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Contact Heat Evoked Potentials in Normal Subjects

I-An Chen', Steven Wu Hung', Yu-Hsien Chen', Siew-Na Lim', Yu-Tai Tsai',
Cheng-Lun Hsiao’, Hsiang-Yao Hsieh', and Tony Wu'

Abstract- Laser-evoked potentials are widely used to investigate nociceptive pathways. The newly devel-
oped contact heat stimulator for evoking brain response has the advantages of obtaining reliable scalp
potentials and absence of cutaneous lesions. This study aimed to identify the most appropriate stimulation
site with consistent cortical responses, and to correlate several parameters of the contact heat evoked poten-
tials (CHEPs) with age, gender, and body height in normal subjects. CHEPs were recorded at Cz with a con-
tact heat stimulator (Medoc, Israel) in 35 normal controls. The subjects were asked to keep eyes open and
remain alert. The baseline temperature was 32 °C, and stimulation peak heat intensity of 51 °C was applied
to five body sites: bilateral forearm, right dorsum hand, right peroneal area, and right dorsum foot.
Reproducible CHEPs were recorded more frequently when stimulated at volar forearm (62.5%) than at the
lower limbs (around 40%). The first negative peak latency (N1) was 370.1£20.3 ms, first positive peak
latency (P1) was 502.4%33.0 ms, and peak to peak amplitude was 10.2 £4.9 uV with stimulation of the
forearm. Perceived pain intensity was not correlated with the presence or amplitude of CHEPs. No gender
or inter-side differences were observed for N1 latency and N1-P1 amplitude. Also, no correlation was noted
between N1 and age or body height. These results support future clinical access of CHEPs as a diagnostic

tool.
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INTRODUCTION

Evoked potentials to sensory or noxious thermal
stimulation of skin constitute part of peripheral nerve
and brain response to the stimulation of certain sensory
fibers, and thus may provide objective information of
the integrity of correlative sensory afferents. Laser-gen-
erated radiant heat pulse activation of Ad and C noci-

ceptors has been applied to investigate the physiology of
pain. Contact heat evoked potentials (CHEPs) have
recently been introduced to study nociceptive pathways
by using a contact thermode which may rapidly increase
skin temperature"™. The morphology of the main com-
ponents of CHEPs is similar to that of Laser-evoked
potentials (LEPs)”, and mapping of the scalp CHEPs

(1)

resembles the topography of LEPs".
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Compared with Laser-heat stimulation, CHEPs
offers the advantage of ease of obtaining reliable scalp
potential and absence of cutaneous lesions”. Recent
studies of CHEPs include 3D topographic brain mapping
in pain perception by using different paradigms of noci-
ceptive stimulation” and calculation of nerve conduction
velocity of A¢ afferents”. However, few studies have
examined a broad spectrum of parameters of CHEPs in
normal control subjects, which is important for clinical
application. The current CHEPs study thus aims to: (a)
discover an appropriate stimulation site with consistent
CHEPs responses in normal subjects; (b) correlate differ-
ent parameters of CHEPS to the variables of age, gender,
and body height.

SUBJECTS AND METHODS

Subjects

Sixteen right-handed healthy males (aged 18-32
years) and 19 right-handed healthy females (aged 23-44
years) participated in this study, conducted in Chang
Gung Memorial Hospital, Linkou, Taiwan. Each subject
signed a consent form after receiving a complete expla-
nation of the study design and goals.

Stimulator

The stimulator used was a CHEP stimulator (Medoc
Ltd, Ramat Yishai, Israel) with a thermode contacting a
cutaneous area of 572.5 mm’. The thermode comprised a
heating thermofoil (Minco Products, Inc., Minneapolis,
MN) covered with a 25 pm layer of thermoconductive
plastic (Kapton®, thermal conductivity at 23 °C of 0.1-
0.35 w/m/k). Two thermocouples were embedded 10pm
within this conductive coating, which contacted the skin
directly, enabling estimation of the skin temperature at
the thermode surface. The thermofoil permitted a heating
rate of up to 70 °C/s and the Peltier device permitted a
cooling rate of 40 °C/s. Cooling began immediately after
the target heat pulse temperature is achieved, and the tar-
get temperature was decided by the investigator using
software provided by the manufacturer.

Procedures
Subjects sat in an armchair in a quiet room with
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ambient temperature of ~22 °C. The subjects were asked
to keep their eyes open and remain alert throughout the
procedure. Heat stimuli were applied at peak intensity of
51 °C to five sites: right volar forearm, left volar fore-
arm, dorsum of the right hand, peroneal area of the right
leg, and dorsum of the right foot. The baseline tempera-
ture was 32°C for all stimuli. The average time from
onset of heat application to the peak temperature was
250+ 8 ms.

Each stimulus block comprised 20 constant-intensity
stimuli applied to the site at approximately five-second
intervals. The subjects should withdraw from the stimu-
lation if the stimulus became intolerable. The thermode
was moved slightly between stimuli to prevent sensitiza-
tion of the skin or receptor fatigue. Different body sites
were stimulated in a pseudorandom order. At least two
averages were obtained in each body site to ensure
reproducibility. CHEPs were defined as nonreproducible
if the stimulation did not produce a similar waveform
and matched peak wave latency in a session of stimuli.
The subjects were allowed a 3-5 min break following
each stimulation block.

The subjects rated their perception of each stimulus
3 seconds following its onset. The ratings used a 0-10
level numerical ranking scale, ranging from “no sensa-
tion” at O to “unbearable burning sensation” at 10. A
level of 4 indicated the threshold for a pinprick-like pain
sensation.

Recording of contact heat evoked potential

CHEPs were recorded from the Cz (vertex) position,
where the negative potential reached its maximal ampli-
tude as indicated by the previous reports of
Massimiliano Valeriani et al”. Linked earlobe electrodes
provided a reference, and the ground electrode was
placed on the forearm. The evoked potential was record-
ed with a band pass of 0.2 and 100 Hz and digitized at a
sampling rate of 100 KHz. The data were stored on disk
for off-line analysis (Nicolet Viking IV D system). Each
recording epoch initiated by a TTL pulse at the begin-
ning of the temperature increase was 500 ms before the
stimulus onset.

Peri-stimulus epochs contaminated by artifacts were
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excluded from signal averaging. The remaining sweeps
were averaged separately for the stimulation site. At
least two averages were obtained for each site to ensure
response reproducibility. The first negative peak latency
(N1), first positive peak latency (P1), and peak to peak
amplitude of the major negative and subsequent positive
peaks of the evoked potentials were identified.

Data analysis

The numbers and percentages of reproducible wave-
forms obtained in different stimulus sites were calculat-
ed. Independent-sample T test was applied to compare
pain intensity between subjects with and without repro-
ducible forearm wave, left and right forearm N1 latency,
P1 latency and peak to peak amplitude and right forearm
N1 latency, P1 latency and peak to peak amplitude in
different sexes. Pearson Correlation and Linear regres-
sion were used to analyze the correlation between fore-
arm peak to peak amplitude and pain intensity or age, as
well as between forearm N1 latency and age or body
height.

RESULT

Table 1 summarizes the percentage of reproducible

CHEPs for each stimulation site in this study, which con-
tain data from 16 male (mean age 27.0016.96 years)
and 19 female subjects (mean age 30.00£7.31 years).
Subjects are divided into two groups based on the pres-
ence of CHEPs. Table 2 lists the average intensity rat-
ings of pain (0-10 level numerical ranking scale) for dif-
ferent stimulation sites. No correlation exists between
perceived pain intensity and the presence of reproducible
CHEPs (P=0.618 on the right forearm; P=0.618 on the
left forearm; P=0.435 on the dorsum of the hand;
P=0.608 on the peroneal area; P=0.846 on the dorsum of
the foot).

Fig. 1 shows the evoked waveforms in one represen-
tative subject following stimulation of the right forearm,
dorsum of the hand, peroneal area of the leg, and dorsum
of the right foot. Ten female and ten male subjects
showed reproducible CHEPs to forearm stimulation on
each side. Table 3 summarizes subject demographic data
and peak latency of the first negative wave (N1 latency).
Table 4 lists the other parameters of CHEPs, including
N1 latency, first positive peak latency (P1 latency) and
N1-P1 peak to peak amplitude. No significant difference
exists for the N1 latency, P1 latency and N1-P1 peak to
peak amplitude to right and left forearm stimulation in

Table 1. Percentage of reproducible CHEPs with stimulation at different body sites

Stimulation site Number of cases

Number of reproducible

Percentage (%) of

CHEPs reproducible CHEPs

Female Male Female Male Female Male
R forearm 19 16 11 10 57.89 62.5
L forearm 19 16 11 10 57.89 62.5
Dorsum hand 19 16 8 10 421 62.5
Peroneal area 19 16 7 7 36.84 43.75
Dorsum foot 19 16 8 6 421 375
R: right; L: left
Table 2. Perceived pain intensity ratings and CHEP responses to contact heat stimulation at different body sites
Stimulation site Pain Intensity (SD) P value

Patient with reproducible Patient without reproducible
CHEP waveform CHEP waveform

Right forearm 6.0 (1.09) 6.2 (1.31) 0.618
Left forearm 6.0 (1.09) 6.2 (1.31) 0.618
Dorsum of hand 5.8 (1.38) 6.2 (1.25) 0.435
Peroneal area 6.0 (1.35) 5.7 (1.52) 0.608
Dorsum of foot 5.6 (1.42) 5.5 (1.39) 0.846
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Figure 1. Contact heat evoked potential in one representative
subject following 51 “C contact heat stimulation at dif-
ferent body sites: 1. right forearm; 2. right dorsum
hand; 3. right peroneal area; and 4. dorsum of the
foot.

the female subject group (P=0.793 for N1, P=0.092 for
P1, and P=0.154 for amplitude), male subject group
(P=0.862 for N1, P=0.456 for P1, and P= 0.343 for
amplitude), and entire study group (P=0.775 for N1,
P=0.134 for P1, and P=0.701 for amplitude). Moreover,
no significant difference existed between the male and
female subject groups for the forearm CHEPs parame-
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Figure 2. Correlation between pain intensity and N1-P1 peak to
peak amplitude following right forearm stimulation in
ten female and ten male subjects with reproducible
CHEPs to forearm stimulation on each side. The
regression line and correlation coefficient (r) are
shown. No correlation exists between pain intensity
and N1-P1 peak to peak amplitude in either female or
male subjects.

ters (P=0.222 for N1, P=0.160 for P1, and P=0.361 for
amplitude).

Fig. 2 shows the correlation between pain intensity
and N1-P1 peak to peak amplitude following right fore-
arm stimulation. No correlation exists between these
variables in the female (P=0.106, r=0.542), male
(P=0.307, r=0.360) and total subject (P=0.075, r=0.407)
groups. The correlation between N1 peak latency and
age or body height is shown in figs. 3 and 4. A signifi-
cant correlation exists between N1 latency and age in the
female subject group (P=0.034, r=0.670), but not in the
male (P=0.319, r=0.351) or total subject (P=0.288,
r=0.250) groups. No significant correlation exists
between N1 latency and body height in the female group
(P=0.447, r=0.272), the male group (P=0.941, r=0.027),
or the total subject group (P=0.178, r=0.313). No signifi-
cant correlation was observed between N1-P1 peak to
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Table 3. Demographic data and N1 latency of ten female and ten male subjects with reproducible CHEPs to forearm stimulation on each side

Subjects  Age (year) Body height N1 latency N1 latency N1 latency dorsum N1 latency peroneal N1 latency dorsum
(cm) R forearm (ms) L forearm (ms) hand (ms) area (ms) foot (ms)
1. Female
1 29 170 370 370 378 432 446
2 40 153 346 342 361 472 392
3 30 159 374 372 402 458 432
4 30 154 380 376 368 436 444
5 23 162 366 370 392 NA 464
6 24 160 370 360 380 412 NA
7 44 155 334 332 344 428 448
8 26 166 356 354 NA NA 458
9 24 164 380 376 NA 458 NA
10 40 152 368 374 NA NA NA
Average 31 159.5 364.4 362.6 375 442.3 440.6
SD 7.6 6 14.9 15.4 19.4 21 23.7
2. Male
11 18 173 330 338 346 356 348
12 24 171 382 378 370 430 416
13 31 173 390 388 396 NA 458
14 23 177 390 386 424 414 454
15 24 172 416 412 376 430 468
16 24 176 380 372 406 NA NA
17 29 168 384 374 396 394 NA
18 29 171 378 386 380 NA 414
19 21 172 350 350 380 386 NA
20 32 172 358 356 376 436 NA
Average 25.5 172.5 375.8 374.0 385.0 406.6 426.3
SD 4.6 25 241 215 215 29.3 445
R: right; L: left

peak amplitude and age in the female group (P=0.382,
r=0.311), the male group (P=0.321, r=0.350), or the total
subject group (P=0.573, r=0.134, fig. 5).

DISCUSSION

We recorded CHEPs from five stimulation sites on
the upper and lower limbs. A previous study of CHEPs
demonstrated that 51 °C stimulation produced painful
pinprick sensations over hairy skin and evoked a late
potential mediated by Ad afferents, with a mean negative
peak latency of 267 ms to forearm stimulation. Using a
similar stimulator (Medoc, Israel) but different stimula-
tion parameters, we had a longer N1 peak latency of
approximately 360 ms to forearm stimulation. Another
investigation using similar contact heat stimulator but

different thermode contact area of 3.14 cm’ yielded off-
set N1 peak latency around 550 ms, which presumably
was also related to Ad fiber activation”. We assumed
that the afferent fibers responsible for the generation of
CHEPs fall into the Ad category. Discrepancies of N1
peak latency among different studies may be related to
factors such as the location, temperature, duration, and

surface area of the stimuli®

. Current and previous
CHEPs studies demonstrated that N1 peak latency is
longer than the cortical response using CO:-laser stimu-
lator®. Adjustment of stimulation parameters was tried
in a pilot study in which stimulation with peak tempera-
ture of 51 °C and heating rate of 70 °C/s produced opti-
mal CHEP responses (data not shown). Consistent with
the LEP study of Truini”, we showed that neither the

latency nor the amplitude of CHEPs differ between
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Table 4. The N1 and P1 peak latencies and N1-P1 peak to peak amplitudes in subjects with CHEP response to forearm stimulation on each

side
Male Female Total
N Peak latency N Peak latency N Peak latency
mean £ SD (ms) mean £ SD (ms) mean £ SD (ms)
1. Peaks and stimulation sites
R forearm N1 10 375.8 = 24.1 10 364.4 = 14.8 20 370.1 = 20.3
R forearm P1 10 513.0 = 37.2 10 491.9 + 25.7 20 502.4 = 33.0
L forearm N1 10 374.0 £ 214 10 362.6 = 15.3 20 368.3 = 19.0
L forearm P1 10 500.8 = 34.2 10 472.8 + 22.0 20 486.8 = 31.5
Dorsum hand N1 10 385.0 + 21.5 7 375.0 = 19.3 17 380.8 = 20.6
Dorsum hand P1 10 511.6 = 49.2 7 517.4 = 33.8 17 514.0 = 42.4
Peroneal area N1 7 406.5 = 29.3 7 4422 + 20.9 14 424.4 = 30.7
Peroneal area P1 7 543.2 = 38.4 7 585.1 = 53.7 14 564.2 = 49.8
Dorsum foot N1 6 426,3 = 44.4 7 440.5 + 23.7 13 434.0 = 34.0
Dorsum foot P1 6 584.1 = 43.6 7 569.1 = 23.3 13 576.0 = 33.5
2. Stimulation sites
R forearm 10 92 +51 10 112 £ 47 20 102 = 49
L forearm 10 11.0 £ 3.0 10 8.3 £ 3.9 20 9.7 £ 3.7
Dorsum hand 10 10.0 £ 5.9 7 9.9 +42 17 10.0 = 5.1
Peroneal area 7 10.6 £ 6.6 7 8.0 47 14 93 57
Dorsum foot 6 10.9 =+ 9.8 7 6.9 £ 35 13 8.7+ 71
R: right; L: left; N: number; Amplitude: N1 to P1 peak to peak amplitude.
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Figure 3. Correlation between age and N1 latency following
right forearm stimulation in the same subject group
as Fig. 2. The regression line and correlation coeffi-
cient (r) are shown. Forearm N1 latency is correlated
with age in female but not in male subjects.

Body height (cm)

Figure 4. Correlation between body height and N1 latency fol-

lowing right forearm stimulation in the same subject
group as Fig. 2. The regression line and correlation
coefficient (r) are shown. No correlation exists
between body height and right forearm N1 latency in
either female or male subjects.
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Figure 5. Correlations between age and N1-P1 peak to peak
amplitude following right forearm stimulation in the
same subject group as Fig. 2. The regression line
and correlation coefficient (r) are shown. No correla-
tion exists between age and N1-P1 peak to peak
amplitude in either female or male subjects.

males and females®. In this study, we also found no sig-
nificant differences in N1 latency between right and left
forearm stimulation. The reproducible CHEPs were
recorded more often with volar forearm stimulation
(62.5%) than lower limb stimulation (around 40%),
which is consistent with the report of Yelena et al.””.
These findings indicate that the parameters of N1 latency
to volar forearm stimulation may be the more preferable
ones in terms of future clinical application.

Pain-evoked potentials may represent a quantitative
neurophysiological correlate of peripheral nociceptive
conduction and a psychological attribute of the stimulus
in central nociceptive pathways®'”. Considerable evi-
dence suggests that pain-evoked potentials may provide
an objective assessment of peripheral small fiber path-
ways, including: 1) the correlation between the per-
ceived pain intensity and the amplitude of the recorded
waves in previous studies”'", 2) the decrease in ampli-
tude of the evoked potential to analgesics"?, and 3) the
calculation of nerve conduction velocity to differentiate

the potentials medicated by Ad from those by C fibers®.
On the other hand, the LEPs (Laser Evoked Potentials)
were found to be influenced by the consciousness level,
and were closely related to the cognitive function of the
subject®. Zaslansky et al.” reported that the pain related
laser-evoked late potentials contained a clear non-modal-
ity-specific P300 component. The dipolar model of
CHEPs topography by Massimiliano et al.”’ demonstrat-
ed the activity of anterior cingulated gyrus, which is
linked to the pain-triggered attention mechanisms. The
temporal and spatial shift of cortical response to differ-
ent stimulation paradigms suggested that limbic affective
reaction and prefrontal cognitive preparation are respon-
sible for the integration of pain sensation'®. This study
showed no correlation between pain intensity and the
presence of N1 or N1-P1 peak to peak amplitude, sug-
gesting that pain-evoked potentials may have only indi-
rect relation to peripheral nociceptive conduction. Some
objects had longer N1 latency with forearm than with
hand stimulation (subjects 4, 12, 15, 18 in Table 3), and
longer N1 latency to simulation of the peroneal leg area
than of the dorsum foot (subjects 2, 3, 11, 12 in Table 3).
As far as future application of CHEPs in clinical neuro-
physiology is concerned, the results of this study indi-
cate that central integration plays an important role in
pain-evoked potentials.

A previous research on LEPs revealed that age is
related to decreased LEP amplitude but not to LEP laten-
cy®. In this study, the female subjects exhibited a bor-
derline significant decrease in right forearm N1 latency
with increasing age (P=0.034), but no correlation
between forearm N1-P1 peak to peak amplitude and age
was found. Future studies recruiting both younger and
older subjects may be needed to clarify the correlation of
CHEPs with age. Previous study of somatosensory
evoked potentials (SEPs) by transcutaneous electric
stimulation of the median and posterior tibial nerves
demonstrated a significant correlation between body
height and SEP latencies"”. The LEP study demonstrated
a strong correlation between body height and latency of
evoked cortical responses®. In this study, we did not find
any correlation between N1 latency and body height.
Although this study enrolled relatively few subjects, our
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findings suggest that pain-evoked potentials to heat stim-
ulation are more closely related to central nociceptive
processing than to peripheral sensory conduction.

No universally accepted, objective, quantifiable, and
physiological measure exists for pain and related symp-
toms™'*"”, Although the interpretation of pain-evoked
potentials remains unsettled, the results of this CHEPs
study in normal subjects may contribute to the under-
standing of the physiology of CHEPs and provide a
valuable reference for future clinical applications.
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