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Abstract. — The aim of this paper is to review
intranasal trigeminal system and associated re-
flexes. The literature survey was performed on
PubMed, ProQuest Central database of Kirikkale
University and Google Scholar.

The intranasal trigeminal system and associ-
ated reflexes play an important role in humans in
both health and disease, including in rhinitis of
non-allergic and mixed type. The intranasal tri-
geminal nerve provides sensory perception to
the lining of the nose, supplying information on
how patent the nasal airway is and responding
to various chemical signals. The reflexes known
to exist within the intranasal trigeminal system
are nasobronchial reflex, trigemino-cardiac re-
flex, nasogastric reflex, and nasal cycle.

The intranasal trigeminal system and its re-
flexes play a vital role in normal human phys-
iology. Alterations in how this system oper-
ates may underlie multiple forms of rhinitis and
more research is needed to fully understand the
mechanisms involved.
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Introduction

The intranasal trigeminal system and associ-
ated reflexes play an important role in humans in
both health and disease, including in rhinitis of
non-allergic and mixed type.

The intranasal trigeminal nerve provides sen-
sory perception to the lining of the nose, supply-
ing information on how patent the nasal airway is
and responding to various chemical signals. It also
plays a part in regulating inflammation within the
nasal cavity'. A major function of this organ is to
restrict or halt inspiration through the nose where
a potentially harmful or lethal substance could be
inhaled into the upper or lower respiratory tract.

nurayb@hotmail.com



S. Ulusoy, N. Bayar Muluk, G.K. Scadding, G.S. Passali, M. Dilber, et al.

This function depends on the reflex circuitry of
the trigeminal?.

The intranasal trigeminal system also aids ol-
factory perception. For an odoriferous stimulus to
be fully perceived, both the olfactory nerve and
trigeminal nerve must be stimulated. The majori-
ty of molecules that produce a sensation of smell,
activate receptors on both nerves, as long as they
are present at a high concentration®*. However,
whereas the first cranial nerve mainly supplies in-
formation about how pleasant or edible a substance
is and how familiar, the fifth cranial nerve is more
targeted on detecting harmful stimuli and trigger-
ing protective reflexes. The olfactory system links
to social and other behaviour, whilst the trigeminal
system works to protect the individual from harm.

The fifth cranial nerve within the nose can also ini-
tiate neurogenic inflammation in response to chemical
challenge, physical injury or allergenic exposure’.

For this paper, the literature survey was per-
formed from PubMed, ProQuest Central database
of Kirikkale University and Google Scholar.

The Nervous Supply to the Nose

The ophthalmic and maxillary divisions of the
fifth cranial nerve provide the nerve supply to the
interior of the nose. The ethmoid nerve divides off
the ophthalmic division of the fifth cranial nerve
(CN V) to supply the nasal exterior and the ante-
rior portion of the nasal lining. The posterior por-
tion of the nasal lining receives its nerve supply
from a branch of the maxillary division of CN V,
the nasopalatine nerve.

The nasal surfaces, sinus cavities, cornea and
blephara, as well as the mouth and surrounding skin
are all well-supplied with sensory receptors. The sen-
sory receptors of the intranasal trigeminal system are
sensitive to pressure, temperature, and the flow of air
through the nose caused by breathing. These fibres
also contribute to the overall perception of smell.

There are both chemosensory and mechano-
sensory neurones within the CN V. Mechanical
perception is conveyed via Ad fibres, which have a
myelin sheath and conduct the signal rapidly. The
sensation of warmth or cold (i.e., thermoception)
and pain (which may be due to harmful chemical
substances or mechanical in nature) are transmit-
ted by C-fibres. These slender fibres lack a myelin
sheath and transmit signals less rapidly than the
Ad type. Stimulation of the CN V produces per-
ceptions of burning, stinging, itching or tickling,
as well as warmth or cold. The slower, uninsu-

lated C-fibres carry the perception of burning,
whereas stinging sensations are conveyed by the
rapidly conductive, insulated Ad fibres. An alter-
native term used to denote the fifth cranial nerve
supplying the nasal mucosal lining is the non-ad-
renergic, non-cholinergic (NANC) system'.

A number of altered parameters can be detect-
ed by sensory receptors on the fifth cranial nerve,
such as altered temperature, humidity, air pres-
sure, and the presence of noxious substances. The
trigeminal neurones express calcitonin gene-re-
lated peptide (CGRP) and Substance P, in addi-
tion to similar neuropeptides®. Chemosensation is
mediated through fibres of the fifth cranial nerve
located in the vicinity of isolated, specialist che-
mosensory cells in the lining of the nose’.

There are cholinergic sensory receptors of nic-
otinic subtype located on trigeminal fibres. There
are also numerous different transient receptor
potential (TRP) channel proteins located on the
sensory neurones. These operate by permitting
various cationic species to cross the outer cell
membrane, thereby generating an action poten-
tial. The channels are termed polymodal because
of their ability to open in response to several dif-
ferent stimuli, both mechanical and chemical.
Various molecules can cause the channel to al-
low cationic flow. There are six subtypes of these
channel proteins, and they are listed as follows:

— Purinergic receptor (P2X)

— Vanilloid receptor (TRPV1)

— Acid-sensitive ion channels (ASIC/DRASIC)

— Channel responsive to thermal increase and
eugenol (TRPV3) (senses increased heat)

— Channel responsive to menthol (TRPMS) (per-
ception of cold)

— Channel responsive to the presence of isothio-
cyanate (TRPAI). Isothiocyanate is the main
functional group found in mustard oil®.

In addition to sensory nervous input from the
nose, the normal functioning of this organ also
depends on autonomic nervous control, both
sympathetic and parasympathetic. The principal
neurotransmitter of the parasympathetic division
is acetylcholine, which attaches to cholinergic re-
ceptors of muscarinic type, leading to increased
glandular activity or dilatation of blood ves-
sels. Another neurotransmitter of importance in
parasympathetic fibres is vasointestinal peptide
(VIP). In the sympathetic division, the principal
neurotransmitters are noradrenaline and neuro-
peptide Y. Both act on adrenoceptors to cause
constriction of blood vessels and widening of the
airway within the nasal cavity'.
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Nasal symptoms may arise as a result of im-
balances affecting the physiological reflexes with-
in the nose.

Activation of Trigeminal Receptors

When the receptors of the fifth cranial nerve
are stimulated, a sensory perception of potential
harm may be produced, or a smell may be more
fully appreciated. This then activates a number of
different reflexes within the nose. The degree to
which the nasal lining is sensitive to stimuli acti-
vating the trigeminal fibres varies from location
to location. The anterior portion has the greatest
sensitivity for chemoception, whereas mechanical
stimuli are most easily perceived in the posterior
portion of the cavity®!'.

Protective reflexes — such as an increase in se-
cretions (i.e., saliva, tears, and nasal mucus), de-
creased inspiration, initiation of sweating, and
reduction in nasal patency caused by congestion
of the nasal turbinates — occur when trigemi-
nal neurones bearing TRP channels are activat-
ed. The characteristic feature of TRP channels
is polymodal activation, which means they be-
come active in response to thermal, mechanical,
or chemical stimulation. TRPV1 can be acti-
vated by a chemical stimulus, such as capsaicin,
and by physical stimuli, such as heat application.
Agents which can block TRP channels are under
pharmaceutical investigation. Potentially useful
agents include both existing drug molecules, such
as amiloride or gentamycin, which can blockade
TRPAI, and newer compounds. In investigations
of the upper airway, the key TRP channels un-
der research evaluation are those from the TRPV,
TRPM, and TRPA families. TRPV1 possesses
high affinity for capsaicin, the principal active
vanilloid compound found within chilli peppers.
Camphor and eugenol mostly activate the TRPV2
channel. The cold sensor TRPMS is activated by
both menthol and eucalyptol. TRPA1 has maxi-
mum affinity for cinnamaldehyde and mustard oil.
Neurogenic inflammation can be triggered by re-
lease of neuropeptides by neuroendocrine cells
within the respiratory mucosa following activation
of sensory fibres. This mechanism may account for
certain types of thinitis without an allergic compo-
nent'?. There are raised levels of particular neuro-
peptides, namely substance P, CGRP, neuropeptide
K (NPK) and neurokinin A (NKA), in the airways
of some patients whose airways are inflamed"*'.

Research findings strongly support the hy-

pothesis that inflammation is promoted through
the interaction of pro-inflammatory immune
cells, sensory neurons, and neuroendocrine cells.
This inflammation leads to airway hyperreactivi-
ty. Neurogenic inflammation has also been shown
to be associated with altered neurotrophin expres-
sion, especially neurotrophins-3 and -4 and nerve
growth factor (NGF).

In mammals, when the dendrites of the intra-
nasal trigeminal nerve are stimulated, action po-
tentials propagate in an antidromic direction, re-
ferred to as the axon reflex. This causes increased
expression of inflammatory neuropeptides and the
formation of neuronal varicosities. Furthermore,
vascular permeability increases, and mucous
gland activity rises. This series of events has also
been demonstrated to occur in man. When the in-
tranasal trigeminal nerve endings are stimulated,
the nose becomes congested and obstructed, there
is watery rhinorrhoea and sneezing occurs. It is
highly probable that the axon reflex plays a signif-
icant part in nasal hyperreactivity and idiopathic
(non-allergic, non-infectious) rhinitis (NINAR). It
may also be of importance in the pathogenesis of
allergic rhinitis, since substance P is involved in
eosinophil recruitment.

When the nasal cavity is exposed to cold, dry
air, persistent pain and increased secretions may
occur'>'®, The probable explanation for this phe-
nomenon is that fibres of capsaicin-sensitive type
are activated. Alternatively, the drying effect may
cause nociceptors to be activated. These mecha-
nisms may feature in nasal hyperreactivity and
NINAR, which is the rationale for employing re-
peated applications of topical capsaicin as a means
of desensitising the mucosa in such cases'. It has
been shown that intranasal application of capsaicin
offers symptomatic relief and decreases nasal hy-
perreactivity in cases of idiopathic rhinitis'".

Both a single stimulus and repeated stimuli
can elicit these responses. However, A9 fibres and
C-fibres react differently to repetitive chemical
stimuli. In such situations, the painful burning
sensation generated by C-fibres increases, whilst
AJ fibres generate a stinging sensation.

Trigeminal System Reflexes

An appreciation of how the various intrana-
sal reflexes operate allows the pathophysiological
mechanisms (mucosal, systemic, or central ner-
vous) underlying the signs and symptoms of rhi-
nitis to be clearly understood. Nonetheless, there
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remains considerable controversy about how
specific nasal syndromes not involving allergic
mechanisms should be defined, which compli-
cates discussions of this subject?*2.,

The function of chemoceptive fibres of the fifth
cranial nerve can only be properly understood
when the variety of different types of nociceptors
and ion-transport channels (e.g., TRP) is appreci-
ated. Trials involving anosmic patients in which
the nose was exposed to numerous chemical sub-
stances within a cross-desensitisation experimen-
tal design indicate that there are large numbers of
separate subtypes of nerve cells within the fifth
cranial nerve capable of chemoception. Estimates
range from 6 to 12 subtypes, with the possibility
that not all subtypes have yet been identified*.

The following are the reflexes known to exist
within the intranasal trigeminal system.

The Nasobronchial Reflex

The nasobronchial reflex is one component of
the diving reflex, in which breathing is immedi-
ately halted when the head enters cold water. This
apnoeic response is accompanied by constriction
of the bronchi and spasm of the larynx. Moreover,
the heart slows, with a reduction in cardiac output
and constriction of vessels in the skin and muscles,
as well as gut and kidneys, a series of events col-
lectively referred to as the nasocardiac portion of
the diving reflex**%. The diving reflex protects the
lungs from filling with water and lowers the overall
use of oxygen by the body and, at the same time,
ensuring the brain continues to receive adequate
oxygenated blood. The diving reflex is especially
important in aquatic mammals whose lifestyle in-
volves remaining underwater for lengthy periods®.

The fifth cranial nerve supplies sensation to
the nasal cavity, whilst the parasympathetic effer-
ent supply flows via the vidian nerve. Both affer-
ent and efferent nervous supply to the lower respi-
ratory tract is carried in the tenth cranial nerve.
Coughing, sneezing or constriction of the bronchi
are actions which protect the respiratory tract and
are under reflex control. There are mechano- and
chemoreceptors located in the nasal cavity, tra-
chea, and throughout the airways. An example
of the respiratory reflexes in action is the trigger-
ing of an acute bronchoconstrictive response in
asthmatic individuals who breathe in cold, dry air
through the nose. The superior and inferior por-
tions of the airways respond as a single unit due to
their being connected by the nasobronchial reflex.

The sensory arm involves nasal, sinusal and pha-
ryngeal receptors. This sensory information pass-
es via the fifth, seventh, and ninth cranial nerves
to the medulla oblongata, where there is a con-
nection to the effector arm of the reflex passing in
the tenth cranial nerve. The result is a constrictive
response by the bronchi?’. If dust, smoke, com-
ponents of fragrances (such as phenethyl acetate),
SO,, NH, or other hydrophilic molecules are in-
haled through the nose, the bronchi lower in the
tract immediately contract and apnoea occurs as
the muscles of inspiration cease contracting.

The afferent limb of the nasobronchial reflex
was discovered through studying patients undergo-
ing unilateral surgical transection of the maxillary
nerve to provide relief from intractable trigeminal
neuralgia®®. When these patients were examined
after surgery, it was noted that applying very fine
sand to the nose on the side where the operation
was performed did not trigger either a localised in-
tranasal, nor a bronchial, response. However, when
the sand was applied to the nose on the intact side,
the subjects reported a burning sensation in the
nasal lining, the nasolacrimal response was trig-
gered and there was narrowing of the airway low-
er in the respiratory tract. It was then later shown
that the maxillary nerve constituted the afferent
limb. Stimulation of either the olfactory or ethmoid
nerve failed to elicit the reflex”. There have been
studies®**! examining how the superior and inferior
portions of the respiratory tract interact in patients
with rhinitis (both allergic and non-allergic), in ad-
dition to asthma. These studies focused on neural
reflexes, including the nasobronchial reflex, and on
plasticity in the nervous system. It is known that
stimulation of the afferent portion of reflexes in the
nose produces severe constriction of the bronchi®?
as well as bradycardia. The nasobronchial reflex
can also be activated when mechanoreceptors in
the nose are stimulated. A study involving healthy
non-smokers ascertained that, when the middle
meatus or inferior turbinate were mechanically
stimulated, FEV1 fell*. A different study looked
at the effect of applying histamine to the nasal cav-
ity. This action caused the bronchi to contract in 8
out of 12 individuals, all of whom had both allergic
rhinitis and asthma**.

The Trigemino-Cardiac Reflex
Another component of the diving reflex is

the trigemino-cardiac reflex (TCR)*. This reflex
causes bradycardia, hypotension, cessation of
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breathing and rapid emptying of the stomach. The
TCR may be triggered prior to surgery or may be-
come activated during eye surgery or procedures
involving the eyes. Moreover, neurosurgical op-
erations in the region of the cerebellopontine an-
gle may trigger the reflex, since these result in
the mid portion of the fifth cranial nerve being
stimulated. One study examined the nasocardiac
reflex in 80 healthy individuals. A 25% ammonia
solution was applied to the mucosal lining of the
middle turbinate®. Every subject had a bradycar-
dic episode, and 11 subjects became apnoeic be-
fore the heart rate slowed. Pre-treating the nasal
mucosa with 2% lidocaine prevented the reflex
occurring. On the other hand, electrically stim-
ulating the fifth cranial nerve can trigger the tri-
gemino-cardiac reflex®. If the maxillary nerve is
transacted or systemic atropine is administered,
slowing of the heart and cessation of breathing
do not occur when the usual trigger is applied.
Patients who misuse glue, paint stripper or pet-
rol for glue-sniffing have died from the abrupt
cessation of respiration and bradycardia. Fur-
thermore, there is a potential for bradycardia and
even cardiac arrest to occur when a nasogastric
tube is inserted or water is inhaled into the nose®’.
Some 10% of patients who undergo trans-sphe-
noidal surgery to remove a pituitary adenoma ex-
hibit the trigemino-cardiac reflex*®, experiencing
a 43% decrease in cardiac rate and 54% drop in
blood pressure. The degree of hypotension and
bradycardia correlates positively with the sever-
ity of the tumour in histopathological terms. The
molecular biology of the trigemino-cardiac reflex
still awaits elucidation. It does appear likely, how-
ever, that activation of mechanosensitive trigemi-
nal or sympathetic afferent fibres and recruitment
of brainstem cholinergic parasympathetic output
may be involved.

Definition and Pathophysiological
Basis of the Trigemino-Cardiac
Reflex (TCR)*’

The afferent portion of the TCR is believed
to consist of sensory fibres of the fifth cranial
nerve. These fibres relay information to the tri-
geminal sensory nucleus via the Gasserian gan-
glion**#'. The afferent portion then continues
as interneurons within the reticular formation,
which synapse with the efferent portion of the
reflex at the vagal motor nucleus. Studies**** in
other animals reveal that the various reflexes

affecting the heart that involve the fifth cranial
nerve can be triggered by applying stimulation
to various parts of the central nervous system.
These triggering areas include the spinal fifth
cranial nerve nucleus, the paratrigeminal nucle-
us, the superior ventrolateral medulla oblongata,
parabrachial complex, and the dorsal reticular
nucleus within the medulla.

The TCR can be triggered by applying stimula-
tion at any point along the fifth cranial nerve, wheth-
er within or outside the cranium*+, in the peripher-
al or central nervous system. The first description of
the TCR in the literature dates from 1999 and is by
Schaller et al*® They described its occurrence during
neurosurgical procedures and in operations affect-
ing the base of the skull. In these cases, the cardiac
rate and arterial tension were recorded. The TCR
was defined as a “heart rate less than 60 beats per
minute and mean arterial blood pressure (MABP)
20% lower than the baseline”. Amongst the cases
studied, 3 individuals went into asystole for between
30 and 70 seconds®. The TCR is also observed
during ophthalmic surgery or interventions, when it
is known as the oculo-cardiac reflex (OCR)*". The
OCR is believed to involve the fifth cranial nerve in
its intracranial (i.e., central) portion®.

TCR occurs with a frequency of between 10%
and 18%*%%%5!, The OCR is noted to occur in up to
67% of patients undergoing surgical procedures
for strabismus*®. However, this reported incidence
may be considerably over-estimated, given that
the majority of the authors quoted were prepared
to accept a reduction of at least 10% in cardiac
rate as evidence that the OCR had been activated.

The incidence of activated TCR was 11% in
a series of 125 patients undergoing neurosurgical
procedures for tumours within the cerebello-pon-
tine angle or in whom microvascular decompres-
sion was undertaken to relieve trigeminal neural-
gia, according to Schaller et al®'~.

Risk Factors for Activation of a TCR

There are several situations in which the risk
of activating a TCR is raised, such as low arte-
rial oxygen tension, hypercapnia, light general
anaesthesia, strong or long-lasting stimulation to
the sensory portion of the reflex and young patient
age (children are especially at risk). Additional-
ly, some medications also raise the risk, notably
narcotics, e.g., sufentanil or alfentanil, calcium
channel blockers and beta adrenoceptor antago-
nists®-,
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Nasogastric Reflex

The nasogastric reflex has its afferent portion
within the fifth cranial nerve, the efferent por-
tion travelling within the tenth cranial nerve. The
two limbs of the reflex synapse within the central
nervous system at the pontomedullary junction.
There are sensory fibres with receptors in the lin-
ing of the nose. These project to the trigeminal nu-
clei within the pons and medulla, in the region of
the brainstem devoted to general somatic afferent
input. Sensory information may then be shared
with the solitary tract nucleus located in the same
vicinity. The neurotransmitters involved are glu-
tamine and non-NMDA (non-N-methyl-d-aspar-
tate). Activation of the reflex results in sensations
of nausea and anorexia. Gastric acidity rises and
the stomach relaxes. Furthermore, the tenth crani-
al nerve efferent also controls the tone of the low-
er oesophageal sphincter. This mechanism helps
to explain how irritation to the nasal lining can
trigger symptoms affecting the stomach and prox-
imal portion of the gut>¢-**. Since gastric contents
may subsequently be refluxed and cause irritation
to the nasal mucosa, a vicious cycle may be set up
through activation of the reflex.

The Nasal Cycle

The nasal cycle refers to a process whereby
most airflow occurs first through one side, then
the other, of the nose, depending on which side
exhibits most resistance to airflow. In approxi-
mately 4 out of 5 adults, this cyclical change in
nasal resistance has a periodicity of between 50
minutes and 4 hours®. Vasodilation of one side
occurs alongside vasoconstriction of the contralat-
eral passage, with the result that most flow shifts
to one nostril or the other, but the total resistance
remains unvaried®. Whilst individuals are exer-
cising and breathing more rapidly or deeply than
usual, the resistance to airflow in the nose falls,
probably due to the vessels becoming decongest-
ed. Recently, studies examining the crutch reflex,
in which there occurs ipsilateral congestion of the
nose when the axilla is stimulated, have produced
findings indicating that one-sided reflexes affect-
ing the nasal cavity exist™.

The circadian control of the nasal cycle is still
not properly understood. The autonomic system is
likely to play a key role. Some medications have
been observed to affect the cycle. Furthermore,
conditions which result in dilation of nasal ves-

sels, a thickened nasal lining and altered levels of
nasal secretion, such as allergic, non-allergic or
infectious rhinitis, also affect how the cycle oc-
curs.

Diagnostic Testing of Intranasal
Trigeminal Function

There are a number of different techniques
which may be employed to assess the function of
the intranasal trigeminal system, directly or indi-
rectly. Direct methods include psychophysical or
electrophysiological tests, as well as imaging. In-
direct techniques measure how reactive the nasal
mucosa is.

Psychophysical Tests

Psychophysical evaluation assesses various
parameters, in particular the nasal threshold, per-
ception of stimuli above the threshold, the ability
to discriminate between stimuli and being able
to determine which side a stimulus has been pre-
sented to®-®. These tests indicate an age-related
reduction in the level of sensitivity of the nose®*.

Psychophysical research® suggests that the
human intranasal trigeminal system is capable of
qualitative specificity, although, for the majority
of odoriferous substances, its sensitivity falls be-
low that of the olfactory system. In terms of noci-
ception, substances which activate the trigeminal
are more rapidly perceived as painful and the pain
is more intense that when a substance activates the
olfactory system. The same stimulus can produce
different perceptions by the two nasal percepto-
ry systems. In normosmic individuals, trigeminal
stimuli accompanied by an olfactory stimulus are
perceived more intensely, but perception of stimu-
li that activate olfaction is unaffected by addition-
al stimulation of the trigeminal system®.

Repeated presentation of the same stimulus to
the olfactory system leads to desensitisation, but
this is not the case with the trigeminal system, in
which nociception actually increases if the same
stimulus is applied in rapid succession. However,
trigeminal habituation can occur where there is a
long period in between presentation of the same
stimulus®. Studies of trigeminal nociception,
where the painful stimulus used was capsaicin,
reveal that increased sensitisation occurs with pre-
sentation intervals of less than 1 minute, but de-
sensitisation if the interval is 4 minutes. The possi-
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bility of utilising the habituation effect for patients
suffering with nasal hyperalgia or NINAR has led
to studies® where a repeated painful stimulus is
applied to the nose. Some molecules appear to in-
crease nasal sensitivity, whereas others decrease it.

Patients’ sense of how clear and open their na-
sal passages are depends on the trigeminal system.
Application of menthol to the mucosa creates a
feeling of greater nasal patency by stimulating cold
receptors, but the nasal airway remains the same di-
ameter as before®. On the other hand, when the na-
sal lining is anaesthetised, the airway feels closed,
but again this does not correlate with any actual
alteration in nasal airway dimensions. The thresh-
olds of the trigeminal system are raised in patients
with anosmia, research has found®. Currently, no
method for measuring intranasal trigeminal func-
tion has been developed that is of sufficient validity
and standardisation to be used in routine clinical
practice. Such a test would also need to exhib-
it cost-effectiveness, be efficient in terms of time
taken and fit in with other nasal testing, such as
those for allergy or olfactory function. Stimulation
of trigeminal fibres could involve an olfactometric
device or using vials or sticks impregnated with
particular substances. For psychophysical testing
of the intranasal trigeminal system, there are usu-
ally three components: threshold quantification,
discrimination and identification. The threshold is
quantified by gradually increasing the concentra-
tion of the stimulus to the point where a response
is noted. Discrimination testing may involve pre-
senting three substances to the nose, two of which
are perceived as smells, the other stimulating only
a trigeminal sensation. The patient then needs to
identify the trigeminal stimulating substance. The
last phase is identification, wherein the patient
must make a forced choice to identify a substance
that activates the trigeminal response. In addition
to the tests described above, patients may be asked
to say which side a stimulus has been applied to. It
is not possible for a blindfolded subject to accurate-
ly lateralise an olfactory or mixed stimulus, but a
substance that only evokes a trigeminal response
can be lateralised in this way®. This is an import-
ant difference between olfactory and trigeminal
stimulation.

Electrophysiological Testing
Two potential differences are measured during

electrophysiological studies of the intranasal tri-
geminal system, namely the negative mucosal

potential (NMP) and the trigeminal event related
potential (Trigeminal ERP). The former is periph-
eral, the latter central.

Measurement of the peripheral value i.e., NMP,
is taken from the nasal lining. This potential
probably represents the sum of all the potentials
generated by cells sensitive to chemical induced
pain®. In humans, when pain perception scores
are compared with the NMP for subjects exposed
to carbon dioxide inhalation, there is a correla-
tion®?. An NMP is also generated when polymod-
al nociceptors (TRPA1, TRPV1 and TRPV2) are
activated. Different substances, such as carbon
dioxide, menthol, or ethanol produce different
values of NMP. When the stimulus is repeated,
the NMP decreases, indicating habituation®.

The trigeminal ERP, on the other hand, cor-
relates with activation of cortical areas after the
intranasal trigeminal system is stimulated mul-
tiple times, such as through carbon dioxide in-
halation. The level of carbon dioxide required is
between 30% and 60% of the total volume and
should be presented at intervals of between 20
and 40 seconds. This can be achieved with an ol-
factometric device®®*%%% or alongside nicotine™.
It is important to take precautions to ensure that
mechanoreceptor stimulation does not occur from
altered flow rates or thermal gradients, so that
only chemoception is represented in the trigem-
inal ERP. Flow should be maintained at a steady
8L.min"', and the temperature should not deviate
from between 36 and 37 Celsius. A thermometer
is used to ensure the latter. Notably, the response
recorded as stimulus strength (i.e., concentration)
is raised exhibits a more rapid rise when the tri-
geminal system is activated than occurs with the
olfactory system®.

Measurement of the trigeminal ERP may also
be of value in assessing patients with abnormal ol-
factory function. In such cases, the trigeminal ERPs
are generally preserved, unlike those arising from
olfactory perception. Neither the latency nor ampli-
tude of the potentials is usually affected®®7172,

Electrophysiology is beneficial to understand
the effect of increasing age, sex, dysosmia, and
medications, both on the peripheral portion of the
trigeminal system (as represented by NMP) and
the central events (as seen by ERP).

Imaging Studies

PET studies of the central nervous system
following intranasal trigeminal stimulation pro-
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vide valuable information about the olfactory and
trigeminal systems. This imaging modality re-
veals the trigeminal and olfactory systems have
pathways in common. Stimulation with carbon
dioxide leads to activation of the basal posteri-
or central gyrus i.e., the primary and secondary
somatosensory cortical areas, plus the pyriform
cortex, especially on the right®?. These PET find-
ings are confirmed by functional MRI studies in-
dicating involvement of the prefrontal cortex, the
anterior caudate nucleus, the insula, and cerebel-
lar regions.

Measurement of Nasal Hyperactivity

Nasal hyperreactivity (NHR) refers to the
phenomenon whereby stimulation of the nasal
lining produces nasal and bronchial hyperres-
ponsiveness. Studies have examined NHR us-
ing various stimuli, such as hyperosmolar solu-
tions”™, histamine”, cold dry air (CDA)’*", and
capsaicin®. CDA provocation tests are the most
patient-friendly method in current diagnostic use.
It stimulates a normal physiological response, has
minimal potential for harm and is readily tolerated
by patients. Furthermore, the superiority of CDA
compared to topical intranasal histamine applica-
tion has been demonstrated by Braat et al”’, since
histamine failed to differentiate between cases of
idiopathic rhinitis and healthy controls, whereas
this was possible using CDA”". Histamine prov-
ocation testing is 100% sensitive, but not specific
(0%), whereas CDA is less sensitive (87%), but
adequately specific (71%). The study quoted em-
ployed a protocol that is too lengthy for routine
clinical application, and there is a requirement for
a swiftly administered, highly sensitive and spe-
cific diagnostic test showing the presence of NHR
in cases of allergic or idiopathic rhinitis*. There
is a growing consensus amongst clinicians that
these types of tests should be performed routinely,
since NHR typically remains unrecognised and is
unassessed in studies evaluating the outcomes of
medical treatment for rhinitis. The development
of a time-efficient protocol and uniform design
for a CDA delivery device is, therefore, a matter
of priority.

The majority of cases where rhinitis has been
diagnosed also involve some element of NHR,
however, it is particularly important to verify the
presence of NHR in the NINAR subgroup of pa-
tients suffering from idiopathic rhinitis'>".

The Relationship of the Intranasal
Trigeminal System to Rhinitis

The evidence base strongly supports the hy-
pothesis that the intranasal trigeminal system
is of importance in rhinitis. The pathogenetic
mechanism involves activation of the system,
opening of TRP channels and a variety of neu-
romodulatory signalling molecules. In cases of
allergic rhinitis, the neurone is stimulated in an
antidromic direction, and this causes the expres-
sion and secretion of multiple neuromodulatory
signals, which stimulate glandular hypersecre-
tion and a vasodilatory response. Signals passing
orthodromically then excite the central nervous
system, resulting in pruritus, sneezing, ocular
symptoms, and constriction of the bronchi. There
is a limited literature concerned with trigeminal
function in cases of allergic rhinitis. One study
based on electrophysiology, which focused on tri-
geminal ERPs, noted that the ERP peak latencies
P1 and N1 associated with somatoperception were
significantly shorter than usual following an al-
lergenic provocation test. The electrophysiologi-
cal alterations mapped to symptoms described by
the subjects during the course of the experiment.
Moreover, the ERP peak latency was negatively
associated with scores for general symptomatol-
ogy, both prior to and following nasal challenge
with the antigen. These findings indicate that in-
tranasal trigeminal function is decreased in aller-
gic rhinitis, both at baseline and following aller-
genic exposure.

The intranasal trigeminal system also appears
play a major role in the pathogenesis of NINAR.
There remain a substantial number of cases of
idiopathic rhinitis classified as NINAR once the
following aetiological factors have been exclud-
ed: allergic hypersensitivity, endocrine imbal-
ance, and medication-related effects. For patients
with NINAR, NHR is a fundamental feature.
However, since the precise mechanism for NHR
remains obscure, unsuspected environmental or
microbial factors may be involved. Occupation-
al or leisure-time exposure to noxious substances
of low molecular mass potentially causes injury
to the nasal epithelium, triggering mast cell ac-
tivation, coupled with possible stimulation of the
rich sensory nervous supply to the airways®. It
has been shown that bacterial enterotoxins, such
as those produced by Staphylococcus aureus, can
stimulate a response by cells of the nasal lining,
as well as passing through the epithelium to the
submucosa®. A murine model produced the in-
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teresting finding that hyperactivity of the bronchi
occurs in response to environmental and microbi-
al triggers, but without provoking an inflammato-
ry response®. A recent study noted an alteration
in how the nasal epithelium functions in cases of
persistent inflammation affecting the nose and si-
nuses. The epithelial barrier became more porous
in response to elevated interleukin-4 and inter-
feron-gamma®. Histological studies have noted
how NHR occurring within cases of idiopathic
rhinitis is associated with raised levels of nerve
fibres within the nasal mucosa. The periglandu-
lar nerve fibres exhibited increased expression of
specific neuropeptides, in particular Substance P
and CGRP, which may be considered markers of
neuronal hyperactivity®*. It is noteworthy that pa-
tients with allergic or idiopathic rhinitis demon-
strate a similar degree of mucosal hyperinner-
vation, indicating neuroinflammation occurs in
both disorders. According to Heppt et al*’, more-
over, sensory nerves containing Substance P are
over-abundant in nasal mucosal specimens taken
from patients with idiopathic rhinitis*’. However,
it is not yet clear what factors trigger or contribute
to this hyperinnervation.

Despite the fact that NHR frequently occurs
in a variety of nasal disorders, including rhinitis,
there is no single consensus about how this com-
plication should be managed. In most clinics, the
ARIA guidelines are followed by clinicians treat-
ing allergic rhinitis patients who exhibit NHR.
On the other hand, cases of idiopathic rhinitis in
which NHR is diagnosed are frequently managed
by topical (intranasal) corticosteroid application.
These treatments vary in their level of success.
To complicate matters, there is only a single tri-
al reported (an RCT with placebo control) where
NHR featured as a primary outcome measure®,
One potential explanation for this situation is that
no gold standard diagnostic method exists for as-
sessment of NHR, so that it could become a valid
outcome measure. Capsaicin has been demon-
strated to lower NHR in cases of idiopathic rhini-
tis, in a study by van Rijswijk et al*. The pathoge-
netic mechanisms underlying idiopathic rhinitis
and how capsaicin functions to produce clinical
benefit are now becoming clearer”. In idiopathic
rhinitis, TRPV1 levels in the nasal lining are ab-
normally raised and nasal secretions also contain
a raised concentration of Substance P. The mode
of action of capsaicin appears to involve interfer-
ence with the nasal mucosal perception of pain
occurring through the action of Substance P on
TRPVIY.

Although there is strong evidence that capsa-
icin can be used to manage NHR, this strategy
is rarely employed (Gevorgyan et al”>— Cochrane
review). The principal explanation for this strange
situation is likely to be the length of time needed
for capsaicin treatment to be effective, coupled
with the lack of financial incentives to follow this
path, both for the pharmaceutical manufacturers
and for otorhinolaryngologists.

Conclusions

The intranasal trigeminal system and its reflexes
play a vital role in normal human physiology. Al-
terations in how this system operates may underlie
multiple forms of rhinitis and more research is need-
ed to fully understand the mechanisms involved.
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