
Abstract Event-related potentials (ERPs) to olfactory
and trigeminal stimuli have been used commonly to eval-
uate chemosensory dysfunction. The aim of the present
study was to investigate how ERPs could be modified by
repetitive stimulations of the intranasal trigeminal nerve
using 52% v/v CO2 stimuli for 200 ms periods. Nine sub-
jects were exposed to 6 sessions each during which trains
of 16 stimuli were applied. The interval between stimuli
was constant for each experiment, but varied between ex-
periments (10, 20, 30, 40, 60, and 90 s). Trigeminal ERPs
were obtained from three positions on the skull. Both in-
tensity ratings and ERP amplitudes decreased as the inter-
stimulus interval (ISI) shortened. Specifically, ratings and
response amplitudes were most strongly reduced by ap-
proximately 30–50% at the shortest ISI used (10 s) and
were largest at an ISI of 90 s. The decrease of amplitudes
was strongest for the P46 amplitude. Our findings suggest
that this may be the result of both habituation and stimu-
lus predictability. We hypothesize that the ISI dependence
of chemosensory ERPs may also be a function of an inter-
action between Adelta and C fibers.
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Introduction

During the past 30 years event-related potentials (ERPs)
to olfactory and trigeminal stimuli have used in increasing
frequency for the evaluation of chemosensory dysfunc-
tion, as for example for the evaluation of medicolegal

cases. Although the recording of these responses is based
on the averaging of reactions to repeated stimuli [8], sur-
prisingly few data are available on the behavior of re-
sponses when different interstimulus intervals (ISIs) are
used. Kobal [24] addressed this question in a study of 
16 subjects, investigating ISIs of 12, 22, 32, 42, and 52 s.
Eucalyptol was used as a stimulant that produces both ol-
factory and trigeminally mediated sensations. In essence,
Kobal found no major differences between ERP ampli-
tudes for ISIs longer than 32 s. In contrast, amplitudes de-
creased at shorter ISIs. This was most pronounced for an
ISI of 12 s. Peak latencies did not exhibit major changes
in relation to the ISI. However, the results of this study
were compromised by the fact that the different ISIs were
not investigated in separate sessions. All of them were
tried in two experiments that probably led to carry-over of
desensitizing effects [27] and a consequent decrease in
vigilance and attention, which are determining factors of
ERPs [12, 35]. Based on these observations, most subse-
quent investigations of chemosensory ERPs used ISIs
longer than 30 s [16, 17, 19, 28, 33]. Considering that
20–30 averages are necessary for one chemosensory ERP,
this approach requires a significant amount of time to ob-
tain an evoked response. In turn, decreased vigilance can
occur that may (1) significantly alter EEG background ac-
tivity and (2) exhibit an influence on various components
of the ERP [10, 34]. The impact of these factors could be
reduced by the shortening of the ISI between stimuli.

The aim of the present study was to test how ERP and
intensity ratings in response to trigeminal stimulation
could be modified when stimuli are presented at different
ISIs. Carbon dioxide (CO2) was used since it is commonly
recognized to be a natural stimulant of trigeminal
chemoreceptors in the nasal mucosa. Its nociceptive
specificity has been shown in a number of studies [43, 44,
47, 48]. In addition, sources of ERPs elicited by CO2 have
been localized in the secondary somatosensory cortex [20,
23], which can be assumed to be a primary cortical pro-
jection area for nociceptive afferents [5].
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Materials and methods

Nine healthy volunteers (4 female, 5 male, mean age 28.2 years)
participated in the study after giving written informed consent. The
study was conducted according to the declaration of Helsinki on
biomedical research involving human subjects (Hong Kong amend-
ment 1989).

After participation in a training session, each subject under-
went six test sessions at the same time of day. During each exper-
iment, 16 stimuli of the same intensity were applied intranasally
via 8-cm-long Teflon tubing, using 52% v/v CO2. The total air
flow was 145 ml/s at 80% relative humidity and 36°C. The inner
diameter of the tubing at outlet was 2.4 mm. The interstimulus in-
tervals were 10, 20, 30, 40, 60, or 90 s; these conditions were ran-
domized across subjects. CO2 stimuli of 200 ms duration were de-
livered to the left nostril as previously described [25]. Subjects
were seated comfortably in an electrically shielded chamber with
good air circulation. White noise at approximately 70 dB HL using
an evoked auditory response stimulator (Tönnies, Germany) pre-
vented subjects from hearing the switching process. To avoid res-
piratory flow of air into the nose, subjects were trained to practice
velopharyngeal closure [26, 36].

EEG was recorded from three positions of the 10/20 system
(Fz, Cz, and Pz) referenced to A1+A2, using a Mingograf EEG 10
(Siemens, Germany). The bandpass was 0.2–70 Hz, and the sam-
pling frequency 250 Hz. EEG segments of 2048 ms included a 
50 ms pre-stimulus period. Possible blink artifacts were registered
from the Fp2 site. After A/D conversion, EEG segments were eval-
uated offline. Single responses contaminated by eye blinks larger
than 50 µV were discarded. Averaging of the responses yielded
late near-field event-related potentials. Peaks occurring at mean la-
tencies of 235, 302, 363 and 460 ms were termed P24, N30, P36, and
P46, respectively. The peak-to-peak amplitudes P24N30, N30P36, and
N30P46, the base-to-peak amplitudes P24, N30, P36, and P46, and the
peak latencies P24, N30, P36, and P46 were measured [3], as illus-
trated in Fig. 1.

After presentation of each stimulus, subjects rated perceived in-
tensity in relation to a standard stimulus (52% v/v CO2 at 200 ms du-
ration) presented at the beginning of each experiment. The intensity
of this standard was defined as 100 estimation units (EU). Intensity
ratings were made by means of a visual analogue scale displayed on
a computer monitor that could be manipulated by a joystick.

For statistical analyses, SPSS (Statistical Product & Software
Solutions) 6.1.3 for Windows was used. ERP data were submitted

to a two-way analysis of variance (MANOVA) in a repeated mea-
surements design; for “interval” [df 5/30] and “position” [df 2/12]
as within subject factors, as well as interaction between factors
“interval” and “position” [df 10/60]. An additional one-way
MANOVA was performed for results of intensity ratings for “in-
terval” [df 5/40] as within subject factor. The alpha-level was gen-
erally set at 0.01 to avoid error accumulation.

Results

Descriptive statistics of intensity ratings and evoked po-
tential data at position Cz are presented in Table 1.

Intensity ratings

Perceived intensities decreased throughout sessions, espe-
cially during the second half. The decrease was most pro-
nounced when the shortest ISI of 10 s was used: i.e., the
perceived intensity of the stimuli decreased by approxi-
mately 50% at this interval. Only when stimuli were pre-
sented at an ISI of 90 s did perceived intensities remain
relatively constant throughout the session. These changes
were also reflected in the averaged intensity ratings and
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Fig. 1 Grand means averaged across chemosomatosensory event-
related potentials (CSSERPs) of all participating subjects (n = 7,
recording position Cz) for interstimulus intervals (ISIs) 10, 20, 30,
40, 60, and 90 s. The inset (top right) shows schematic drawings of
both the evoked potential peaks and the location of the Cz record-
ing site

Table1 Means (M) and standard deviations (SD) of psychophys-
ical and ERP data (n = 7) for the six interstimulus intervals at
recording position Cz

Interstimulus interval

10 s 20 s 30 s 40 s 60 s 90 s

Ratings M 63.4 77.2 81.3 85.4 78.1 94.8
(estimation units) SD 22.1 17.8 12.5 16.5 13.3 16.7

Amplitude M 13.4 19.8 17.8 25.4 21.7 23.1
P24N30 (µV) SD 6.2 12.6 8.9 20.5 11.6 11.6
Amplitude M 13.8 18.7 16.1 22.4 18.8 19.6
N30P36 (µV) SD 4.0 7.8 8.0 12.6 6.4 7.9
Amplitude M 23.7 34.2 28.8 41.6 42.1 42.2
N30P46 (µV) SD 9.9 11.3 13.6 27.6 19.9 13.2

Latency M 248 237 257 217 245 235
P24 (ms) SD 43 40 66 53 25 35

Latency M 307 305 307 288 315 302
N30 (ms) SD 37 34 55 49 24 44

Latency M 375 379 389 369 383 363
P36 (ms) SD 35 45 60 51 28 40

Latency M 463 491 484 479 467 460
P46 (ms) SD 32 74 68 57 41 47

Amplitude M –0.3 2.9 0.7 2.7 –1.9 4.5
P24 (µV) SD 4.4 4.8 2.5 5.8 4.7 5.4

Amplitude M –13.6 –16.9 –17.1 –22.8 –23.6 –18.6
N30 (µV) SD 4.6 9.3 8.6 20.7 14.9 8.5

Amplitude M 0.1 1.8 –1.0 –0.3 –4.9 1.0
P36 (µV) SD 4.9 3.1 7.9 10.3 12.6 7.3

Amplitude M 10.1 17.3 11.7 18.8 18.5 23.6
P46 (µV) SD 8.5 3.5 7.3 9.6 8.2 7.3



were smallest for an ISI of 10 s (Fig. 2). Statistical analy-
sis revealed a significant effect of the factor “interval” 
(F = 4.28, P = 0.003). This was likely to be the result of
the amount of CO2 per time applied to the subject being
tested and was greatest at an ISI of 10 s after 16 stimuli in
approximately 3 min and smallest at an ISI of 90 s using
16 stimuli in approximately 23 min.

Chemosomatosensory ERPs

Results of two of the nine subjects could not be analyzed
due to an excessive number of eyeblinks. Averages across
the responses of all other subjects are presented in Fig. 1.
The insert is a schematic drawing of the ERP peaks and
the location of the Cz recording site.

Amplitudes were largest at an ISI of 90 s and became
progressively smaller with a shortening of the ISI. A sig-
nificant effect of the factor “interval” was seen for the
base-to-peak amplitude P46, as illustrated in Fig. 3 (F =
6.20, P < 0.001). Short ISIs generally produced smaller
amplitudes. The smallest amplitudes were found for an
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Fig. 2 Means and standard er-
rors (n = 9) of intensity ratings
in estimation units (EU) for in-
terstimulus intervals (ISIs) 10,
20, 30, 40, 60, and 90 s. The
shorter the ISI, the smaller the
perceived mean intensity

Fig. 3 Means and standard errors (n = 9) of ERP amplitudes at
recording position Cz (in µV) for interstimulus intervals (ISIs) 10,
20, 30, 40, 60, and 90 s. The shorter the ISI, the smaller the
CSERP amplitude



ISI of 10 s, with amplitudes P46 here diminished by 57%
compared to amplitudes obtained at an ISI of 90 s.

Amplitudes and latencies exhibited differences in their
topographical distribution along midline recording sites.
Effects of the factor “position” became significant for am-
plitudes of N30P36 (F = 10.37, P = 0.002), N30P46 (F =
8.46, P = 0.005), and N30 (F = 11.17, P = 0.002). The
maximum of these amplitudes was found at position Cz.
Differences between recording sites were also observed
for the P24 latency (F = 10.31, P = 0.002) and were short-
est at Cz.

No changes of the ERP peak latencies were observed
in relation to changes of the ISI. In addition, there were no
significant interactions between “position” and “interval”
factors, indicating that the ISI influenced ERPs at midline
recording sites to a comparable degree.

Discussion

The results of our present study established a decrease in
both intensity ratings and ERP amplitudes in relation to
the ISI. The topographical distribution of amplitudes and
latencies represented a pattern described previously [13,
14, 31]. The decrease of both ratings and response ampli-
tudes was most pronounced at the shortest ISI of 10 s,
whereas largest responses were obtained at the longest ISI
(90 s). In general, our data indicated that an ISI of less
than 20 s may not be useful for clinical investigations, as
the response amplitude becomes relatively small.

Our results are comparable to the findings of Kobal
[24] which were obtained for eucalyptol as a mixed trigemi-
nal/olfactory stimulant. This latter study showed that the
decrease of response amplitudes was most pronounced at
an ISI of 10 s, with the late positivity reduced to a
stronger degree than earlier peaks. Other research in the
area of ERPs to nociceptive stimuli also indicates that
long ISIs should be used. For electrical stimulation of the
tooth pulp it was shown that amplitudes were ISI-depen-
dent at intervals of up to 10 s [6, 21], with ERPs to nox-
ious thermal stimuli amplitudes increased until an ISI of
20 s [4].

This behavior of chemosensory ERPs differs from
ERPs evoked by auditory or visual stimuli where a “satu-
ration” of the ISI dependence of ERP amplitudes has been
observed at ISIs between 5 and 10 s [11, 30, 37, 40]. This
difference between sensory systems does not seem to be a
result of receptor-related events. As indicated by re-
sponses obtained at the periphery of the nociceptive sys-
tem [18, 25], adaptation at the level of Adelta nociceptors
seems to be involved to a lesser degree in this desensitiza-
tion process than central nervous processes (compare [1,
45]). That no changes occurred in relation to changes of
the ISI is consistent with findings in the auditory, visual
and somatosensory systems [2, 40, 41].

It is not clear why the ISI dependence of nociceptive
responses differs from those in other sensory systems. 
A possible explanation, however, might be found in the
“pain inhibits pain” phenomenon [9], which may occur at

spinal or supraspinal sites [29, 49]. Specifically, CO2-in-
duced activation of nociceptive C-fibers [44] may lead to
a decrease of the ERP amplitude, which appears to be pre-
dominantly related to excitation of Adelta nociceptors [15].
In this sense, the ISI dependence of chemosensory ERPs
could be used to estimate the interaction between C fibers
and Adelta fibers.

The ISI-related decrease in amplitudes was most pro-
nounced for the P46 amplitude. In the auditory and visual
systems it has been demonstrated that the late positive
components change as a function of the expectedness of
the stimulus: i.e., the more predictable the stimulus, the
smaller the positivity [7]. In analogy the presently ob-
served decrease of the P46 amplitude may also have been
the result of an increased predictability of the stimulus oc-
currence, with a shortening of the interval between stimuli
[22].

Observations by Lorig et al. [32] are comparable to our
data. They collected ERPs in response to butanol under an
“active” and a “passive” paradigm. In the “active” condi-
tion stimulus administration was synchronized to inspira-
tion (ISI > 8 s, mean ISI 16 s). In the “passive” condition
stimulation was applied independently of the respiratory
cycle (8 s ≤ ISI ≤ 24 s). One of the major results was that
the late ERP positivity decreased when stimulus occur-
rence was more predictable (“active” condition). The au-
thors concluded that the late ERP positivity was similar to
the P300 component, which is highly sensitive to manipu-
lations of stimulus probability.

On the other hand, based on previous research it can
also be assumed that habituation [46] contributed to the
presently observed decrease in ERP amplitudes [15, 24,
39]. This is supported by the fact that both ERP ampli-
tudes and intensity ratings decreased as a function of the
ISI. On the basis of this observation it can be hypothe-
sized that the P46 peak is related to the P3a component, as
described for other sensory systems. P3a occurs in re-
sponse to target stimuli that do not demand immediate ac-
tion of subjects [42]. Other than the P3b component, the
P3a clearly exhibits habituation during repeated stimula-
tion [38].

Taken together, our present data demonstrate that both
ratings and chemosensory ERP amplitudes decrease as a
function of the ISI. This decrease was most pronounced
for the late P46 amplitude at an ISI of 10 s. Since the re-
sponse amplitude become relatively small, interpretation
of the responses may become difficult when the ISI is less
than 20 s. On the basis of previous research it is hypothe-
sized that this is the result of both habituation and stimu-
lus predictability. The ISI dependence of ERPs to noci-
ceptive trigeminal stimuli may also be a function of an in-
teraction between Adelta and C fibers.
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ENT Department University Hospital, CH-8091 Zurich, Swit-
zerland; Tel.: +41-1-255-4424, e-mail: otology2000@orl.
usz.ch

Annual Meeting of the American Academy
of Otolaryngology – Head and Neck Surgery (AAO – HNSF)
23–26 September 1999, New Orleans, Louisiana, USA

The American Academy of Otolaryngology – Head and
Neck Surgery welcomes applications for instructors for in-
structional courses at its annual meetings in the United
States. Submission guidelines can be obtained from Dr.
Robert H. Maisel, Coordinator, Instruction Course Program,
c/o Department of Otolaryngology, Hennepin County Med-
ical Center, 701 Park Avenue, Minneapolis, Minnesota
55415-1623, USA

Second International Symposium 
on Middle Ear Mechanics in Research and Otosurgery
21–24 October 1999, Boston, Massachusetts, USA

Registration fee: US $400.00

Sponsored by: Harvard Medical School and Massachu-
setts Eye and Ear Infirmary

For further information, please contact: Harvard MED-
CME, P.O. Box 825, Boston, MA 02117; Tel.: (617) 432-
1525, http://www.med.harvard.edu/conted/

ANNOUNCEMENTS


