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ABSTRACT

Having an enormous importance not only in one’s quality of life, but also in one’s health and personal safety, the olfactory func-
tion assessment has begun to gain more and more interest amongst the ENT practitioners. However, at the moment, there is no
worldwide accepted evaluation protocol available despite the fact that studies regarding smell disorders and their evaluation have
been published all over the world.

The purpose of this article is to present the olfactory assessment methods practiced today not only in different clinics from Europe
and the USA, but also in Romania, because we have recently started to study the olfactory function disturbances. Three of the
most interesting clinical cases, assessed in our ENT Department of the "Sfanta Maria" Clinical Hospital between 2015 and 2016,

will be discussed in the current paper.
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INTRODUCTION

Despite the well-known sense of smell importance,
the olfactory evaluation methods are still far away
from being organized in a general international pro-
tocol. Specialty literature describes many assessment
means, but unfortunately most of them still have lim-
ited clinical applicability.

Worldwide, there is no consensus in what the olfac-
tory assessment is concerned, if psychophysical evalu-
ations are enough in order to diagnose smell disorders
or if the results would be better or clearer if electro-
physiological measurements were added.

This article discusses the olfactory assessment meth-
ods currently used in Western Europe, in the USA and
also in Romania. Three clinical cases of anosmia as-
sessed in “Sfanta Maria” ENT Department between
2015 and 2016 will be presented in order to illustrate
our approach regarding the olfactory disorders. The
particularities of diagnosis and evaluation are pre-
sented together with a short literature review regard-
ing smell impairment.

OLFACTORY FUNCTION ASSESSMENT -
BRIEF LITERATURE REVIEW

Currently, various techniques for the investigation
of chemosensory functions are available.

They are divided into psychophysical and electro-
physiological methods. The psychophysical measures
are represented by odor identification, odor discrimi-
nation, odor thresholds and retronasal perception of
odors. The chemosensory eventrelated potentials,
odor-induced changes of the electroencephalogram
(EEG), the electroolfactogram and imaging tech-
niques complete the olfactory function evaluation.
Because olfaction has an important influence over the
patients’ quality of life, questionnaires are also used'?.

In the USA, olfaction is evaluated mainly through
psychophysical methods. Richard Doty® states in an
article that electrophysiological tests are often unreli-
able and influenced by chemical activation of non-ol-
factory intranasal fibers (e.g. trigeminal nerve free
endings).

In Europe, there is a precise clinical workup proce-
dure in order to assess both orthonasal and retronasal
pathways. The perceptual and central nervous process-
ing is different for each of them. Psychophysical evalu-
ation methods, such as Sniffin’Sticks test or Smell
Identification Test (UPSIT), are used for the orthona-
sal olfaction evaluation**.

Retronasal olfaction is assessed using a standardized
method with a row of 20 items. The presented sub-
stances are common odors (condiments, food items
available in powder). Squeezable plastic devices spread
the powder in the oral cavity, in the middle of the
tongue. The patient rinses his mouth after every sub-
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stance and the test procedure is 4 verbal items forced
— choice®.

According to the literature, advantages and draw-
backs regarding psychophysical tests are certified.
They are easy to implement, they are validated in mul-
ticenter studies and they have high test- retest reliabil-
ity. But, at the same time, psychophysical tests are
semi-objective, the results being influenced by the pa-
tient’s bias, and they are not reliable in forensic pa-
tients®’.

Electrophysiological evaluation is used to register
objective nervous responses after chemosensory olfac-
tory stimulation.

It is hard to deliver odorants to the olfactory mu-
cosa without registration of artefacts®, because the in-
tranasal trigeminal system mediates the sensation of
temperature, pressure, perception of nasal airflow
during breathing, nociception, and also participates
to the chemosensory perception of odorant stimuli.

An air — dilution olfactometer delivers pulses of
odorants (2-phenylethanol) embedded within a con-
stant airflow at a constant temperature and humidity
and, at the same time, an EEG records the brain re-
sponses to the odorant stimuli.

The resulting EEG records one negative wave hav-
ing a peak of 320 - 500 ms after the stimulus onset
(N1) and a late positive wave (P2) with a peak of 450-
800 ms after the stimulus onset™'’. According to Olofs-
son et al. and Hummel et al., a maximum peak of N1
recorded in the centro-parietal area represents an ol-
factory response, while in case of trigeminal stimuli,
the maximum can be observed in the central area®!!.

Because olfactory event-related potentials (ERPs)
usually exhibit a low signal-to-noise ratio, the clinical
usefulness of ERPs has important limits, especially in
the context of clinical diagnosis'2.

Imaging examination also plays an important role
in the olfactory function assessment. The most com-
mon examinations used in smell evaluation are the
computer tomography scan (CT scan) and magnetic
resonance imaging (MRI). The functional MRI (fMRI)
efficiency in the field of olfaction is currently being
studied.

The CT scan is helpful when olfactory cleft issues
caused by rhinologic diseases are presumed to induce
a smell condition. MRI is considered to be the first
choice in the diagnosis of the olfactory impairment as
it offers information about the olfactory bulb, the ol-
factory tract, the olfactory sulcus and the central olfac-
tory areas.

Huart et al., in 2013, stated that the olfactory bulb
has a particular importance in the study of the smell
function, due to its variable volume depending on the
background suffering. The capacity of the olfactory
bulb to change its volume is called plasticity*.

Hummel et al. demonstrated that the volume of the

olfactory bulb has an important significance in the de-
termination of the olfactory disorders, as a decreased
volume is encountered in hyposmia or anosmia caused
by upper respiratory airways infections, head trauma,
neurodegenerative disorders, congenital anosmia and
psychiatric disease!*'°.

In 2008, Buschhiuter and his collaborators!* estab-
lished normative values for the normal olfactory bulb
volume. A value more than 58 mm?® should be encoun-
tered in people under the age of 45, while people over
45 years should have an olfactory bulb volume over
46mm?.

Functional MRI is being studied to be introduced as
an evaluation mean of the hemodynamic response in
brain areas, related to the activity of a neuronal popu-
lation'”. Brain structures examined during olfactory
stimulation are the primary olfactory cortex (piriform
cortex), the orbitofrontal cortex, the amygdala, the
insular cortex, the cerebellum, thalamus and hypo-
thalamus. At the moment, it is used only in research,
because it seems that brain activation can appear even
in anosmic patients'”'®.

OUR EXPERIENCE IN OLFACTOMETRIC
ASSESSMENT

Because in Romania a diagnosis protocol for the
olfactory disturbances has not been established and
because the necessary tools for an objective evaluation
are not available, the olfactory function assessment to-
gether with the diagnosis and treatment of the smell
disorders are still incomplete. In the ENT Clinic of
“Sfanta Maria” Hospital, in Bucharest, starting from
September 2015, a Center of Excellence for Research
of Sensorial and Sensitive Disorders, Study of Infecto-
inflammatory, Tumoral and Obstructive Aero-digestive
Pathology (CESITO) was founded due to a European
funding programme contest. In our clinic, we assess
the olfactory function using both subjective and objec-
tive methods. The smell threshold is determined using
the TO 8 Olfactometer (dynamic olfactometry with n-
butanol produced by Olfasense) and the Sensonic
Snap and Sniff Test (Phenylethanol loglO dilution
steps). The olfactometric assessment is completed by
Natus Nicolet device, which registers the electrical ac-
tivity of the brain during electrical stimulation of the
olfactory mucosa. Having all these tools in our hands,
our purpose is to develop a reliable evaluation and
diagnosis protocol for the olfactory disturbances.

At present, we are undergoing a prospective study
in our clinic, based on interdisciplinary approach be-
cause olfaction is a domain of interest not only for the
ENT specialist, but also for other specialties. The pur-
pose is to identify the cause and the background of the
olfactory dysfunctions, and a strong collaboration with
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aradiologist, neurologist, neurosurgeon, forensic doc-
tor or a psychiatrist is needed.

The inclusion criteria of the study are as following:
patients with olfactory disturbances and suffering for
obstructive rhinosinusal pathology, viral/ bacterial in-
fectious pathology of the upper respiratory airways or
head trauma, having history of professional exposure
to pollutants and, of course, patients who agree to par-
ticipate. Children, pregnant women and patients with
psychiatric illnesses will be excluded.

The aims of our study are to establish smell disor-
ders prevalence in general population and in ENT
patients, to detect the olfactory function disorders im-
pact upon patients’ quality of life, to implement an
evaluation protocol based on subjective and objective
assessment methods, an adequate treatment identifi-
cation and to ascertain an objective diagnosis protocol
for patients with olfactory loss after head trauma
(medico-legal cases).

In all patients, the olfactory function evaluation is
based on a detailed history of the symptoms and pa-
tients’ pathological background (i.e. infectious upper
respiratory airways diseases, occupational exposure to

Stimulation

pollutants, head trauma), on clinical and paraclinical
examination (complete ENT examination, nasal en-
doscopy, culture of nasal secretions and imaging ex-
amination) and specific examination methods (sub-
jective and objective).

The psychophysical evaluation is realised through
the snap and sniff test and dynamic olfactometry
(which uses different dilutions of n-butanol) to deter-
mine the smell threshold. These are subjective meth-
ods and they must be completed with electrophysio-
logical tests represented by electric olfactory evoked
potentials (EOEP).

The Natus Nicolet device registers the EOEP after
electrical stimulation of the olfactory mucosa under
endoscopic control. Five cutaneous electrodes are
placed in the frontal and temporal regions, one refer-
ence electrode in the fronto-parietal area and one
ground electrode (Figure 1). The maximum intensity
of the current applied on the olfactory mucosa via the
stimulation electrode (Figure 2) is 2mA, 0.5 ms/ stim-
ulation and we give approximate 300 stimulations ac-
cording to the only one article referred to this sub-
ject®.

Figure 1 Electrodes placement for EOEP

Figure 2 Electric stimulation electrode



212 Romanian Journal of Rhinology, Vol. 6, No. 24, October - December 2016

Unfortunately, we confront with some difficulties
and limits in achieving our goals. As we all know, olfac-
tion is a niche in the ENT field and scarce information
regarding electric olfactory evoked potentials can be
found. This challenged us to perform our study start-
ing from a single article found in the literature, an ar-
ticle written by Ishimaru and his colleagues in 1997".

The collaboration with a radiologist is also a diffi-
culty, because the most important imaging examina-
tion goal is to measure the volume of the olfactory
bulb'®. This can be realised only by a specialist with a
good experience in this field.

Because in our country the insurance does not
cover 100% of the costs of a CT or MRI, an economic
burden for the patients may interfere.

Further, we present three of the most interesting
cases of anosmia evaluated in our clinic.

Case 1. A 46-year-old female was admitted in our
ENT Department in October 2015 for posttraumatic
anosmia. According to the history of the patient, the
symptomatology onset was in 2011 after a car accident.
So, it was a medico- legal case.

The nasal endoscopic examination revealed right
septal deviation in the upper portion, narrowing the
olfactory area, but without obstructing it. There was
no pathological aspect of the nasal or olfactory mu-
cosa (Figure 3a; 3b).

The CT scan described a fracture line in the squa-
mous part of the temporal bone. Olfactometric evalu-
ation using dynamic olfactometry (one measurement

consisting of 4 sequences) was performed and no
smell perception was recorded irrespective of the n-
butanol dilution presented (Figure 4).

We completed the investigation with the electric ol-
factory evoked potentials and we observed reduced
amplitude of N1, and an increased latency with sig-
nificantly decreased amplitude of P2. So, the results
revealed no electric nervous activity in both primary
and secondary olfactory cortices (Figure 5).

Corroborating the patient’s history with the clinical
and paraclinical investigations, the diagnosis of post-
traumatic anosmia was confirmed.

Case 2. A 50-year-old male presented to the ENT
Department of “Sfanta Maria” Hospital accusing sub-
jective posttraumatic anosmia, installed after a physi-
cal aggression. This was also a case with legal implica-
tions. No pathological changes were found during the
clinical ENT evaluation, but the CT scan showed a
traumatic lesion of the cribriform plate (Figure 6).

The dynamic olfactometry was also assessed for this
patient (one measurement consisting of 4 sequences),
with no response registered (Figure 7), but he did not
consent to perform the electric olfactory evoked po-
tentials.

In conclusion, we could not objectivise patient’s
complaints because of his lack of compliance. In this
situation, malingering might be suspected, but it can-
not be demonstrated while the patient did not accept
to complete the olfactory evaluation.

Figure 3 Intranasal endoscopic aspect - right septal deviation in the upper portion, narrowing the olfactory area, but without obstructing it (A); normal aspect
of the olfactory mucosa (B)
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Measurement Place Si. Maria Bucuresti
Time of measurement 16.10.2015 10:20:30 - 16.10.2015 10:29:03
Temperature of odour room
Offtactometer TOB (Serial number: EO.8137)
Last Calibration 26.03.2015
Pre-Dilution none
Presentation method Limit
Presentation time 2,25
Request method Yes / No
Sequences / discarded 4/0
Measurement result
\pan 0 3
Coy 0 ougm® 1
Panel members Round 1 aZ Round 2 aZ I Round 3 aZ Round 4 aZ
STL o 00 o og o 00 o 09
Panel members Err. ref. air Err. blanks |
STL 0 o/g|
(*1) Unit in OUE/m?* only valid, if ility to F Odour Mass (EROM) is prooved.

Figure 4 Dynamic olfactometry (n-Butanol): no smell perception

Figure 5 Electric Olfactory Evoked Potentials result - reduced amplitude of Figure 6 Cranial CT scan (coronal slice). Arrow showing the cribriform plate
N1, and an increased latency with significantly decreased amplitude of P2 defect
Operator MEV
Measurement Place Sf. Maria Bucuresti
Time of measurement 05.11.2015 9:34:44 - 05.11.2015 9:46:08
Temperature of odour room
Olfactometer TO8 (Serial number: EO.8137)
Last Calibration 26.03.2015
Pre-Dilution none
Presentation method Limit
Presentation time 22s
Request method Yes / No
Sequences / discarded 4/0
Measurement result
zn-.yln 0
Coq 0 ougm® v
Panel members Round1 | 4z | Round2 | 4Z | Round3 |aZ| Rounds | az |
PAT o 0o o o9 o oo o o9
Panel members Err. ref. air Err. blanks I
PAT 0 0/ a]

Figure 7 Dynamic olfactometry result - no response registered
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Case 3. A 7T-year-old little girl was referred by her
parents to our clinic because she had been complain-
ing about the lack of sense of smell. Neither she nor
her parents could indicate the onset of her subjective
anosmia. She had no significant personal history
(trauma, severe upper respiratory airways infections).
A complete clinical and paraclinical evaluation was
performed: the ENT examination revealed an unob-

structive right nasal septum deviation and hyper-
trophic inferior nasal turbinates (Figure 8), while the
CT scan was normal (Figure 9).

A dynamic olfactometry, one measurement consist-
ing of 2 sequences, was registered; there was no re-
sponse from the patient (Figure 10).

The parents also agreed to perform the electric ol-
factory evoked potentials under general anaesthesia.

Figure 8 Endonasal aspect (endoscopic view) - unobstructive right nasal
septum deviation and hypertrophic inferior nasal turbinates

Figure 9 Cranio - facial CT scan with normal aspect

Sample n-Butanol

Projact Nama
Operator

Maag ramant Placa St Maria Rururasti
Time of measurement 0E.06.20'6 1420:08 - 08.06.2016 14:26.02
Temperalure of oCoOUr room
Oifactometar TO8 (Seral number: EC.8137)
Last Calibration 26.0320'5
Pre-Dilstion ncne
Presenabon method Limil
Presentalion time 22
Request method Yes /No
Sequences / dscarded 2/0

Measurement result
Zinapan 0
et 0 ouym® 1)

Panel members Round1 | aZ | Round2 | aZ |
cio o oo o oo
Panel members Err. ret. air Err. blanks
cio 0 0/4
(*1) Unit in OUE/m® anly valld, if 1 European R Odour Mass (EROM) Is prooved.

Figure 10 Dynamic olfactometry result with no response
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Figure 11 Olfactory evoked potentials - normal activity of the olfactory
nerve

The investigation was performed using endoscopic
control in order to give an accurate stimulation of the
olfactory mucosa and normal activity of the olfactory
nerve was observed (Figure 11).

The particularity of this case consists in the discrep-
ancy between the results obtained in the dynamic ol-
factometry and electric olfactory evoked potentials.
This contradiction makes us believe that she is a ma-
lingerer, giving also the integrity of her sense of taste,
as she stated that her favourite desert is forest fruits ice
cream. Summing the personal history of the patient
and the paraclinical evaluations, we could not confirm
the diagnosis of anosmia.

Considering the difficulty of working with children,
because of their scarce compliance, this was a tough case
and the patient must be revaluated when she gets older.
Children’s lack of collaboration is all the more reason
why we do not include them in the undergoing study.

MALINGERING OR HOW TO MANAGE
MEDICO-LEGAL CASES

Because the olfactory dysfunction following head
trauma is currently compensable, it is mandatory to
identify malingerers. Using only subjective evaluation
methods, there is a strong possibility that the patient
is out to deceive the analyst by pretending malinger-
ing in the case of the existence or nonexistence of
post-traumatic impaired smell®.

In Europe, the diagnosis protocol includes all
means of evaluation: subjective - tests for threshold de-
termination, identification and discrimination and
objective - event- related olfactory evoked potentials®.
The final diagnosis is established after correlating the
patient’s history, psychophysical tests and the electro-
physiological evaluation.

According to Richard Doty?, there is no need for elec-
trophysiological assessment, because when measure-

ment is realised with the Smell Identification Test
(UPSIT), improbable responding on forced-choice che-
mosensory tests detects malingering. Even in case of
anosmia, 25% of the stimuli in a four-alternative test
should be correctly identified and the probability of ob-
taining a score of 0 on the UPSIT and not avoiding the
correct responses is around 1 in 100,000%.

CONCLUSIONS

In conclusion, we are still far away from a complete
knowledge in the olfaction field. Different points of
view regarding an accurate assessment can be found in
the literature and no worldwide accepted evaluation
protocol is available.

In Romania, the olfactory function evaluation is a
niche in the ENT specialty and we try to develop it as
much as we can. We need to follow the European
model for the assessment protocol, because the foren-
sic doctors require also objective evidence of the smell
impairment in order to give a correct solution to legal
cases.
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