nausea and ongoing paresthesia 
after the conclusion of the study; no interventional activities were 
taken. A second patient experienced two adverse events consisting 
of skin irritation from the bandage materials and lead migration. 
Although the lead migrated during the trial, programming still 
allowed for paresthesia coverage more than approximately 50% of 
the pain area and the patient continued participation in the study 
without any interventional activity taken. 

Programming 
Patients had epidural percutaneous SCS leads implanted as part of 
their normal pain management and SCS therapy trial. No restriction 
was placed on lead type, number of leads, or level of implantation. 
Leads included a single octad, dual octads, a midline octad flanked 
by quads, and a midline quad flanked by two quads. Electrode con
figurations included bipole, longitudinal tripole, transverse tripole, 
and other variations. Frequency and pulse width were programmed 
based on the patient's trial programming (average: 66 ::!:: 19Hz and 
439 ::!:: 40 IJ.Sec). These parameters remained consistent in both CV 
and CC modes. The average therapy impedance was 576 ::!:: 275 n. 

Paresthesia amplitudes 
The intensity of the stimulation was slowly increased until the 
patient reported the sensation of paresthesia ("threshold" in 
Table 1 ). The intensity of the stimulation was further increased to a 
"strong-but-tolerable" level. Using the therapy impedance, Ohm's 
Law was used to calculate the corresponding current and voltage. 
This allowed for comparison between modes. When thresholds 
were determined independently in CV and CC modes, the 
maximum amplitude in the voltage mode was slightly higher 
(p < 0.05). However, the charge delivered in the two different modes 
(current- and voltage-controlled) was not significantly different. 
Thus, when asked to report threshold and "strong-but-tolerable" 
paresthesia in voltage and current mode independently, patients in 
this study reported paresthesia intensity with similar charge input. 

After determining strong-but-tolerable levels in each mode, a 
toggling feature in the programming software was used. Ampli
tudes were adjusted accordingly until the patient felt that both 
stimulation modes were approximately of equal intensity (Table 1 ). 
The overall charge calculated was not significantly different 
between current- and voltage-controlled modes (Table 1 ). 

Initial patient preference 
After toggling, many patients felt that both modes were equal in 
intensity and reported no preference for either mode (9/14). 
However, five patients did report a preference for a particular stimu
lation mode (Table 2). Four patients reported a preference for CC 
stimulation, while one patient reported a preference for CV stimu
lation in the uncontrolled portion of the study. 
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STIMULATION PREFERENCE IN SCS PATIENTS 

Table 1. Comparison of Amplitudes and Charge Delivered In Current and Voltage-Controlled Modes. 

Paresthesia Amplitude voltage Calculated current Amplitude current Calculated voltage CV charge per CC charge per 
mode(V) amplitude (mA) mode (rnA) amplitude (V) pulse (I!Cl pulse (J,JC) 

Threshold 36 :!: 2.2 6.8 :!: 4.2' 5.1 :!: 3.6 3.0 :!: 2.3' 2.7 :!: 1.7 2.3 :!: l}NS 

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 :!: 2.1N' 
S1milar 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"' 

As s!lmulation amplitude mcreased. patients were asked to IndiCate when they first detected paresthesia (paresthesia threshold). Amplitude was increased until 
a 'strong but-tolerable' level was ach1eved (a strong paresthesia sensation that could be left on for at least 30 mtn). Patients were randorrized as to whether they 
first expenenced current or voltage-controlled stimulation. Us1ng Ohm's law (V = IR), tre correspond•ng current and voltage amplitudes were calculated based 
on the therapy resistance measurement obta•ned while 1n voltage mode. Once 'strong but-tolerable'levels were obta•ned, stimulation was toggled between 
current and voltage to ensure similar Intensities. 
'p < 0.05 from current mode amplitude (pa1red r-test) 
'p < 0.05 from voltage mode amplitude (pa1red r-rest). 
NS, not significant (p > 0.05) from corresponding stimulation mode (pa1red r-test). 
CC. constant current; CV, constant voltage. 

Table 2. Patient Preference After Alternating Between CV and CC Stimulation. 

Patient Preference Frequency (Hz) Pulse w1dth (J,Jsec) Preference after blinded study 

1 No preference 60 450 
2 No preference 90 450 
3 No preference 90 450 
4' No preference 90 440 cv 
5 cc 90 450 
6 No preference 50 450 
7 No preference 50 450 
8 No preference 50 300 
9 cc 50 450 

10 cv 40 450 
11 cc 90 450 
12' cc 60 450 cc 
13 No preference 60 450 
14' No preference 60 450 cv 
Once 'strong but tolerable' levels were obtained, stimulation was toggled between current and voltage to ensure Similar 1ntens1ties. Pauents were not told 
wh1ch type of stimulation they were expenenong, but were asked by the experimenter 1f they preferred 'Pulse A' or 'Pulse B.' N1ne (9/14) patients d1d not 
ind1cate a preference. while five (5/14. pa!lents cla1med to prefer one type of st1mulauon. There 1s no obvious association between frequency and preference 
and pulse width was typically set at 450 J,Jsec. 
' Three patients who fell1nto category A when compared w1th group averages. The preference after the blinded, randomized, controlled port1on of the study 
also IS shown. 
CC. constant current; CV. constant voltage. 

Table 3. Group Performance In Identifying 'Same' and 'D•fferent'Pulses. 

Same pulses (CC vs. 
CC or CV vs. CV) 

Different 
44.3% 

Same 
55.7% 

Different pulses (CC vs. 
CV or CV vs. CC) 

Different 
67.1% 

Same 
32.6% 

CC. constant current; CV. constant vol:age. 

Blinded pulse pairs 
Patients were next presented with the randomized, blinded pulse 
train pairs. No patients were able to correctly identify all pulse com
parisons as •same" or "different." Patients correctly identified "same" 
pulse pairs as •same" only 55.7% of the time (Table 3). Patients cor
rectly identified "different" pulse pairs as "different" 67.1% of the 
time. An incorrect randomization scheme was inadvertently used 
for the first two patients who received 10 CV-CC trials and no CC-CV 
trials. 

Classification 1' 

Because patients could not consistently identify same and different 
pulse pair trains, the preference for voltage- or current-controlled 
stimulation was not clearly demonstrated. Therefore, criteria were 
needed to assess how much meaning to place on patient prefer· 
ence. First, it was assumed that for patient preference to have 
meaning, the patient should have correctly identified "different" 
pulse pairs as "different." To compare patients relative to each other, 
the group averages were used as cut-off points. Thus, using the 
group average (67. 1 %) as the cut-off criteria, seven patients fell 
below and seven patients fell above the group average. Of the seven 
patients above the group average, four had a stronger preference 
for CC, while three had a stronger preference for CV. 

"Same" pulse trains were intended to be a control condition; 
however, as a group, patients performed at chance in correctly iden
tifying these pulse pairs. For an individual patient, interpretation of 
their stimulation preference should consider the number of correct 
"same" responses. It was assumed that for a reliable preference, 
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Figure 3. Tree diagram deprcting categorization of patients based on performance relative to the group average. Patients meeting the established criteria are 
indicated by !he solid arrows. Patients failing to meet the criteria are indicated by the dashed arrows. Patients rn group A beat the group average in both instances. 
Patients rn group B failed the second cnterra and performed below the group average in identrfying the control 'same' pulse comparisons. Group C patients, in 
contrast. identrfied 'same' :Julse comparisons above the group average, but failed the cnteria reqw ing a certain number of'different' pulse trains to be correctly 
identified. Patrents rn group D failed both crltena and fell below the group average rn rdentifying any pulse trarn comparisons correctly 

Table 4. 01 vs. CC Preference for Patients Falling into Group A. 

Patient Total pairs correctly rdentrfied as 'different' cv cc 
4 8 8 0 

12 7 0 7 
14 10 8 2 

CC. constant current; CV, constant voltage. 

patients must correctly identify same pairs, and the group average 
(56% correct) was chosen as the cut-off. Three of the seven patients 
passing the first criterion also met this second criterion (Fig. 3). 

The classification scheme in Figure 3 groups patients into four 
categories. Patients in group A beat the group average in both 
instances. The blinded study indicated that these patients did have 
a preference, and because the patients correctly identified the 
control pulses, this preference appears to be valid. One patient pre
ferred CC, while two patients preferred CV (Table 4). 

Patients in group B failed the second criteria and performed 
below the group average in identifying the control"same" pulses. In 
general, these patients tended to identify control pulses as "differ
ent:• group C patients, in contrast, correctly identified "same" pulses 
(above the group average), but failed the criteria requiring a 
number of "different" pulses to be correctly identified. These 
patients would tend to identify different pulses as "same.• Finally, 
patients in group D failed both criteria and fell below the group 
average in identifying any pulses correctly. 

Classification 2 
As a secondary analysis, classification was also performed using SO% 
correct as the cut-off, meaning that patients must have at least 5/10 
correct responses in both the "same" and "different" trials (Fig.4). 
Using these classification parameters, only one more patient fell 
into group A (patient #2). Of the four patients in group A, two 
patients preferred CV and two preferred CC. Classifying patients in 
this manner placed seven patients in group B. These patients cor
rectly identified at least 5/10 "different" pulses, but correctly identi
fied less than 5/10 "same" pulses. Thus, a majority of pulse pairs were 
described as "different" by group B patients. 

Initial vs. blinded preference 
Finally, we looked back at those patients who initially indicated a 
preference for one type of stimulation after toggling between the 
two modes (Table 2). If the patient initially sensed a distinct differ
ence between voltage- and current-controlled stimulation, it was 
expected that the patient would be able to pick out this preferred 
pulse type in the blinded study. However, this was not the case 
(Tables 2 and 5). One patient initially indicating a preference for 
voltage-controlled stimulation entirely switched preference to 
current-controlled stimulation (patient 1 0). Furthermore, this 
patient had difficulty correctly identifying "same" pulses and was 
classified into group B. Two patients with initial preferences 
for CC (patients 9 and 11 ) performed below the group 
average in identifying pulse pairs (group D). A fourth 
patient initially preferring CC actually chose more CV pulses 
(patient 5), but overall claimed that a majority of pulses felt "same" 
(group C). Only one patient with an initial preference for CC was 
able to consistently pick out CC as their preferred pulse type 
(patient 12). 

DISCUSSION 

This study began a preliminary investigation into the idea 
that the paresthesia generated by CV and CC stimulation may 
"feel" different to SCS patients, and therefore, patients may prefer 
one stimulation mode over the other. While the study was not 
powered to determine statistical preference, the general perfor
mance failure on control pulses and the inability to pick out a pre
ferred pulse questions the existence of stimulation mode 
preference and suggests that differences in the control of energy 
during CV or CC stimulation play a minor role in the adoption of 
SCS therapy. 

Only a few patients in this study (5/14), before being presented 
with blinded pulse choices, reported a preference. One patient pre
ferred CV stimulation, while four patients chose CC. If patients truly 
felt a difference in sensation, it was expected that they could deter
mine in a blinded test which pulses felt different and which they 
preferred. However, three of the four patients who initially preferred 
CC stimulation performed below the group average in distinguish· 
ing which pulse pairs were different. They could not consistently 
pick out the CC stimulation they reported to prefer. This suggests 
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Figure 4. Tree diagram dep1ct1ng categouzauon of patients based on performance relatrve to chance. Patients meeting the cmena are Indicated by the solid arrows. 
Patients failing to meet the cntena are IndiCated by the dashed arrows. Patients in group A performed at 50% correct or above rn correctly rdent1fyrng both 'same' 
and 'd1fferent' pulse compansons. Patients 1n group B failed the second cnterra and performed below 50% 1n rdentlfying the control'same' pJise compansons. Group 
C patients, in contrast, identrfied 'same' pulse trains above 50% correct, but failed the cmeria requiring a certain number of 'different' pulse trarns to be correctly 
identrfied Under this classrfication scheme, no patients fell 1nto group D. 

Table 5. Patient Preference is not Reliable Based on Blinded Testing. 

Pauent lnrlial preference Total parrs correctly 1dent1fied as 'drfferent' 01 preference CC preference Group 

5 (( 4 3 c 
9 (( 6 2 4 D 

10 cv 9 0 9 B 
11 (( 5 2 3 D 
12 (( 9 0 9 A 

Of the five patrents that rnrtlally 1nd1cated a preference for erther current or voltage, only one patient could consistently 1dent1fy the pulse they Indicated an rnrtial 
preference for 
CC constant current, CV, constant volta~e. 

that even if patients do perceive a difference between CV and CC 
stimulation, this difference is not robust enough for consistent iden
tification in a blinded test. 

The blinded pulse comparisons tested the patient's ability to cor
rectly determine when pulse pairs were the same (CC-CC and 
CV-CV), and when pulse pairs were different (CV-CC and CC-CV). The 
"same" comparisons were incorporated as a control. If patients 
claimed that these felt different, then it decreased their ranking 
when stating a preference for a "different" pulse. Overall, patients 
performed poorly, correctly identifying only 56% of "same" pulse 
pairs. Similarly, if CC and CV truly did feel different, then patients 
were expected to pick out the "different" pairs. Furthermore, if the 
patient truly did have a preference, then patients were expected to 
pick out their preferred pulse type. However, some patients picked 
few total pulses that felt "different." Other patients, when identifying 
pulses as different, chose a mix of CV and CC. Finally, some per
formed so poorly on the "control" pulses that it was impossible to 
interpret any preference during the different pulses. 

Two classification schemes were used to organize and assess 
patient preference. One was based on performance relative to the 
group average (Fig. 3); the other was based on performance relative 
to chance (Fig. 4). In both classification schemes, only a small 
number of patients (3/ 14 and 4/ 14, respectively) appear to have a 
reliable preference for a stimulation mode. To highlight those 
patients performing above the group average, the discussion is 
based upon the classification scheme used in Figure 3. 

Although this study cannot be generalized to the entire SCS 
population, it does challenge reports stating that most patients will 
show a preference for CC stimulation (22,23). First, when given iden-

tical pulse sequences in a blinded manner, patients in this study 
identified these pulses as "different" 44.3% of the time. Because 
patients have problems identifying back-to-back identical pulse 
pairs, it questions whether patients who experience CC and CV with 
any significant time delay between the two will be able to accurately 
compare the sensation delivered by each mode. Second, there were 
patients in this study who either did not detect a difference 
between CC and CV or who appeared to be guessing whether pulse 
sequences were identical or different. Finally, we only found a small 
number of patients (3114) who could consistently identify identical 
and different pulse pairs. These patients scored above the group 
averages in both categories and, thus, were given the most credibil
ity in terms of their preference. Their choices did not appear to be a 
random pick between CV and CC, but consistent choosing of a 
preferred pulse type. They could also, with some consistency, iden
tify "same• and "different" pulse pairs. Interestingly, two preferred 
more CV pulses, while one preferred more CC pulses. 

Studies that attempt to assess a d ifference in sensation between 
current- and voltage-controlled stimulation must control for the 
intensity of the stimulus being delivered. However, stimulation 
amplitude Is often not reported (24). In this study, amplitude was 
not pre-chosen; rather, the patients themselves provided feedback 
to indicate paresthesia intensity. When patients independently 
experienced voltage-controlled or current-controlled stimulation, 
the calculated charge per pulse at these levels was not different. 
Furthermore, when current and voltage was toggled and patients 
could directly compare the sensation, nearly identical amplitudes 
and subsequent charge were chosen. Thus, regardless of how 
stimulation was controlled, patients in this study could tell how 
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much energy input they needed to achieve a certain level of 
paresthesia. 

The ability to deliver the voltage-controlled and current
controlled pulses through the same equipment, without having to 
exchange devices, was important for two reasons. First, this elimi
nated any potential influence induced by differences in appearance 
or usability. Even small differences in an object's color, weight, and 
features have the potential to influence human preference. In this 
study, patients were not influenced by differences in the physical 
machinery delivering the stimulation. Second, voltage- and current
controlled stimulation were being delivered by a modified commer
cially available ENS. Comparisons were not being made against an 
"older" stimulator model that may function differently relative to 
more advanced versions. Parameters were held as constant as pos
sible to allow focus on the sensation generated from two different 
stimulation modes. 

The study is not without its caveats. No constraints were placed 
on lead number, placement, or electrode configuration therefore 
these parameters varied between patients. However, this is of 
minimal concern as all parameters were held constant within the 
patient as they experienced blinded CV and CC pulses. Other study 
designs requiring large numbers of participants could better 
address a true difference in perception between CV and CC For 
example, a "duo-trio" test would present one pulse type first and 
require the participant to next determine which in a subsequent 
pair was identical to the first. This type of design would entail a 
fairly quick comparison between the two samples being tested 
(i.e. a toggling feature), require a sizable number of patients, and 
only test whether a difference in sensation is detectable (not 
preference). 

Because the primary objective was to determine whether 
patients felt a difference between the two stimulation condit ons, 
the testing performed in this study did not allow for assessment of 
pain relief. The design allowed the patient to feel paresthesia for 
enough time (1 S sec) to make an assessment of sensation and 
compare with the second pulse in quick succession. A completely 
different study design would be needed to determine if one type 
of stimulation is better for long-term pain relief. No studies have 
assessed long-term outcomes (e.g. pain relief or quality of life) in 
commercially available CV devices compared with CC devices. For 
studies that have assessed short-term, day-long comparisons of CC 
and CV during the SCS trial period (22,23), arguments can be made 
that the patient report of pain relief is influenced by 
placebo effects and may not reflect long-term outcome. Patient 
expectation and placebo at trial may confound the results of 
studies assessing pain relief at trial. Because our study dealt only 
with the sensation of paresthesia generated by two different 
stimulation types, there is less concern that this data is influenced 
by placebo. 

The order of fiber recruitment within the dorsal columns is pre
dominantly related to ~ber diameter and distance from the cathode 
(2S). Modeling studies have demonstrated that it is unlikely that any 
structures apart from the dorsal roots and a thin outer layer of the 
dorsal columns are recruited with epidural stimulation (14). Thus, if 
both CV and CC activate large-diameter A~ fibers at paresthesia 
threshold and during comfortable paresthesia, it is unclear from a 
neuronal perspective why this activation should "feel" different. 
Even so, three patients in this study consistently picked out a pre
ferred pulse type. This suggests that the patients are experiencing a 
specific unique sensation in CV vs. CC mode. It is unclear how this 
perceptual experience corresponds to unique neuronal activation 
and a subsequent difference in paresthesia sensation leading to a 

preference for either CV or CC stimulation. It is still unknown at this 
time whether these perceptual differences influence long-term 
therapeutic outcome. 

CONCLUSIONS 

After categorizing patient performance in a blinded pulse
comparison task, few patients (3/14) showed a detectable and reli
able preference for a specific stimulation mode. However, analysis of 
this study is limited by the small sample size and thus prevents 
drawing concrete conclusions regarding patient preference. 

It is of note that patients determined their own paresthesia inten
sity levels in each stimulation mode and that the charge per pulse 
generated from the resulting amplitudes was not different. There
fore, regardless of how stimulation was being controlled by the 
device, patients in this study could tell how much energy input they 
needed to achieve a certain level of paresthesia. This suggests that 
similar neuronal populations are being activated in both modes. At 
the same time, the finding that three patients had reliable prefer
ence suggests that stimulation mode is somehow a factor in how 
these patients perceive stimulation. Thus, the way stimulation is 
controlled may be a factor for some patients undergoing SCS 
therapy. Differences in stimulation are likely not detected by the 
remainder of patients, and caution should be used when patients 
claim to have a preference after a single trial of CV and CC. Further
more, the general failure of patents to discriminate between pulse 
types suggests that differences in the control of energy during CV or 
CC stimulation play a minor role in the adaptation of SCS therapy. 
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COMMENTS 

The authors present an elegant 1nteresnng study. There are several 
factors that compromise the ability to draw meaningful conclusions 
from this work. 

1. The authors point out that this study was performed on patients 
during spinal cord stimulation tnals. One purported advantage of 
constant current (CC) is that it may better co1"lpensate for Imped
ance changes that occur as a result of epidural fibrosis. Unfortu
nately, the tnal 1s certamly not the time when the bulk of fibrosis 
occurs and this therefore limits one potential ability of CC to 
prcduce a patient preference. 

2. The device used to produce CC is an adaptation of a constant 
vol:age device and may not be programmed 1n the fashion that a 
true CC device 1s optimized. 

3. As Nlth many studies sponsored by med1cal device manufacturers 
that compare technologies among competitors, this study would 
be more convincing 1f performed by a variety of researchers with 
d1verse primary corporate relationships. 

It is useful not only to demonstrate a lack of perce1ved difference 
between CC and constant voltage but also to explore whether there 
was a d1fference 1n efficacy. If these data were collected, 1t certainly 
would be a contribution to our knowledge to compare CC and con
stant voltage in terms of efficacy, for example pain score changes or 
changes in quality of life. 
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