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Olfactory testing in clinical practice
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Abstract. Olfactory testing in clinical practice. Numerous techniques are available in the clinic for the investigation of
chemosensory function.

Psychophysical testing using orthonasal and retronasal stimulation routes may help to distinguish anosmic from
hyposmic patients. These psychophysical tests are most frequently used for odour identification and odour threshold.
Chemosensory event-related potentials using olfactory and trigeminal stimulation have become part of the routine
investigation of patients with olfactory loss in specialised smell and taste centres. The interpretation of results from
psychophysical testing is frequently supported by the assessment of chemosensory event-related potentials. This review
will discuss these methods, including how to perform them, focusing on normative data and describing some clinical
examples from our centre (olfactory and trigeminal event-related potentials).

Introduction

Numerous different investigations
of chemosensory function'? have
been developed over the past few
years. Most importantly, these
methods include psychophysical
techniques after both orthonasal
and retronasal stimulation, and
electrophysiological recordings
both at the level of the olfactory
epithelium and the neocortical
level. A complete evaluation also
requires endonasal examination as
well as the morphological evalua-
tion of the chemosensory path-
ways. This diversity of techniques
addresses the many different
causes of olfactory loss. The
current chapter will highlight the
techniques most frequently used
in various clinics. We will also try
to cover techniques which are
thought to be extremely useful but
still await further standardisation
before being applied by a wide
range of clinicians.

Prevalence

Chemosensory dysfunction is fre-
quent in the general population.
Complete loss of the sense of smell
afflicts about 5% of the general
population and approximately
20% of people older than 52 years
of age have significant olfactory
loss."* The prevalence of olfactory
dysfunction in the general popula-
tion is largely determined by age,
although many older people are
not aware of their sensory deficit.’

Definitions

Chemosensory dysfunction is usu-
ally broken down into quantitative
and qualitative disorders.
Quantitative disorders include
anosmia (complete loss of smell),
functional anosmia (an incom-
plete, but significant, loss of olfac-
tory function so that the sense of
smell is no longer of use in daily
life), and hyposmia (partial loss of

smell). Qualitative disorders are
parosmia (distorted perception of
odours in the presence of an odour
source), and phantosmia (percep-
tion of an odour in the absence of
an odour source). Parosmia may
have a negative or a positive hedo-
nic valence for the patient and is
often perceived as more annoying
than a quantitative disorder.*’

The prevalence of parosmia has
been estimated at 34% of the
patients complaining of an olfacto-
ry dysfunction, with different
prevalence rates depending on the
aetiology of the olfactory dysfunc-
tion: 56% for post-infectious olfac-
tory loss, 10% in idiopathic, 14%
in post-traumatic, and 28% in
sinonasal-related olfactory dys-
function.® Phantosmia is less fre-
quent: 12% of all patients.®
Depending on the condition, paros-
mia may be a sign of the recovery
of olfactory function,® whereas
phantosmia tends to be a predictor
of a decline in olfactory function.?
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Olfactory dysfunction affects
quality of life.** Although there is
no measure that allows for the
objective assessment of qualitative
olfactory dysfunction, question-
naires are available which are
specifically designed for olfactory
dysfunction.'”” In addition, ques-
tionnaires about general depression
may be helpful in determining
how far patients are suffering from
olfactory dysfunction."

Psychophysical testing

Psychophysical testing is based on
the presentation of odours to the
subject/patient and the monitoring
of their responses. In clinical tests,
scores are typically adjusted for
sex and age, as they are major
determinants of olfactory func-
tion. Olfactory tests may be based
on odour detection threshold,
magnitude estimation of odour
intensities, odour discrimination,
odour identification, or odour
recognition memory tasks. Most
clinical tests, however, are either
based on the assessment of odour
thresholds or odour identification,
both of which provide differential
information.'>'s

Currently, psychophysical
olfactory testing 1is mainly
oriented towards quantitative

dysfunction rather than qualitative
dysfunction. Results from psycho-
physical olfactory testing may be
influenced by heteromodal sen-
sory stimuli such as colour,"”
trigeminal stimulation,' pleasant/
unpleasant tastes" and even by ali-
mentary status (satiety/appetite),”
and the route of odour administra-
tion (ortho- or retronasal percep-
tion of odours).?"*

Orthonasal stimulation is typi-
cally performed birhinally, not
unilaterally.” With unilateral tests,
information may be obtained

about lateralised olfactory loss
which, in turn, may be indicative
of a lateralised brain tumour or a
lateralised nasal obstruction, or
may even serve as a predictor
of future olfactory function.
However, unilateral testing is
time-consuming and is therefore
not widespread in clinical prac-
tice. An approach to this issue
could be to test both nostrils uni-
laterally and to continue with
bilateral testing when the
threshold scores are, for example,
grossly similar.

The ideal test should be based
on normative data obtained from
large-scale testing of healthy sub-
jects and have good test-retest
reliability. It should not be expen-
sive and, as mentioned above, the
test should not be too time-
consuming.

Many tests are based on the
forced-choice verbal identification
of odours. Odours are presented at
a suprathreshold level and the sub-
ject/patient is required to identify
the odours in a list of descriptors.
The number of descriptors in cued
identification seems to be of rela-
tive importance, with a higher
number of descriptors making it
possible to identify better the
patients with some degree of
olfactory deficit.® Most tests are
based on the identification of 10 to
40 odours; it is generally assumed
that the more items tested, the
more reliable the results.

For odour identification tests,
cultural connotation seems to be
extremely important in the sense
that some odours may be unfamiliar
to people with a different cultural
background. Further, malingering
may be identified with these tests
if a patient has a score below
the evel of random probability.
However, in order to reach such a
very low score, subjects have to
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have a good sense of smell in
order to select the wrong answer
on purpose, and they must not be
very well-read about multiple
forced-choice testing.”

The “Sniff Magnitude Test”
may be an alternative approach for
the assessment of these patients.”

It is assumed that different
olfactory tests address different
steps in the olfactory process, with
threshold scores representing peri-
pheral aspects of the processing
of olfactory information, and dis-
crimination or identification more
central processing. However, this
was not demonstrated in large
cohorts of patients, with the sole
exception of patients with
sinonasal-related olfactory dys-
function, who usually presented
very low threshold scores and sub-
normal discrimination and identi-
fication scores.® Global olfactory
scores are usually less affected in
patients with sinonasal-related
olfactory dysfunction than in
patients with post-infectious, post-
traumatic, congenital olfactory
loss.”

Retronasal olfactory scores are
usually closely correlated to
orthonasal scores for patients with
sudden olfactory impairment.?=° If
the onset of the olfactory dysfunc-
tion is gradual, as in patients with
sinonasal-related olfactory dys-
function, this correlation is lost,
the retronasal route being less
affected than the orthonasal one.”
This explains why some patients
with nasal polyposis have a
decreased orthonasal score, with a
retronasal score in the normal
range, and why they frequently
claim that their olfactory sense has
been completely lost while “taste”
remains in the normal range.*

In addition to the solid
literature and clinical application,
psychophysical olfactory testing
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depends on patient cooperation,
and is more controversial in a
medico-legal context, as well as
being impossible to perform in
unconscious or inexperienced
patients.

— Orthonasal tests

For more than 25 years now, many
specialised centres for smell and
taste have been developing olfac-
tory tests and publishing their
normal ranges, including and
according to clinical data.’*
Odour stimuli may be presented
using a squeeze bottle,” encap-
sulated odours,” slip of filtered
papers,”” small jars,* small
bottles,” or felt-tip pens.*

The most extensively validated
olfactory tests include the Univer-
sity of Pennsylvania Smell Iden-
tification Test (UPSIT),**> the
Connecticut Chemosensory Clini-

cal Research Center Test
(CCCRCT)" and the “Sniffin’
Sticks” test.*

The standardised “Sniffin’

Sticks” test is the test most
commonly used by the authors to
evaluate orthonasal olfactory
function. Olfactory stimuli are
typically presented birhinally. At
first, odour perception thresholds
are assessed for n-butanol or
phenyl ethyl alcohol using step-
wise dilutions in a series of
16 felt-tip pens. In this procedure,
patients are asked to attempt to
identify one odour in a set of three
different odorants. For each iden-
tification task, three felt-tip pens
are presented, two of which con-
tain the same odorant, while the
third contains the target odorant.
The target odorants have to be
identified in a series of 16 indi-
vidual tests. Finally, a series of
16 odours are presented to the
patient along with a list of four

possible responses for each. The
results of the testing of odour
threshold, odour discrimination,
and odour identification are used
to compute the ‘threshold-dis-
crimination-identification’ (TDI)
score for each patient, ranging
from O to 48.%%

In healthy subjects, the TDI
score at the 10th percentile is 24.9
in subjects younger than 15 years
of age, 30.3 for ages 16-35 years,
27.3 for ages 36-55 years and 19.6
for subjects over 55 years.**’

— Retronasal tests

In retronasal tests, odours are pre-
sented to the back of the nasal
cavity either via the oral cavity,
using containers or specific
breathing techniques, or via the
nasal cavity using canulas con-
nected to an olfactometer ending
in the pharynx.

As pointed out above, the major
differences between orthonasal
and the retronasal olfaction are
probably secondary to mechanical
obstruction in the olfactory cleft.*

These tests are currently being
developed and they will be stan-
dardised and validated on a large
scale very soon and also applied to
children.?*

To evaluate retronasal olfactory
function, the authors use a previ-
ously standardised testing proce-
dure based on the presentation of
odorised powders in the patient’s
mouth.”? Twenty (or forty) dif-
ferent odorous powders are
applied to the midline of the
tongue using, for example, a
fenestrated plastic stick. As with
orthonasal testing of odour identi-
fication, participants were asked
to identify the presented odours
from lists of four items. It should
be noted that great care must be
taken to avoid concomitantly
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stimulating the patient orthonasal-
ly by passing the powder under
the nostrils. Subjects are therefore
asked to block the nose and not to
skew the tongue in order to pre-
vent the reduction of the surface
contact with taste receptors.
Following the presentation of each
odorant powder, participants rinse
their mouths with clear water. In
healthy subjects, the median
retronasal testing score is 18 for
subjects aged 36-55 years and
16 for subjects older than
55 years.?” The cut-off value
defining hyposmia is arbitrarily
set as an orthonasal score below
the 10™ percentile of the distribu-
tion of the scores obtained in
healthy subjects matched for sex
and age, or as the corresponding
score for the retronasal test.

— Trigeminal testing

Somatosensory sensations from
the nasal mucosa (e.g., burning,
cooling, or irritation) are carried
by the trigeminal system, the
nerve endings of which terminate
in the nasal cavity. Trigeminal
testing is performed with intensity
rating tasks or with lateralisation
tasks.”* The trigeminal threshold
is usually higher than the olfactory
threshold when one odour can
stimulate both systems.*

Electrophysiological testing

Electrophysiological testing of
olfactory function includes dif-
ferent measurements that can be
obtained from the nasal mucosa,
namely negative mucosal poten-
tials (responses from trigeminal
chemosensors) obtained from the
respiratory epithelium, and the
electro-olfactogram obtained from
the olfactory epithelium. In addi-
tion, chemosensory event-related
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A: Recordings of an electro-olfactogram in response to hydrogen sulphide, but not to vanillin, at the same site in a healthy subject. B:
Electrode placement inside the nasal cavity. The tip of the electrode makes contact with the mucosa at a level above the insertion of

the middle turbinate.

potentials (or other EEG-derived
responses) can be obtained from
the EEG following the administra-
tion of odours.

— The negative mucosal potential
(NMP)

This method assesses the respira-
tory epithelium for sensory func-
tion. It is thought to reflect the
functional aspects of trigeminal
chemosensors  (nociceptors).*
Amplitude decreases with age.
Comparisons between the NMP
and trigeminal event-related poten-
tials have shown that the age-relat-
ed loss of trigeminal sensitivity is
at least partly explained by a fall
in peripheral responsiveness.*

— The electro-olfactogram

Responses from the surface of the
olfactory neuro-epithelium can be
measured using an “electro-olfac-
togram” (EOG). The EOG repre-
sents summarised generator
potentials of olfactory receptor
neurons (Figure 1). It allows the
assessment of the peripheral input
signal to the olfactory system.**

It requires the placement of a
tubular electrode on the surface of
the olfactory neuro-epithelium
and is usually performed under
endoscopic control.

However, even in healthy sub-
jects, EOGs may not measure
responses in about 20 to 40%."
This is probably due to the pauci-
ty of olfactory receptor neurons,
the variable topographical distri-
bution of these neurons, and possi-
ble epithelial metaplasia. EOG
amplitude is lower after local
anaesthesia, so electrodes may not
be placed after the topical applica-
tion of an anaesthetic agent. This
technique helped to establish the
view that desensitisation after
repetitive olfactory stimuli is pri-
marily due to central neuron pro-
cessing rather than peripheral
adaptation.®

— EEG responses to odours and
chemosensory event-related
potentials

Electrical cortical activity can be
recorded using EEG changes in
response to odours involving

arousal reaction or alpha rhythm
modification.*>* Although these
methods allow for the investiga-
tion of cortical activation after
odour stimulation without precise
control of the stimulus, they have
not found their way into clinical
routine. Another under-explored
way of measuring cortical activity
after odour stimulation is the EEG
synchronisation/desynchronisa-
tion of responses (which has
already been investigated in other
sensory modalities) or the modifi-
cation of the EEG rhythm in oscil-
latory gamma band activity.>*
By contrast, chemosensory
event-related potentials (ERP)
have become part of the routine
investigation of patients with
olfactory loss in many smell and
taste centres.”® ERPs represent
neuronal activity following the
processing of a chemosensory
stimulus. They have a high tempo-
ral resolution (but a poor spatial
one) and allow the investigation
of sequential processing inde-
pendently of subject cooperation.
Chemosensory ERPs  are
EEG-derived polyphasic signals
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appearing after the onset of a
chemosensory stimulus. They
need to have an optimal signal-to-
noise ratio and are obtained
through averaging. The specific
chemosensory stimuli must be
presented repetitively with a steep
onset.

— Chemosensory stimulation

Many chemical stimuli (e.g. acetic
acid, nicotine) activate olfactory
and trigeminal afferents. To
explore olfactory and trigeminal
functions, it is therefore of pri-
mary importance to select a
chemical stimulus which selec-
tively or preferentially activates
one of the sensory afferents. The
selective activation of olfactory
afferents may be obtained with 2-
phenylethyl alcohol (rose-like
smell), hydrogen sulphide (H.S),
or vanillin. The selective activa-
tion of trigeminal afferents may be
obtained with CO,. Mixed stimuli
are used frequently in research
(examples being pyridine, euca-
lyptol or eugenol).
— A practical method for
recording CSERP

There is a practical way of
recording chemosensory ERPs.
The stimulus is produced by a
computer-controlled  olfactory
stimulator based on air-dilution
olfactometry (Olfactometer OM2S;
Burghart, Wedel, Germany).” The
stimulator delivers chemical stim-
uli without concomitantly altering
mechanical or thermal conditions
in the nasal cavity. Stimuli reach
the nasal cavity through a Teflon
tube placed in one nostril (pre-
ferably the right nostril), ending
beyond the nasal valve, and
pointing towards the olfactory
cleft. The total flow rate is 8 I/min.
Temperature (36°C) and relative

humidity (80%) are kept constant
between trials. The stimulus rise-
time 1is shorter than 20 ms.
Stimulus duration is typically
200-300 ms. Phenyl ethyl alcohol
(40% vlv) is used for olfactory
stimulation and CO, (40 to 60%
v/v) for trigeminal stimulation. It
is important to note that subjects
do not perceive the control air
which is presented during the
interstimulus interval and that the
switching between odourless and
odorised air is not accompanied
by any mechanical or thermal
changes. The odorant concentra-
tion, the type of odorant stimulus,
the duration of the stimulus, and
the interstimulus interval may be
adapted according to the experi-
mental aims.

Patients sit in a well-ventilated
room. For the duration of the
recording session, they are asked
to reduce their eye movements
and eye blinks, and breathe
through their mouth. Furthermore,
to avoid the possible contamina-
tion of results by activity related
to the noise produced by the
valve-switching which occurs
during the presentation of the
odorant stimulus, patients wear
headphones playing a constant,
binaural white noise of 60-70 dB
SPL. Twenty stimuli (interstimu-
lus interval: 30 seconds) are pre-
sented per stimulus quality. EEG
is recorded at 256 Hz from three
scalp midline electrode positions
(F,, C, and P,). Linked earlobes
(AJA,) are used as a reference.
Impedance is kept below
20 kOhm. Epochs extend from
500 ms before to 1500 ms after
stimulus onset. After baseline cor-
rection (reference interval: -500 to
0 ms), epochs are band-pass fil-
tered (0.3-12 Hz FFT filter). Trials
containing eye-blinks and/or
showing an activity higher than
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50 uV are usually rejected before
averaging. A minimum of 8-
12 artefact-free recordings is con-
sidered to be the permissible limit
for the further interpretation of the
chemosensory ERP (12/20 trials).
Average waveforms are computed
for each subject and electrode
channel. For offline signal pro-
cessing, the LETSWAVE EEG
toolbox may be used (Université
Catholique de Louvain, Brussels,
Belgium).®

— Chemosensory ERP in healthy
subjects

Chemosensory ERPs are con-
sidered to be present if the aver-
aged waveforms demonstrate a
negative-positive complex con-
sisting of an initial negative peak
(N1: latency: 290-490 ms, ampli-
tude <-2uV) followed by a
positive peak (P2: latency: 460-
820 ms, amplitudes >+2 pV)®
(Figures 2,3). A first positive wave
(P1) is sometimes described. The
selection of the averaged wave-
form is based on the general
morphology of the waves, the
established criteria of latencies
and amplitudes, the corresponding
component found at other elec-
trode sites, and whether they are
clearly distinguishable from back-
ground noise.*

The hypothesis has been
advanced that the magnitude of
chemosensory ERP components
reflects the amount of neuronal
resources recruited by a given
neural process and their latency,
the speed at which the stimulus is
processed. It is generally accepted
that the early N1 and P1 CSERP
components reflect exogenous
stimulus characteristics such as
stimulus intensity or stimulus
quality. By contrast, it has been
suggested that the late P2 compo-
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Figure 2
Evoked potential related to an olfactory stimulation (Phenyl ethyl alcohol 40% v/v) in a
healthy subject: N1-P2 complex.
OERP: Olfactory event-related potentials.
Responses are recorded at the Fz, Cz and Pz electrode sites.
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Figure 3
Evoked potential related to an olfactory stimulation (Phenyl ethyl alcohol 40% v/v) and
to a trigeminal stimulus (Co2 50% v/v) in a healthy subject: N1-P2 complex.
Responses are recorded at the Cz electrode site.

OERP: Olfactory event-related potentials.
TERP: Trigeminal event-related potentials.

Note that the amplitude of the trigeminal responses is larger than in olfactory responses
and that olfactory N1 amplitude was higher in Pz than in Cz (not represented).

nent reflects endogenous cortical
activity and, indeed, that the P2
component might be related to the
P3a component that has been

described in other sensory modali-
ties and thought to reflect pro-
cesses related to the novelty and
significance of the sensory event.*
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Chemonsensory ERPs indicate
that chemosensory sensitivity is
higher in women than in men,**
and in young people than in older
people,®™ if the allocation of
attentional resources to the stimu-
lus is enhanced,”*” if odour con-
centration increases,’*” if vigi-
lance during the procedure is
maintained,” and with intentional
training before stimulation.” The
question of the ideal interstimulus
interval has also been debated in
the literature, leading to a compro-
mise between higher signal to
noise ratio and the length of the
experimental procedure.®** The
reliability of chemosensory ERPs
is good.*

Olfactory ERPs are mainly con-
ducted ipsilaterally and trigeminal
event-related potentials contra-
laterally with a right hemisphere
predominance for both modali-
ties.** Anaesthesia affects chemo-
sensory  ERPs.¥’ Olfactory
responses are mainly recorded in
Pz and trigeminal in Cz.®%%
Changes in hedonic valence, posi-
tive reinforcement, multimodal
integration of the stimulus and
bimodal stimuli (olfactory and
trigeminal) may also enhance the
responses.””

Gustatory concomitant stimuli
may also heighten olfactory
responses if they are congruent
with the olfactory stimuli or the
mode of presentation.”*” Many
studies have also focused on the
meaning of the late positive com-
plex, assigning the same signifi-
cance to the wave as the cognitive
P300.%'® Sleep conditions and
pregnancy also modify chemosen-
sory ERPs.'0"1

— Chemosensory ERPs in the
clinic

In the clinic, responses are usually
defined as present or absent
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Figure 4
Electrophysiological responses related to an olfactory stimulation (Phenyl ethyl alcohol
40% v/v) and to a trigeminal stimulus (Co2 50% v/v) in a patient with an olfactory
dysfunction: post-traumatic, man, 43 y, TDI score = 13. Responses are recorded at the
Cz electrode site.
OERP: Olfactory event-related potentials.
TERP: Trigeminal event-related potentials.
Note that only TERPs have been recorded and that OERPs are absent.
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Figure 5
Electrophysiological responses related to an olfactory stimulation (Phenyl ethyl alcohol
40% v/v) and to a trigeminal stimulus (Co2 50% v/v) in a patient with an olfactory
dysfunction: postinfectious, woman, 40 y, TDI score = 18. Responses are recorded at the
Cz electrode site.
OERP: Olfactory event-related potentials.
TERP: Trigeminal event-related potentials.
Note that only TERPs have been recorded and that OERPs are absent.
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(Figures 4,5,6). This dichotomous
way of defining chemosensory
ERPs has been explored in many
clinical circumstances such as
congenital anosmia, neurodegenera-
tive disease, brain tumours, trau-
matic brain injury and post-infec-
tious olfactory loss.? %1%

Patients with olfactory loss usu-
ally have no olfactory ERPs.
However, they do have trigeminal
ERPs (albeit with  subtle
changes)"*!"" (Figures 4,5,6). In
the majority of these cases, but not
all, the olfactory pathways are
injured or dysfunctional so that the
olfactory stimulus fails to interact
with the olfactory system and con-
sequently fails to produce an
evoked response. However, as the
inferior turbinate mucosa is still
functioning, trigeminal stimuli
may induce a trigeminal ERP."°

In the field of psychophysical
testing, the recording of an olfac-
tory ERP seems to be possible in
the range of hyposmic patients."*!"
However, the recording of olfac-
tory responses is very unlikely
when the patient is severely affected
and in the anosmia range as
measured with psychophysical
tests. It should also be pointed out
that chemosensory ERPs cannot
be used to confirm the hypothetic
diagnosis for the patient since
prevalence does not vary
according to the different causes
of olfactory dysfunction and
therefore fails to distinguish
between those causes.”

— Olfactory and trigeminal inter-
actions

It is usually accepted that, in
healthy subjects, trigeminal stimuli
generate increased responses
compared with olfactory stimuli,
with higher amplitudes."* Intact
trigeminal or somatosensory and
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Figure 6
Electrophysiological responses related to an olfactory stimulation (Phenyl ethyl alcohol
40% v/v) and to a trigeminal stimulus (Co2 50% v/v) in a patient with an olfactory
dysfunction: sinonasal disease, woman, 27y, TDI score = 27. Responses are recorded at

the Cz electrode site.
OERP: Olfactory event-related potentials.

TERP: Trigeminal event-related potentials.

TERPs and OERPs are recorded.

olfactory sensations are essential
for olfactory acuity. In normosmic
subjects, trigeminal stimuli are
perceived as more intense when
accompanied by an olfactory
stimulus."* The difference in
salience between trigeminal and
olfactory stimulation may, by
modulating the magnitude of the
endogenous components, partly
explain why trigeminal stimuli
often elicit responses with higher
amplitudes than olfactory stimuli.

Reduced olfactory function
leads to reduced trigeminal sensi-
tivity."""""* This has been demon-
strated for the latency of late posi-
tive complexes, which is higher
when the olfactory dysfunction is
severe. To determine whether this
mechanism is secondary to peri-
pheral or central modifications,
NMPs and trigeminal ERPs were
compared.'® In acquired and con-
genital olfactory dysfunction,

peripheral responses to trigeminal
stimuli seem to be enhanced. By
contrast, central responses are
decreased (only for acquired
olfactory loss)."® It can be
assumed that reduced trigeminal
sensitivity in olfactory loss
patients is an indirect effect of
changes at the level of the olfacto-
ry nerve. With time, trigeminal
sensitivity may increase, partly
explaining olfactory recovery. The
loss of trigeminal sensitivity
(which is much less frequent than
olfactory deficits in the clinic)
also seems to be accompanied by
a reduction in olfactory func-
tion.'” All this evidence indicates
that olfactory and trigeminal
information act together to induce
normal chemosensory function,
both in healthy subjects and in
pathological conditions, and that
there is a cross-modality between
the two nerves.
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— Why
ERPs?

record chemosensory

Electrophysiological recordings
of chemonsensory stimuli are per-
formed in many smell and taste
clinic centres. There is now con-
sensus about the nomenclature of
the waves (latency and amplitude)
and about normative data.”*'"* The
added value of these methods for
psychophysical testing is evident
for specialised centres because it
allows for the objective assess-
ment of the olfactory function and
reduces dependence on patient
cooperation during the evaluation.
In the medico-legal context,
chemosensory ERPs are also
essential to detect malingering.
Since there is no effective therapy
for many conditions that result in
olfactory dysfunction, chemosen-
sory ERPs provide baseline values
for olfactory function and may
also contain information about the
prognosis for the smell loss. This
information is essential and the
authors believe that the patients
must receive it (Figure 7).

Others measures of olfactory
activation

Some olfactory investigation
methods remain anecdotic in a
clinical context. Respiratory
changes after olfactory stimu-
lation,  psychogalvanic  skin
response to odorant stimulation,
odour-induced eye blinking and
pupillary reflexes have been
studied in small cohorts of
patients but have not received the
same level of attention as chemo-
sensory ERPs in clinical cen-
tres'118-123

The contingent negative varia-
tion (CNV) is a negative potential
that develops after perceiving one
of two stimuli while the subject is
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Figure 7
Algorithm for patients with an olfactory dysfunction with the interpretation of olfacto-
ry event-related potentials.

expecting a second stimulus. It
has been thoroughly studied for
visual and auditory stimuli and
some attempts have been per-
formed with olfactory stimuli.
However, the reproducibility of
the method for the chemosensory
function appears to be relatively
low."™

The functional topography of
our olfactory system is explored
through new techniques like
functional magnetic resonance
imaging, magneto-encepha-
lography, or positron emission
tomography.'>'** Although impor-
tant information has been gene-
rated using these methods in basic
research (olfactory-induced emo-
tions, cartography of chemosen-
sory activation, odour memory
recognition, differences between
orthonasal and retronasal percep-
tion), these techniques still await

standardisation and clinical appli-
cation.

Conclusions

In a clinical context, olfactory
testing is mainly based on psy-
chophysical techniques (odour
thresholds, odour identification
tests). More sophisticated tech-
niques such as chemosensory
ERPs support the findings of the
psychophysical testing but are
typically found only in specialised
smell and taste centres. Some
others techniques await further
standardisation before they can be
applied in routine practice.
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