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INTRODUCTION

The functionality of the olfactory system
can be evaluated by presenting scales of dilu-
ted odorous substances and recording the mini-
mum level required for recognition of the odor
by the patient. Currently, most olfactometry
evaluations are still based on the so-called
“sniff-test” (1-3), which is hampered mainly by
patient collaboration and difficulty in keeping
volatile substances at fixed dilution in bottles

The recording of olfactory evoked potentials in healthy
humans, using a continuous flow olfactory stimulator,
is described. A stimulator pushed inert gas (N2) in a
continuous flow through the nose at a rate of 4 1/min.
At fixed 30-second intervals, (32 times) the flow was
replaced by an equal amount of CO:, a trigeminal sti-
mulant. Each pulse lasted 200 ms. An electronic ti-
ming circuit triggered both the stimulator and the re-
corder. Signal acquisition was performed using an
Evoked Potential Recorder (Nicolet Compact Four by
Nicolet Biomedical Instruments), triggered by the sti-
mulator.

Using this stimulator device reliable olfactory evoked
potentials can be recorded in a clinical setting. Since
this is a non invasive technique which can be used to
test olfactory function whether or not the patient coo-
perates, it is expected to become widely used, particu-
larly in non collaborating patients and in those suspec-
ted of malingering.

KEY WORDS: Chemo-somatosensory evoked poten-
tials (CSEPs), man, olfactory evoked potentials, relia-
bility, trigeminal stimuli.
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over long time periods. Doty has addressed the
latter problem with his microencapsulated sniff
test (4).

As early as 1895, a Dutch doctor, H.
Zwaardemaker (5), described an apparatus that
pushed a known amount of air saturated with
an odorous stimulus through the nose of the pa-
tient. The volume of air introduced into the pa-
tient’s nose was a measurable and controlled
parameter. This device has been developed
further by other researchers. Fortunato and
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Niccolini (6) used it for testing awake and col-
laborating patients of whom verbal responses
were required.

The recording of the electric activity of the
olfactory pathways in the brain represents a
great advance in olfactory testing. Electric po-
tentials have been obtained from isolated re-
ceptor cells (7) and in animal models (8), but
testing in humans requires a non invasive tech-
nique similar to that used to record VEPs and
BAEPs from scalp electrodes. When recording
event related evoked potentials in man from
scalp electrodes, the main technical problem is
the small amplitude in relation to the basal
electric activity of the brain. The recording of
event related potentials of the sensory nerves in
man (i.e., VEPs and BAEPs) requires the use
of an averaging device in order to amplify the
useful responses. Moreover, in order to use the
averaging techniques, the stimulus must be
presented repeatedly, and synchronized with
the activation of the recording and averaging
device. The application of the averaging tech-
nique in the area of the chemical senses has
been limited by the difficulty of stimulus pre-
sentation. Gaseous (olfaction) or liquid (taste)
substances must be brought into contact with
the receptor cells in a specific amount, at a spe-
cific moment, and must be removed after a
fixed time. This presentation cycle must be re-
peatable.

-Several taste stimulating devices have
been described in the literature (9-11). In
1972 and 1973 Heberhold (12,13) described
an olfactory stimulator and in 1978 Kobal
and Plattig (14) proposed a device presenting
odorous stimuli in a continuous flow fashion.
More recently Broich et al. (15) described a
similar continuous flow stimulator and the re-
sults obtained by recording from scalp elec-
trodes.

The aim of this paper is to describe the ap-
paratus for the recording of olfactory evoked
potentials and to test preliminarily the reliabi-
lity of the system in healthy volunteers.
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MATERIALS AND METHODS
Stimulation

The olfactory stimulator is schematically
represented in Fig. 1. A continuous flow of
inert gas (N») is completely purified by passing
through an adsorption filter FU1 (activated
charcoal) in order to remove any odorous con-
taminant. After the first filter unit, the tube is
divided into two branches with two manual
valves (V1;V) and flowmeters (F1;F,) to regu-
late N3 flow. The flow of CO; passes through a
filter unit (FUj), a manual valve (V3) and a
flowmeter (F3). The sum of the flows in bran-
ches 2 and 3 must be equal to the flow in bran-
ch 1 (set to 4 I/min) but it is possible to regula-
te the ratio between the branch 2 and branch 3
flows (with V5 and V3) in order to dilute the
gas stimulus. All the flows are controlled by
manual valves and precision electronic flow-
meters (Flo-Sensor, McMillan Company, relia-
bility of 0.5% of the maximum scale, that is
0.05 1). LCD displays on the front panel provi-
de information about both the CO, and N
flow levels.

Both air flows, whether neutral or charged
with olfactory stimulants, converge on a two-
channel electrovalve (EV) in such a way that
one flow is always directed toward the nose
and the other discharged. When the stimulus
has to be delivered, the flow of CO, is directed
toward the nose and the flow of N; discharged.
At the end of the stimulus the plain air flows
through the nose and the stimulant is dischar-
ged. The switching operation occurs without
flow or pressure variation. All the time inter-
vals of the stimulus sequence (duration: 1 to
999 ms; period: 1 to 99s; number of pulses: 1-
99) can be set using the panel knobs and nume-
ric display. Once the stimulus sequence is star-
ted, it runs automatically until the full test is
over.

The stimulator is connected to an external re-
cording device through a specific output trigger.



Recording

Subjects were evaluated with eyes open
and fixating a point 2 meters in front of them.
Evoked potentials are recorded from the scalp
by using two Ag/AgCl electrodes, placed at the
positions C, and A with Fpz as ground. The
signals from the electrodes are sent to a recor-
ding device (Evoked Potentials Recorder Nico-
let Compact Four - Nicolet 4), synchronized
with the stimulator. A two-channel low-noise
preamplifier unit and analog filters (one with
0.1 - 300 Hz and the other with 30 Hz - 10 kHz
frequency range) are available in the Nicolet 4.
The preamplified signals are passed through
the two analog filters with frequency threshold
set in order to obtain a band-pass filtering (0.1
- 100 Hz). A further notch filter is available
that can be switched off when it is not needed.

Two other electrodes are placed under and
above the eye for monitoring eye movements.
If the signal presents artifacts due to blinking it
is rejected, otherwise the signal is stored for
off-line processing.

Experimental protocol

In order to verify the proposed device, ol-
factory evoked potentials were recorded in 20
healthy subjects (12 males and 8 females, 20+5
years ).

None of the subjects had previous ear, no-
se and throat (ENT) pathology and all reported
normal subjective olfactory function. An ENT
examination was performed on all the subjects
with endoscopy, rhinomanometry and standard
olfactometry by sniff tests to exclude local
pathologies, such as inflammation or mechani-
cal obstruction, and hyposmia.

Each test consisted of 16 recordings
without stimulant (“blank™) and 32 recordings
with olfactory stimulation. In order to perform
the first part of the test, valve V3 was closed
and the neutral flow passed through branch 2
(Fig. 2). After the first 16 recordings, valve V3

Olfactory evoked potentials

was partially opened to enable the gas (CO,) to
pass through the flowmeter and then to reach
the nostril (Fig. 3).

The gas flow to the nose was fixed at 4
I/min. The electronic timing circuit triggered
the stimulation sequence every 30 seconds.
The neutral air flow was substituted by an
equal amount of CO, which is a specific trige-
minal stimulant. Each pulse lasted 200 ms and
the recording window of the recorder was fixed
at 1 s. The overall test lasted about 40 min, in-
cluding subject preparation time. Training
subjects to breathe entirely through the mouth
was accomplished easily.

A white masking noise of 80dB through
headphones was used to cover the clicking noi-
se of the electrovalve and the sound of the air-
flow through the tubing. No after-stimulation
problems were reported by the subjects. For
few subjects avoidance reactions were present
only at the beginning of the session and then
disappeared as soon as the subjects had beco-
me familiar with the experimental setting.

RESULTS

Before recording the evoked potentials,
recording without olfactory stimulant was
performed on each subject (see Methods).
Fig. 2 shows the averaged responses from 15
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Fig. 1 - Technical scheme of the stimulation apparatus.
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Fig. 2 - Mean electrical responses recorded during the
blank test (using N») in 20 healthy subjects.
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Fig. 3 - Olfactory evoked potentials obtained from the
average of 32 successive stimulations for each subject.

subjects in whom no specific pattern and no
significant positive or negative peaks can be
observed, demonstrating that the air flow (N,)
on its own did not elicit a trigeminal tactile or
olfactory stimulation. Besides, only basal ac-
tivity of the brain and no chemo-somatosen-
sory or event-related potentials could be re-
corded.

Thirty-two responses to olfactory stimu-
lus were recorded for each subject. When
the recordings are not affected by eye move-
ments the minimum number of responses
needed to get a significant average is 24. For
each subject the waveform of the olfactory
evoked potentials presents two peaks, classi-
fied as Ny and Py, rather similar in amplitu-
de and latency to those recorded by Plattig
et al. (16). In relation to the N1 and P1 com-
ponents we measured three parameters: the
peak-to peak amplitude, the peak-to-baseline
amplitude and the latency (Fig. 3). The
mean values of these parameters calculated
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from the population of subjects are reported
in Table I. Furthermore these results were
filtered by a moving average technique (Fig.
3) and the values we obtained are reported
in Table II.

From the comparative analysis of the first
four and the last four responses, there did not
appear to be any considerable adaptation to the
stimuli, i.e. the amplitude and the latency of
the responses were constant over the test ses-
sion (or, at least, did not decrease).

To further support the reliability of this
method, 6 subjects were tested twice with a mi-
nimum one-week interval between test sessions
(Table III). The responses showed good repro-
ducibility both in the waveform and in quantita-
tive parameters, as shown in Fig. 4. In particular,
the percentage variation of the latency of Nj in
the intra-individual experiments, with only one
exception, was lower than 10% (Table III).

For each subject we examined both the tests
with and those without the olfactory stimulant.
No blank test gave a positive result. Three of the
20 subjects (15%) failed to show a trigeminal
potential following an olfactory stimulus with a
peak-to-baseline amplitude lower than 4 pV.

Table I - Mean value and standard deviation of latency
and amplitude (peak-to-peak and peak-to-baseline) calcu-
lated from the population of subjects (no. = 20)

Latency Peak-to-baseline Peak-to-peak
(ms) (uV) V)

N; =302.67424.62 N =8.59+1.72
P, =406.67£29.93  P; =-9.5943.59

Nl g P1 =18.18+4.19

Table II - Average of latency and amplitude (peak-to-ba-
seline and peak-to-peak) in 20 healthy subjects

Latency Peak-to-baseline Peak-to-peak
(ms) (uv) (uv)
Nl =302 N1 =681
N;-P;=1392
P =406 P =-7.11




Olfactory evoked potentials

Table III - Test - retest difference in olfactory evoked potentials in healthy subjects (no. = 6)

TEST 1 TEST 2 % DIFFERENCE
N° L P-B P-P L P-B P-P L P-B P-P
(Np) (Ny) (Ny-Py) (Np) (Np (N;-Pp) (Nyp) (Np)  (Ny-Pp
1 326 11.10 21.43 302 11.60 17.44 7.40 0.60 18.60
2 288 7.01 17.11 316 8.56 21.25 9.72 22.11 24.19
3 296 7.94 16.98 258 4.10 13.80 12.83 48.36 23.42
4 272 3.76 7:23 278 6.06 9.45 2.20 61.10 30.70
5 280 2.33 8.83 278 1.91 9.23 0.71 18.20 4.53
6 330 3.80 6.44 308 3.43 6.56 6.66 10.78 1.86
mean 298.66 5.84 13.00 290.00 5.85 12.96
+sd +24.12 +3.20 +6.28 +22.16 +3.43 +5.60
- ‘ This device could be used in the future to
© _________n_______““‘—jiﬁﬁ . L quantify olfactory evoked potential parameters
g_:__'_',_'\‘::. B _: in several pathological conditions (17-19).
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Fig. 4 - Olfactory evoked potentials (each averaged over
32 stimulations) from one subject obtained in two diffe-
rent sessions one week apart.

CONCLUDING REMARKS

The main feature of the device described
in this paper is that it provides a non invasive
technique for stimulating the olfactory recep-
tors in a controlled manner. The reproducibility
of the stimuli allows the use of the averaging
technique normally used in the analysis of
evoked potentials.

The device was tested on a population of
healthy subjects. The analysis of the olfactory
evoked potentials and the repeatability of the
responses demonstrates the good functionality
of the stimulating device that satisfies the fun-
damental requirements of the protocol, that is
constant stimulus intensity and duration va-
lues.
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