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Introduction: Little is known on endonasal trigeminal sensitivity in patients with chronic rhinosinusitis with nasal polyps
(CRSWNP). The aim of our study was to investigate changes in trigeminal sensitivity in patients with CRSWNP and the effect of

functional endoscopic sinus surgery (FESS) on trigeminal perception.

Methods: A prospective study was performed to investigate the trigeminal sensitivity at three different locations within the nose
(anterior septum, anterior lateral wall, middle turbinate) using electrical stimuli. Therefore 45 CRSWNP patients were compared to
30 healthy subjects. Further, the effect of FESS was investigated in 31 patients before and 3 months after surgery.

Results: CRSWNP patients had a significantly higher trigeminal threshold at all tested locations than healthy subjects. The lowest
trigeminal detection threshold could be shown at the “entrance” of the nose in healthy subjects and in patients with CRSWNP.

Three months after FESS a significant improvement of trigeminal detection threshold was observed at the anterior nasal septum.

Conclusion: Protective function of the trigeminal system is preserved in CRSWNP patients. FESS seems to show bene cial effects

on restoring sentinel function at the “entrance” of the nose.
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Introduction

Chronic rhinosinusitis with nasal polyps (CRSWNP) is reported

to have a prevalence of 2.7% in the general population ™. Apart
from high costs @ associated with CRS there is a significant
impact on patients’ quality of life. Most commonly reported and
apparently most bothersome symptom seems to be the sen-
sation of nasal obstruction in around 90% © followed by nasal
discharge, facial pain and olfactory dysfunction .

The influence of endonasal trigeminal perception on the sensa-
tion of a“free nose” ®'but also on the feeling of nasal obstruction
without changes in airflow resistance © could be demonstrated
earlier.

A more recent study demonstrated that not only air temperature
but also air humidity affected the trigeminal sensation of nasal
patency. Thus, increased patency perception could be achieved
through mucosal heat loss/ cooling ”®. Further, a higher trige-

minal detection threshold in patients undergoing septoplasty
compared to healthy subjects revealed the important role of
endonasal trigeminal sensitivity in patients with nasal breathing
difficulties scheduled for surgery ©.

In patients with chronic rhinosinusitis (CRS) where the sensation
of nasal blockage is a cardinal symptom, a decreased trigeminal
sensitivity could be demonstrated 9. Whether mucosal inflam-
mation in CRS contributed to changes in trigeminal perception
is not entirely understood. But local inflammation after allergen
exposure was associated with significant changes of trigeminal
event- related potentials in patients with allergic rhinitis .

The main aim of our study was to investigate changes in trige-
minal sensitivity in patients with CRSWNP. Further, we aimed to
investigate the effect of functional endoscopic sinus surgery on
trigeminal perception, hypothesizing trigeminal regeneration 3

months after surgery.



Materials and methods

Participants

A prospective study was performed at the tertiary centre of the
Smell and Taste Clinic (Department of Otolaryngology) of the
“Technische Universitat” (TU) Dresden. The study was conduc-
ted according to the Declaration of Helsinki and approved by
the Ethics Committee of the Medical Faculty of the TU Dresden
(application number: EK20012013). All subjects and patients
provided informed consent prior to inclusion into the study.
Controls consisted of 30 healthy participants without any
history of chronic rhinosinusitis or olfactory disorders. The
case group included 45 patients with chronic rhinosinusitis
with nasal polyps (CRSWNP). Participants were only included if
their age ranged between 18 and 50 years. All patients under-
went endoscopic sinus surgery for the first time which was an
inclusion criterion for the case group. All tests were undertaken
one day prior and 3 months after surgery. As only 31 out of 45
patients appeared for post operative examination, comparison
between pre and post operative test results was done in those
31 patients. All study participants underwent a complete ENT
examination including nasal endoscopy.

Self- assessment of nasal breathing and olfactory ability

All study participants had to rate their nasal breathing and
olfactory ability on a visual numeric scale ranging from “1 - very
good”to “7 - no nasal breathing/ no olfactory function”.

Lund-Kennedy-Score

To evaluate the severity of CRSWNP all patients were graded
according to the Lund-Kennedy-Score. Polyp size, mucosal
oedema and secretion was evaluated using nasal endoscopy.
Polyp size was scored as 0- no polyps, 1- polyps up to the middle
turbinate, 2- polyps filling out nasal cavity. Mucosal oedema was
rated as 0- no oedema, 1- mild/ moderate, 2- polypoid change
and secretion as 0- no secretion, 1- hyaline, 2- purulent. The sum
of each category was defined as the Lund-Kennedy-Score.

Olfactory identification test

The odor identification task ' was based on the identification of
16 common odors presented on felt- tip pen like odor dispen-
sers. Odors were presented to the patient for 2 seconds about

2 cm in front of the nostril. Patients had to choose from a list of
four descriptors in a forced choice procedure. Identifying 12 or
more odors out of 16 was considered normosmic.

Endonasal trigeminal detection threshold

Trigeminal detection threshold was measured at three different
locations: at the anterior nasal septum (1cm from the nasal
vestibule), the anterior lateral nasal wall (1cm) and the mid-

dle turbinate (4.5cm). Electrical stimuli were applied through

a spherical electrode (PowerLab ADInstruments, Spechbach,
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Germany) which was placed under 30 endoscopic vision at
above given locations. To avoid movements of the electrode

it was fixed to a spectacle frame that was worn by each study
participant. The stimulus duration was set at 50us. Starting with
a stimulus intensity of 0.05mA, intensity was gradually increased
by 0.05mA until the subject detected the stimulus. Then the
intensity was decreased by 0.05mA steps till the subject could
not detect the stimulus any more. From there again stimulus in-
tensity was increased by 0.01 mA steps until the stimulus could
be perceived again, which was then defined as the trigeminal
detection threshold.

The trigeminal detection threshold was compared between the
3 endonasal locations in healthy subjects and in CRS patients.
Further, comparison of threshold was done between healthy
subjects and CRS patients before functional endoscopic sinus
surgery and also between patients before and 3 months after
FESS.

“Air puff” testing

Two high density polyethylene squeeze bottles (250ml) with a
pop-up spout were placed into each nostril. By pressing both
empty bottles at the same time using a hand-held squeezing
device ¥, an air puff with similar volume was administered to
both nostrils. Patients had to rate the intensity of the air puffin
both nostrils separately on a visual numeric scale ranging from
0- no sensation to 10- very intense.

Statistical analysis

Data analyses were done using SPSS (Statistical Package for So-
cial Sciences, version 23.0, SPSS Inc., Chicago, IL, USA). The level
of significance was set at p = 0.05. For group comparisons t-tests
and Chi? tests were applied. Psychophysical data were analysed
using analyses of variance (ANOVA) for repeated measures
(“within-subject-factor” [measurements pre- and post-operati-
vely] and “between-subject-factor” [group]). Correlation analyses
were performed according to Pearson.

Results

The control group consisted of 30 healthy subjects (15 men, 15
women) with an average age of 36 years ranging from 22 to 50
years (9.9 SD). Forty- five patients could be included in the case
group with an average age of 37 years (range: 24 to 49 years,

8.3 SD; 15 women, 30 men). Five (17%) control subjects were
smokers whereas 18 (40%) patients from the case group smoked
regularly. There was no significant difference between the two
groups concerning age (p = 0.83), gender (p = 0.15) or smoking
habits (p = 0.06).

All of the 45 patients underwent endoscopic sinus surgery for
chronic rhinosinusitis with nasal polyps whereas only 31 patients
(20 men, 11 women, mean age 37 years) appeared for postope-
rative examination. To compare pre and postoperative trigemi-
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Table 1. Comparison of trigeminal detection threshold between differ-

ent endonasal locations in healthy subjects and CRSWNP patients before

surgery.

Anterior Middle Anterior
nasal turbinate lateral
septum nasal wall
subjects 771032 1.05+050 0.01
(n=30)
1.05 = 0.50 0.8+0.34 0.01
Patients ;131046 134+0.59 <0.001
(n=45)
1.34+£0.59 0.9+0.36 < 0.001

nal perception those 31 patients only were taken into account.
Out of those 31 patients 7 received before and 14 after surgery
nasal topical steroid treatment. Further, 11 out of 31 patients
received at least once systemic steroids during the course of
their disease before surgery.

Self-assessment of nasal breathing and olfactory ability
There was a significant difference in self rating of the nasal
breathing ability between the two groups (right side: patients:
4.8+ 1.5 SD, subjects: 3.3+ 1.6 SD, p < 0.001; left side: patients:
5.0 + 1.5 SD, subjects: 3.4 + 1.5 SD, p < 0.001) and self rating of
the olfactory ability (patients: 4.8 + 1.7 SD, subjects: 3.4 + 1.6 SD,
p =0.001).

Endonasal trigeminal perception threshold

In healthy subjects as well as in pre operative CRSWNP patients
a significant difference between the trigeminal detection thres-
hold at the nasal septum and the middle turbinate and between
the lateral nasal wall and the middle turbinate could be shown,
indicating that both groups were most sensitive at the septum
and the lateral nasal wall (Table 1).

Comparing healthy subjects with CRSWNP patients before sinus
surgery we could demonstrate a significantly higher trigeminal
perception threshold (=lower sensitivity) at all three locations in
CRSWNP patients (Table 2).

Comparing pre and post operative CRSWNP patients (n=31) 3
months after endoscopic sinus surgery we could present a signi-
ficant improvement of trigeminal sensitivity at the nasal septum
in post operative patients. No significant difference could be
shown at the lateral nasal wall or the middle turbinate (Table 3).
Regarding topical steroid treatment, no significant differen-

ces (ps > 0.05) were found between treated and non treated
patients in detection threshold changes postoperatively at all
three locations. Likewise, no significant differences in trigeminal
detection threshold at all locations appeared between systemi-
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Table 2. Comparison of trigeminal detection threshold between healthy

subjects and CRSWNP patients before surgery.

Patients
(n=45)

Subjects

(n=30)

Anterior nasal

0.77 +032 1.03 +0.46 0.03
septum
il el 1.05+0.5 1.34+0.59 0.03
turbinate
RUETEEREL o g 0.9+036 0.04

nasal wall

cally treated and non- treated patients (ps > 0.05).

Lund-Kennedy-Score

As the control group consisted of healthy subjects without nasal
polyps all subjects had a score of 0. A significant difference
between the pre and postoperative scores of 31 patients under-
going endoscopic sinus surgery could be shown (pre: score 4.9,
1.4 SD; post: score 0.6, 1.2 SD; p < 0.001). There was no signi-
ficant correlation between the Lund-Kennedy-Score and the
trigeminal perception threshold at the nasal septum (p = 0.60),
the middle turbinate (p = 0.52) or the lateral nasal wall (p = 0.22).

Olfactory identification test

Control subjects had an average score of 13.9 (1.06 SD) points
on identification testing whereas patients reached on average
11.4 (5.0 SD) points only. Healthy subjects performed signifi-
cantly better on the odor identification task than patients pre
operatively (p = 0.01). Comparison between pre and post opera-
tive results revealed no significant difference (pre: score 11.8, 4.5
SD; post: score 13, 3.2 SD; p = 0.14).

“Air puff” testing

No significant difference in air puff rating between healthy sub-
jects and patients (subjects: 1.05 £ 0.48 SD; patients: 1.0 £ 1.22
SD, p = 0.64) or between pre and postoperative patients (pre: 1.0
+ 1.47 SD; post: 2.0 £ 1.75 SD, p = 0.12) could be shown. Further,
no correlation between the air puff rating and the trigeminal
perception threshold at the nasal septum (p = 0.92), the middle
turbinate (p = 0.43) or the anterior lateral nasal wall (p = 0.68)
was observed.

Discussion

Major results found in this study include: 1) the demonstration
of the lowest trigeminal detection threshold at the “entrance” of
the nose in healthy subjects (anterior nasal septum), 2) as well as



Table 3. Comparison of trigeminal detection threshold in CRSWNP

patients before and three months after surgery.

Pre operative

Post operative
(n=31)

p value
(n=31)

Anterior nasal

1.01+0.41 0.85 +0.07 0.05
septum
il el 133406 1.16 +0.49 0.12
turbinate
Rler e e g 0.87 +0.28 0.92

nasal wall

in CRSWNP patients (anterior lateral nasal wall); 3) CRSWNP pa-
tients had a significantly higher trigeminal detection threshold
at all tested locations (the anterior nasal septum, the anterior
lateral nasal wall and the middle turbinate) than healthy sub-
jects; 4) 3 months after functional endoscopic sinus surgery a
significant improvement of trigeminal perception was observed
at the anterior nasal septum.

Several methods with regard to stimulus site and quality have
been used in the past to assess endonasal trigeminal sensitivity.
All studies showed more or less consistently highest chemosen-
sory 1% but also somatosensory "® sensitivity at the anterior
part of the nose. As the anterior nasal mucosa is the region
where inhaled airstream first hits the mucosa, highest trigeminal
sensitivity in this location is thought to have a sentinel function
to protect the airway from potentially harmful agents. In line
with these findings, a similar distribution of trigeminal sensi-
tivity was found in CRSwWNP patients albeit at a lower level of
sensitivity. This indicates that the chronic inflammatory process
seems to generally affect the intranasal trigeminal system while
the sentinel function is tried to be maintained. Considering

the sensation of nasal patency, a significantly lower trigeminal
sensitivity in CRSWNP patients might contribute additionally to
mechanical obstruction through nasal polyps to the sensation
of nasal obstruction. To our knowledge this is the first study to
present topographical differences of somatosensory sensitivity
in CRS patients.

The influence of inflammatory mediators on various trigeminal
receptors within the nasal mucosa "”'® could be demonstrated
earlier. Also changes in trigeminal response to allergen exposure
of allergic rhinitis patients suggested a meaningful impact of
inflammation on trigeminal perception V. Whether inflam-
mation induces an increase or decrease in trigeminal sensitivity
also seems to depend on the duration of inflammation (acute
or chronic)". Similar to those findings, a decrease in trigemi-
nal sensitivity could be presented in CRSWNP patients, where
endonasal inflammation per definition lasted for more than 3
months.

The interaction between the olfactory and trigeminal system is

Trigeminal sensitivity

well documented showing decreased trigeminal sensitivity in
dysosmic patients '320-22, Olfactory dysfunction is amongst the
most frequent symptoms in CRS patients with a prevalence of
up to 90% @, In our study a significantly lower odor identifica-
tion score confirmed olfactory impairment in CRS patients. With
regard to those findings, an interactions between those two
systems leading to lower trigeminal sensitivity in CRS patients
could be taken into account. But at the same time, there is evi-
dence that changes in trigeminal sensitivity seems to be specific
for chemosensory rather than somatosensory sensation making
this explanation questionable.

To our knowledge, this is the first time the effect of functional
endoscopic sinus surgery on endonasal trigeminal sensitivity
was investigated. Reducing inflammation by removing polyps,
widening sinus drainage pathways and improving nasal/sinus
ventilation seems to improve trigeminal perception, at least to
some extent, in a so far unknown way. But as trigeminal regene-
ration 3 months after FESS was mainly seen at the anterior part
but not at the posterior regions of the nose, it may be hypothe-
sized that apart from mucosal inflammation compression of the
nasal mucosa caused by polyps might have induced irrevoca-
ble damage to trigeminal nerve endings. Coming back to the
interaction between the olfactory and trigeminal system, an
improvement of trigeminal sensitivity could be observed along
with the improvement of olfaction, at least in patients with post
infectious dysosmias @". Whether restricted improvement of
trigeminal sensitivity 3 months after FESS as shown in our pa-
tients related to unchanged olfactory abilities after FESS should
be considered as well. However, our data shows that FESS is
associated with an improvement of trigeminal sensitivity at the
anterior domain of the nose which means that the protective
function of the respiratory tract is maintained. This potentially
beneficial effect of FESS on the trigeminal sensitivity could be
of particular importance in patients with pulmonary affection
like in aspirin- exacerbated respiratory disease (AERD) where
the protection of a weakened lower respiratory system is crucial.
And as the severity of polyposis in these patients is known to

be associated with the frequent need of FESS ¥ a potentially
protective effect of FESS might be of further advantage. Howe-
ver, the study design we used does not allow any statements on
causality of sentinel function restoration.

Even though the effect of steroids on the trigeminal sensitivity
was not in focus of our study our data indicates that steroids
seem not to show any major effects on endonasal trigeminal
detection threshold in CRSWNP patients. But further studies are
needed to assess the influence of steroids on endonasal trigemi-
nal sensitivity.

According to Meusel et al. ¥, a high responsiveness to menthol
within the posterior regions suggested the presence of TRPM8
receptor %, a cold receptor most probably responsible for the
perception of nasal patency, in those regions. In our study we



Polettiet al.

could not show trigeminal detection threshold improvement
within the posterior nasal regions using electrical stimuli. Elec-
trical stimuli are thought to be unspecific and therefore seem to
activate a wide range of receptors simultaneously and probably
even axons directly. Hence, decreased trigeminal sensitivity
could also indicate a lack of functional TRPM-8 receptors. In

this case, if patients do not improve in terms of nasal breathing
ability after FESS one should consider a lack of improvement in
airstream detecting cold- receptors in the posterior domains of
the nose. But further investigations are needed to assess distri-
bution and functionality of TRPM-8 receptors in CRS patients.
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