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Abstract

Laser evoked potentials (LEPs) are nociceptive-related brain responses to activation of cutaneous nociceptors by laser radiant heat stimuli.

We previously showed that LEP amplitude during the P2 period (,400 ms) was increased by rare noxious stimuli, inside and outside the

focus of spatial attention. It was postulated that this effect reflected a P3a response indexing an involuntary shift of attention. In the present

study, LEPs were recorded in a three-stimulus oddball paradigm, commonly used to evoke P3a (or novelty-P3). CO2 laser-induced noxious

stimuli were delivered on one hand (80%, frequent). Two series of rare stronger-intensity deviant stimuli were randomly intermixed: target

stimuli (10%) were delivered on the same hand while distractor stimuli (10%) were delivered on the other hand. Subjects were instructed to

count targets. During an additional session, strong stimuli were delivered alone on one hand without instruction (100%, no-task stimuli). All

stimulus types evoked a first positivity around 360 ms (P360). Targets and distractors elicited a late positive complex (LPC) around 465–

500 ms. Topography of LPC to distractors was central and significantly more anterior than that of LPC to targets. Distractor LPC corresponds

to P3a (or novelty-P3) indexing an involuntary orientation of attention toward an unexpected new/deviant event. It suggests that at least an

early part of the LEP positivity (P360) is independent of P3-activities.
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1. Introduction

Laser evoked potentials (LEPs) are brain electrical

responses to skin nociceptor activation by high power radi-

ant heat stimulators such as the CO2 laser (Mor and Carmon,

1975). This technique allows specific and selective activa-

tion of thermoreceptors and nociceptors related to Ad and C

fibers (see Bromm and Lorenz, 1998). Hence, LEPs are a

useful tool to study the temporal sequence of nociception-

related brain processes. LEPs elicited by Ad fibers are

composed of three main components: N1 and N2 form a

negative complex generated in bilateral second somatosen-

sory (SII)/insular areas, while P2 is mainly generated in the

anterior cingulate gyrus (ACG) (Bromm and Lorenz, 1998;

Lenz et al., 1998a,b; Frot et al., 1999). LEP amplitudes are

very sensitive to experimental conditions and cognitive

factors such attention (Beydoun et al., 1993; Zaslansky et

al., 1996; Garcı́a-Larrea et al., 1997; Yamasaki et al., 1999;

Friederich et al., 2001). For instance, in a selective attention

paradigm with two spatially defined channels (left and right

hands), we demonstrated that spatial attention modulated

N1 and N2 amplitudes, while amplitude in the P2 period

was increased both for attended rare targets relative to

attended frequent stimuli, and for unattended rare stimuli

relative to unattended frequent stimuli (P400 effect)

(Legrain et al., 2002). We postulated that this P400 effect

could be due to P3a-related processes.

P3a is an ERP subcomponent of the P3 complex, thought

to reflect an involuntary shift of attention towards an unex-

pected or potentially significant event (Squires et al., 1975;

Näätänen et al., 1982; Knight, 1996). P3a is elicited by
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sudden new or deviant auditory, visual or somatosensory

events in a stream of standard stimuli (see Escera et al.,

2000; Friedman et al., 2001), even when unattended

(Squires et al., 1975; Woods, 1992) or irrelevant for the

ongoing cognitive activity (Courchesne et al., 1975; Escera

et al., 1998; Schröger and Wolff, 1998). P3a was first

observed in an auditory oddball paradigm, and was evoked

by rare deviant stimuli embedded with the frequent ones,

even when subjects were distracted from the stimulus

sequence (Squires et al., 1975). P3a displayed a shorter

latency and a more anterior scalp topography than the parie-

tally distributed P3b in response to detected rare targets. A

similar ERP component was also evoked using a three-

stimulus oddball paradigm by non-instructed rare novel

stimuli intermixed with typical standard stimuli and deviant

targets (see Friedman et al., 2001). Novel stimuli are unex-

pected complex visual patterns or environmental noises

presented once or a few times1. These novel stimuli elicited

a fronto-central positivity, labeled novelty-P3, when they

were non-target and the subjects were detecting the rare

targets (Courchesne et al., 1975; Knight, 1984, 1996; Fried-

man et al., 1993). This novelty-P3 was also observed using

somatosensory stimuli (Yamaguchi and Knight, 1991a,b,

Knight, 1996). Although the novelty-P3 is evoked in quite

different conditions, there is evidence that P3a and novelty-

P3 consist of the same general processes (e.g. Simons et al.,

2001). In fact, novel stimuli (as well as targets) are able to

evoke both P3a and P3b (Squires et al., 1975; Knight, 1984;

Baudena et al., 1995; Friedman et al., 2001). Friedman et al.

(2001) proposed to restrict P3a to the frontal part of the

novelty-P3. It seems more adequate to define novelty-P3

as a P3 complex mainly composed of P3a (with no or little

contribution of P3b), evoked by novel stimuli, especially

when they are sudden, unexpected, task-irrelevant, and not

repeated too often (Friedman et al., 1993, 1998). Recently,

novelty-P3 was observed in three-stimulus oddball para-

digms containing no novel stimuli (Comerchero and Polich,

1998; Katayama and Polich, 1998). In these studies, three

kinds of ‘typical’ stimuli were used: frequent, rare target,

and rare non-target. Subjects responded to rare targets only.

When discrimination was difficult and non-targets were

largely deviant, non-target stimuli evoked a fronto-central

P3 with shorter latency than the parietal target P3

(Katayama and Polich, 1998). When discrimination was

easier, topography was not different between rare targets

and non-targets. In difficult discrimination tasks, the non-

target distinctiveness increased the P3 amplitude (Comerch-

ero and Polich, 1998), in accordance with previous studies

(Näätänen et al., 1982; Sams et al., 1985; Paavilainen et al.,

1989). Finally, Jeon and Polich (2001) showed that the non-

target P3 was less sensitive than the target P3 to the atten-

tional set, demonstrating the relationship between their non-

target P3 and the novelty-P3 (see Alho et al., 1998; Fried-

man et al., 1998). These results suggest that novelty per se is

not a sufficient factor for novelty-P3 elicitation, but that the

context within which it falls also determines attentional

switching (Schröger, 1997; Friedman et al., 2001).

If the laser-evoked P2 reflects a P3a, it would suggest that

electrophysiological brain responses to nociceptive stimuli

mainly reflect attentional processes. It has been reported that

attentional factors modulate pain perception (McCaul and

Haugtvedt, 1982; Spanos et al., 1984; Miron et al., 1989;

Janssen and Arntz, 1996; Janssen et al., 1998; Spence et al.,

2002). Moreover, authors pointed out that nociceptive

events automatically attract attention even when they are

irrelevant for current goals (Miron et al., 1989; Eccleston

and Crombez, 1999; Peyron et al., 1999; Dowman, 2001). If

true, such an attentional priority could be due to specific

connections between nociceptive and attentional neural

systems, and would be reflected in the LEPs, for instance,

by a strong elicitation of attentional orientation-related

potentials. On the other hand, the P400 effect could merely

result from a time-overlap between P2 and P3a generated in

different brain areas. The aim of the present study was to

analyze the relationship between P2 and P3a. More

precisely, we predicted that using an analogous version of

the three-stimulus oddball paradigm, task-irrelevant rare

stimuli should evoke either a P2 amplitude increase without

any P3b-like subsequent response, or an additional positiv-

ity with a more anterior scalp topography than the one

evoked by task-relevant rare targets.

2. Methods

2.1. Subjects

LEPs were recorded from 12 right-handed paid healthy

subjects (six men, six women, 24.7 ^ 2.3 years old) who

gave informed consent and were free of any neurological,

psychiatric and chronic pain disease.

2.2. Stimuli

Painful heat stimuli were delivered on the dorsum of the

hands by a CO2 laser (10.6 mm wavelength; 25 W maximum

output power). The infrared CO2 beam impact was visua-

lized by a coaxial He–Ne laser beam. Stimulus duration was

50 ms and surface area was 80 mm2. In order to minimize

habituation or nociceptor sensitization, the laser beam was

slightly moved between each stimulus. A remotely

controlled two-positions flat mirror operated beam shift

from one hand to the other. Two energy levels were used:

,525 and ,750 mJ, defining weak and strong stimuli,

respectively. Because of the thermal drift of the laser equip-

ment, the laser stimulus intensities were increased by 3.7%

at the end of the session. However, the difference between

strong and weak stimuli was kept constant between the

beginning and the end of the experiment (t ¼ 20:08,

P ¼ 0:935).
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2.3. Procedure

Subjects were seated on a chair in an air-conditioned

room (22–248C). Both hands were placed under the beam

impact areas on a table and were hidden from subject’s view

by a wooden board. Both hands were placed at the same

distance from the last mirror of the optical guidance system.

Earphones delivered background noise in order to avoid

acoustic clue. In order to familiarize the subjects with

laser stimulation, they were first exposed to a set of stimuli

of increasing intensity. A second set composed of six to ten

couples of the two experimental stimuli were presented

allowing the subjects to discriminate between both energy

levels. Both stimuli were perceived as pinprick. Subjects

were then submitted to ten blocks of 50 stimuli (3 s constant

interstimulus interval). During each block, stimuli were

delivered on one hand defined as the task hand. In five

blocks, the task hand was the right hand, and in the five

others it was the left hand. The order of the blocks was

randomly assigned. On the task hand, 40 weak stimuli

(80%, frequent stimuli) and five strong stimuli (10%,

targets) were delivered. Five other strong stimuli (10%,

distractors) were delivered on the other hand. Stimuli

order was pseudo-random with the restriction that targets

and distractors always followed a frequent stimulus.

Subjects were instructed to fix their gaze on a fixation

point, to pay attention to the task hand, to count the targets

(i.e. the stronger stimuli) and to report the number of

counted targets at the end of each block. Because the

distractor hand needed to be placed under the laser beam,

subjects were informed of the occasional appearance of

distractors. They were told that distractors would be

presented in order to increase task difficulty and were

encouraged to ignore them and to focus attention on the

task hand as much as possible.

After the ten experimental blocks, two blocks of 25 strong

stimuli (100%, no-task stimuli) were presented (3 s constant

ISI). During these two blocks, only one hand was stimulated

(alternatively right and left hand). Only the stimulated hand

was placed under the beam. No specific instructions were

given to the subjects.

2.4. Recording

LEPs were recorded using 19 Ag–AgCl electrodes placed

on the scalp according to the 10-20 International System:

Fp1, Fp2, F3, F4, F7, F8, C3, C4, T3, T4, P3, P4, T5, T6,

O1, O2, Fz, Cz, Pz referenced to linked earlobes. Impedance

was less than 5 kOhm. Ground was placed at the right wrist.

Vertical electrooculograph (EOG) was recorded from two

Ag–AgCl electrodes placed above and below the right eye.

Electroencephalograph (EEG) was recorded using a PL-

EEG device (Walter Graphtek, Germany; 167 cps sample

rate, 3 s time constant, gain of 1000, 0.06–75 Hz band filters

and 50 Hz notch filter). Data were processed off-line with

Scan 3.0 (Neuroscan, USA). EEG epochs (512 points, from

2500 to 2566 ms) were digitally filtered with a 0.1–20 Hz

band pass (48 dB/octave) and baseline corrected for the

2500–0 ms interval. EOG-contaminated epochs were

rejected by visual inspection. Two sets of averaged LEPs

were obtained. In the first set, epochs were averaged accord-

ing to the type of stimulus (target, distractor, no-task,

frequent), irrespective of the stimulated hand. In the second

set, because N1 and N2 showed asymmetric topography,

epochs were averaged according to the stimulus type and

location (right hand vs. left hand).

2.5. Data analysis

Performance assessment was based on percentage of

errors (absolute values of the difference between exact

amount of targets and subject’s estimations). Difference

between performance on right and left hands was analyzed

using the Wilcoxon test.

P2 was identified at Cz between 300 and 450 ms. Addi-

tional positive components following P2 were looked for at

Fz, Cz and Pz. N2 was defined as the negative component

preceding P2, and N1 as the negative component preceding

N2 at C3, C4, T3 and T4. Subtraction waves were

constructed by subtracting LEPs to no-task stimuli from

LEPs to target (target minus no-task) and distractor (distrac-

tor minus no-task) stimuli, respectively. This procedure was

intended to eliminate common parts of LEPs to targets and

distractors. Peaks of these subtraction waves were searched

in a period defined by the peak latency of the original wave-

forms ^75 ms.

For P2 and other positivities, statistical analyses were

made on the first set of averaged LEPs (stimulus type

only). Amplitudes and latencies were submitted to a two-

factor analysis of variance (ANOVA) with repeated

measures (stimulus type £ electrode) with Greenhouse–

Geisser correction of degrees of freedom and contrasts

analysis of means. Electrodes were Fz, Cz and Pz. Numbers

of stimulus types included in analyses were adapted to each

component identified. Because stimulus intensity modulates

LEP amplitudes (see Bromm and Lorenz, 1998), and as

frequent stimuli energy level was weaker, this type was

only included for latency and topographical analyses. Topo-

graphy of LEP voltage was assessed after normalization of

amplitude data. In each condition, each subject’s raw data

were divided by the squared root of the sum of the squared

mean amplitudes at each electrode. This analysis was

intended to circumvent the fundamental incompatibility

between the additive ANOVA model and the multiplicative

effect on evoked potential voltages produced by changes in

source strength (McCarthy and Wood, 1985). Amplitude

normalization operations were made each time the number

of electrodes or subjects included in the analysis changed.

For N1 and N2, analyses were made on the second set of

averaged LEPs (stimulus and location). C3, C4, T3 and T4

leads were used. Amplitudes and latencies were submitted

to a four-factor ANOVA with stimulus type (target, distrac-
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tor, no-task, frequent), stimulus location (right hand, left

hand), hemisphere site (right hemisphere, left hemisphere)

and electrode (centrolateral, temporal) as factors. Signifi-

cance level was set at P , 0:05.

3. Results

Mean responses (^SD) per block were 5.1 ^ 1.2 on the

right hand and 5.9 ^ 1.1 on the left hand. Percentages of

errors were 3.8 ^ 1.2% and 4.4 ^ 2.0%, respectively

(z ¼ 20:76, P ¼ 0:448).

Fig. 1 shows averaged LEPs obtained in two individuals

for each stimulus type. LEPs consisted of the classic nega-

tive–positive waveform, with 240 and 360 ms mean laten-

cies, respectively (N240 and P360). For target and distractor

stimuli, P360 was followed by a broad late positive complex

(LPC). Grand-average LEPs are depicted in Fig. 2A.

Although P360 was masked by the LPC of target and

distractor stimuli, it could clearly be seen at Fz. P360 was

not identified for distractor stimuli in one subject. LPC to

targets displayed a centro-parietal topography. Amplitude

of LPC to distractors was maximal at Cz. No negative

component prior to N240 could be consistently identified

across conditions and subjects. Fig. 3A displays dynamic

scalp topographical maps during the time range of P360

and LPC components. Positive activities displayed an initial

central distribution for each stimulus type. For targets,

maximal activities began to shift to a more posterior distri-

bution at around 450 ms. The subtraction waves (SW) are

presented in Fig. 2B. Target SW seemed more posteriorly

distributed than distractor SW (Fig. 3B) and was of longer

duration (Fig. 2B). Mean amplitudes (raw data and normal-

ized data) are depicted in Fig. 4.

3.1. P360, LPC and SW

Tables 1 and 2 show the two-factor (stimulus type £

electrode) ANOVA for P360, LPC and SW amplitudes

and latencies, respectively (first set of averaged LEPs).

P360 amplitude was affected by stimulus type. Its ampli-

tude was significantly larger for target compared to no-task

(F1;10 ¼ 8:63, P ¼ 0:009) but not to distractor stimuli

(F1;10 ¼ 3:67, P ¼ 0:073). No significant difference was

noticed between distractor and no-task stimuli

(F1;10 ¼ 1:05, P ¼ 0:314). ANOVA also showed an elec-

trode main effect: P360 amplitude was larger at Cz than at

Fz (F1;10 ¼ 52:14, P . 0:001) and Pz (F1;10 ¼ 18:97,

P ¼ 0:001). It was larger at Pz compared to Fz

(F1;10 ¼ 8:21, P ¼ 0:014) (Fig. 4). This was confirmed by

normalized amplitude analyses (electrode main effect:

F2;17 ¼ 26:37, P , 0:001; all contrasts P , 0:004). No

significant main effect and interaction was found on P360

latencies.

Comparison of LPC to target and distractor stimuli

revealed only a significant main effect of electrode suggest-

ing lower amplitude at Fz as compared to Cz (F1;11 ¼ 41:59,

P , 0:001) and Pz (F1;11 ¼ 25:53, P , 0:001). Analyses on

V. Legrain et al. / Pain 103 (2003) 237–248240
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normalized amplitudes confirmed lower LPC amplitude at

Fz (electrode main effect: F2;22 ¼ 23:28, all contrasts

P , 0:001). When normalization was operated only from

Cz and Pz leads, ANOVA revealed a significant interaction

between stimulus type and electrode (F1;11 ¼ 14:45,

P ¼ 0:003) and no significant electrode main effect

(F1;11 ¼ 2:17, P ¼ 0:169): target LPC was not different

between Cz and Pz (F1;11 ¼ 0:10, P ¼ 0:756), while distrac-

tor LPC was larger at Cz than at Pz (F1;11 ¼ 31:18,

P , 0:001). No significant result was found on LPC laten-

cies.

ANOVA of the subtraction waves showed significant

electrode effect and no significant main effect of stimulus

type. Interaction between these factors was highly signifi-

V. Legrain et al. / Pain 103 (2003) 237–248 241

Fig. 2. (A) Grand-average LEPs for target (blue), distractor (red), no-task (green), and frequent stimuli (black). (B) Subtraction waves resulting from the

subtraction of the LEPs of no-task stimuli from those of target (blue) and distractor (red) stimuli, respectively.



cant: target SW was larger at Pz than at Cz (F1;11 ¼ 11:26,

P ¼ 0:003) and Fz (F1;11 ¼ 29:82, P , 0:001), while

distractor SW was larger at Cz than at Pz (F1;11 ¼ 13:17,

P ¼ 0:002) and Fz (F1;11 ¼ 9:68, P ¼ 0:005) and not signif-

icantly different between Pz and Fz (F1;11 ¼ 0:27,

P ¼ 0:610). At Cz, SW amplitude was greater for distractor

than for target stimuli (F1;11 ¼ 7:61, P ¼ 0:011), while the

reverse was observed at Pz (F1;11 ¼ 17:85, P , 0:001).

Amplitude at Fz was not different between both SW

(F1;11 ¼ 3:07, P ¼ 0:094). With a significant interaction

between stimulus type and electrode (F2;22 ¼ 14:26,

P , 0:001), analyses on normalized SW amplitudes

confirmed the parietal topography of target SW

(F1;11 ¼ 11:27, P ¼ 0:003) and the central topography of

distractor SW (F1;11 ¼ 13:17, P ¼ 0:002) (Fig. 4). Normal-

ized amplitudes were not different between Fz and Pz for

distractor (F1;11 ¼ 0:27, P ¼ 0:502), and lower at Fz for

target (F1;11 ¼ 29:85, P , 0:001). SW peak latencies were

significantly shorter for distractor than for target stimuli

(F1;11 ¼ 19:96, P ¼ 0:004).

In order to assess eventual scalp topography asymmetry

of the LEP positivities, peak amplitudes were also measured

on the second set of averaged LEPs. Analyses of normalized

P360 and LPC amplitudes revealed no significant location £

hemisphere interaction (F1;10 ¼ 2:12, P ¼ 0:176;

F1;11 ¼ 1:67, P ¼ 0:222), but a significant hemisphere

V. Legrain et al. / Pain 103 (2003) 237–248242

Fig. 3. (A) Dynamic topographical maps of LEP positivities between 340 and 580 ms for the three strong intensity stimulus types (top views). (B) Maps of the

subtraction waves during the same period. (C) Maps of N240 for the four stimulus types, voltage scales were adjusted for each type at ^2 mV of the maximum

values.



main effect (F1;10 ¼ 7:66, P ¼ 0:020; F1;11 ¼ 8:97,

P ¼ 0:012) explained by a right hemisphere dominance

independent of the stimulated hand.

3.2. N240

Analyses of N240 were made on the second set of aver-

aged LEPs. Stimulus type did not affect N240 amplitudes

(F2;18 ¼ 1:416, P ¼ 0:265). A significant location £

hemisphere interaction was observed ðF1;11 ¼ 46:84,

P , 0:001). This effect was explained by a topography

contralateral to the stimulated hand (Fig. 3C), independent

of stimulus type (stimulus type £ location £ hemisphere:

F2;19 ¼ 0:14, P ¼ 0:843). Contralateral topography was

confirmed by analysis of normalized amplitudes

(F1;11 ¼ 42:27, P , 0:001): N240 amplitudes were larger

on left hemisphere following right hand stimulation

(F1;11 ¼ 27:57, P , 0:001), and larger on right hemisphere

following left hand stimulation (F1;11 ¼ 15:56, P , 0:002),

even for distractors (all contrasts P , 0:006). No main

effect of stimulus type was found on N240 latency

(F2;26 ¼ 0:01, P ¼ 0:994). The location £ hemisphere inter-

action was significant (F1;11 ¼ 8:41, P ¼ 0:014): N240

latencies were shorter on left hemisphere after right hand

stimuli, and shorter on right hemisphere after left hand

stimuli.

V. Legrain et al. / Pain 103 (2003) 237–248 243

Fig. 4. (A) Mean raw data amplitudes (in microvolts) for P360 (left), LPC (middle), and SW (right) components. (B) Mean normalized amplitudes.

Table 1

ANOVA for LEP amplitudes

P360a,b LPCc,d SWd,e

df F P df F P df F P

Stimulus type 2,19 4.45 0.027 1,11 1.29 0.280 1,11 0.01 0.944

Electrode 2,17 26.44 0.000 2,22 29.03 0.000 2,22 9.79 0.038

Type £ electrode 4,26 1.77 0.183 2,22 2.67 0.092 2,22 14.26 0.000

a Three stimulus types (target, distractor, no-task).
b n ¼ 11.
c Two stimulus types (target, distractor).
d n ¼ 12.
e Two stimulus types (target minus no-task, distractor minus no-task).



4. Discussion

Using a three-stimulus oddball paradigm with laser-

induced noxious stimuli, all stimulus types evoked N240

and P360. Additionally, P360 was followed by a broad

LPC for target and distractor stimuli. Distractor LPC was

more anteriorly distributed than target LPC. This was

confirmed by subtracting no-task stimuli from target and

distractor waveforms: distractor SW was centrally distribu-

ted and slightly shorter in latency than parietally distributed

target SW.

4.1. Centroparietal late positive complex for targets

Rare targets elicited a centroparietal late positive

complex peaking around 480–500 ms. In all subjects, this

LPC could be distinguished from the preceding central posi-

tivity (P360). These results further confirm previous reports

showing that rare to-be-detected noxious laser stimuli evoke

an additional P3b-like component following P2, but with

various latencies (Towell and Boyd, 1993; Kanda et al.,

1996; Siedenberg and Treede, 1996; Plaghki, 1997; Legrain

et al., 2002). The present P3b component displayed a centro-

parietal rather than a parietal distribution. Siedenberg and

Treede (1996) also found a centroparietal positivity in

response to laser targets. It was parietally distributed after

subtracting LEPs to frequent stimuli. We observed similar

shift of topography after subtracting no-task from target

waveforms (target SW). P3b is composed of several

subcomponents, each of them being sensitive to specific

aspects of the task (e.g. Christensen et al., 2001). Differ-

ences in latencies and topographies could thus be attributed

to variations across studies in task conditions (probability,

difficulty, ISI, etc.). Another explanation could be the short-

ening of the P3b latency (,500 ms in the present study vs.

,600 ms in the previous one) leading to a greater overlap

with earlier more centrally distributed activities.

4.2. Central late positive complex for distractors

Rare task-irrelevant distractor stimuli also evoked a late

positive complex. It could be distinguished from P360 in 11

subjects. This LPC was quite different from the LPC elicited

by rare targets. Topography of distractor LPC was central

and more anterior than that of target LPC. This was

confirmed by distractor SW which was larger at Cz and

smaller at Pz than target SW. Latency of distractor SW

appeared slightly shorter than that of target SW. These

results give strong support for similarity between distractor

LPC and novelty-P3 evoked by rare (not novel) non-target

visual, auditory or innocuous somatosensory stimuli (Yama-

guchi and Knight, 1991a,b; Comerchero and Polich, 1998;

Katayama and Polich, 1998). Zaslansky et al. (1996) found a

larger laser-evoked positivity for rare non-target stimuli

than for frequent target and non-target stimuli, and Bruyant

et al. (1993) had shown a P3a for somatosensory rare stimuli

when frequent stimuli were targets. Dowman (2001)

recorded somatosensory evoked potentials (SEPs) in

response to painful electrical sural nerve stimulations, that

were preceded by a cue informing that either the electrical

stimulus (valid cue, 80% of the trials) or a visual stimulus

(invalid cue, 20%) would follow. SEP amplitudes between

280 and 360 ms were larger after rare invalidly than after

frequent validly cued painful stimuli, whereas subjective

pain ratings were lower in the invalid cue condition.

Distractor LPC was not as much anterior as novelty-P3 or

P3a in the original studies conducted with other sensory

modalities (Courchesne et al., 1975; Squires et al., 1975)

and we did not observe significant difference between

distractors and targets at frontal electrode. However, some

studies suggested that novelty-P3 (or P3a) is more posterior

when evoked by somatosensory than visual or auditory

stimuli (Yamaguchi and Knight, 1991b; Bruyant et al.,

1993). Furthermore, several studies observed posterior

novelty-P3 due to rapid amplitude reduction at frontal

leads with stimulus repetition (Friedman et al., 1993, 1998).

In our previous study, the greater amplitude for rare stimuli

was found between 350 and 450 ms and only one peak was

identified (P400 effect) (Legrain et al., 2002), whereas two

different responses were identified for distractors (P360 and

LPC). It could be that the previous P400 effect probably

reflected two different overlapped central responses, a genu-

ine P2 and a P3a. LEP positivities may have been smoothed

by combining LEPs to weak (,550 mJ) and strong

(,750 mJ) stimuli in the same average.
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Table 2

ANOVA for LEP latencies

P360a,b LPCc,d SWd,e

df F P df F P df F P

Stimulus type 2,21 1.27 0.304 1,11 2.35 0.154 1,11 19.96 0.004

Electrode 2,16 9.02 0.086 2,22 1.48 0.249 1,15 3.57 0.068

Type £ electrode 6,36 0.98 0.445 2,22 0.29 0.752 2,17 0.20 0.769

a Four stimulus types (target, distractor, no-task, frequent).
b n ¼ 11.
c Two stimulus types (target, distactor).
d n ¼ 12.
e Two stimulus types (target minus no-task, distractor minus no-task).



The novelty-P3 reflects a complex P3 response mainly

composed of P3a indexing an involuntary shift of attention

(Squires et al., 1975; Näätänen et al., 1982; Knight, 1984;

Escera et al., 2000; Friedman et al., 2001). P3a was postu-

lated to be a neurophysiological correlate, or at least one of

the steps, of the Orientation Response (see Öhman et al.,

2000). Novelty-P3/P3a amplitude is larger for more unfa-

miliar (i.e. more novel) (Mecklinger et al., 1997; Opitz et

al., 1999; Daffner et al., 2000), more deviant (Näätänen et

al., 1982; Sams et al., 1985; Paavilainen et al., 1989; Schrö-

ger, 1996; Yago et al., 2001), more salient (Yamaguchi and

Knight, 1991b; Woods, 1992), and more interfering stimuli

(Schröger, 1996; Schröger and Wolff, 1998). Task-irrele-

vant novel/deviant stimuli disrupt cognitive activities and

increase distractibility (Woods, 1992; Schröger, 1996;

Escera et al., 1998; Schröger and Wolff, 1998). Although

P3a could be evoked when attention was withdrawn and

focused on another task (the primary task) (Squires et al.,

1975; Sams et al., 1985; Paavilainen et al., 1989; Friedman

et al., 1998), P3a amplitude decreased (Harmony et al.,

2000), or even disappeared (Duncan and Kaye, 1987)

when the primary task was very demanding, indicating

that when attention is engaged towards a difficult task,

less resources can be allocated to orienting to novel/deviant

events (see Siddle, 1991). P3a is strongly suggested to be

generated in frontal areas (dorsolateral, orbitofrontal, and

anterior cingulate areas) (Knight, 1984, 1997; Alain et al.,

1989; Yamaguchi and Knight, 1991a; Baudena et al., 1995)

involved in monitoring the processing of incoming inputs

according to current goals and past experiences (Knight and

Grabowecky, 1993). Involvement of other areas was also

proposed (Alain et al., 1989; Knight et al., 1989; Yamaguchi

et al., 1991a; 1992; Halgren et al., 1995a,b; Knight, 1996,

1997; Alho et al., 1998; Opitz et al., 1999). Several of these

structures, such as prefrontal, inferior parietal and hippo-

campal areas, are integrated in a large-scale distributed

network involved in directing and maintaining attention

(Mesulam, 1990).

If distractor LPC underlies a novelty-P3 or P3a, it can be

concluded that laser-induced rare noxious stimuli can trig-

ger attentional switching even when they are irrelevant for

the ongoing activity, as demonstrated in the present study,

or when spatial attention was initially directed to another

body part, as shown previously (Legrain et al., 2002). In the

latter situation, such an effect would reflect a re-allocation

of attention to unattended rare noxious events that were

firstly gated out as indexed by selective attention effect in

the N1–N2 period. Although these results give evidence for

the existence of attentional mechanisms, similar to those

found in other sensory modalities, one may ask whether

such attentional switching may be triggered by noxious

inputs in a specific way. Indeed, in the previous study, the

P400 effect was observed for rare (not novel) stimuli inside

and outside the focus of spatial attention. To our knowledge,

P3a was not observed in response to unattended rare stimuli

in selective spatial attention paradigms such as in dichotic

listening (e.g. Paavilainen et al., 1993; Alho et al., 1994;

Alain and Woods, 1997). Woods (1992) observed that

middle-aged subjects did not evidence P3a for deviant

stimuli delivered to the unattended ear, but well for unat-

tended novel stimuli (complex sounds or noises). Similar

results were found in three-stimulus oddball studies in

ignored conditions (Alho et al., 1998; Friedman et al.,

1998). It could be suggested that noxious stimuli are more

obtrusive and attention-catching – as did novels – than in

other sensory modalities. A model for auditory perception

proposed that attentional switching is triggered by signals

from transient-detector (N1s) and change-detector (MMNs)

systems (Näätänen, 1990; Schröger, 1997). However

outputs from those systems are not sufficient to elicit atten-

tional switching. Orientation to novel/deviant events would

be triggered if some variable threshold is exceeded. This

threshold depends on both internal and external factors. It

can be modulated by the workload of actual activities, i.e.

demands of the primary task (Näätänen et al., 1982; Woods,

1992; Siddle, 1991; Harmony et al., 2000). On the other

hand, very large deviant, unfamiliar novel or highly signifi-

cant stimuli are sufficiently salient to surpass the threshold

(Courchesne et al., 1975; Näätänen et al., 1982; Sams et al.,

1985; Daffner et al., 2000). Attentional switch triggered by

noxious stimuli could be due to physical properties of the

stimulus such as high intensity, novelty or abrupt onset.

Conversely, it can be asked whether it could result from

properties of the nociceptive neural system itself. Implicitly,

it can be accepted that, given their high relevance for daily

living in terms of survival value, noxious inputs need some

processing priority in order to rapidly process and respond

to a potential source of danger. Attentional priority for pain

was hypothesized by behavioral studies that reported inter-

ference in primary task when painful stimuli were presented

simultaneously (Crombez et al., 1996, 1997; Arntz and

Hopmans, 1998; Eccleston and Crombez, 1999). However,

up to now, this hypothesis is not supported by decisive

evidence. Bushnell et al. (1985) showed that reaction time

to painful thermal stimuli received more benefit from visual

spatial cue than non-painful stimuli. Miron et al. (1989)

observed that when subjects could not predict the forthcom-

ing of either a visual or a painful stimuli, they preferentially

attended to painful stimuli. Thus, it is suggested that P3a-

like effects on LEPs could be a neurophysiological basis of

the attentional priority for pain. Maybe elicitation-threshold

of P3a could be more easily reached with nociceptive

stimuli, P3a could be evoked in conditions where it would

not appear with visual, auditory or somatosensory stimuli.

Peyron et al. (1999) observed increased rCBF in the mid-

part of ACG during thermal painful stimulation when atten-

tion was directed on an auditory task. A recent fMRI study

showed reduction of activity in that region when primary

task demand was increased (Bantick et al., 2002). Part of the

hemodynamic responses observed in neuroimaging studies

could be due to attention allocation (or re-allocation) to

noxious events (Peyron et al., 2000).
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4.3. Common positivity to all stimulus types (P360)

Comparison of LEP waveforms elicited by frequent and

no-task stimuli to those elicited by targets and distractors

suggests that at least the initial part of the LEP positivity, i.e.

P360, is independent of P3b- and P3a-type components, and

reflects a genuine P2 (Bromm and Lorenz, 1998). However,

P360 amplitude was larger for targets than for no-task

stimuli. The difference between distractors and no-task

stimuli was not significant. Energy levels were the same

for the three stimulus types. This difference needs careful

interpretation because, even if no-task LEPs were recorded

without any instruction, this condition did not reflect a

neutral situation. The no-task stimuli were initially intro-

duced in order to control LEP waveform and topography.

The larger P360 amplitude for targets could result from the

fact that subjects were instructed to focus attention on the

task hand (Beydoun et al., 1993; Zaslansky et al., 1996;

Garcı́a-Larrea et al., 1997; Yamasaki et al., 1999), while

they were discouraged to pay attention to distractors and

had not been given instruction for no-task stimuli. But as

already mentioned, no-task stimuli were certainly not disre-

garded by the subjects, and there was no difference as

compared to distractor. The most probable explanation is

the shorter time interval between successive no-task stimuli

(3 s), as target and distractor stimuli were separated from

each other by at least one weak stimulus. It is thus possible

that amplitudes of no-task LEPs habituated faster. Dowman

(1996) observed amplitude decrease with ISI decrease on

the sural nerve-evoked potentials corresponding to the laser

P2. The significant difference between target and no-task

conditions could result from a combination of an ISI effect

and an effect of increased focusing attention on the task

hand than on the hand where distractors were applied.

4.4. Contralateral topography for N240

According to latency and waveform, present N240 seems

to correspond to N2. N240 was not affected by stimulus

type, but contralateral topography was observed for all

stimulus types, as in our previous study (Legrain et al.,

2002). LEP negativities probably originate from bilateral

SII/insula generators (Lenz et al., 1998a; Frot et al.,

1999). As previous studies showed central symmetric distri-

bution for N2, probably resulting from equivalent activation

of contra- and ipsilateral generators (Treede et al., 1988;

Kunde and Treede, 1993; Miyazaki et al., 1994; Spiegel et

al., 1996; Valeriani et al., 2000), we suggest that under some

circumstances, the contralateral generators are more acti-

vated than the ipsilateral ones, leading to a topographical

shift to contralateral areas. This can not result only from

spatial attention effects, nor from random stimulation of

two hemibodies (see Legrain et al., 2002). Contralaterally

distributed N2 could result from the faster rates of stimula-

tion. While previous studies used ISIs often longer than 5 s,

we used a constant 3 s ISI. Dowman (1996) showed ampli-

tude decrease of the sural nerve-evoked potentials when

shortening the ISI, but no substantial topographical changes

for components similar to laser-evoked negativities.

5. Conclusion

Various attentional operations can modulate nociceptive

processing at different times, and pain perception probably

depends on a balance between those modulations. In the

present study, it was showed that infrequent task-irrelevant

noxious stimuli could trigger an involuntary shift of atten-

tion reflected by novelty-P3 or P3a. These responses were

found distinguishable from an earlier LEP activity (P360).

These components could be the neurophysiological basis of

the attentional priority for pain hypothesis: such a priority

could be due to lower threshold in triggering attentional

orientation for nociception than for other sensory modal-

ities. Studying conditions of elicitation of attentional orien-

tation or re-orientation with noxious stimuli could

contribute to a better understanding of how nociceptive

events attract attention and are processed as conscious

pain perception.
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A. Intracerebral potentials to rare target and distractor auditory and

visual stimuli. Electroenceph clin Neurophysiol 1995a;94:191–220.

Halgren E, Baudena P, Clarke JM, Heit G, Marinkovic K, Devaux B,

Vignal JP, Biraben A. Intracerebral potentials to rare target and distrac-

tor auditory and visual stimuli. Electroenceph clin Neurophysiol

1995b;94:229–250.

Harmony T, Bernal J, Fernández T, Silva-Pereyra J, Fernández-Bouzas A,

Marosi E, Rodrı́guez M, Reyes A. Primary task demands modulate P3a

amplitude. Cogn Brain Res 2000;9:53–60.

Janssen SA, Arntz A. Anxiety and pain: attentional and endorphinergic

influences. Pain 1996;66:145–150.

Janssen SA, Arntz A, Bouts S. Anxiety and pain: epinephrin-induced hyper-

algesia and attentional influences. Pain 1998;76:309–316.

Jeon YW, Polich J. P3a from a passive visual stimulus task. Clin Neuro-

physiol 2001;112:2202–2208.

Kanda M, Fujiwara N, Xu X, Shindo K, Nagamine T, Ikeda A, Shibasaki H.

Pain-related and cognitive components of somatosensory evoked poten-

tials following CO2 laser stimulation in man. Electroenceph clin Neuro-

physiol 1996;100:105–114.

Katayama J, Polich J. Stimulus context determines P3a and P3b. Psycho-

physiology 1998;35:23–33.

Knight RT. Decreased response to novel stimuli after prefrontal lesions in

man. Electroenceph clin Neurophysiol 1984;59:9–20.

Knight RT. Contribution of human hippocampal region to novelty detec-

tion. Nature 1996;383:256–259.

Knight RT. Distributed cortical network for visual attention. J Cogn

Neurosci 1997;9:75–91.

Knight RT, Grabowecky M. Escape from linear time: prefrontal cortex and

conscious experience. In: Gazzaniga MS, editor. The cognitive neuros-

ciences, Cambridge MA: MIT Press, 1993. pp. 1357–1371.

Knight RT, Scabini D, Woods DL, Clayworth CC. Contributions of

temporal–parietal junction to the human auditory P3. Brain Res

1989;502:109–116.

Kunde V, Treede RD. Topography of middle-latency somatosensory

evoked potentials following painful laser stimuli and non-painful elec-

trical stimuli. Electroenceph clin Neurophysiol 1993;88:280–289.
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Näätänen R. The role of attention in auditory information processing as

revealed by event-related potentials and other brain measures of cogni-

tive function. Behav Brain Sci 1990;13:201–288.
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