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Abstract

Nasal obstruction is a very common nasal complaint in clinical practice. The
mechanism of nasal breathing perception is poorly understood and controversial. Currently,
there is no reliable tool for measuring nasal perception of air flow. This thesis aims to
develop an understanding of nasal perception pathway, identify factors contributing to nasal

perception and develop a new reliable measuring tool.

Empty nose syndrome (ENS) is a well-known condition characterized by paradoxical
sensation of nasal obstruction despite wide empty nasal space. The explanation of this
condition can enhance the understanding of nasal perception mechanism, therefore
pathophysiology of ENS was studied. (Chapter 2) The nasal perception is driven by the nasal
mucosal ‘cooling’ which connected to brainstem control center and specific region of
cerebral cortices including emotional processing area. Our experiment found that the effect
of emotional control and psychogenic modulation on nasal perception is likely to be the
explanation of the discordance between subjective and objective findings in ENS and may

potentially be its cause.

The utility of objective airway test on structural obstruction was studied in patients
who underwent nasal obstruction surgery. (Chapter 3) Nasal resistance demonstrates higher
correlation of the impact of surgery with patient reported outcomes on the obstructed side.
The control of ‘disease factor’ is deemed successful when an improvement in unilateral nasal

resistance by 0.2 Pa/cm?3/s or total resistance by 0.1 Pa/cm?/s is achieved.

Despite achieving the desired outcome in controlling the ‘disease factor’, persistent
nasal obstruction also depends on ‘patient factor.’ The ‘patient factor’ associated with poor
surgical outcome from the turbinate surgery was studied by comparing ENS and non-ENS
patients. (low or high benefit) (Chapter 4) High psychogenic function, disproportionate
subjective nasal complaints and the presence of reflux symptoms were shown to be
characteristic of ENS. The new measuring tool called ENS12Qs was developed accordingly.
(Chapter 5) This 12-item questionnaire utilized in this study to differentiate ENS from non-
ENS cases can potentially be used to clinically identify patients at risk of developing poor

surgical outcome ‘before’ it occurs.



In conclusion, this thesis provides the understanding and insight of subjective nasal
perception. Psychogenic factor is the major contributor on subjective nasal perception and
could explain the paradoxical finding between subjective perception and objective nasal
airway test. The poor psychogenic function found in ENS led to the development of
subjective measurement tool which provides a comprehensive and reliable subjective nasal

perception assessment.
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Chapter 1. General introduction

1.1 Nasal obstruction: Definition, prevalence and burden

Nasal obstruction is defined as the subjective perception of insufficient airflow through

the nose. Nasal congestion is another term used to describe nasal turbinate mucosa swelling
on clinical examination, which is caused by dilatation of the capacitance vessels in the
turbinate tissue that is a key component of sinonasal pathology such as rhinitis.? In other
words, the term congestion describes both subjective perceptions in mucosal pathology and
the outcomes of objective nasal airway measurements, such as nasal airway resistance or
nasal airflow.2 Decongestants act by constricting these blood vessels and restoring nasal
patency perception. Therefore, nasal congestion causes nasal obstruction, but not all nasal
obstruction is caused by congestion.

Nasal obstruction is one of the most common complaints in rhinology practice.® It is
estimated that nasal obstruction can affect at least 30% of the general population.* The two
most common causes are inflammatory disease and nasal obstruction due to anatomical
abnormality. Most studies of nasal obstruction have been conducted in patients with
sinonasal inflammatory disease, and common conditions are allergic rhinitis and
rhinosinusitis, with allergic rhinitis (AR) being the most common sinonasal inflammatory
condition. The prevalence of allergic rhinitis varies across studies, ranging from 10% to 40%.°
Up to 85% of patients with allergic rhinitis reported nasal obstruction, and it has been
reported as the most problematic symptom in 50%—78% of cases. The prevalence of
rhinosinusitis was reported by over 10% of the population, with an incidence of nasal
obstruction observed in 66% to 70% of patients.®®

In Australia, the health utility values (HUV), a measure of preference-based health-
related quality of life used in cost-utility analyses, were studied in patients with nasal airway
obstruction. The results show similar HUV to those in individuals with chronic diseases in the

Australian population, including chronic obstructive pulmonary disease, diabetes mellitus



and renal disease requiring dialysis.’ In 2007, approximately 13 million out-patient visits for
the assessment of nasal congestion took place in the United States.'® The monetary cost of
nasal obstruction is significant — approximately 30 years ago, an estimated $5 billion was
spent for medical management annually, and another $60 million was spent on surgical
intervention. 112

1.2 Nasal anatomy

Anatomical obstruction is one of the most common causes of nasal obstruction. Anatomical
structures contributing to nasal airway obstruction include the nasal framework and
cartilage, internal and external valve, nasal septum and nasal turbinate. The abnormality of

these structures can be measured through objective airflow assessment.

1.2.1 Framework and cartilage

The nasal framework and nasal septum form a major support of the nose. The framework is
rigid and separated into three parts. The nasal bones are in the upper third, the middle third
comprises the upper lateral cartilage (ULCs) and the lower lateral cartilages (LLCs) are
situated in the lower third. The paired nasal bones form a pyramidal shape structure, they
attach to the frontal bone superiorly and to the frontal process of the maxilla laterally. The
caudal edge of the nasal bone forms the superior border of the pyriform aperture and
articulates with the nasal septum to create the keystone area, which is an important area
determining the stability and dorsal aesthetic of the nose.

The middle and lower thirds of the nose are formed by nasal cartilage. The middle
third is composed of paired ULCs. Laterally, the ULCs are connected with the pyriform
aperture, while the lower third of the nose is composed of the paired LLCs or alar cartilage.
The LLCs are separated into the medial crus and the lateral crus, with the LLCs and nasal
septum providing the nasal tip support. The shape and position of the nasal tip is

determined by the configuration of these cartilages.
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Figure 1. Anatomy of nasal framework and cartilage

1.2.2 Internal and external nasal valve

The nasal valve is the narrowest portion of the human airway. Nasal valve collapse, or
stenosis, is a common structural cause of nasal obstruction.!®* The nasal valve is separated
into an internal and external nasal valve. The anatomic boundaries of the internal nasal valve
are the dorsal nasal septum medially, the internal caudal edge of the ULCs laterally and the
anterior head of the inferior turbinate posteriorly. The normal angle between the nasal
septum and ULCs is 10° to 15°. It has a cross-sectional area of approximately 40 to 60 mm?.
This anatomic area is the narrowest portion of the nasal airway and comprises the area of
greatest overall nasal airflow resistance.®

The external nasal valve is the area under the nasal alar, also known as the nasal
vestibule. Its anatomical boundaries are the medial crus of the alar cartilages and the
membranous septum medially, the caudal edge of the lateral crus of the lower lateral
cartilages, the alar rim laterally and the nasal sill inferiorly. This is the first region in creating
nasal airflow resistance. The external nasal valve is dilated and supported by the nasalis
muscle. The external nasal valve assessment is highly complicated when both dynamic and

static disturbances occur simultaneously in this area. &7



1.2.3 Nasal septum

The two nasal cavities are divided by nasal septum. From anterior to posterior, the nasal
septum consists of membranous septum, cartilaginous septum and bony septum. The
membranous septum is fibrofatty tissue located between the columella and the septal
cartilage. The cartilaginous part of the septum is known as the quadrangular cartilage, and
the posterior bony septum is composed of the perpendicular plate of ethmoid and the
vomer. The nasal septum functions to support the structure of the nose. Abnormalities in its
shape and configuration can alter nasal airflow and cause nasal obstruction. A deviated nasal
septum (DNS) is the most common structural cause of nasal obstruction® and affects
approximately 80% of the population.'® Although septal deformities are common, they are
often asymptomatic. Trauma is a common cause reported in many patients, but there is no
clear trigger event in most cases. Birth trauma or microfractures occurring early in life were

associated with this abnormal septal growth.?

Perpendicular
plate of ethmoid

Quadrangular
cartilage

Vomer

Figure 2. Anatomy of nasal septum

1.2.4 Septal swell body

The nasal septal swell body is an enlarged area of the anterior nasal septum also called the
septal turbinate. The septal swell body is a different condition from septal deviation.?! It is

located anterior to the middle turbinate, close to the distal part of the internal nasal valve



and might contribute to the site of the obstruction. A large proportion of venous sinusoids

and seromucous glands found in this area potentially affect nasal airflow.?

Figure 3. Coronal computed tomography (CT) with septal swell body

1.2.5 Turbinates

Nasal concha or nasal turbinates are located at the lateral nasal wall. Generally, three nasal
turbinates are identified: superior, middle and inferior. The superior and middle turbinates
originate from the ethmoid bone, whereas the inferior turbinates are discrete structures.
The turbinate consists of a bony structure and soft tissue. The inferior turbinate tissue
contains a rich supply of resistance blood vessels and venous sinusoids, which are controlled
by the autonomic nervous system. An alteration in autonomic activity contributes to
congestion, or decongestion, of the inferior turbinate. Hypertrophy of the inferior turbinate,
in response to chronic inflammatory processes, leads to a decrease in cross-section area and
increase in nasal resistance. Similarly, polypoid edema of middle turbinate is reported in
allergic rhinitis patients. 2

The middle turbinate serves as an important surgical landmark, but less so for
determining nasal resistance. A concha bullosa represents pneumatization of the middle
turbinate and is a common anatomic variant found in approximately 25% of the
population.?* A large concha bullosa can increase nasal airflow resistance and contribute to
nasal obstructive symptoms.?> Contralateral septal deviation commonly coexists with

unilateral concha bullosa.



10

1.3 The nasal airflow

Bernoulli’s principle states that the faster a fluid moves, the more its pressure decreases.
This concept explains the decline in intraluminal pressure when air passes at high speed
through the nasal valve during inspiration, leading to collapse of the upper lateral cartilage.'*
However, the strength of the upper and lower lateral cartilages helps maintain the integrity
of the internal nasal valve and prevents it from collapsing, even on deep inspiration. Nasal
obstruction, caused by internal nasal valve collapse, is often seen where internal nasal valve
laxity occurs due to previous trauma or aging. In comparison, external nasal valve collapse is
prevented by activation of the dilator nasalis muscle during inspiration and by positive
airway pressure during expiration.

The nasal airflow passes the nasal valve and runs towards the nasal turbinate,
septum, floor of the nose and nasopharynx. Airflow velocity is proportional to the nasal
cross-sectional area radius to the fourth power (radius?), as stated in Poiseuille’s principle.'3
Poiseuille’s law explains the effect on airflow velocity when there is a decrease in nasal
diameter caused by structural abnormalities. A reduction in diameter of the affected
structure can exponentially reduce nasal airflow.

The effect of airflow sensing was studied on computational fluid dynamic models.
Nasal wall shear stress is used to study the effect of airflow on mechanoreceptors
stimulation in the nasal mucosa. The result demonstrates no correlation between subjective
sensation of nasal airflow and nasal wall shear stress.?® In addition, basic research on animal
models also found no activation of nasal mechanoreceptors during breathing.?”*® From
these results, it is concluded that the mechanoreceptor of airflow is not involved in the
mechanism of nasal breathing. The true role of airflow in nasal perception is to initiate water
evaporation from the epithelial lining, which mediates the cooling radiant effect. This
temperature gradient then triggers the trigeminal cool receptor and interprets the cool

message as patency breathing perception.?3

1.4 Nasal physiology
Sinonasal inflammatory diseases, such as rhinitis and rhinosinusitis, are common causes of
nasal obstruction. The inflammatory process alters the normal nasal physiologic function in

different ways, including mucociliary clearance and vascular tissue complex.
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1.4.1 Mucociliary function

Nasal mucosa is comprised of pseudostratified ciliated columnar respiratory cells, goblet
cells and the seromucous submucosal glands. Both seromucous glands and goblet cells
secrete mucus and the secretion forms a layer that covers nasal mucosa like a blanket
throughout the nasal cavity and sinuses. Seromucous glands in the submucosa layer are
responsible for mucus production in the nasal cavity, whereas goblet cells are found mainly
in the sinuses. The mucus blanket comprises two distinct layers: the inner periciliary layer, or
sol layer, and the outer viscous layer, or gel layer. The liquid sol layer provides an optimal
environment for cilia to recover from active beating, whereas the outer, thicker and more
viscous gel layer is transported along with each coordinated ciliary beat. This mucous
blanket functions to trap foreign particles and remove them toward the nasopharynx. This
mucociliary clearance is an essential protective function that helps clear out allergens and
microbes. Thus, it slows down the inflammatory response and prevents upper respiratory
infections.?* The blanket changes in the nasal cavity every 20-30 minutes, and has an
average speed of 6 mm/min. The cilia of the lower septum and inferior turbinate beat at 12—
15 Hz (beats/sec) under normal circumstances.3®

The autonomic nervous system is the primary controller of mucus production.
Parasympathetic stimulation, increasing mucus secretion, is mediated through the nerve to
the pterygoid canal (vidian nerve). Conversely, sympathetic stimulation reduces mucus
secretion from the seromucous glands. Prolonged mucociliary clearance transit times are
associated with sinonasal pathologies, such as ciliary dysfunction in ciliary dyskinesia,
increased mucus viscosity in cystic fibrosis and increased mucus production in rhinitis and
rhinosinusitis. Mucociliary function can be improved with anti-inflammatory medication in

chronic rhinosinusitis and rhinitis patient.3638

1.4.2 Vascular complex

A complex vascular structure in the nasal cavity serves to modify the nasal cavity
morphology *° and maintain normal nasal air conditioning. The vascular complex is
prominent in the septum, inferior and middle turbinate. It is the arterial and venous
anastomosis consisting of precapillary resistance vessels, capillaries, venous sinusoids and
venule. The venous sinusoids are interposed between capillaries and venules and act as

capacitance vessels.®>4%%! The blood flow of the anastomoses is regulated by smooth muscle
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surrounding the endothelial layer, enabling the resistance vessel and venous sinusoids
capacitance vessel to control blood volume according to the state of
congestion/decongestion.*** The change in the congestion/decongestion states is largely
responsible for nasal airflow resistance.®® The vascular tone in the capacitance and
resistance vessels is influenced by sympathetic and parasympathetic agents.

The autonomic nervous system controls the vascular tone and level of congestion.
The adrenergic sympathetic pathway stimulation induces vasoconstriction of the
arteriovenous anastomoses and collapse of the venous sinusoid capacitance vessel, resulting
in nasal airspace volume expansion and perception of nasal patency. Adrenergic receptors
are present on the anastomoses and are the target of topical and systemic vasoconstricting
decongestants.* Conversely, sympathetic tone loss generates an increase in nasal resistance
and in the sensation of nasal congestion, as found in patients with cervical sympathectomy
and Horner’s syndrome.

Cholinergic parasympathetic fibers are found around seromucous glands, blood
vessels, and nasal mucosa. Presynaptic parasympathetic fibers originate from the geniculate
ganglion, travel along the greater superficial petrosal nerve and join the deep petrosal nerve,
which contains sympathetic fiber, to form the vidian nerve. The vidian nerve travels to the
sphenopalatine ganglion where parasympathetic axon synapses with the postganglionic
neurons before innervating the nasal mucosa. Nasal congestion/decongestion is determined
by a fluctuation in the balance between parasympathetic and sympathetic nervous activity.

Regulation of this autonomic nervous system may play an important role in the
normal physiologic nasal cycle. The nasal cycle is a spontaneous phenomenon of cyclic
unilateral nasal mucosa congestion due to an asymmetrical venous sinusoid engorgement
that alternates from one nasal passage to the other over a period of time.* The nasal cycle
was presented in about 70%—90% of adults,*® but some studies reported a true periodicity
exists only in 21%—39% of the population.*’*® The nasal cycle periodicity ranges from 25
minutes to 8 hours. During waking hours, the average interval is between 1.5 and 4 hours.*
In the normal population, the cycle generally goes unnoticed, with unchanged total airflow
and resistance, but in patients with nasal pathologies, such as anatomical obstruction or
sinonasal inflammation, this alternating obstruction can be detected.

The physiologic mechanism of the nasal cycle is still unknown but may be related to

fluctuations in autonomic nervous systems. The sympathetic stimulation on one side
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promotes vasoconstriction, while parasympathetic function causes vasodilation and
congestion on the contralateral side. Evidence confirms that the nasal cycle is centrally
controlled and persists even after total laryngectomy, when nasal airflow ceases.*® The nasal
cycle is affected by changes in blood pressure rate, blood glucose level, age or positional
changes.* The purpose of the nasal cycle is thought to be an evolutionary adaptation that

allows for optimal regeneration, moisturising and cleaning of nasal mucosa.*

1.5 Theory of nasal sensation

Historically, physicians have relied on physical assessments and nasal objective airflow
measurements, such as rhinomanometry, acoustic rhinometry and nasal peak inspiratory
flow to evaluate nasal patency and guide for surgical decisions. Studies have shown that
most nasal obstruction surgery is successful in improving nasal airflow.5! Despite an
improvement in nasal airflow and resistance, evidence suggests that these objective
measurements often poorly correlate with the subjective sensation of nasal airflow.%°3 This
discrepancy explains the report of surgical failure rates being as high as 28%—33%.>%°°
Evidence now suggests that the primary mechanism of nasal airflow sensation is not airflow

resistance but rather the nasal mucosal cooling activation of the trigeminal nerve.

1.5.1 Mechanism of nasal airflow perception

The primary pathophysiological mechanism of nasal breathing perception is trigeminal
cool thermoreceptor activation. The current theory of nasal sensation was developed based
on the understanding of the effect of menthol. It was shown that menthol vapor improves
the subjective sensation of nasal airflow without altering nasal resistance. >>° The sensation
of nasal patency is derived from a cooling of the nasal lining, which is detected by cool
thermoreceptors.®® The relationship between nasal temperature and nasal perception was
studied, and the evidence shows that cooler nasal lining temperature is correlated with the
greater subjective perception of nasal breathing.3'33 The combination of evaporative heat
loss and conductive heat loss drives the cooling of nasal mucosa, and this change in
temperature or temperature gradient provides nasal patency perception.®

The specific receptors stimulated by cold temperature were identified on trigeminal
nerve endings.®! Schafer et al. provided evidence on the existence of the cold receptors that
respond to chemical compounds such as menthol.®2 Cold receptors belong to the transient

receptor potential (TRP) protein family. The general role of the TRP protein family is
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thermosensation.%® TRP proteins respond to a different specific temperature and to different
types of aromatherapy. TRPV1 responds to temperatures 2 42 °C, while TRPV2 responds to
dangerously high tissue-damaging temperatures = 52 °C. TRPV3 and TRPV4 respond to
ambient temperatures (25—-35 °C). TRPMS8 responds to temperatures around 8-22 °C,
menthol and other cooling agents, such as icilin, eucalyptol, WS-3, lysophosphatidylinositol,
lysophosphatidyl choline and lysophosphatidyl serine. TRPA1 responds to very cold
temperatures, mustard oil, garlic isocyanate compounds and tetrahydrocannabinol.®* The
thermoreceptor Transient Receptor Potential Melastatin-8 (TRPMS8) was shown to be
responsible for the cooling signal in nasal perception. TRPMS8 is predominantly expressed in
a primary afferent sensory neuron within the trigeminal ganglia found in the nasal
epithelium, mucous glands and vessels.5>%8

When high-speed air moves through the nostril and induces evaporation of water
from the epithelial lining fluid, the cooling signal is sensed and activated by TRPM8
receptors, causing depolarization of neurons that connect to the brainstem respiratory
center and the cool message is interpreted as patent nostrils.>®® A normal nasal-cooling
effect requires an adequate airflow-mucosa surface contact area and a normal mucosal
vascular condition. Less mucosal—airflow contact area in structural obstruction and a higher
local temperature from mucosal inflammatory disease can contribute to ineffective nasal

cooling activation. 2%7°

The cool stimulus to the nasal mucosa activates the primary trigeminal sensory
neurons synapse in the spinal trigeminal nucleus, and the secondary neurons cross the
midline and ascend via trigemino-spinothalamic tracts to the thalamus and brainstem. The
brainstem reticular formation could trigger arousal and cerebral cortex activity, as
demonstrated on electroencephalogram and functional magnetic resonance imaging.”>”2
The specific cortical activation areas include somatosensory cortex regions of the rostral
insula, which involve sensory and emotional processing, anterior cingulate cortex area,
which relates to decision making, the insula cortex and pre-central gyrus of the frontal lobe,
which is the motor cortex. 2%%73 The involvement of the limbic system or emotional
processing area indicates the impact of cognitive function and emotional control on nasal
perception. Therefore, an emotional regulation deficit in a psychogenic disorder may lead to

poor nasal perception.
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1.5.2 The control of respiration

Breathing is centrally controlled by a pontomedullary respiratory center that receives
afferent information from many sources. The breathing pattern is mainly controlled by acid-
based homeostasis, which is detected by CO; receptors on the medulla’s surface and on the
carotid bodies. For example, hyperventilation is induced to restore pCO, hemostasis during
hypocapnia or respiratory alkalosis. However, there is a common condition termed
dysfunctional breathing disorder, in which metabolic control does not determine breathing
patterns. It describes a group of breathing disorders in patients where chronic changes in
the breathing pattern result in dyspnoea in the absence of organic respiratory or
cardiovascular disease.”*’® Hyperventilation syndrome (HVS) is the most well recognized
form of dysfunctional breathing and was first described in 1938.77 HVS is defined as the
condition of increased minute ventilation or hyperventilation exceeding metabolic
requirements from hypocapnia (a reduction in arterial pCO,) and respiratory
alkalosis.”>”®787° Symptoms include palpitations, chest pain, breathlessness, chest tightness,
tingling of the lips and fingers, tetany, paresthesia, light-headedness and dizziness. The
pathogenesis of hyperventilation syndrome is unclear.?® Previously, it was assumed that the
hyperventilation provocation test (HVPT),%! where patients are instructed to hyperventilate
for a period of time, could generate a fall in arterial CO; and produce symptoms, and was
considered a diagnostic requirement.®? However, recent research doubts the role of
hypocapnia in triggering the HVS symptoms. The CO; levels do not always relate to the
breathing pattern, and the reproduction of symptoms during the HVPT is poorly correlated
with a decrease in end-tidal pCO,. #7838

The behavioral/emotional pathway was proposed to control respiration, in addition
to the metabolic pathway, in similar fashion with the nasal perception mechanism.8! This
pathway presumably controls the ventilatory drive when the pCO, hemostasis is maintained.
It could explain the difference between pCO; levels between sleep and awake states. During
sleep, the subject relies on CO, chemoreceptor feedback to maintain ventilation, but the
behavioral pathway overrides the CO, hemostasis when awake, which then alters the
breathing pattern and pCO; level. The association of HVS and emotional stress, or
psychogenic disorder, such as anxiety disorders, depression and panic disorder support this
theory.”>788¢ |nitiation of attacks is possibly generated by emotional distress, but the

neurophysiology of emotional disturbance is poorly understood. However, emotional factors
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may stimulate nervous activity, which influences the behavioral pathway by activating the
breathing muscular apparatus in an irregular, disorganized way that is unrelated to
metabolic need and results in a fluctuation in the tidal volume, breathing frequency and

end-tidal CO; levels.?!

1.6 Measurement of nasal breathing

Measuring nasal obstruction is complex due to the nature of its varied etiology. The
common etiology ranges from well described structural cause and inflammatory cause to an
unsettled cause of empty nose syndrome. Since there are many causes of nasal obstruction,
there are many available measuring tools. Various measuring instruments have been used,
including objective and subjective measurements. Anatomical obstruction is usually
measured objectively to determine the nasal morphology, nasal volume and resistance. The
patient-reporting outcome measure has been used for subjective obstruction evaluation.
Currently, there is no accurate test to measure nasal obstruction due to a poor correlation
between subjective and objective measurements. Therefore, clinicians rely more on

subjective assessments when making therapeutic decisions.

1.6.1 Subjective test

The patient reporting outcome measure (PROM) is a validated questionnaire, or instrument,
developed to capture patients' self-reported perceptions of the severity of their specific
diseases or symptom, and evaluate the impact on quality of life (QoL). PROM is usually used
to evaluate disease progression and gauge the success of medical or surgical treatment.
PROMs are recommended for routine use in rhinoplasty and rhinosinusitis clinical practice
guidelines. 1787

The Nasal Obstruction Symptom Evaluation (NOSE) score is a validated
guestionnaire designed to measure the impact of nasal obstruction on QoL. The NOSE score
was initially validated in patients undergoing septoplasty, but is now most commonly used in
functional rhinoplasty.®% The questionnaire contains five questions on a five-point Likert
scale, and the total reported score ranges from 0 to 100. The severity of the NOSE score is
classified into mild (5-25), moderate (30-50), severe (55—75) and extreme (> 80). The

classification was shown to have high sensitivity and specificity in over 90% of the

assessments of nasal airway obstruction.”!
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Another common measurement is the visual analogue scale (VAS). The VAS is used
to subjectively assess the severity of all nasal symptoms, including nasal obstruction. VAS is
scored on a continuous scale from 0 to 10, where 0 indicates the absence of symptoms and
10 indicates maximum severity. The marking on the point representing the severity of
symptoms on a horizontal 10 cm line is usually the way to measure. The severity of nasal
obstruction on VAS has been validated with reference to other subjective measures and
correlated with successful surgical outcomes.’*®* It is estimated that the average VAS in
asymptomatic patients is 2.1 £1.6, and the average VAS in patients with nasal obstruction is
6.9 +2.3.%° The advantage of using this scale in nasal obstruction over other commonly used
PROMs is that it can evaluate unilateral symptoms by separating them into left- and right-
sided obstruction scales.

Many PROMs have been developed to evaluate impact on QoL of specific diseases.
The widely used disease-specific questionnaires on nasal inflammatory diseases are the
Rhinoconjunctivitis Quality of Life Questionnaire (RQLQ) and the 22-item Sinonasal Outcome
Test (SNOT-22).9%%7 These questionnaires are primarily used to evaluate disease-specific
Qol, whereas nasal obstruction assessed by these instruments are more commonly the
secondary aim.

RQLQ is the most common PROM used in allergic rhinitis throughout clinical studies
and clinical practice.? It is a comprehensive survey that asks the patient to indicate disease-
specific QoL and symptom severity based on the previous week. The questionnaire contains
28 items in seven domains. There are four items related to nose symptoms, four to eye
symptoms, three to practical problems, three to sleep impairment, seven to non-hay fever
symptoms, three to activity limitations and four to emotional states. Each item is scored on a
seven-point Likert scale. The overall QoL is presented as the mean of these seven domains.*®
It has been extensively validated and translated to multiple languages.®%-10!

SNOT-22 is a 22-item validated tool that is widely used among clinicians and
researchers to assess health-related QoL and symptom severity in chronic rhinosinusitis
(CRS).?7 It was initially developed from the Rhinosinusitis Outcome Measure (RSOM-31)02
and was reduced to SNOT-20, and then modified into SNOT-22. The SNOT-22 questionnaire

97,103

was validated in pre- and post-operative sinus surgery patients and has been validated

and translated to multiple languages.1°41% SNOT-22 is correlated with the degree of the

109

sinus disease severity measure with a visual analogue scale™” which is recommended to
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measure sinus symptom severity in the European Position Paper on Rhinosinusitis and Nasal
Polyps (EPOS) guidelines.®” SNOT-22 evaluates major and minor CRS symptom severity,
divided into four subscales, including nasal symptoms, sleep dysfunction,
emotional/psychological dysfunction and aural/facial symptoms.11%11! patients score each of
the 22 items on a six-point Likert scale, with a total score ranging from 0—-110. SNOT-22 can
be classified into mild (8—20), moderate (20-50) and severe (> 50).112 The minimal clinically
important difference (MCID) can be used to monitored disease severity and health-related
QoL over time. A MCID of 8.9 points for patients undergoing sinus surgery, and 12 points for
patients undergoing medical intervention has been proposed.*3

SNOT-22 is the instrument recommended by the EPOS2020 steering group for
specific rhinology health-related QoL evaluation in CRS.®” Additionally, the systematic review
of PROM s used in chronic rhinosinusitis rated SNOT-22 as the highest quality PROM amongst

15 validated PROMs using standardized quality assessment.!°

1.6.2 Objective test

Objective tests are used to measure nasal airway resistance, nasal airflow, nasal volume
and nasal geometry. The current objective nasal airway measurement includes
rhinomanometry, acoustic rhinometry and nasal peak inspiratory flow.

Rhinomanometry measures nasal airway resistance, while acoustic rhinometry
assess the minimum cross-sectional area at different points inside the nostril, and nasal peak
inspiratory flow (NPIF) detects the maximum nasal flow rate during inspiration. These
objective tests have been generally used in the evaluation of anatomical obstruction and
predict the possible efficacy of medical and surgical therapies by comparing tests before and
after the application of nasal decongestant. Objective tests can also be used to interpret the

outcome of nasal provocation test in patients with suspected allergic rhinitis.

18



19

Rhinomanometry

Rhinomanometry is a functional assessment of airflow that involves measuring transnasal
pressure and nasal airflow to determine nasal airway resistance during the breathing
cycle 1
Total resistance, and resistance from each side of the nose, can be compared, enabling the
physician to identify how each nasal passage contributes to the patient’s complaint. It is
currently considered the gold standard technique by the International Committee on
Standardization of Rhinomanometry for the assessment of nasal patency.*>1¢ Techniques
include active or passive and anterior or posterior methods. The active technique uses the
subject’s own breath to generate airflow, whereas for the passive technique the subject is in
apnoea, and airflow is applied to the nasal cavity via a face mask.!'%'%° The passive
technique does not mimic true nasal physiology, and the propelled airflow could increase
mucosal thickness, which affects the accuracy of the measurement. The measuring
instruments are placed at the level of the nasal nostril in the anterior method. The posterior
method requires the placement of an intra-oral device to record choanal pressure and flow.
The active anterior method is more commonly used because it is more physiological, well
tolerated and easier to cooperate with.?° For this method, the transducer is placed in the
nostril not being tested, and the nostril is sealed. When there is no flow, the pressure at the
anterior and posterior end of the nostril is equal. After the patient breathes through one
nasal cavity, transnasal pressure differences and nasal airflow between the posterior and
anterior of the nose are recorded simultaneously for each side and the airway resistance
changes are calculated.t”12%.122

Four-phase rhinomanometry is the instrument of choice because it has the ability to
display changes throughout all phases of the breathing cycle. The measurement resembles
pulmonary flow-volume loops since it measures an accelerating inspiratory phase, a
decelerating inspiratory phase, an accelerating expiratory phase and a decelerating
expiratory phase. The resulting plot, with the x-axis representing the pressure differential

and the y-axis representing the airflow, produces an S-shaped curve.
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Figure 4. Rhinomanometry curve; demonstrating high nasal resistance of left nasal cavity and

normal nasal resistance of right nasal cavity

The test is performed under baseline conditions and after vasoconstriction. This
comparison with baseline results can guide the assessment of the nasal obstruction cause,
and predict the response to treatment.'?>12* The International Standardisation Committee
recommends active anterior rhinomanometry as the test to use in clinical practice.!!8123
Using active anterior rhinomanometry, the nasal response can also be quantified after
exposure to irritants or allergens (nasal provocation test). If nasal flow decreases by 20% or
more, the result is considered positive.!”® Rhinomanometry may detect nasal valve
dysfunction, but it requires forced respiration to obtain the measurements.'?®

The reference nasal resistance values obtained by rhinomanometry have not been
fully agreed. In the geographical area of a leptorrhine population, the normal values of
unilateral and total nasal resistance reported at 150 Pa are < 0.45 and < 0.22 Pa/cm3/s,
respectively.?

The limitations of this technique include the inability to specify the site of
obstruction, it is time-consuming (usually takes 20-30 minutes) and operator dependent.
Active anterior rhinomanometry cannot be used when insufficient airflow and pressure are
generated, such as in a subject with a total or near-total nasal obstruction, and in the
presence of a septal perforation.’>'?° Additionally, the total nasal resistance is calculated

without direct measurement because each nostril is measured separately. Several factors
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were shown to cause inconsistencies in the test. The nasal cycle causes a variation in nasal
resistance, especially for unilateral interpretation.'?” Exercise is shown to reduce nasal
resistance.!?®2° Ethnicity is another factor that affects nasal resistance. Nasal resistance is
highest in Caucasian and lowest in African Americans, while in Asians it is in-between.'*°
Supine position, the use of aspirin and smoking are also found to increase nasal

resistance.’3132 Age and weight also contribute to the variability.'*®

Acoustic rhinometry

Acoustic rhinometry is a device using the acoustic reflection of sound waves to analyze nasal
cavity geometry.133135 Acoustic rhinometry devices transmit sound waves to a subject’s nasal
cavity and then record the sound waves that are reflected. Changes in acoustic impedance
are used to calculate the nasal airway cross-sectional area and nasal volume at different
points along the nasal passage. The amplitude of the reflected sound waves determines the
nasal airway cross-sectional area, and the time delay of reflections represents the different
distances from the nasal opening.1?4136:138

The results are constructed into a rhinogram that provides a two-dimensional cross-
sectional area at different distances from the nasal rim.?3° The test is compared between
baseline and after nasal decongestant is applied.

On the rhinogram, there are two notches representing two common anatomic
restriction areas in the nasal cavity. The first notch or I-notch (isthmus) indicates the nasal
valve and the minimal cross-sectional area (MCA) of the nasal airway. This area is not
affected by the vasoconstrictive property of the nasal decongestant. The second notch or C-
notch (concha) represents the head of the inferior turbinate.*® A cross-sectional area < 0.4
cm? on the C-notch has been shown to correlate with nasal obstruction symptoms.*®
Acoustic rhinometry is the most sensitive measurement for showing changes in response to
nasal decongestants.’* It is appropriate for assessment of the nasal airway structure, to
locate the site of nasal airflow restriction and to evaluate changes in response to medical
and surgical treatment.13%142143 Acoustic rhinometry can also be used to quantify the degree
of nasal response on the nasal provocation test. It is considered positive if the MCA or the

nasal volume between 2 and 6 cm from nasal opening decreases by at least 27%. 1%
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Acoustic rhinometry has been validated against computed tomography (CT),
magnetic resonance imaging (MRI) and nasal endoscopy, and a high correlation has been
reported.133'144'149
Acoustic rhinometry takes very little time (usually ten seconds for each nostril), requires
little instruction, is minimally invasive, has better tolerance and can be used in young
children. Most importantly, the benefit over rhinomanometry is the ability to precisely
identify the site of obstruction in the nose.'* Disadvantages include its inability to measure
dynamic changes with breathing. Due to a loss of acoustic energy, the accuracy of the
measurement is lower, especially in an area beyond the narrow part in the posterior aspect
of the nasal cavity.??® Several factors that interfere with accuracy are ethnic/racial

characteristics, age, weight, facial growth and development.!®
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Figure 5. Acoustic rhinometry: rhinogram

Nasal peak inspiratory flow

Nasal peak inspiratory flow (NPIF) is a non-invasive, simple, rapid and affordable method
used to assess nasal patency. The test does not need a computer for data analysis nor
technical expertise to perform.?! NPIF measures the maximum nasal airflow in liters per
minute achieved during forced nasal inspiration.'??The procedure requires an inverted flow
meter; the device is a portable plastic tube (20 cm long, 3—4 cm in diameter) attached to a
face mask that is placed over the subject’s nose and mouth. The subject then made a force

inspiration through their nostrils with their lips closed.’>? The method is accepted as reliable
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for assessment of structural nasal obstruction®® and of benefit to medical or surgical
therapy when performed after nasal decongestion.

NPIF has been validated against nasal resistance measured on rhinomanometry, and
a significant correlation was reported. >4 It can be used in measuring the outcome of nasal
provocation test, and a = 20% reduction in NPIF is considered positive.'?® NPIF is
reproducible with an intraclass correlation coefficient ranging from 0.89 to 0.92.15>1%¢ A wide
range of values of normality has been published for adults and children.92152157-15 Recent
systematic review suggest that the mean value of subjects with no nasal obstruction is 138.4
L/min, and the mean value of nasal-obstructed populations is 97.5 L/min.'®® A MCID was
established at 20 L/min.®! Cut-off values of 115—-120 L/min have been suggested as the
distinction between normality and obstruction.?#121%6 NP|F is susceptible to high variability
due to differences in technique and patients’ cooperation. NPIF variability was shown within
the first four attempts with a coefficient of variation of 15%.%%? Therefore, repeatability is
more acceptable between the fourth and fifth attempts.

A number of factors that may influence NPIF results include age, height, gender,
method of administration and respiratory effort. °%163164 Another concern with NPIF is that
it does not represent normal physiologic breathing because forceful inspiration is not

frequently made during daily activity.

1.6.3 Other tests

Computed tomography (CT) and magnetic resonance imaging (MRI) can directly
demonstrate the nasal cavity space and volume. Imaging is a standard tool used for
diagnosis and assessing the extension of nasal pathology. CT is preferred imaging for
anatomical assessment.'®® Sinus CT is useful in evaluating nasal polyps, other pathologic
masses and to determine the presence of a concha bullosa or other anatomic variations that
may contribute to nasal obstruction. For sinonasal malignancy, CT and MRI are
complementary in providing both soft tissue and bony structure information.

The limitations include poor correlation with subjective measurements. Symptom
scores were poorly correlated with CT findings, and there was discordance between the
patients’ reported side of the obstruction and the side of septal deviation.'®® Imaging is a
static measurement and has a limited role in evaluating dynamic nasal pathology such as

rhinitis, which is prone to changes in volume and area depending on the level of nasal
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congestion.133167A|so, CT is not recommended for evaluation of the nasal valve function
when an abnormality is detected during dynamic nasal breathing — simple physical
examination is usually preferred.’”

Computational fluid dynamics (CFD) is a simulation model of nasal airflow. CFD
involves creating three-dimensional computational models that are generated from the CT
imaging data. The software generates a computational mesh, and normally millions of
elements are generated. The airflow is simulated by applying a pressure drop between two
anatomical points. Fluid dynamic parameters such as nasal airflow, velocities, streamlines,
nasal resistance, heat transfer and wall shear stress are computed by software. CFD is still
mostly performed in a research setting.'®®1’2 More evidence on validation with other nasal
obstruction subjective and objective measurements are needed before it is used in a clinical

setting.

1.6.4 The correlation between subjective and objective tests

Many studies have been performed to correlate objective and subjective measurements.
Most studies demonstrated improved nasal obstruction outcomes following nasal
obstruction surgery, but correlation between changes in objective and subjective outcome
measures varied across the studies.*?

The majority of studies found a poor correlation between subjective patient
complaints and objective tests.?*%>173181 | am et al.>® found no significant correlation of
acoustic rhinometry and nasal peak inspiratory flow with nasal obstruction VAS and the
NOSE scale. Mozzanica et al. ¥ demonstrated weak correlations between the objective and
subjective methods using NOSE, VAS and active anterior rhinomanometry. Tomkinson and
Eccles'® found a poor correlation between subjective measurements and acoustic
rhinometry, despite a significant correlation of acoustic rhinometry with CT, MRI and
rhinoscopy. Andrews et al.®* compared NPIF with SNOT-22, NOSE and nasal obstruction VAS
after nasal surgery and found no significant correlation between outcomes, despite both
objective and subjective outcome measures improved postoperatively. Mendes et al.®
compared active anterior rhinomanometry, acoustic rhinometry and a symptom scale in
children with allergic rhinitis and found no significant correlation between the objective and

subjective methods. Kjaergard et al. 1** demonstrated a significant correlation between nasal
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obstruction VAS and acoustic rhinometry and NPIF. However, the reported correlation
coefficients were relatively low.

In 2009, a systematic review was conducted on 16 studies regarding the correlation
between objective and subjective nasal obstruction outcome measures. The results
demonstrated both correlation and lack of relation between the outcomes. The data also
suggested that correlation is higher when the assessment is performed unilaterally,
especially on the side of the obstruction.>? There is no proven explanation for this lack of
correlation between subjective and objective outcome measures. The understanding of the

nasal breathing pathway possibly addresses this phenomenon and further study is needed.

1.7 Causes of nasal obstruction

Multiple factors are involved in the normal breathing pathway. Normal nasal perception of
breathing requires normal function of the cooling system. The cause of nasal obstruction is
based on the mechanism that interferes with it. The major causes are structural abnormality
and sinonasal inflammation. Airflow restriction in structural obstruction, and high local
temperature from nasal mucosal pathology, contributes to ineffective mucosal cooling and
nasal obstruction perception. The differential diagnosis of nasal obstruction is displayed in

Table 1. Potential causes include structural, inflammatory and other etiologies.*?
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Table 1. Differential diagnosis of nasal obstruction

26

Structural cause

Deviate nasal septum

Inferior turbinate hypertrophy

Middle turbinate hypertrophy/concha bullosa
Internal nasal valve abnormality

External nasal valve abnormality

Neoplasm

Trauma

Deformity of nasal bones

Septal hematoma

Inflammatory cause

Allergic rhinitis
Nonallergic rhinitis
Vasomotor rhinitis
Occupational rhinitis
Smoking rhinitis
Hormonal related rhinitis
Acute rhinosinusitis
Chronic rhinosinusitis
Allergic fungal sinusitis
Autoimmune disease
Granulomatosis With polyangiitis

Sarcoidosis

Eosinophilic granulomatosis with polyangiitis (Churg- Strauss syndrome)

Vestibulitis
Rhinosporidiosis
Rhinoscleroma
Cystic fibrosis

Primary ciliary dyskinesia
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Other cause

Gastroesophageal reflux disease
Rhinitis medicamentosa

Other medications

Atrophic rhinitis

Empty nose syndrome

1.7.1 Structural cause

Anatomical obstruction hinders the optimal nasal airflow and produces inadequate radiant
airflow cooling leading to the perception of nasal obstruction. Common causes of a
structural problem are nasal valve collapse, DNS and turbinate hypertrophy. Nasal anatomy
was discussed in Section 1.2.

A thorough physical examination and nasal endoscopic examination is essential for
diagnosis, therapeutic consideration and surgical planning. Objective assessment has been
widely used to evaluate nasal geometry in anatomical obstruction. However, the inability to
detect nasal valve defects and the poor correlation of subjective and objective assessments
limits its use in clinical practice. (Section 1.6.3)

1.7.2 Inflammatory cause

Sinonasal inflammatory disease is one of the most common causes of nasal obstruction.
The mechanism of nasal blockage is produced by a combination of mucus hypersecretion or
mucociliary dysfunction and soft tissue edema from venous sinusoid engorgement. Mucus
overproduction hinders the airflow-mucosa contact surface and vascular engorgement
produces high local temperature, with both effects leading to poor mucosal cooling.

Common sinonasal inflammatory disorders are rhinitis and rhinosinusitis.
Rhinitis

Rhinitis is an extremely common cause of nasal congestion — it is an inflammation of the
nasal mucous membrane and refers to a group of nasal diseases characterized by sneezing,
nasal itching, rhinorrhea, and nasal congestion.'® The two major causes of rhinitis are
allergic rhinitis (AR) and non-allergic rhinitis (NAR).

Allergic rhinitis (AR) significantly impairs general and disease-specific QolL, sleep
quality and daily function.®®®” The prevalence of allergic rhinitis varies across studies,
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ranging from 10% to 40%° Nasal obstruction is one of the most annoying symptoms of
allergic rhinitis and is a key factor affecting sleep quality.'® Physical examination may reveal
nasal mucosa congestion, inferior turbinate hypertrophy, middle turbinate edema/polypoid
change and clear watery discharge.?>°® Decongesting the mucosa can help evaluate the
effect of mucosal inflammation on nasal obstruction.

AR is an immunoglobulinE (IgE)-mediated inflammation resulting from allergen
introduced in a sensitized individual. %8 The mechanism of allergic rhinitis is primarily due
to a combination of early- and late-phase allergic inflammatory response.?®1%* |n the early
phase, allergen comes into contact with the nasal mucosa, are recognised by
immunoglobulin E (IgE)-coded mast cells and degranulate. This degranulation releases
preformed inflammatory mediators, such as histamine and proteases.?®1%2 |n addition, mast
cell synthesize and secrete a number of mediators, including leukotrienes, prostaglandins,
tumor necrosis factor (TNF)-a and interleukin (IL)-4.19%19519 The release of these
inflammatory mediators leads to swelling/edema and increased venous engorgement/fluid
secretion, resulting in congestion as well as other nasal symptoms.'® The chronic, late-phase
inflammatory response involves cellular infiltration with eosinophils, neutrophils, basophils,
mast cells and lymphocytes as a result of cytokine or mediator release in the early phase.
This cellular-driven inflammatory reaction sustains nasal tissue swelling and edema,190-1921
If allergic rhinitis is suspected as a potential cause of obstruction, in vitro or skin allergy
testing and topical and/or systemic therapy is suggested. In patients with both a distinct
anatomic obstruction and chronic rhinitis, structural surgery may be considered as an
adjunctive treatment.%818%.197
In contrast, NAR is a non-IgE-mediated inflammatory response composed of a wide range of
medical conditions, such as vasomotor rhinitis, infectious rhinitis, rhinitis due to hormonal

changes, occupational rhinitis, smoking or rhinitis due to a systemic disease.

Rhinosinusitis

Rhinosinusitis is an inflammation of the paranasal sinuses characterized by nasal
obstruction, nasal discharge, facial pain and reduction or loss of smell. Symptoms with either
endoscopic exam or sinus computed tomography (CT) change fulfilled the definition of
rhinosinusitis.?” Nasal endoscopy may reveal evidence of significant inflammation, including

polyps, edema, and mucopurulent discharge from middle meatus. Rhinosinusitis is a
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common condition in ear nose and throat clinics, imposing a significant burden on Qol,
healthcare consumption and productivity loss.?*®2%! Rhinosinusitis is typically classified as
acute (< 12 weeks) or chronic (= 12 weeks), depending on the duration of symptoms and
with distinctive pathophysiology.*

Acute rhinosinusitis is classified as originating from a virus or bacterial infection.
Host responses against the pathogen trigger an inflammatory cascade and lead to nasal
epithelial damage by the infiltrating cells, causing edema, engorgement, fluid extravasation,
mucus production and sinus obstruction.

Chronic rhinosinusitis (CRS) is estimated to affect 5%—12% of the general
population.?” CRS is classified into primary or secondary pathologic characteristics.?®
Primary CRS is defined as an inflammatory disorder that is only limited to the airway or
respiratory system and is divided into different phenotypes by anatomical distribution
(localized or diffused) and endotype predominant (type 2 or non-type 2 inflammation).
Common phenotypes are localized CRS, central compartment atopic disease and
eosinophilic CRS.2%% Secondary CRS represents sinus disease that arises as a part of other
clinical entities and is simply an expression of another condition. The primary treatment is to
control the underlying condition. The clinical phenotypes are considered by four types of
mechanism: local pathology, mechanical, inflammatory and immunological factors. Examples
of secondary CRS are odontogenic sinusitis, fungal mycetoma, sinonasal tumor, cystic
fibrosis, primary ciliary dyskinesia, granulomatosis with polyangiitis and common variable
immunodeficiency.?®

CRS is multifactorial in origin, resulting in a dysfunctional interaction between
various environmental factors and the host immune system. CRS is subdivided into different
inflammatory endotypes in response to pathogen penetration across mucosal barriers. Type
1 immune responses target viruses, type 2 responses target parasites, and type 3 target
extracellular bacteria and fungi. Immunological responses to each pathogen generate
different cytokine and T helper (Th) responses to eliminate the identified class of pathogen
with minimal collateral tissue damage, all of which resolve with the elimination of the
pathogens and the restoration of barrier integrity. CRS results when the inflammatory
response fails to resolve. Type 2 inflammation is associated with Th2 response, characterized
by cytokines IL-4, IL-5, IL-13 local immunoglobulinE(IgE) and activation of eosinophils and

mast cells.?* Non—type 2 inflammation in the CRS setting is a mix of type 1 and type 3
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inflammation. Type 1 is related to Th1 response with production of IL-2 and IFN-y interferon
gamma (IFN-y). Type 3 inflammation involves Th17 responses that induce the production of
IL-17 and IL-22. Both type 1 and 3 responses lead to neutrophil activation.?® In addition to
the immune response, the role of sinonasal tissue remodelling is significant. It is often
presented as nasal polyps, goblet cell hyperplasia and epithelial barrier abnormalities.
However, the precise relationship between the endotype and the remodelling pattern is not
completely clear.

The immunologic response and tissue remodelling work in concert and account for most of
the CRS characteristics. The delineation of these clinical phenotypes and endotypes allows
physicians to deploy specific therapeutic regimens based on the endotype to improve the

treatment outcome.

1.7.3 Other cause

Gastroesophageal reflux (GERD)

Previous studies suggested there is a relation between gastroesophageal reflux and nasal
obstructive symptoms.?°® GERD patients may not necessarily characterize with typical
symptoms such as heartburn, dysphagia and acid regurgitation. Other related extra-
symptoms include the sensation of postnasal drip, globus sensation, frequent throat clearing
and nasal obstruction. Nasal obstruction related to reflux should be suspected in patients
who report symptoms of nasal obstruction at night or after awakening in the morning. GERD
may be present in up to 45% of the general population®®’ and can be as high as 78% in CRS
patients.?%®

There are significant associations between gastroesophageal reflux disease and
rhinosinusitis. CRS subjects have greater prevalence of intranasal Helicobacter pylori and
acid reflux than subjects without CRS.2%° CRS patients with GERD reported a higher sinonasal
symptom score and required more CRS medication and sinus surgery than CRS patients
without GERD.?%® GERD treatment improves nasal obstructive and sinus symptoms in
CR5206,211

The relationship between GERD and rhinosinusitis remains unclear due to its
complexity. 22213 A few mechanisms regarding this relationship have been reported. The
first mechanism involves the direct reflux effect on nasal mucosa. Nasopharyngeal reflux

leads to gastric acid, pepsin reflux, and local eosinophilic infiltration directly in the nasal
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cavity and induced nasal inflammation that worsens CRS.29%214215 The other hypothesis
involves the potential role of Helicobacter pylori that is detected in the nasal cavity.?!* It has
been shown to play a major role in stomach ulcers, gastritis and gastric cancers, but the

connection with CRS remains unknown, 26217

Medication induced

Systemic medical therapies may result in increased nasal obstructive symptoms.
These medicines include antihypertensive medications such as reserpine, hydralazine,
guanethidine, methyldopa and prazosin, Beta-blockers, such as propranolol and nadolol, and
antidepressants and antipsychotics, including thioridazine, chlordiazepoxide amitriptyline
and perphenazine.’?

Chronic use of topical nasal decongestant, including sympathomimetic amines
(ephedrine/phenylephrine) and imidazoline derivatives (oxymetazoline and xylometazoline),
may result in significant rebound congestion (rhinitis medicamentosa).?* The risk of
developing rhinitis medicamentosa typically occurs at five to seven days after using
intranasal medication.

Pathophysiology is still unknown — possible hypotheses are ischemia of the nasal
mucosa from chronic vasoconstriction, adrenoreceptor sensitivity reduction and imbalance
of vasomotor activity. The condition can be treated by discontinuing the offending agent and
the use of topical and/or systemic steroids. Combining the use of topical steroids and nasal

decongestants has been shown to delay the rebound effect.

Atrophic rhinitis

Atrophic rhinitis is a chronic, progressive degenerative condition of the nasal
mucosa. Atrophy of all nasal mucosa constituents include epithelium, seromucous gland and
cilia are major characteristics.?'%2%° The loss of glandular function and mucociliary
dysfunction leads to the clinical presentation of thick secretion dryness, crusts, foul odor
(fetor) and nasal congestion. Thick, stagnated secretions promote superimposed bacterial
colonization that may become a source of recurrent bacterial infection. The common
pathogenic organisms in atrophic rhinitis include Klebsiella ozaenae, Staphylococcus species,
Proteus mirabilis and Escherichia coli. Atrophic rhinitis is classified into primary and

secondary forms. The cause of primary atrophic rhinitis is unknown, while secondary
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atrophic rhinitis is often found following surgical trauma, granulomatous inflammation or
irradiation.

Nasal endoscopic examination reveals a wide nasal cavity as a result of atrophic
turbinate tissue accompanied by dry mucosa and yellowish-green crusts. Histopathologic
analysis of biopsy tissue reveals typical findings, including atrophy of serous and mucinous
glands, loss of cilia and goblet cells, respiratory epithelium metaplastic changes, diminished
vascular density and inflammatory cell infiltration.?'® The management includes nasal saline

irrigation, antibiotics and surgical techniques that restore nasal mucosal function.

Empty nose syndrome

Empty nose syndrome (ENS) is first described in 1994 by Kern and Stenkvist' as a condition
with paradoxical nasal obstruction in patient who had received interventions for nasal
obstruction, such as turbinate surgery. The presenting symptoms include nasal obstruction,
sensation of suffocating crusting, dryness and anosmia. Patients suffering from ENS,
generally have an unremarkable examination except the evidence of ‘empty nasal space’ as
a result of prior nasal procedure. The absence of examination findings differentiates it from
atrophic rhinitis. ENS is not synonymous with atrophic rhinitis, which is a well described
condition.

ENS sufferers have much greater symptom awareness and express high impact on
quality of life compared to patients with physical nasal obstruction, from other sinonasal
conditions such as polyps, septal deviation and tumour. ENS also carries a significant burden

on psychogenic function, with anxiety, depression and somatic symptom disorder.?21222

Despite ENS patients become fixated to the surgical procedure as the cause of
current deteriorating situation, the pathophysiology is poorly defined. Few theories have
been speculated including the nasal airflow alteration after surgery, dysfunction of
trigeminal nerve and psychogenic dysfunction.??3>?2° Diagnostic methods recently developed
include cotton test and 6-Item Empty Nose Syndrome Questionnaire (ENS6Q). The cotton
test involved placing dry cotton into the region where the turbinate tissue has been
removed. The test was considered positive when a patient reported any subjective nasal
breathing improvement with the cotton in-situ.??® The validated ENS6Q consisting of 6
guestions evaluating ENS-specific symptoms derived from common presentation in ENS

patients include ‘dryness,” ‘suffocation,” ‘nose feels too open,” ‘nasal crusting,” ‘sense of
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diminished airflow’ and ‘nasal burning’.??” The recent systematic review on the diagnostic
methods of ENS recommended using ENS6Q and cotton test to identify patients suspected

of ENS.?*8

However, these diagnostic tools do not advance the understanding of ENS pathophysiology
and controversies still exist. Further study is needed to address the pathophysiology and

develop understanding in nasal perception of breathing.
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Chapter 2. Empty nose syndrome

pathophysiology: a systematic review

2.1 Introduction

Empty nose syndrome (ENS) is a rare but significant clinical entity. First described in
1994 by Kern and Stenkvist 21%22° 35 a syndrome of unexplained or paradoxical nasal
obstruction. Patient had persisting symptoms, with an ‘empty nasal space’, in those who had
already received interventions for nasal obstruction, such as turbinate surgery. While
acknowledging that patients who have turbinate surgery generally have good outcomes ¢,
the classic presentation of ENS is a patient who has had surgery to relieve nasal obstructive
symptoms and whose symptoms deteriorate, despite achieving the desired anatomical
outcome. Patients suffering from ENS, generally have an unremarkable examination, apart
from evidence of prior surgery, thus the term ‘paradoxical obstruction’. Other symptoms
include crusting, dryness, and sensation of suffocation, in the absence of examination
findings, differentiating it from conditions such as atrophic rhinitis. ENS is not synonymous
with atrophic rhinitis, which is a well described condition with crusting, cacosmia and

Klebsiella ozaenae colonization. 23!

ENS carries a significant burden on mental health and psychogenic function, with
anxiety, depression and even suicidality. 2%%22 Compared to patients with near complete
physical nasal obstruction, from other sinonasal conditions such as polyps, septal deviation,
tumour and even choanal atresia, ENS sufferers have much greater awareness of their

symptoms and express a higher impact on their quality of life.

While surgery appears to make the symptoms deteriorate, the pathophysiology behind ENS
is poorly defined, and there is controversy in this field. Theories proposed or speculated
include; alteration in nasal airflow dynamics, neurogenic and psychogenic dysfunction of

nasal perception. 22323

While widely acknowledged that many patients who have tumour surgery, and

postoperatively have much more nasal tissue removed, do not develop such ENS symptoms.
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232233 Additionally, it is often overlooked that almost all ENS patients present with nasal
symptoms, including obstruction, often begetting the initial surgery, making the role of
surgery in their condition uncertain. Although there have been reviews on the diagnostic
methods of ENS, 228 these diagnostic tools do not advance our understanding of ENS
pathophysiology. This study aimed to systematically, and objectively, review the literature

on the investigated pathophysiologic mechanisms in ENS.

2.2 Methods

A systematic review was performed to identify peer reviewed and published studies with
original data on the pathophysiologic mechanism of ENS. The systematic review was
structured in accordance with the Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) 2% and the Cochrane Handbook for Systematic Reviews of

Diagnostic Test Accuracy. 2%
Eligibility criteria

Any study design was considered. Case control studies between patients with ENS and any
non-ENS control, or cross-sectional studies, were primarily sought. Review articles, case
series and case reports were excluded. Participants were adults (=18 years) diagnosed with
ENS. Since there is no gold standard for ENS diagnosis, the diagnostic criteria used by the
study authors were collated and categorized into 4 groups: symptoms, endoscopic findings,

imaging and ENS-specific tests. Studies which related only to ENS treatment were excluded.
Information sources and search strategy

A systematic electronic search was performed using MEDLINE (1946-), EMBASE (1947-) and
manual identification from the bibliography of included studies. The search was performed
on the 20 September 2019. The search was limited to English-only and human studies. A

search strategy was designed for each database (Appendix 1).
Study selection and data collection process

Two authors (DK, LK) reviewed the search results by screening titles, abstracts and then full
text based on predetermined eligibility criteria. A structured Excel (Microsoft 365, Microsoft,
Redmond, WA, USA) data collection sheet was used to extract data from full texts that

fulfilled the inclusion criteria. The characteristics of included studies comprised study design,
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age, number of participants, ENS diagnostic criteria (4 groups as above), type of surgery, and
outcomes measured. Articles providing insufficient information for complete data extraction
or containing conflicting data were further assessed by additional authors (RS, RJH, RGC, JR,

JK, KS). Any disagreements were resolved by discussion among authors.
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Risk of bias in individual studies

The quality assessment followed the COSMOS-E guidelines for assessment in observational
studies 23® Four constructs of bias were adapted from The Risk Of Bias In Non-randomized
Studies of Interventions (ROBINS-I) tool. 2>’ These biases consisted of; 1. confounding, 2.
selection bias, 3. information bias and 4. reporting bias. ‘Causal/Association bias’ was
included, as a fifth element in quality assessment, as it was deemed important in etiological

studies. 238
Data synthesis

Given the wide range of investigational types, methods and outcomes, data was qualitatively
reviewed and categorized into pathophysiologic themes. After thematic grouping, the
studies were then secondarily arranged by the outcome investigated. Where there was
uniformity of outcomes and theme, a meta-analysis was performed with a random-effects

model and presented as a forest plot with mean difference and 95% confidence interval (Cl).

234

2.3 Results

Study selection

The search strategy yielded 2591 articles (MEDLINE n=577, EMBASE n=2010, bibliographic
search n=4), reducing t01847 studies after duplicates removal. Title and abstract screening
produced 69 full texts assessed for eligibility. 18 studies were included for qualitative

analysis (Figure 6). Two studies were available for a meta-analysis. 23924

Characteristics of included studies

The included studies(n=18) consisted of 12 case control 222226239248 gnd 6 cross-sectional

studies??1:227:249-252 (Appendix 2). The definition of ENS patients differed between studies.

ENS was defined using self-identification in 2(11%) studies ****2, paradoxical obstruction in
9(50%) studies 22%227:240,242,243,247,245-251 g with the Empty Nose Syndrome 6 Questionnaire
(ENS6Q) in 8(44%) studies. 221,226:239,244-246,248,252 Fhdoscopic examination confirming a widely
patent nasal airway and a lack of other pathology in 8(44%) studies. 226:227,240,242-244,249,250
Imaging was used to confirm an unobstructed nose and absence of other sinonasal disease
in 9(50%) studies. 221:226:227,239,244,246,248,250,252 The “cotton test” was used as diagnostic criteria
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in 6(33%) studies. 222227:244.247,249,251 N353l resistance was assessed to confirm the absence of
anatomical obstruction in 2(11%) studies. 2*%2°° Qverall, included studies diagnosed ENS
based on 1 criteria in1(6%) study 2**, 2 criteria in 11(61%) studies 221,222,226,239,242,243,246-
248,251,252 3 criteria in 4(22%)studies 227:240:244235 'and all 4 criteria in 1(6%)study. 2°° All studies
assumed prior turbinate surgery as intrinsic to the diagnosis of ENS.

All studies considered patients who had undergone inferior turbinate reduction (ITR), and 5
studies included patients with middle turbinate reduction (MTR). 23%:241.246.248,250 A[though
some studies tried to define a turbinectomy over turbinate reduction, most studies
combined surgical concepts of reduction, partial or subtotal resection. Thus, this has been
referred to as either inferior or middle turbinate reduction (ITR and MTR). Where
comparisons were made between post-turbinate surgery populations, patients suffering
from ENS are refer to as ITRWENS and those without ENS symptoms are referred to as

ITRSENS.

Control groups included ITRSENS in 3(17%) studies 239240244 sinonasal disease without ENS in
4(22%) studies 222226227.247 and healthy surgically naive patients in 10(55%) studies 227239

246,248 (referred as “healthy controls” in this review).
Pathophysiologic Themes

Nine proposed pathophysiologic themes for the etiology of Empty Nose Syndrome were
identified from the included studies: demographics (n=1) %2, symptomatology (n=5)
221,226,227,241,247 'anatomical features (n=3) 24224, airflow analysis (n=6) 239-241.245.246.248 ‘menta|
health (n=6) 221,222.247,249-251 cqgnitive function (n=1) 24, diagnostic testing (n=5)
226,239,240,245,246 o|factory function (n=1) 2*°, and mucosal physiology/innate immunity (n=1)

247(Table 2). As some of the included studies (n=18) reported multiple outcomes, they

contributed data to more than one thematic group.

Demographics

Patients self-reporting ENS did not have disease specific Quality of Life influenced by climatic

region.

One study assessed the association of climatic factors with ENS using the ENS6Q in 53 ENS

patients %2 (Table 3). Patients self-reporting ENS from an international database were
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recruited. No correlation was identified between ENS6Q and climatic factors which included:
dew point, humidity, precipitation, temperature, pollution, altitude, and climatic/geographic

region.

Symptomatology

ENS patients reported higher symptom severity, impaired daily activity and worse sleep
function. ENS-symptom based questionnaire (ENS6Q) defined patients with ENS compared to

other sinonasal disease.

Five studies assessed symptomatology in ENS, of which 3 were case control 226241247 (ENS, n=
44; other sinonasal disease, n=30; healthy controls, n=15) and 2 cross-sectional studies 22?
(ENS, n=68) (Table 3). Outcome measures included the Sinonasal Outcome Test (SNOT-22),
Empty Nose Syndrome 6 Questionnaire (ENS6Q), nasal patency subjective rating scale (4-
point Likert scale) and general health questionnaires (Epworth Sleepiness Scale (ESS), Work

Productivity and Impairment questionnaire (WPAI) and the 5-dimension EuroQol General

Health State Survey (EQ-5D-5L)).

While an ENS6Q validation study ?*’ reported higher SNOT-22 scores in ENS patients
compared to chronic rhinosinusitis without nasal polyps patients, other investigators have
shown similar SNOT-22 scores between ENS and chronic rhinitis patients. 2*” Higher ENS6Q
scores, as expected, have been reported when comparing ENS patients to non-ENS sinonasal
disease and healthy controls. 224227 This highlights the role of the ENS6Q as seeking specific

guestions to the ENS entity and not those typical of other sinonasal diseases.

Self-perception of nasal patency between ENS and healthy control groups was compared
under 3 conditions in a case control study: during free breathing and following menthol or
lemon oil inhalation. ENS and healthy control groups both perceived higher patency
following menthol and lemon oil inhalation. The ENS group reported worse patency than

healthy controls in all conditions. 2%

Functional impairments in self-identified ENS patients from the ESS, WPAI and EQ-5D-5L
guestionnaires, demonstrated impaired sleep, work productivity, non-work activity and

greater pain/discomfort compared to normative data. 2%

Anatomical features
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Inferior turbinate volume was similar, post- turbinate reduction, between patients with or
without ENS symptoms. The turbinate volume after reduction did not correlate with ENS

symptoms.

The intranasal anatomy was assessed between ITRWENS and ITRSENS patients in 1 case

24 and between ITRWENS patients and healthy controls in 2 case control

control study
studies (Table 4). 2*22%3 All measurements were based on computed tomography (CT) image

analysis.

In comparing ITRWENS (n=32(sides)) and ITRSENS (n = 34(sides)), no difference in nasal cavity
airspace (septum-inferior turbinate, lateral wall-inferior turbinate, floor-inferior turbinate
and septum-lateral wall) was demonstrated between groups. Nasal mucosal thickening
between groups was also similar. Of ten measures taken, only the central and posterior
septal area had thicker nasal mucosa in ITRWENS patients, no multiple outcome adjustment

(or Bonferroni adjustment) was included. 2%

Axiomatically, when ITRWENS patients (n=34) were compared with healthy controls (n=10),
the inferior turbinate volume was smaller in the ITRWENS group. There was no correlation
between turbinate volume and ENS-specific quality of life scores (SNOT-25). 2*3 In a similar
study of 14(sides) ITRWENS comparing with healthy controls, ITRWENS patients had thicker
nasal mucosa. 2* It is unclear if this represents mucosal hypertrophy often seen after
surgery. This study also found that 50% of turbinate surgery patients had co-existing

radiologic evidence of sinus disease.

Airflow analysis

The nasal airflow and resistance were similar post- turbinate reduction, between patients
with or without ENS symptoms. Using computation fluid dynamic analysis, differences have

been found on multiple outcome analyses with modelling by a single research center.

For airflow analysis, there were six case control studies (Table 4). Human research was
performed in 3 studies. 249241245 Computational fluid dynamic (CFD) simulation/modeling
was performed in 4 studies 239245246248 g 1 study used both. 2*° Airflow analysis was
compared between ITRWENS, and ITRSENS patients in 2 studies (Human n=1, CFD n=1)239240

and 6 studies compared to healthy controls (Human n=3, CFD n=3), 239-241,245,246,248
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In the 3 studies on human subjects, there were 123 total patients assessed (ITRWENS, n=37;
ITRSENS, n=18; healthy control, n=68). Analysis of the human nasal airway using
rhinomanometry and acoustic rhinometry demonstrated similar nasal airflow between
ITRWENS and ITRSENS patients.(485+3 v 490+28 cm?3/s, p=0.95) 2*° When ITRWENS patients
were compared with healthy controls, lower nasal resistance was reported, and consistent
with the post-operative state (163.9+62.8 v 120.9+67.5 mL/s, p-value not reported). 24°
Surprisingly, one study reported a similar nasal airflow rate between ITRWENS patients and

unoperated healthy controls (593[636]cm3/s v 700[653]cm?/s, p > 0.05). 24

In CFD studies, 242 models were analyzed (ITRWENS, n=89 (possible duplicates); ITRSENS,
n=5; healthy controls, n=148). All CFD studies were from the same research group
239.245,246,248 9nd three studies had the same number of model analyses. 239246248 The
computational model simulating airflow was based on CT scans. Only one CFD study
compared ITRWENS to ITRSENS. 22? ITRWENS patients demonstrated decreased nasal airflow
rate at the inferior region of nasal cavity and airflow distribution shifted upward to middle
region when compared to both ITRSENS and healthy controls. 23%245246.248 Nycosal-airflow
interaction, measured as wall shear stress force (WSS) at the inferior region was decreased
in the ITRWENS group compared to ITRSENS patients and healthy controls. 239245246248 There
was a weak correlation between ENS6Q and WSS (r = -0.398, p = 0.003). 2> However, the
number of sample subsites in the nasal airway was not declared in these studies and it is
unclear how many measures were taken. Also, no data was available on multiple outcome
adjustment for repeated measures.

Mental health

Patients with ENS were affected by anxiety (73%), depression (71%) and hyperventilation
syndrome (77%). The condition was not related to the extent of surgery. Mental health
comorbidities were correlated with ENS specific questionnaire scores (higher ENS6Q/SNOT25

scores reflected greater mental health burden).

There were 2 case control 222?47 and 4 cross-sectional studies 221249251

that assessed anxiety
(ENS n=160, sinonasal disease n=12) 221:247.249.251 depression (ENS n=184, sinonasal disease

n=82) 221,222,247,289,251 gn( hyperventilation syndrome (ENS n= 22) (Table 5). 2*°
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ENS patients scored higher on anxiety and depression-validated questionnaires compared to
other sinonasal diseases without ENS.221:222:247.249,251 Apyjety was reported as high as 65-73%
in the ENS group. Likewise, depression was reported in 51-71% in ENS patients with

comparable rates of 15-27% in other sinonasal disease.??

No correlation was demonstrated between depression severity (BDI) and extent of turbinate
surgery , nasal volume (cm3), or sinonasal specific quality of life (SNOT-22) scores.??
However, a moderate correlation was demonstrated between ENS-specific quality of life
scores (ENS6Q/SNOT-25) and anxiety (r=0.499, p<0.001; r=0.54, p<0.001) and depression
(r=0.48, p<0.001; r=0.53, p<0.001).222.251

Cross-sectional assessment of ENS patients (n=22) with both hyperventilation provocation
testing and pulmonary function measures defined hyperventilation syndrome in 77% of ENS

patients.?*®

Cognitive function

ENS patients demonstrated qualitatively different f-MRI patterns to healthy controls.
Activation in the emotional processing areas of the temporal lobe was seen in ENS patients
compared to controls on normal breathing and deactivation in this area was shown after

menthol stimulation.

Cognitive function was assessed by functional Magnetic Resonance Imaging (f-MRl) in 1 case
control study. (ENS, n= 10; healthy controls, n=15 ) ?*! (Table 5) f-MRI qualitatively compared
ENS patients to a normal, surgically naive, control group in three conditions: during free
breathing, and after menthol or lemon oil inhalation. Lemon oil was used because it has
fresh fragrance and no pseudo-decongestant properties. Qualitative data showed specific
differing areas of activation/deactivation between ENS and healthy controls. During free
breathing, specific activation of the temporal areas and amygdala was seen in ENS patients
compared to healthy controls. After menthol inhalation, specific deactivation in these areas
was found in ENS patients. Both areas belong to the limbic system and are involved in
emotional processing. With lemon oil inhalation, deactivation was seen in the caudate
nucleus, middle frontal gyrus and superior temporal gyrus compared to healthy controls.
This included the prefrontal secondary sensory area, which is activated during odor

presentation.
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Diagnostic testing

The subjective perception of menthol is lower in ENS patients than healthy controls (with or
without prior turbinate resection). ENS patients had ‘symptom improvement’ from cotton

placed in their airway.

Diagnostic methods were assessed in 5 case control studies?26:239.240.245.246 \yith 4 studies
assessing menthol detection (ITRWENS, n=80; ITRSENS, n=13; healthy control, n=129) and 1
study assessing the perception of airway occlusion with cotton, the ‘cotton test’, (ITRWENS,

n=15; sinonasal disease, n=18) (Table 6).

In the 4 case control studies?3%240.245,246 355essing menthol detection, 2 studies?3%2% used
ITRWENS and ITRSENS patients (ITRWENS, n=48; ITRSENS, n=23) and a further 2 studies?*>24®
only compared ITRWENS patients to healthy controls (ITRWENS, n=32; healthy controls,
n=55). Menthol detection was utilized to evaluate trigeminal nerve function as menthol is
thought to activate the Transient Receptor Potential Melanostatin 8 (TRPMS8) receptor.5 It
was performed by introducing a menthol vapor into nasal cavity via sniffing. The menthol
test required reporting either a detectable threshold (concentration (g/mL)) in ordinal
scales; a higher scale requires lower concentration of menthol for detection) or the

localization of which nostril was being stimulated (number of correct localizations).

ITRWENS reported worse menthol detection on both identification and detection threshold
compared to ITRSENS patients (2148 v 2948, p =0.021; 10.243.87 v 15.2+1.23, p <
0.0001)?%*%2%0 and healthy controls (10.3+3.9 v 14.0+1.8, p < 0.0001; 9.2+4.6v 14.8+1.6, p<
0.05).2>%%% When comparing menthol detection in ITRSENS patients and healthy controls,
there was conflicting data with one study showing similar localization (2918 v
3445,p=0.067)%* and the other with better menthol detection in ITRSENS group (15.2+1.23
v 14.8+1.59, p < 0.05).%° However, the 95% Cls overlapped from this data and a statistical
error was assumed. When data was pooled for meta-analysis, menthol detection scores
were lower in ITRWENS compared to ITRSENS patients (SMD -1.09; 95%Cl: -1.65, -0.53)

(Figure 7).239:240

The “cotton test” involved placing dry cotton into the region where the turbinate tissue has

been removed. The test was considered ‘positive’ when a patient reported any subjective
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nasal breathing improvement with the cotton in-situ. A pseudo-placebo test was performed

using the pressure of the instrument placement without leaving cotton behind.

Thamboo et al.??® performed the ‘cotton test’ validation study with ENS6Q_and participants
also completed a subjective rating scale. With the cotton in-situ (for 10 minutes), ENS
patients reported an improvement in ENS6Q. (19.13+7.91 v 6.00 £5.75, p<0.01) and all ENS
patients rated improved breathing. Healthy controls reported a worse ENS6Q (5.06 +3.94 v
2.9443.36, p=0.034) and nearly all healthy control patients rated their breathing as ‘about

the same’ or worse during cotton in situ.

Olfactory function

While subjective olfaction is impaired in post-turbinate reduction patients with ENS

compared to those without ENS, the objective olfaction is similar.

A single case control study compared both subjective olfaction scoring visual analogue scale
(VAS) and functional assessment with a validated threshold, discrimination, identification
(TDI) score between ITRWENS, ITRSENS patients and healthy controls?®® (ITRWENS, n=21;
ITRSENS, n=18; healthy controls, n=31) (Table 6). The ENS group reported poorer subjective
olfaction scoring than ITRSENS and healthy controls (35.7+6.3 v 72.2+5.5v 81.1+4.9; p
<0.001). However, on functional assessment, ITRWENS and ITRSENS patients had a similar
TDI score which were lower than healthy controls (28.1+£3.5 v 30.5+4.1 v 35.5+3.2; ENS v
ITRSENS, p=0.62, ENS v healthy controls, p=0.028). ITRWENS patients may have other
sinonasal disease that might account for the difference with healthy controls however, this

data was not reported.

Mucosal physiology/Innate immunity

ENS patients had lower nNO than non-ENS controls.

Nasal nitric oxide (nNO) levels was assessed in 1 case control study between ITRWENS
patients and chronic rhinitis?*” (ITRWENS, n=19; chronic rhinitis, n=12) (Table 6). The nNO
assessment was performed using an electrochemical analyzer (NIOX MINO®; Phadia
AB/Aerocrine AB, Sweden). ENS patients had lower nNO levels compared to chronic rhinitis
patients (85.5[327.5] v 231.3[312] ppb, p<0.001). The study’s authors discussed a possible

association between nNO and psychiatric conditions, such as depression and anxiety.
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Risk of Bias assessment

Five type of biases were assessed in individual studies (Tables 3-6). Association bias existed
throughout most studies as causality between ITR and ENS was assumed but not proven,
and pre-operative data was not available. Common bias found included selection bias
related to highly symptomatic selection in ENS. ENS patients were motivated by surgical
candidacy and the use of surgically naive participants as a comparison. The potential for

placebo effect was high in some interventions such as diagnostic testing.

2.4 Discussion

The current concepts regarding the perception of nasal breathing is important when
speculating on the potential pathophysiology of ENS. There are no described tactile or
airflow receptors in the nose.?® The perception of nasal patency is believed to be triggered
through cool-thermo receptors in the nasal mucosa.?'32%* The high speed nasal airflow
creates evaporation of water from nasal epithelial lining and activates TRPMS8 receptors
through temperature gradient. TRPMS8 receptor is located on sensory endings of the
trigeminal nerve within the nasal mucosa. This induces depolarization of neurons and
stimulates the brainstem respiratory center and specific regions of the cerebral cortex
.8973.254 The temperature gradient cool sensing is thus interpreted as clear breathing.
Menthol stimulation provides a good example of this mechanism. It creates enhanced
breathing without altering nasal airflow.>® Dysfunction at any level of this pathway affects
nasal breathing perception. This review’s outcomes are incorporated into the nasal
perception pathway (Figure 8). The pathophysiologic defect for ENS is likely to reside in this

pathway and the evidence for each is summarized.
Mucosal thermal state (radiant airflow dynamics and thermovascular conditions)

The mucosal temperature gradient activation of TRPM8 is likely a combination of mucosal
vasculature (thermovacular conditions) and the influence of radiant cooling by airflow. Thus,
congestive states, such as allergic rhinitis, create mucosal inflammation and vascular
dilatation, leading to a ‘warmer’ baseline and impaired influence from radiant airflow
cooling, Likewise, a simple septal deviation may produce loss of radiant air cooling in

otherwise normal nasal mucosa.
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By the nature of ENS, these patients have normal mucosa on examination and thus, the
absence of disease that influences thermovascular condition is assumed. Only studies on
airflow dynamics and radiant cooling were identified. Human studies have confirmed that
similar improvements in nasal airspace, minimal cross-sectional area, airflow rate and nasal
resistance were observed between patients with and without ENS after ITR. 239:240.248
Mucosal thickening has been observed in ENS patients on CT scans compared to ITRSENS
patients.?*2% However, only 2 of the 10 studied areas were different in the ENS patient
group and they had a longer timepoint from their surgery. Mucosal hypertrophy overtime
may lead to bias in patient selection and lack of adjustment for repeated outcome measures

may contribute to such findings.

Despite all ENS studies on human assessments being similar, simulated nasal airflow on CFD
modeling demonstrated decreased nasal airflow at the region where the inferior turbinate
previously resided.?39245:246.248,255 However, there is incongruity with this theory of airflow
dynamic alteration as a cause of ENS. Firstly, ENS was only reported in a very small

proportion of patients following turbinate surgery?®

and is independent of the extent of

surgery such as turbinectomy and turbinoplasty.??%57-28Secondly, airflow analysis generated
in CFD modeling in this review was reported from a single research group with potential bias
in CT data selection. Additionally, the modelling of CFD potentially creates many data points
for analysis lead to a type 1 error and repeated outcome measure adjustments are not often

reported.
Sensory dysfunction in nasal patency perception

Trigeminal innervation plays a major role in the perception of nasal breathing through the
TRPMS8 cool-temperature receptor. Some authors have investigated, menthol detection to
subjectively evaluate trigeminal sensitivity. These data suggest a lower subjective menthol
detection in ITRWENS compared to ITRSENS patients and healthy controls.239240245246 |t jg
proposed that ENS pathophysiology maybe dysfunction in trigeminal temperature cool
sensing brought about by nerve damage or poor nerve regeneration following turbinate
surgery. However, this has been disputed by the fact that nasal trigeminal receptors are

239,260 not just along the inferior turbinate.

widely distributed throughout the nasal cavity,
Additionally, ENS patients were not distinguished by the extent of surgery and patients with
extensive tumour resection do not suffer these symptoms.232233 Pre-surgical impairment
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leading an ENS sufferer to their first presentation, and subsequent surgery, would be

plausible.

Pathways of nasal perception are triggered at the trigeminal nucleus, brainstem, and
cerebral cortex centrally. Centrally affected areas may also be a potential etiological
contributor for ENS and may result in similar perceptive deficits possibly explaining the
menthol detection data. However, apart from some limited f-MRI data, studies in this area

are lacking and this again would suggest a pre-existing deficit.
Psychogenic dysfunction in nasal patency perception

There are examples of disorders in many specialties which are thought to have a strong
psychogenic etiology especially when symptoms are incompatible with observed

examination, for example, tinnitus, irritable bowel syndrome and fibromyalgia.26-26¢

Evidences exists for a strong association in ENS patients with mental health, poor sleep
function, reduced work productivity, and general health.??* Co-morbidities such as anxiety,
depression and hyperventilation syndrome have been reported in a majority of ENS
patients.?21:222,247,249-251 |y gddition, an association between ENS and somatic symptom
disorder and panic disorder have been suggested®®’, as many ENS patients fulfil the criteria
for somatic symptom disorder.?®® As a result, symptom severity is expectedly high in
ENS.221,226,227,231 ENS6Q and SNOT-25 representing ENS symptom severity correlate with
anxiety and depression.??%%! These questionnaires may be detecting an underlying mental

health impairment as much as any local airflow dysfunction.

Poor mental health status has been linked to poor nasal perception, disproportionate to

222243269 and demonstrates emotional regulation deficits.?’° Connection

objective findings,
between emotion control and nasal perception was evident, with a f-MRI study
demonstrating the deactivation of emotional processing areas after the successful pseudo-

decongestant stimulatory effects of menthol in ENS patients.?*!

Psychogenic influence on nasal perception, would explain the discordance between the
subjective and objective findings between ITRWENS and ITRSENS patients. The discordance
between subjective and objective findings in ENS is shown in appendix 3. However, it is

challenging to prove which disease has given rise to the other. An alteration in nasal
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perception due to psychogenic conditions may exist prior to turbinate surgery. Findings of an
‘empty nasal space’ reported in ENS may be the result of attempts to manage these pre-
surgical symptoms. The exacerbation of ENS symptom after surgery remains questionable.
Stressful and emotional life events, potentially such as a surgical intervention with
unrealized ‘hopes and dreams’ of benefit, have been associated with triggering a conversion
disorder.?’1:272

Previous systematic reviews have recommended mental health screening in the rhinology
workflow.?28 ENS6Q may be useful screening tool for anxiety and depression due to its
correlation with these mental conditions, especially when the examination is discordant. The
authors have used a guide to screen a turbinate reduction candidate, referred to as “Ray’s
rules”, based on intact ‘sensory’ nasal perception of the Mucosal Thermal State: 1. the
patient is aware of fluctuating or ‘cycling’ nasal congestion, 2. Postural congestion is
perceived and 3. There is a subjective response to topical nasal decongestant.

There is a clinical need for diagnostic tools that could more accurately reflect subjective
nasal perception, both to assess the impact of our interventions and also to avoid surgery on
those who are unlikely to benefit, or potentially decline in health from interventions.

2.5 Conclusion

Alterations of the nasal airspace are similar between patients after turbinate surgery with
and without ENS. The extent of the ‘empty space’ described in ENS does not influence the
symptoms of ENS. The influence of an ‘airflow’ basis for ENS is unlikely. Neurogenic
dysfunction of temperature-gradient cool sensing is subjectively reported in ENS patients
compared to controls. However, discordance between subjective and objective constructs in
ENS extended beyond breathing to olfaction as well. There is evidence of high psychogenic
comorbidities in patients with ENS. No data offered causality between ITR and ENS as pre-
operative data was not available. The assumption of surgery as the raison d'etre for ENS is

unclear, but the surgery may be a trigger for conversion event for comorbid conditions.

48



49

Table 2. Pathophysiologic themes for the etiology of ENS

Pathophysiologic theme

Outcome investigated

Demographics

Climate and geographic factors:
Dew point, humidity, temperature, precipitation, altitude data,

pollution data (PM-10, PM 2.5)

Symptomatology

Any sinonasal symptom rating:

Sinonasal outcome test, Empty nose syndrome 6 questionnaire,
Sinonasal patency rating, Sinonasal symptom severity score
General health:

Epworth Sleepiness Scale, Work Productivity and Impairment

guestionnaire, 5-dimension EuroQol General Health State Survey

Anatomical features

Computed Tomography findings:
History of turbinate surgery, Nasal cavity airspace, Nasal mucosa

thickness, Inferior turbinate volume, Other abnormal finding

Airflow analysis

Computational Fluid Dynamic modeling:

Cross-sectional area, Nasal resistance, Airflow rate, Airflow
distribution, Wall Shear Stress/force, Humidification efficiency,
Heating efficiency, Surface area stimulated by mucosal cooling.
Airway function analysis:

Minimal cross-sectional area (acoustic rhinometry), Nasal resistance

(rhinomanometry), Airflow rate

Mental health

Anxiety:
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Generalized anxiety disorder questionnaire, Beck Anxiety Inventory
Depression:

Patient Health Questionnaire, Beck Depression Inventory
Hyperventilation syndrome:

Hyperventilation provocation test, Pulmonary function

Cognitive function

Functional Magnetic Resonance Imaging

Diagnostic testing

Menthol detection threshold/ Menthol detection test

Cotton test

Olfactory function

Visual Analogue Scale of olfactory function

Odor Threshold, Discrimination test, Identification test

Mucosal physiology/Innate

immunity

Nasal Nitric Oxide level

Abbreviations: PM-10, particulate matter of aerodynamic diameter less than 10 um; PM2.5,

particulate matter of aerodynamic diameter less than 2.5 um
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110

Records identified ti?rough Records identified ti?rough Additional records identified
database searching database searching through other sources
E EMBASE MEDLINE (n=4)
'0'-; (n=2010) (n=577)
(%]
= | |
c
% A 4
- Records after duplicates removed
(n=1847)
)
e Records screened by title and abstract Records excluded
£ (n=1847) > (n=1778)
c
O
O
L=
(=]
3 I
| S
" id d for eligibili Full text articles excluded
JE— Full-text articles as_sesse or eligibility (n=51)
(n=69) - Review article (n=13)
- Uncontrolled intervention
study for ENS (n=19)
Fey - unexplained obstruction
i (n=3)

‘B0 A 2 - Incidence/prevalence study
w Studies included for ("=3! o
— qualitative synthesis - Duplicated publication

— (n=18) (n=1)
- Other diagnosis (n=3)
- Incomplete data (n=2)
- Case report and Case series
(n=7)
Meta-analysis /Synthesis of
pathophysiologic themes
(n=18)
| Demographics (n=1) |<——>| Mental health (n=6) |
4>| Cognitive function (n=1) |
\ Symptomatology (n=5) }1—
4% Diagnostic testing (n=5) |
’ Anatomical features (n=3) "7
- —>| Olfactory function (n=1) |
[}
E
o ‘ Airflow analysis (n=6) }‘f. » Mucosal physiology/innate immunity (n=1)
=
—

Figure 6. PRISMA flowchart of study selection process
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ITRWENS ITRSENS Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Konstantinidis 2017 21 8 21 29 8 18 69.7% -0.98 [-1.65, -0.31] l
Malik 2019 10.2 3.87 27 152 1.23 5 30.3% -1.34 [-2.36, -0.33] —a
Total (95% CI) 48 23 100.0% -1.09 [-1.65, -0.53] <&
Heterogeneity: Tau? = 0.00; Chi? = 0.34, df = 1 (P = 0.56); I2 = 0% 4 2 5 2

Test for overall effect: Z = 3.82 (P = 0.0001) ITRWENS ITRSENS

Figure 7. Forest plot representing menthol detection test in ITRWENS and ITRSENS.
Abbreviations: ITRWENS, Inferior turbinate reduction with Empty nose syndrome; ITRSENS,

Inferior turbinate reduction without empty nose syndrome
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*  Symptoms
+  SNOT/ENS6Q
o . el *  Functional Magnetic
= Emotion R :
o ; esonance Imaging
vy /Psychogenic I
15) " *  Psychological assessment
=2 disorder * Nasal Nitric Oxid
% (limbic) asal Nitric Oxide
| I
=
2
g TRPM8 +  Menthol detection test
«» receptors (subjective)
dysfunction *  Mucosal Temperature
(objective)
% p I «  Anatomical features
E * Nasal Airway analysis
g Radiant cooling *  Computational fluid
5 abnormality dynamics
£ »  Climate factors
2
e * Not assessed- as endoscopy
g . |_V|UC_053| . is usually unremarkable and
vasodilation/inflammation lack of other disease
. assumed

Figure 8. lllustrated model of pathophysiologic evidence in ENS
Abbreviations: SNOT, Sinonasal Outcome Test; ENS6Q, Empty Nose 6-item Questionnaire;

TRPM-8, transient receptor potential melanostatin-8
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Table 7. Supplementary: Search strategy
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Search strategy for MEDLINE

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

empty nose syndrome.mp.

ENS.mp. NOT enteric nervous system.mp

empty nose.mp.

OR /1-3

exp ANXIETY/

exp ANXIETY DISORDERS/

exp DEPRESSIVE DISORDER/
DEPRESSION/

exp SUICIDE/

exp MENTAL DISORDERS/

exp BEHAVIORAL SYMPTOMS/
exp SOMATOFORM DISORDERS/
exp HYPERVENTILATION/
Hyperventilation Syndrome.mp.
Suffocation.mp.

OR/5-15

Paradoxical.mp.

Blockage.mp.

Obstruction.mp.
Congestion.mp.

OR/18-20

17 ADJ1 21
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23. 16 OR 22

24. *NOSE DISEASE/

25. NASAL SURGICAL PROCEDURES/
26. TURBINATE/

27. NASAL OBSTRUCTION/

28. OR/24-27

29. 23 AND 28

30. 4 OR29 =988

31. Limited 30 to English language and human study = 577

Modified version was used for EMBASE
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Chapter 3. Defining the minimal clinically
important difference in rhinomanometry from

nasal airway surgery

3.1 Introduction

Nasal obstruction has a significant impact on patient quality of life and patients often seek
treatment through medical or surgical interventions.?”® It is a multifactorial phenomenon
resulting from an interplay of structural, mucosal, thermo-sensing and psychological
factors.?’#275 Patient reported outcome measures (PROMs) such as the Nasal Obstruction
Symptom Evaluation (NOSE) are often utilized in clinical practice to assess patient’s
subjective feelings of nasal patency 8, however these do not always reflect nasal airflow
patency. Additionally, adaptation to changes in nasal breathing can occur and objective
measures therefore remain an integral part of clinical assessment. Objective tools are also

important in demonstrating the degree of relief following surgical intervention.

Active anterior rhinomanometry (AAR) is considered to be the gold standard
technique by the International Committee on Standardization of Rhinomanometry for the

assessment of nasal patency *°

and provides a measure of nasal airway resistance (NAR).
Although there have been several studies reporting normative AAR values in patient
populations, the minimal clinically important difference (MCID) remains to be established.

Thus, the changes in airflow due to a medical or surgical intervention and how they reflect

patient’s subjective feelings of patency remain difficult to interpret.



133

Although there have been several studies published assessing the correlations
between NAR and patient perceptions of nasal patency, the results of these have been
inconsistent. A meta-review noted that the assessment of airflow unilaterally demonstrated
consistent positive correlations but there were inconsistencies when total NAR was
assessed. °%°394276 |n addition, there has been no consensus on the most suitable PROMs

appropriate for use in the clinical assessment of nasal obstruction.

The aims of this study were therefore twofold: to determine whether the change in
patient subjective scores demonstrated correlation with the change in NAR and to define an
MCID following surgical intervention. Correlation analyses were performed using a range of
subjective measurement tools, and both total and unilateral NAR were assessed.

3.2 Methods

Population

A prospective case series of adult patients (age > 18 years) from two tertiary clinics
undergoing any turbinate, septal and/or rhinoplasty surgery for nasal obstruction was
performed. Patients had a mix of turbinate, septal and nasal valve disorders, but all were
nasal airway pathologies only. Patients with significant sinus disease, tumour or other
inflammatory disorders were not included. Recruitment was consecutive from October 2009
to October 2015 and ethics approval was granted by St Vincent’s Hospital Human Research
Ethics Committee (SVH 09/083). The assessment of NAR and PROMs were performed prior

to surgery and at least 6 months post-surgery.

Outcome measures

Four-phase AAR was performed at the international standard of 150 Pa pre- and post-

surgery using an NR6 Rhinomanometer (GM Instruments, UK). Measurements were taken
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after resting for at least 10 minutes in a climate-controlled room (22 °C), and with the
patient seated. No exercise was allowed during the 4 hours prior to assessment.

Decongestants (oral and topical) were avoided for at least 3 days prior to testing.

An anaesthetic mask was held airtight around the nose, with the nostril contralateral
to the testing side sealed with a foam nasal plug. The patient was instructed to breathe
normally through the nose with the mouth closed. The opposite side was then tested using
the same method. At least two readings of NAR within 15% of each other were obtained on

each side.

Total NAR was calculated by combining representative readings for both sides using NARIS
software (GM Instruments, Bristol, UK) and reported in Pa/cm?3/s. The obstructed side was
defined as the side of higher resistance at baseline. Values were defined for NAR Total, NAR
Obstructed and NAR less obstructed at pre- and post-surgery. Change in NAR (ANAR) was

determined using patient matched data pre- and post-surgery.

Defining a clinically important change

The clinically relevant changes were calculated by two ways, using a half standard deviation
of baseline method as previously described 1¢%%’7 and based on 1-point improvement on
nasal function scale. On continuous measures, linear regression analysis was used to
calculate MCID by the estimate change in NAR corresponding to minimum improvement in

PROMs.

Distribution-based method

MCID was calculated using half Standard Deviation (SD) and Standard Error of measurement
(SEM). SEM = SD x V (1 — [test-retest reliability]). The test-retest reliability was acquired from

previous data (0.83).278
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Anchor-based method

The change in NAR was anchored against patient reported ordinal scales: 13-point Likert
score of overall nasal function ranging from +6 (excellent) to +4 (good), +2 (fair), O (neither
good nor bad), -2 (poor), -4 (bad), and -6 (terrible) and nasal obstruction six-point Likert
score composed of 0 (no problem), 1 (very mild problem), 2 (mild or slight problem), 3
(moderate problem), 4 (severe problem), and 5 (problem as bad as it can be). MCID was then

determined by the change in NAR based on 1- point improvement on each ordinal scale.

Continuous measures

MCID was also calculated from continuous measures: Nasal Obstruction Symptom Evaluation
(NOSE)®®, Sinonasal Outcome Test 22 (SNOT-22)%’, visual analogue scales (VAS) on unilateral
obstruction ranging from 0 (no nasal obstruction) to 100 (complete obstruction). Patients
were stratified according to whether they had achieved a clinically important change for any
of the utilised PROMs. These resulted in two groups of patients; those who had achieved a
clinically important change for each PROM and those who had not. These groups varied by
the PROM that was used to define them. Published clinically relevant change values were used
to assess NOSE (8.5)*° and SNOT-22 (8.9)””. For VAS, clinically important changes were
calculated by half of standard deviation of pre-operative VAS and VAS change in
corresponding to 1-categorical improvement in overall nasal function. The calculation yield
VAS change of 9 and 13 mm, respectively. Linear regression analysis was used to estimate the
change in NAR corresponding to minimum improvement in PROMs and MCID was estimated
using the slope of linear regression (Beta coefficient).

Statistical analysis
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Data was collated and analysed using SPSS v22 software (IBM, Australia). The data
categories were analysed for normality using a Shapiro-Wilk test and histogram analysis.
Parametric data was analysed using paired t-tests for matched data or independent t-tests
for unrelated groups. Correlations for parametric data were examined using a Pearson’s test
for continuous variables or Spearman’s analysis for ordinal variables. Values of p<0.05 were
considered significant.

3.3 Results

One hundred and seventy-one patients were recruited (age 37.2+13.4 years, 59.6% female),
with 46.6% having undergone prior nasal surgery. Body mass index was 23.4+4.0 kg/m?.

Time from surgery to post-operative follow-up was 11.2+8.8 months.

Comparison of pre- and post-operative nasal function

Significant improvements were observed in nasal function scores for the total population
when pre- and post-operative measures were compared (Table 10). NAR Total decreased
post-operatively (0.440+0.253 Pa/cm3/s vs 0.382+0.346 Pa/cm?3/s, p<0.001), as did NAR on
obstructed side (1.282+1.210 Pa/cm?3/s vs 0.907+1.070 Pa/cm3/s, p=0.001). Improvements
post-surgery were observed in NOSE (59.0+26.2 vs 34.2+28.0, p<0.001), SNOT22 (36.2+19.0
vs 21.2417.6, p<0.001) and VAS (48.2+25.2 vs 31.2+25.9, p<0.001). Higher number of
patients reported their Nasal Obstruction as a ‘mild problem’ or better (34.5% vs 73.4%,
p<0.001), or Overall Nasal Function as ‘fair’ or better (26.2% vs 81.0%, p=0.001).

Correlations between patient reported measures and nasal airflow

ASNOT22 score only correlated with ANAR Total (r= 0.246, p<0.001) (Table 11). There were
weak correlations observed between the AVAS and total ANAR (r=0.216, p<0.001), ANAR

Obstructed (r=0.292, p<0.001) and ANAR less obstructed side (r=0.242, p=0.003) (Table 11).
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AOverall nasal function and ANasal obstruction score showed higher degree of correlation
with ANAR Total (r=-0.329, p<0.001; r=0.326, p<0.001 respectively) and ANAR Obstructed
(r=-0.342, p<0.001; r=0.421, p<0.001 respectively). NOSE scores demonstrated no

correlations with ANAR.

Minimal Clinically important difference in NAR

Distribution based method

For NAR Total, the half standard deviation of the baseline was 0.127 Pa/cm3/s and standard
error of measurement was 0.103 Pa/cm3/s. For unilateral NAR, the half standard deviation

was 0.509 Pa/cm3/s and, standard error of measurement was 0.449 Pa/cm3/s.

Anchor based method

ANAR was assessed according to achievement of 1-point categorical ordinal scale
improvement in overall nasal function and nasal obstruction score. On overall nasal function,
1 categorical improved NAR Total by 0.093+0.307 Pa/cm3/s and NAR Obstructed by
0.180+0.397 Pa/cm3/s. For nasal obstruction score, 1 categorical scale improved NAR Total by

0.09140.290 Pa/cm3/s and NAR Obstructed by 0.221+0.684 Pa/cm3/s.

Continuous measures

PROMs which showed linear correlated with NAR were used to estimate MCID. For NAR Total,
the Beta coefficient indicated a MCID of 0.154 Pa/cm3/s on SNOT-22, 0.132 Pa/cm3/s on VAS
(9 mm) and 0.138 Pa/cm3/s on VAS (13mm), and for NAR Obstructed, data showed 0.669

Pa/cm3/s on VAS (9mm) and 0.742 Pa/cm3/s on VAS (13mm). (Table 12)
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Recommended MCID

Al MCID values from three methods were shown in table 13. The recommended MCID of total
NAR is 0.1 Pa/cm3/s ranging from 0.091 to 0.154 Pa/cm3/s and of obstructed NAR is 0.2
Pa/cm?3/s ranging from 0.180 to 0.742 Pa/cm3/s.

3.4 Discussion

Nasal airway resistance is affected by thermo-vascular changes in nasal mucosal and
anatomical obstruction.?’9281 Rhinomanometry is a useful tool that enables the evaluation
of nasal airway resistance based on airflow and pressure, and thus is recommended for use
in investigations of candidacy for nasal surgery and interventional outcomes.>'” However,
difficulties in the interpretation of rhinomanometry values exist, due to variability in
correlation with patient reported symptom scores and lack of well-established MCID values.
This study found a correlation between NAR and overall patient reported nasal function and
nasal obstruction scores, and proposed MCID values of 0.1 Pa/cm3/s for total NAR and 0.2

Pa/cm?3/s for obstructed NAR following surgical intervention.

A unique feature of this investigation was the assessment of both functional and
subjective parameters before and after surgery, and analysis of correlations pertaining to
the overall changes in these values. This is clinically relevant, as it provides a comprehensive
assessment of patient satisfaction with their nasal function post-intervention, using a range
of outcome measures. There has been conflicting evidence regarding the validity of
commonly used patient symptom reporting tools and nasal functional assessment

techniques.

NOSE score demonstrated no correlation with ANAR assessed either bilaterally, or

unilaterally in line with the previous study.?®? Also, the correlation between SNOT-22 and
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minimal cross-sectional area (MCA) measured by acoustic rhinometry was not shown in
previous study.?®* However, in the presented study, a correlation between SNOT-22 and

ANAR Total but not unilateral ANAR was observed.

Outcomes focused on nasal obstruction severity were rated by VAS score, Nasal
obstruction, and Overall nasal function scores. This study demonstrated significant
correlation between ANAR and AVAS in line with previous reports in patients with acute viral
rhinitis, following histamine challenge, or before and after the application of a topical
decongestant.?®+28¢ However, conflicting evidences has also been observed between MCA or
NAR and VAS pre- or post- septoplasty, during the nasal cycle, or during routine clinic
attendance.?®”2% The ANasal obstruction and AOverall nasal function scores demonstrated
superior correlations with ANAR compared with other outcomes, resulting in improved
correlation coefficients with ANAR for total and obstructed measures. Thus, the outcome
tool selection is likely to be an important factor when assessing improvements in nasal
obstruction, and validated tools such as NOSE and SNOT-22 may not be the most
appropriate to use alongside rhinomanometric assessment for evaluation of nasal
obstruction. These tools may poorly reflect the degree of nasal obstruction due to the

incorporation of additional quality of life aspects.

Furthermore, a recurring observed theme was the stronger relationship between ANAR and
subjective outcome measures on the side of greater nasal obstruction. Notably, previous
studies supported the assessment of NAR unilaterally, demonstrating stronger correlations

with patient VAS scores, %4290
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In defining MCID of NAR, an MCID of 0.1 Pa/cm?3/s for total NAR and the MCID of 0.2
Pa/cm?3/s for obstructed NAR is suggested to serve as a threshold to aid clinicians in the

interpretation of successful nasal surgical outcomes in nasal obstruction patients.

Correlation between subjective nasal breathing measures and NAR only shows the
association between nasal perception of breathing and structural patency. Other factors
involved in nasal perception need to be addressed. Nasal thermo-sensing through trigeminal
nerve cooling receptor, and its control centre in the cerebral cortex and limbic system, have
proposed to play roles when determining subjective nasal perception. Trigeminal sensory
dysfunction and psychogenic comorbidities could modify the correlation between patient
reported and functional nasal airway measurement. Thus, the practical application of NAR
MCID is recommended when there is consistency between subjective and objective
outcomes, without the effect of other nasal perception modifiers.

3.5 Conclusion

The relationship between rhinomanometry measurements and patient derived outcomes is
likely to be influenced by a range of factors, including the tools used for subjective measure
assessment. Overall nasal function and Nasal obstruction scores may be more useful in
representing subjective nasal obstruction than validated NOSE or SNOT22 questionnaires.
Use of these parameters demonstrated an MCID of 0.1 Pa/cm3/s for total NAR and 0.2
Pa/cm?3/s for obstructed NAR following surgical intervention and these may serve as a useful

threshold for investigators assessing rhinomanometry outcomes post-surgery.
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Table 10. Comparison of nasal function pre- and post-surgery.

141

or better)

Outcome measure Pre-operative Post-operative p-value
0.382+0.346
Total nasal airway resistance 0.440+0.253 Pa/cm?/s p<0.001
Pa/cm3/s
Obstructed nasal airway 0.907+£1.070
1.282+1.210 Pa/cm3/s p=0.01
resistance Pa/cm3/s
NOSE (0-100) 59.0£26.2 34.2+28.0 p<0.001
SNOT-22 (0-110) 36.2+19.0 21.2+17.6 p<0.001
VAS 48.2125.2 mm 31.2+25.9 mm p<0.001
Nasal obstruction score (%<
34.5% 73.4% p<0.001
mild)
Overall Nasal Function (% fair
26.2% 81.0% p=0.001

Abbreviations: NOSE, Nasal Obstruction Symptom Evaluation; SNOT2, Sinonasal Outcome

Test 22; VAS, Visual Analogue Scale assessing nasal obstruction
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Table 11. Assessment of the correlations between change in nasal airway resistance and patient

reported outcome measures

Outcome measure (A)

Total nasal airway

resistance (A)

Obstructed nasal

airway resistance (4)

Less obstructed
nasal airway

resistance (4)

NOSE (0-100) r=0.107 r=0.072 r=0.075
p=0.069 p=0.380 p=0.390
SNOT-22 (0-110) r=0.246 r=0.204 r=0.186
p<0.001 p=0.061 p=0.100
VAS (0-100) r=0.216 r=0.292 r=0.242
p<0.001 p<0.001 p=0.003
Overall nasal function r=-0.329 r=-0.342 r=-0.236
(terrible to excellent — | p<0.001 p<0.001 p=0.003
13 ordinal score)
Nasal obstruction r=0.326 r=0.421 r=0.177
score (no problem to p<0.001 p<0.001 p=0.072

as bad asitcanbe-6

ordinal score)

Abbreviations: NOSE, Nasal Obstruction Symptom Evaluation; SNOT-22, Sinonasal Outcome

Test 22; VAS, Visual Analogue Scale assessing nasal obstruction
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Table 12. Minimal Clinically Important Difference in nasal airway resistance calculated with

continuous measures

143

Outcome Threshold Total nasal airway resistance Obstructed nasal airway resistance
measure (Pa/cm3/s) (Pa/cm3/s)

MCID (95% CI) P value MCID (95% ClI) P value
NOSE A8.5* -0.056 (-0.16, 0.049) p=0.294 | -0.159 (-0.479, 0.224) p=0.575
SNOT-22 A8.9* -0.154 (-0.277, -0.031) p=0.014 -0.719 (-1.471, 0.033) p=0.061
VAS A9mmt -0.132 (-0.213, -0.052) p=0.001 -0.669 (-1.116, -0.221) p=0.004
VAS A13mmi -0.138 (-0.221, -0.055) p=0.001 -0.742 (-1.190, -0.294) p=0.001

Abbreviations: MCID, Minimal Clinically Important Difference; NOSE, Nasal Obstruction
Symptom Evaluation; SNOT22, Sinonasal Outcome Test 22; VAS, Visual Analogue Scale

assessing nasal obstruction. * threshold determined by reference value; T threshold

determined by half of standard deviation of pre-operative data; ¥ threshold determined by

1-categorical improvement in overall nasal function
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Table 13. Summary of Minimal Clinically Important Difference in nasal airway resistance

Outcome measure/Technique MCID Total NAR MCID Obstructed
(Pa/cm3/s) NAR (Pa/cm3/s)

Distribution-based method 0.127 0.535

(0.5 SD)

Distribution-base method (SEM) 0.103 0.441

Overall nasal function/ Anchor-based method 0.093 0.180

(A one category)

Nasal obstruction score/ Anchor-based method 0.091 0.221

(A one category)

NOSE/Anchor-base method n/a n/a

(Threshold A8.5%)

SNOT-22 / Anchor-base method 0.154 n/a

(Threshold A8.9%)

VAS/ Anchor-base method 0.132 0.669

(Threshold ASmmT)

VAS/ Anchor-base method 0.138 0.742

(Threshold A13mmi)

Recommended MCID 0.1 (0.091-0.154) 0.2 (0.180-0.742)

Abbreviations: NAR, nasal airway resistance; MCID, Minimal Clinically Important Difference;
NOSE, Nasal Obstruction Symptom Evaluation; SNOT22, Sinonasal Outcome Test 22; VAS,
Visual Analogue Scale assessing nasal obstruction; SD, Standard Deviation; SEM, Standard
Error of Measurement; * threshold determined by reference value®®®’; + threshold
determined by half of standard deviation of pre-operative data; ¥ threshold determined by

1-categorical improvement in overall nasal function
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Chapter 4. Patient factors associated with empty

nose syndrome and poor surgical outcome

4.1 Introduction
Nasal obstruction is a condition in which the body perceives a sensation of insufficient
airflow. It is one of the most common complaints in rhinological practice, estimated to be
affecting at least 30% of the general population.* The burden of cost of nasal obstruction is
significant. Approximately $5 billion were spent annually for symptomatic relief and another
$60 million on surgical procedures to address anatomic causes of obstruction in the US in
the 1990s.!

Two common etiologies include anatomical obstruction and sinonasal inflammation.
Initial treatment is usually medical therapy. In more severe cases when medical therapy fails,
surgical reduction of the inferior turbinate is performed.

Historically, physicians have relied on methods of measuring nasal airflow, such as
rhinomanometry and acoustic rhinometry, as objective tools to evaluate nasal patency and
guide surgical planning. However, current evidence suggests that the primary mechanism of
nasal airflow sensation is not airflow resistance, but rather mucosal cooling by inspired
air.2®% Transient receptor potential melanostatin 8 (TRPMS) in nasal mucosa activates the
cool signal when high-speed air induces water evaporation from the epithelial lining fluid.
This activation causes depolarization of neurons that connect to the brainstem respiratory
center and being interpreted as patent nostrils.3>*° The cooling system has been
demonstrated to have more significant clinical correlation than nasal resistance and cross-

sectional area.3%33

This new paradigm explains the observed poor correlations between subjective
sensation of nasal airflow and objective measurements>>3, despite turbinate surgery
generally achieving a successful surgical outcome in decreasing nasal airway resistance.*!
This discrepancy might also explain the report of apparent surgical failure rates being as high

as 28% to 33%.%*°° In this surgical failure group, there are patients receiving suboptimal
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surgery (surgeon factor), patient with uncontrolled rhinitis or rhinosinusitis and structural
obstruction (disease factor) and on the other end, patient with unsettling cause of poor
nasal breathing perception mainly psychogenic disorder and ‘empty nose syndrome’ (patient
factor). Empty nose syndrome (ENS) was first described in 1994 by Stenrkvist and Kern as
paradoxical persistence of nasal obstruction sensation with an ‘empty nasal space’ in
patients who have already received interventions for nasal obstruction, such as turbinate
surgery. The classic presentation of ENS is a patient who has had surgery to relieve nasal
obstructive symptoms and whose symptoms deteriorate, despite achieving the desired
anatomical outcome. Patients suffering from ENS, generally have an unremarkable
examination, apart from prior evidence of surgery.?'%2°1 ENS carries a significant burden on

health-related quality of life and psychogenic function.

The actual cause of ENS is controversial, as there are several constructs with the
recurring inconsistency between subjective and objective outcomes. Patients are often led
to believe that the surgery is the cause. More discussions can be found in the ENS
pathophysiology section (Chapter 2). Evidence showed a strong relation between ENS and
psychogenic conditions such as hyperventilation syndrome, anxiety and somatic symptom
disorder.?®%2%2 Functional brain imaging suggests that ENS may share some
psychophysiological mechanisms, including increased limbic reactivity, which is the
emotional control area.?** Modulation of nasal perception by psychogenic factor is likely the
primary pathogenesis of ENS. Whether surgical interventions contribute to the cause of ENS
is unclear. Current evidence seems to suggest that ENS is mainly caused by the pre-existing
alteration in nasal perception by the psychogenic condition. These patients would not be
suitable candidates for turbinate surgery at the beginning and undergoing turbinate surgery

worsen their symptoms due to their over expectation of benefit.

Currently, there is no accurate approach for nasal obstruction evaluation. A reliable
tool is needed to measure the subjective perception (patient factor) and guide for surgical
candidate selection to avoid surgery on patients at risk of poor surgical outcome. Therefore,
the objective of this study was to identify distinctive clinical characteristics between patients

with ENS and poor surgical outcomes compared to those with successful turbinate surgery.
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4.2 Methods

Study design

An online questionnaire survey on post turbinate surgery patients was conducted.
All participants filled out the online questionnaire to define the population group and
compare characteristics among groups. This study had ethical approval from Macquarie
University and St Vincent’s Hospital Human Research Ethics Committee (2019/ETH13672).
The online questionnaire contains a consent statement and completion of the questionnaire
will imply consent for research data collection. The survey’s webpage link was distributed to
the participant through social media/ social forum, public announcement, and post-

operative clinic.
Study population

Adult (Age = 18 years old) patients who had previous nasal surgery primarily
performed for inferior turbinate reduction surgery more than three months were recruited.
Turbinate surgery is defined as any turbinate resection or turbinate volume reduction
involving either unilateral or bilateral inferior turbinate. Patients who were unable to
provide informed consent or complete the questionnaire because of age, mental illness,

dementia, communication difficulties or other reasons were excluded.
Outcome measures

Patient reported outcome measures were selected based on existing validated tools.
The selected tools could measure subjective nasal breathing perception on every aspect
involved in the nasal breathing pathway including sinonasal inflammation, anatomical
obstruction, and psychogenic modulation of nasal perception (Chapter 2). The outcome
measures are divided into five categories: patient definition, demographics, sinonasal
function, nasal pathophysiology, and psychogenic function. The final questionnaire was
created by mixing multiple previously validated questionnaires to create a comprehensive

one containing a total 115 Items (Appendix 1).
1. Patient Definition

Since there is no gold standard diagnostic tool for ENS, the satisfaction of surgery

and ENS specific questionnaire are used to diagnose ENS. Patient sample is then divided into
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three groups based on outcome experienced: ENS, low benefit, and high benefit. Satisfaction
measurements include the overall satisfaction scale (Likert scale) ranges from -6(terrible) to
+6(excellent) and the Glasgow Benefit Inventory (GBI).

The Glasgow Benefit Inventory (GBI) is a validated, generic patient-recorded
outcome measure that was invented by Robinson et al. in 1996. Widely used in
otolaryngology, it is designed to measure a change in health-related quality of life after a
specific surgical or medical treatment.

The questionnaire consists of 18 questions answered using a five-point Likert scale.
The responses are then scaled and averaged to give a score ranging from -100 (poorest
outcome) through 0 (no change) to +100 (best outcome).?* The Glasgow Benefit Inventory is
subdivided into three distinct subscales consist of ‘general’, ‘social’ and ‘physical’ subscales.
Twelve questions focused on general changes in health status, including psychosocial health
status. Three questions were related to the amount of social support needed. The remaining
three questions addressed changes in physical health status including medications
requirement and number of visits to doctors required.

The ENS-specific questionnaire of Empty nose syndrome 6 questionnaires (ENS6Q)?*’
is a validated questionnaire consisting of 6 questions evaluating ENS-specific symptoms.
Four of the questions were derived from the Sinonasal outcome test 25 (SNOT-25) which are
‘dryness,” ‘suffocation,” ‘nose feels too open,” and ‘nasal crusting’. SNOT-25 is an extended
version of SNOT-22 with added of ENS-specific symptoms.?®* The next question is regarding
the perception of nasal breathing in which the questionnaire developer specified the ‘sense
of diminished airflow’ (cannot feel air flowing through your nose). Lastly, ‘nasal burning’ was
added according to common symptoms experienced by this group of patients. A score of
10.5 is used as the cut-off value to identify ENS.

Criteria defining patient population

Post turbinate surgery patients will be separated into
ENS or Poor outcome group:

1. Negative score on the Glasgow Benefit Inventory
2. Negative score on overall nasal function

3. Score of 210.5 on ENS6Q
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High benefit group:

1. Positive score on Glasgow Benefit Inventory
2. Positive score on overall nasal function

3. Score of <10.5 on ENS6Q

And the group of patients who have mixed results on these three criteria are categorized as
having ‘Low benefit’ from the surgery. This group may include patients with suboptimal

surgical results, nasal valve compromise and ongoing underlying sinonasal inflammation.
2.Demographics

Demographic data collected include age, type of surgery, duration after surgery,
ancestry, smoking status, asthma, self-diagnosed on the cause of nasal obstruction (snoring,
sinusitis, allergy [inhalant/eye/skin], post trauma, not otherwise specified). Gastro-
esophageal reflux (GERD) symptoms were included, as GERD is one factor that can
potentially increase nasal resistance and results in nasal congestion.2°62%52%7 There is also an
association between GERD and allergic rhinitis and sinusitis.?*®2%° Additionally, the anti-reflux
treatment was shown to improve the obstructive symptoms.2°627.3%0 GERD was assessed

using the validated Reflux Symptom Index questionnaire.3

3.Sinonasal function

Sinonasal outcome test 22 (SNOT-22) and Rhinoconjunctivitis Quality of Life
Questionnaire (RQLQ) were selected to evaluate symptom-specific severity and overall

health-related quality of life caused by inflammatory process and anatomical obstruction.

SNOT22 is a 22-item, validated tool that is widely used among clinicians and
researchers in assessing health related quality of life and symptom severity in chronic
rhinosinusitis.” It was initially developed from the Rhinosinusitis Outcome Measure (RSOM-
31)1%2 and was reduced to SNOT-20, then modified into SNOT-22 in 20009. It has been
validated in multiple languages.1%*1% SNOT-22 evaluates major and minor CRS symptom
severity via four subscales including nasal symptoms, sleep dysfunction, emotional /
psychological dysfunction and aural/ facial symptoms.11%111 patients score each of the 22

items on the six-points Likert scale, or 0 to 5, ending with a total score range of 0-110.
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Overall symptoms can be interpreted from SNOT-22 score as being ‘mild’ (8-20), ‘moderate’

(>20-50), or ‘severe’ (>50).112

A systematic review of patient-reported outcome measures (PROM) used in chronic
rhinosinusitis assessed the quality of each validated tools using COnsensus-based Standards
for the selection of health status Measurement INstruments (COSMIN)3® and SNOT-22 was
rated as the highest quality PROM among 15 validated PROMs.'° Additionally, it is the
recommended instrument used by the majority of the EPOS2020 steering group for specific

rhinologic health-related quality of life evaluation in CRS.%’

Rhinoconjunctivitis Quality of Life Questionnaire (RQLQ) is the most common PROM
used in allergic rhinitis throughout clinical studies and clinical practice.® It is a
comprehensive survey that asks the patient to reflect disease-specific quality of life and
symptom severity based on the past week. This questionnaire contains 28 items in seven
domains. Four items are related to nose symptoms, four to eye symptoms, three to practical
problems, three to sleep impairment, seven to non-hay-fever symptoms, three to activity
limitations and four to emotional. Each item was scored on a seven-point Likert scale. The
overall quality of life is presented as the mean of these seven domains.*® RQLQ results were
well correlated with symptom severity score.>® RQLQ has been extensively validated and
translated into 16 languages.® Due to the overlapping domain of RQLQ with other
guestionnaires, only nose symptoms, eye symptoms, practical problem and activity
limitation domain were included in our questionnaire.

4.Nasal pathophysiology

Nasal pathophysiologic responses could assist in the diagnosis of mucosal pathology
and anatomical obstruction. The three typical pathophysiologic responses of nasal turbinate

to look for are called ‘Ray’s rule’.

The first rule is the response to nasal decongestant. Vasoconstrictive property of
topical nasal decongestant improves nasal congestion by reducing the volume of soft tissue
swelling of the inferior turbinate. Oxymetazoline is the commonly used decongestant; it is an
al receptor agonist and a partial a2 receptor agonist. When oxymetazoline binds the alpha
receptors on the inferior turbinate vasculature, vasoconstriction occurs, the turbinate

decongests, and nasal resistance decreases.3%*3%> The effect of nasal decongestion is also
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found in normal healthy, but it is more pronounced in patients with turbinate hypertrophy.
It is used to predict the therapeutic response from medical or surgical intervention. The
second rule is the nasal cycle or perception of switch side nasal obstruction. The nasal cycle
refers to the asymmetrical, spontaneous changes in congestion or vasodilation and
decongestion or vasoconstriction of venous sinusoid and capacitance vessel of nasal
mucosal. As one side of the inferior turbinate becomes more congested with a blood-filled
venous sinusoid, nasal resistance increases. Simultaneously, the other side of inferior
turbinate decongests, airflow increases through the nasal cavity. An estimation of at least
80% of the population reported this perception of switch side nasal obstruction. The nasal
cycle lasts between 50 minutes and 4 hours before alternating congestion and decongestion
occur.3% The third rule is postural congestion. The effect of posture on nasal airway
resistance has been demonstrated in healthy participants.’?”-3” The change in venous
hydrostatic pressure of venous sinusoid of turbinate tissue results in different nasal
breathing perception related to gravity. The increase in hydrostatic venous pressure when
changing posture from sitting to supine causes subsequent nasal congestion. Again, the
effect of this phenomenon is more prominent in patient with turbinate hypertrophy or
anatomical problem.3% The nasal response following ‘Ray’s rule’ potentially indicates real
sinonasal mucosal pathology or anatomical obstruction without other nasal perception
modifiers. Therefore, we hypothesize that the high benefit group would show a higher

response to ‘Ray’s rule’.
5.Psychogenic function

The psychogenic component has been shown to be a factor in modulating nasal
breathing perception at higher respiratory central control. (Chapter 2) Depression, anxiety
and somatic symptom disorder (SSD) are the most common psychogenic disorders in
primary care and many medical specialties.?**-313 The overlapping of mental disorders are
common; most patients diagnosed with one condition also have one or both of the other

two conditions31%314315

In a rhinology practice, Alam et al. investigated the incidence of psychological
disorders and demonstrated 9%, 14%, and 21% moderate-to-severe anxiety, depressive, and
SSD, respectively. Out of all the rhinology presenting symptoms, nasal

obstruction/congestion is the most highly associated with these three most common
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psychogenic disorders.3!® In addition to assessing these three disorders, hyperventilation
was also included in the questionnaire, as emotional control may involve in its

pathophysiology similar to ENS and it is highly associated with psychogenic disorders.

The 7-item General Anxiety Disorder scale (GAD-7) is principally a measure of
anxiety severity, developed and validated in 2006.3Y” It demonstrated good correlations with
other anxiety scales and general health-related quality of life score. Each item scored in
three Likert scales, total GAD-7 scores can range from 0 to 21, with 5, 10 and 15 represent
mild, moderate and severe levels of anxiety symptoms317318 A cut point of 210 is considered
clinically significant and provides high sensitivity and specificity. GAD-7 has been widely used

in many research studies.31%-322

The 9-item Patient Health Questionnaire (PHQ-9) is used as a diagnostic and severity
measurement tool for major depressive disorder (MDD). The scores range from 0 to 27 and
cut points of 5, 10, 15 and 20 represent mild, moderate, moderately severe and severe
levels of depressive symptoms, respectively. Similar to all three common psychogenic
disorders, a threshold of 210 is considered clinically significant. The PHQ-9 has been largely
utilized in clinical studies across many medical specialties and discipline,316:319,323-329

The current criteria for Somatic Symptom Disorder (SSD) in the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) require the presence of somatic
symptoms (criterion A), excessive thoughts, feelings or behaviors related to these symptoms
(criterion B), and presence of these symptoms for>6 months.?%® Regarding Criterion A, 40
questionnaires were identified to quantify the presence of somatic symptoms.3*° The 15-
item Patient Health Questionnaire (PHQ-15)%! is considered one of the most useful tools in
epidemiological studies. The PHQ-15 includes 15 symptoms that account for more than 90%
of symptoms seen in primary care (exclusive of upper respiratory symptoms such as cough,
nasal symptoms, sore throat, otalgia). The PHQ-15 asks patients to rate how much they have
been bothered by each symptom during the past month on a 0 (“not at all”) to 2 (“bothered
a lot”) scale. The total score ranges from 0 to 30, with cut points of 5, 10 and 15 representing
thresholds for mild, moderate and severe somatic symptom severity, respectively. A score
>10 is recommended clinically significant cut point. PHQ-15 has been widely used in clinical

and research settings,31%314,332-334
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Criterion B explores the impact of SSD on general wellbeing such as excessive cognitive,
affective and behavioral aspects associated with somatic symptoms.33>33¢ Toussaint et al.
recently developed 12-item Somatic Symptom Disorder — B Criteria Scale (SSD-12) with
promising psychometric and validity characteristics. 3* It was developed as a direct measure
of the new B criteria of SSD according to DSM-V. The scale is composed of 12 items, divided
into three psychological subscales: cognitive, affective and behavioral aspects. Each subscale
contains four items with all item scores ranging between 0 and 4. SSD-12 has excellent
validity, reliability and It was shown to correlate with the 15-item Patient Health
Questionnaire,*! the 7-item Generalized Anxiety Disorder Scale33® and the 9-item Patient
Health Questionnaire.3® The SSD-12 score of >23 is suggested in combination with PHQ-15
to identify somatic symptom disorder.3*

Hyperventilation syndrome (HVS) is the most well recognized form of dysfunctional
breathing.3*! First described in 193877, HVS is defined as the condition of increased minute
ventilation or hyperventilation exceeding metabolic requirements from hypocapnia and
respiratory alkalosis.” Symptoms include palpitations, chest pain, breathlessness, chest
tightness, tingling of the lips and fingers, tetany, paresthesia, light-headedness, and

342 and nasal obstruction is

dizziness. HVS is significantly related to sinonasal disease
considered one of the HVS symptoms as a high number of patients (25-85%) with nasal
obstruction complaint were diagnosed with HVS.3*33% The pathogenesis of hyperventilation
syndrome is unclear.®’ However, it is believed that an emotional/behavioral pathway are
involved, explaining the connection with psychogenic disorders, such as depression, anxiety
disorders, and panic disorder’># The most common method to aid clinical diagnosis of
dysfunctional breathing relies on a positive Nijmegen questionnaire. A group in the
Netherlands developed this questionnaire. It consists of a list of 16 symptoms ranked ona 5
Likert scale according to frequency. Of the 16 questions, three domains were identified,
seven related to respiratory symptoms, four to excessive ventilation and five to central
nervous system symptoms. 3*° A score of >23 is considered significant for HVS diagnosis. It

was shown to have a sensitivity of 91% and specificity of 95%.3%°
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Statistical analysis

All statistics and graphic representations were generated using SPSS version 24 (IBM Corp.,
Armonk, NY). The clinical characteristics between groups were compared using chi square
analysis for binary outcome and 1-way analysis of variance (ANOVA) test for continuous
variable. A p-value of < 0.05 was defined as statistically significant. The outcome
measurements which demonstrated significant differences among the three comparisons
were then analyzed with post hoc Bonferroni test.

4.3 Results

A total of 97 patients were recruited (42.8+13.8 years old, 55.7% female). The population
definition identified n=15 (15.5%) ENS or poor surgical outcome group, n=12 (12.4%) low
benefit group and n=70 (72.2%) high benefit group. The satisfaction assessing tools were
compared (Table 14) and a model showing the separation of three defining group was

illustrated. (Figure 9)

Demographics

The characteristic differences between three groups were presented in Table 15. Comparing
between ENS or poor surgical outcome, low benefit and high benefit groups, patients with
ENS were more likely to be self-diagnosed with sinusitis (80.0% vs 50.0% vs 30.4%, p=0.001)
and report higher reflux score (19.6+13.0 vs 4.7+4.6 vs 4.516.5, p<0.001). There were no
differences in age, gender, smoking, and other self-diagnosed sinonasal conditions between
groups. ENS reported a longer duration after turbinate surgery (11.9+12.9 vs 3.8+2.2 vs
3.2+43.1 years, p<0.001). Difference in duration after surgery was expected as most of ENS
participants were recruited from social platform announcements while the other groups

were from the post-operative clinic.
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Sinonasal function

SNOT-22 and all RQLQ domains scores were significantly different across the three groups.
(RQLQ: Practical problem 10.3%4.4 vs 4.5+4.8 vs 3.0%3.6, p<0.001; Nasal symptoms 8.3+7.0
vs 6.8+5.9 vs 3.2+3.6, p <0.001; Ocular symptoms 8.749.4 vs 5.9+7.1 vs 1.9+3.5, p<0.001;
Activities 13.1+4.5 vs 9.1+4.4 vs 2.2+3.8, p<0.001; SNOT-22 63.2+15.9 vs 29.216.6 vs
12.6£13.9, p<0.001) (Table 16). On post-hoc analysis, ENS reported higher scores than the
high benefit group in all RQLQ domains and SNOT-22. RQLQ practical problem and SNOT-22
were reported higher in ENS than low benefit group. Low benefit group reported higher
score than high benefit group on nasal symptom, activities and SNOT-22. This highlighted

the possible ongoing or uncontrolled sinonasal disease in this low benefit group.

Turbinate pathophysiology

On turbinate pathophysiology, ENS demonstrated lower response to nasal decongestant
compared with high benefit but no different to low benefit group. (33.3% vs 54.5% vs 76.9%,
p=0.007; ENS vs High benefit, p=0.02; ENS vs low benefit, p=0.305) Surprisingly, nasal cycle
and postural congestion were not different among three comparisons. (Presence of nasal
cycling 66.7% vs 45.5% vs 34.4%, p=0.104; postural congestion 46.7% vs 33.3% vs 29.0%,

p=0.413) (Table 17)

Psychogenic function

Psychogenic function was significantly associated with poor surgical outcome. ENS reported
higher scores compared with low benefit and high benefit groups on all evaluated

guestionnaires: Nijmegen questionnaire (29.4+14.0 vs 10.6+8.9 vs 5.4+9.1, p <0.001), GAD-7
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(12.14£5.5 vs 5.1+4.3 vs 2.2£3.7, p <0.001), PHQ-9 (17.3£6.2 vs 6.4+4.8 vs 2.0%2.7, p<0.001),
PHQ-12(12.3+6.4 vs 5.112.5 vs 3.9+4.5, p<0.001), and SSD-12(33.3+10.9 vs 19.5+9.8 vs
5.7+7.1, p<0.001) (Table 18). Additionally, all the mean values demonstrated in ENS group
reached the clinically significant level in each psychogenic questionnaire assessed. Low
benefit group also reported higher scores than high benefit group on PHQ-9 (p<0.001) and
SSD-12 (p=0.001) questionnaire. However, the reported score did not meet the clinically

significant cut-off value in the low benefit group.

4.4 Discussion

Turbinate surgery is the preferred surgical management in patients with turbinate
hypertrophy often presented in sinonasal inflammatory disease. It is considered an
adjunctive approach with medical treatment when medical treatment alone fails to control
nasal obstructive symptoms. The success of this combination approach is the goal for patient
and ENT surgeon. It is acknowledged that despite anatomically successful surgery, the failure
rate of turbinate reduction can be as high as 33%.>*>° This discordance between subjective
and objective measurement shows that the current evaluation during surgical planning and
patient selection is inaccurate.>> The best approach to avoid having poor surgical outcome is
to identify unsuitable candidates before the surgery is performed. This study compared the
characteristics of patent who report successful surgical outcome to those reported

disastrous outcome.

ENS group demonstrated higher score on psychological symptoms, sinonasal
symptoms and reflux symptoms than low benefit and high benefit groups. Psychogenic
related conditions, including HVS, anxiety, depression, and somatic symptom disorder, were
significantly more reported in ENS group as expected. The high incidence report of
psychogenic events in rhinology practice and previous ENS studies support the
finding.221259316 previous studies on ENS showed a strong correlation with anxiety,
depression and HVS. The diagnosis of SSD in ENS has also been reported anecdotally; many

ENS patients fulfill the criteria for somatic symptom disorder.2®”
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Poor mental health status has been linked to poor nasal perception?®®,and both
conditions are not related to the nasal airspace measured on CT scan.??>2%3, A f-MRI study
demonstrated the deactivation of emotional processing areas upon successful pseudo-
decongestant stimulatory effects of menthol in ENS patients.?*! This shows a probable
connection between emotional control and nasal perception. Therefore, the modulation of
psychogenic component on subjective nasal perception could be the potential cause of ENS

and described the contrast between patient-reported outcome and nasal airway resistance.

Nasal symptom severity was higher in ENS group than the low benefit and high
benefit groups. Considering ‘empty nasal space’ described in ENS, this phenomenon
resembles the ‘out of proportion’ symptom severity reported in many disorders which are
thought to have a strong psychogenic etiology, especially when symptoms are paradoxical to
the observed examination, for example, tinnitus, irritable bowel syndrome, fibromyalgia,
somatic symptom disorder and body dysmorphic disorder. This finding is in line with
previous studies in which ENS patients reported higher symptom severity compared to that
experienced in other sinonasal diseases including rhinitis, rhinosinusitis and structural

obstruction.??®

80% of ENS group self-identified themselves as ‘sinusitis’ sufferers. The complaint of
‘sinusitis’ is widespread in rhinology practice, especially for unexplained sinonasal symptoms
by the fact that sinusitis symptoms overlap with other common conditions. For this reason,
the diagnosis of CRS is often inaccurate, particularly with self-diagnosis. Even with CRS

diagnosed by non-otolaryngologist, real CRS was identified in only less than 1%.3

The ENS group also scored high on reflux symptom index. This is in accordance with
previous studies which suggests the relation between gastroesophageal reflux and nasal
obstructive symptom. Additionally, the correlation of reflux symptoms with anxiety and
depression were reported, possibly explaining the presence of nasal obstruction in reflux
disease. Thus, reflux symptoms may be one of the predictive symptoms of poor surgical

outcome.?¥’

On nasal pathophysiology, greater response to nasal decongestant is demonstrated
in high benefit group compared to the ENS group. Surprisingly, the presence of nasal cycling

and postural congestion failed to show any differences among groups and even showed
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slightly greater response in ENS group, though not statistically significant. A possible
explanation for this unexpected finding is the coexistence of nasal inflammatory condition in
the ENS group. It is often overlooked that almost all ENS patients initially presented with
nasal obstruction, possibly mild inflammatory disease, which led them to the surgery.

Despite the minimal disease, response to nasal pathophysiology was shown in ENS.

Poor psychogenic function, out of proportion subjective complaints discordance to
objective measure, and reflux symptoms are red flags of patients at risk of poor surgical
outcome. Avoidance should be implemented in this group of patients. Furthermore, the

development of new reliable screening tools would be highly beneficial.

4.5 Conclusion

Poor psychogenic function, disproportionate subjective nasal complaint and reflux
symptoms are clinical characteristics of poor surgical outcome from turbinate surgery. These
warning signs may be used as a guide in identifying patient at risk of poor surgical outcome.
A surgical decision should be cautiously made upon the presence of any of these clinical

features.

158



159

Table 14. Comparison of satisfaction criteria and Empty nose syndrome specific questionnaire

(ENS6Q)
ENS Low benefit High benefit p-value
n 15 12 70
GBI (-100 - -39.14£22.3*t -4.4+12.97% 24.6+13.6*% <0.001
+100)
Overall nasal 100%*t 10%t% 0%*% <0.001
function score
(% < “poor”)
ENS6Q (0-30) 17.2+4.7*t 5.0+3.7t 1.7+4.0* <0.001

Abbreviations: GBI, Glasgow Benefit Inventory; ENS6Q, Empty Nose Syndrome 6-item

Questionnaire

Table 15. Demographics comparison of ENS, Low benefit and High benefit group

ENS Low benefit | High benefit | p-value
n 15 12 70
Age (yrs) 50.£13.1 46.8+16.5 40.9+13.2 | 0.075
Gender (%F) 60.0 50.0 55.1 0.873
Asthma (%) 33.3 16.7 13.0 0.161
Reflux (RSI 0-45) 19.6+£13.0*t 4.7+4.6% 4.51+6.5* <0.001
Smoking (%) 13.3 0 7.8 0.416
Self-reported diagnosis (%)
Allergic rhinitis 66.7 58.3 50.7 0.507
Sinusitis 80.0* 50.0 30.4* 0.001
Sleep apnea 26.7 16.7 11.6 0.317
Nasal obstruction post 13.3 0 7.2 0.416
trauma
Nasal obstruction NOS 60.0 25.0 55.1 0.126
Duration post turbinate 11.9412.9*t 3.8+2.2% 3.243.1* <0.001
surgery (yrs)

Abbreviations: ENS, Empty Nose Syndrome; RSI, Reflux Symptom Index; NOS, not otherwise

specified

* p value<0.05 on sub-analysis between ENS and high benefit

t p value<0.05 on sub-analysis between ENS and low benefit

¥ p value<0.05 on sub-analysis between low benefit and high benefit
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Table 16. Sino-nasal function comparison of ENS, Low benefit and High benefit group

ENS Low benefit High benefit | p-value

n 15 12 70

RQLQ domains

Practical problem (0-18) 10.3+4.4*+ 4.5+4 .8t 3.0+3.6* <0.001
Nasal symptoms (0-24) 8.3+7.0* 6.8+5.9% 3.2+3.6*% <0.001
Ocular symptoms (0-24) 8.7+9.4* 5.917.1 1.943.5* <0.001
Activities (0-18) 13.1+4.5%* 9.1+4.4% 2.243.8%% <0.001
SNOT-22 (0-110) 63.2+15.9*%t 29.2+6.61% 12.6+£13.9*% | <0.001

Abbreviations: ENS, Empty Nose Syndrome; RQLQ, Rhinoconjunctivitis Quality of Life
Questionnaire; SNOT-22, 22-item Sino Nasal Outcome Test

* p value<0.05 on sub-analysis between ENS and high benefit

t p value<0.05 on sub-analysis between ENS and low benefit

¥ p value<0.05 on sub-analysis between low benefit and high benefit

Table 17. Turbinate pathophysiology comparison of ENS, Low benefit and High benefit group

ENS Low benefit High benefit | p-value
n 15 12 70
Ray’s rules
Presence of nasal cycling (%) 66.7 45.5 34.4 0.104
Response to decongestant (%) 33.3* 54.5 76.9% 0.007
Postural Congestion (%) 46.7 33.3 29.0 0.413

Abbreviations: ENS, Empty Nose Syndrome

* p value<0.05 on sub-analysis between ENS and high benefit

t p value<0.05 on sub-analysis between ENS and low benefit

¥ p value<0.05 on sub-analysis between low benefit and high benefit
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Table 18. Psychogenic function comparison of ENS, Low benefit and high benefit group

ENS Low benefit High benefit | p-value
n 15 12 70
Hyperventilation syndrome
Nijmegen (0-64) | 29.4+14.0*t | 10.6#8.9t [ 5.4#9.1* |[<0.001
Anxiety
GAD-7(0-21) | 12.1#55*t | 5143t | 22#3.7* |[<0.001
Depression
PHQ-9 (0-27) | 17.3#6.2*t | 6.4+4.8tf [ 2.0£2.7*f |<0.001
Somatic symptom disorder
PHQ-15 (0-30) | 12.3#6.4*t 5.1£2.5t 3.9+4.5* | <0.001
SSD-12 (0-48) | 33.3+10.9%t | 19.5%9.8%% 5.7¢7.1%% | <0.001

Abbreviations: ENS, Empty Nose Syndrome; GAD-7, 7-item General Anxiety Disorder; PHQ-9,
9-item Patient Health Questionnaire; PHQ-15, 15-item Patient Health Questionnaire; SSD-12,

12-item Somatic Symptom Disorder scale

* p value<0.05 on sub-analysis between ENS and high benefit
t p value<0.05 on sub-analysis between ENS and low benefit

¥ p value<0.05 on sub-analysis between low benefit and high benefit
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Group

® Low Benefit
® High Benefit
® ENS

Overall nasal function score
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Figure 9. illustrated 3D model of three defining group

Abbreviations: ENS, empty nose syndrome; ENS6Q, 6-item empty nose syndrome
questionnaire
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Supplementary: Questionnaire
Section 1: Demographic profile

Date of birth / (MM/YYYY)

Gender o Male

o Female

Race / ethnicity o Asian
o African
o Caucasian
O Hispanic
o Indigenous Australian (Aboriginal or Torres Strait Islander)
o Native American
o Pacific Islander

o Prefer not to answer

o Other

Year of turbinate surgery (YYYY)

What is your diagnosis? o Hayfever/ Allergic rhinitis
o Sinusitis

o Sleep apnea
O nasal obstruction post trauma

o Nasal obstruction — not otherwise specified

Do you have asthma? o Yes
o No
Do you have Hay fever symptoms? o Yes
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o No
Have you ever smoked? o Yes
o No
Do you currently smoke (or ceased in last 12mths) ? o Yes

o No

Section 2: Surgery Satisfaction

On the scale below please circle a number to rate your overall nasal function

-6 -5 -4 -3 -2 -1 0 +1 +2 +3 +4 +5 +6
TERRI Bad Poor Neithe Fair Good Excelle
BLE r nt

good
nor
bad

For each question below please rate the change related to your surgical intervention

1. HAS THE RESULT OF THE OPERATION/INTERVENTION AFFECTED THE THINGS YOU DO?

MUCH A little or somewhat worse  No change A little or somewhat better  Much better
WORSE (1) (2) (3) (4) (5)

2. HAVE THE RESULTS OF THE OPERATION/INTERVENTION MADE YOUR OVERALL LIFE BETTER OR

WORSE?
MUCH A little or somewhat better No change A little or somewhat worse Much worse
BETTER (1) (2) (3) (4) (5)

3. SINCE YOUR OPERATION/INTERVENTION, HAVE YOU FELT MORE OR LESS OPTIMISTIC ABOUT THE

FUTURE?
MUCH MORE More optimistic No change Less optimistic Much less
OPTIMISTIC optimistic

(1) (2) (3) (4) (5)

4. SINCE YOUR OPERATION/INTERVENTION, DO YOU FEEL MORE OR LESS EMBARRASSED WHEN
WITH A GROUP OF PEOPLE?
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MUCH MORE More embarrassed No change Less embarrassed Much less
EMBARRASSED embarrassed

(1) (2) (3) (4) (5)

5. SINCE YOUR OPERATION/INTERVENTION, DO YOU HAVE MORE OR LESS SELF-CONFIDENCE?

MUCH MORE More self-confidence No change Less self-confidence Much less self-
SELF- confidence
CONFIDENCE (2) (3) (4) (5)

(1)

6. SINCE YOUR OPERATION/INTERVENTION, HAVE YOU FOUND IT EASIER OR HARDER TO DEAL WITH
COMPANY?

MUCH EASIER Easier No change Harder Much harder
(1) (2) (3) (4) (5)

7. SINCE YOUR OPERATION/INTERVENTION, DO YOU FEEL THAT YOU HAVE MORE OR LESS SUPPORT
FROM YOUR FRIENDS?

MUCH MORE More support No change Less support Much less support
SUPPORT (2) (3) (4) (5)
(1)

8. HAVE YOU BEEN TO YOUR FAMILY DOCTOR, FOR ANY REASON, MORE OR LESS OFTEN, SINCE YOUR
OPERATION/INTERVENTION?

MUCH MORE More often No change Less often Much less often
OFTEN (2) (3) (4) (5)
(1)

9. SINCE YOUR OPERATION/INTERVENTION, DO YOU FEEL MORE OR LESS CONFIDENT ABOUT JOB
OPPORTUNITIES?

MUCH MORE More confident No change Less confident Much less confident
CONFIDENT (2) (3) (4) (5)
(1)

10. SINCE YOUR OPERATION/INTERVENTION, DO YOU FEEL MORE OR LESS SELF-CONSCIOUS?

MUCH MORE SELF- More self- No change Less self-conscious Much less self-
CONSCIOUS conscious (3) (4) conscious

(1) 2) (5)
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11. SINCE YOUR OPERATION/INTERVENTION, ARE THERE MORE OR FEWER PEOPLE WHO REALLY CARE
ABOUT YOU?

MUCH MORE PEOPLE More people No change Fewer people Many fewer people
(1) (2) (3) (4) (5)

12. SINCE YOU HAD THE OPERATION/INTERVENTION, DO YOU CATCH COLDS OR INFECTIONS MORE
OR LESS OFTEN?

MUCH MORE OFTEN More often No change Less often Much less often
(1) (2) (3) (4) (5)

13. HAVE YOU HAD TO TAKE MORE OR LESS MEDICINE FOR ANY REASON, SINCE YOUR
OPERATION/INTERVENTION?

MUCH MORE More medicine No change Less medicine Much less medicine
MEDICINE (2) (3) (4) (5)

(1)

14. SINCE YOUR OPERATION/INTERVENTION, DO YOU FEEL BETTER OR WORSE ABOUT YOURSELF?

MUCH BETTER Better No change Worse Much worse
(1) (2) (3) (4) (5)

15. SINCE YOUR OPERATION/INTERVENTION, DO YOU FEEL THAT YOU HAVE HAD MORE OR LESS
SUPPORT FROM YOUR FAMILY?

MUCH MORE More support No change Less support Much less support
SUPPORT (2) (3) (4) (5)
(1)

16. SINCE YOUR OPERATION/INTERVENTION, ARE YOU MORE OR LESS INCONVENIENCED BY YOUR
HEALTH PROBLEM?

MUCH MORE More No change Less Much less
INCONVENIENCED inconvenienced inconvenienced inconvenienced

(1) (2) (3) (4) (5)

17. SINCE YOUR OPERATION/INTERVENTION, HAVE YOU BEEN ABLE TO PARTICIPATE IN MORE OR
FEWER SOCIAL ACTIVITIES?

MANY MORE More activities No change Fewer activities Many fewer activities
ACTIVITIES (1) (2) (3) (4) (5)

18. SINCE YOUR OPERATION/INTERVENTION, HAVE YOU BEEN MORE OR LESS INCLINED TO
WITHDRAW FROM SOCIAL SITUATIONS?

MUCH MORE More inclined No change Less inclined Much less inclined
INCLINED (2) (3) (4) (5)

(1)
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Yes

No

Do you have good response
to nasal decongestant?

Do you have nasal
congestion related to
different position, for
example, when you lie on
your side does one nostril
become more block?

Do you notice of cycling
nasal congestion, for
example, are your symptoms
worse at any particular time
of day?
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Please indicate how much you have been troubled by each item, during the last week

Please identify 3 activities that have been limited by nose/eye symptoms during the previous

week.
Activity 1

Activity 2

Activity 3

Not
troubl
e

Hardly
trouble
d at all

Somewh
at
troubled

Moderatel
y troubled

Quite a
bit
trouble
d

Very
trouble
d

Extremel

y
troubled

inconvenient
of having to
carry tissue
or
handkerchief

need to rub
nose/eyes

need to blow
your nose
repeatedly

stuffy/blocke
d nose

runny nose

Sneezing

itchy nose

itchy eyes

watery eyes

sore eyes

swollen eyes

How trouble
have you
been by
activity 1?

How trouble
have you
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been by
activity 27
How trouble
have you
been by
activity 37

For each problem below, please rate how ‘bad’ it has been over the last two weeks

no very mild or | moderate | severe problem
problem | mild slight problem | problem | as bad
problem | problem asitcan
be

Need to blow the nose

Postnasal discharge

Thick nasal discharge

Ear fullness

Ear pain

Facial pressure

Difficult to smell or
taste

Cough

For each problem below, please rate how ‘bad’ it has been over the last two weeks

No Very mild | Mild Moderate | Severe Extremely
problem severe

Dryness

Lack of air
sensation
going
through
your nasal
cavities
Suffocation
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Nose feels
too open

Nasal
crusting

Nasal
burning
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Section 4: General health status
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For each problem below, please rate how ‘bad’ it has been over the last two weeks

no very
problem | mild
problem

mild or | moderate
slight problem
problem

severe
problem

problem
as bad
asitcan
be

Dizziness/dizzy spell

difficult falling
asleep/sleeping too
much

Waking up tired

Lack of good night's
sleep

Waking up at night

Reduced productivity

Reduced
concentration

Please rate how often you have experienced th

e following symptoms in the past two weeks

Never

Rarely

Sometimes Often

Very often

Chest pain

Palpitations/
feeling your
heart pound
or race

Tight feelings
in chest

Faster or
deeper
breathing

Short of
breath

Unable to
breathe
deeply

Bloated
feeling in
stomach

Blurred vision
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Tingling
fingers

Stiff fingers or
arms

Tight feelings
around mouth

Cold hands or
feet

Feeling
confused

Feeling tense

During the last 4 weeks, how much have you been bothered by any of the following

problems?

Not bothered

Bothered a little

Bothered a lot

Stomach pain

Back pain

Pain in your arms,
legs, or joints (knees,
hips, etc.)

Feeling tired or
having little energy/
fatigue

Menstrual cramps or
other problems
with your periods

Pain or problems
during
sexual intercourse

Headaches

Fainting spells

Constipation, loose
bowels, or diarrhea

Nausea, gas, or
indigestion

Section 5: Mental health state

For each problem below, please rate how ‘bad’ it has been over the last two weeks
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no
proble

very
mild
proble

mild or
slight
proble

moderat
e
problem

severe proble

proble m as

m bad as it
can be

easily annoyed

Frustation/restlessness
/ irritability/ become

Sadness

Over the last 2 weeks, how often have you been bothered by any of the following problems?

Not
at all

(0)

Several
days
(1)

More than
half the
days (2)

Nearly
every day

(3)

Little interest or
pleasure in
doing things

Feeling down,
depressed,
or hopeless

Poor appetite or
overeating

Trouble
concentrating on
things, such as
reading the
newspaper or
watching
television

Moving or
speaking so
slowly that other
people

could have
noticed? Or the
opposite —
being so fidgety
or restless that
you have been
moving around a
lot more

than usual

Thoughts that
you would
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be better off
dead of or
hurting yourself
in some way

Over the last 2 weeks, how often have you been bothered by any of the fo

llowing problems?

Not at
all

(0)

Several
days
(1)

More than
half the days
(2)

Nearly
every day

(3)

Feeling nervous
anxiety
or on edge

Not being able
to stop

or control
worrying

Worrying too
much about
different things

Being so restless
that

it is hard to sit
still

Feeling afraid as
if something
awful

might happen

Over the last 2 weeks, how often have you been bothered by any of the following problems?

Never

Rarely

Sometimes

Often

Very often

| think that
my physical
symptoms
are signs of a
serious
illness.

I am very
worried
about my
health.

My health
concerns
hinder me in
everyday life.
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convinced
that my
symptoms
are serious.

My
symptoms
scare me.

My physical
complaints

occupy me

for most of
the day.

Others tell
me that my
physical
problems are
not serious.

I'm worried
that my
physical
complaints
will never
stop.

| think that
doctors do
not take my
physical
complaints
seriously.

| am worried
that my
physical
symptoms
will continue
into the
future.
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Table 19. Supplementary: Post hoc Bonferroni analysis between three comparisons; ENS vs Low

Benefit, ENS vs High Benefit and Low Benefit vs High Benefit

95% Confidence

Mean Interval
(n () Difference Lower | Upper
Dependent Variable Group Group (1-) Sig. | Bound | Bound
Duration post turbinate High Low
) ] -.022|1.000 -6.55 6.50
surgery (yrs) Benefit Benefit
ENS -7.826"| .002| -13.06 -2.59
Low High
. ] .0221.000 -6.50 6.55
Benefit Benefit
ENS -7.804"| .037 -15.26 -.35
ENS High .
] 7.826 | .002 2.59 13.06
Benefit
Low .
] 7.804° | .037 .35 15.26
Benefit
Glasgow Benefit Inventory High Low .
) . 27.2433 .000| 12.640| 41.846
score Benefit Benefit
ENS 62.9223"| .000| 50.952| 74.893
Low High .
) | -27.2433"| .000| -41.846]| -12.640
Benefit Benefit
ENS 35.6790"| .000| 18.953| 52.406
ENS High ¥
| -62.9223"| .000( -74.893( -50.952
Benefit
Low *
| -35.6790°| .000| -52.406( -18.953
Benefit
ENS6Q High Low .
) ] -3.5351°| .004| -6.123 -.947
Benefit Benefit
ENS -16.0351°| .000| -18.347| -13.724
Low High .
. i 3.5351° | .004 .947 6.123
Benefit Benefit
ENS -12.5000°| .000| -15.578| -9.422
ENS High .
i 16.0351° | .000| 13.724| 18.347
Benefit
Low .
] 12.5000° | .000 9.422| 15.578
Benefit
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RSI High Low
) ] -.7829(1.000 -7.713 6.147
Benefit Benefit
ENS -15.2412"| .000| -21.140| -9.342
Low High
) ] .7829(1.000| -6.147 7.713
Benefit Benefit
ENS -14.4583"| .000| -22.589| -6.327
ENS High .
. 15.2412 .000 9.342| 21.140
Benefit
Low .
] 14.4583" | .000 6.327| 22.589
Benefit
RQL ractical problem High Low
aLa(e P ) & ) ] -2.1579| .356| -5.519 1.203
Benefit Benefit
ENS -7.4912"| .000]| -10.493 -4.489
Low High
) ] 2.1579( .356| -1.203 5.519
Benefit Benefit
ENS -5.3333"| .005( -9.331| -1.335
ENS High «
] 7.4912° | .000 4.489| 10.493
Benefit
Low .
] 5.3333° | .005 1.335 9.331
Benefit
RQLQ (nasal symptoms High Low
aa( yme ) & ) ] -4.8684"| .011| -8.817 -.919
Benefit Benefit
ENS -7.2851"| .000| -10.812| -3.758
Low High .
) ] 4.8684"| .011 .919 8.817
Benefit Benefit
ENS -2.4167| .628 -7.114 2.281
ENS High *
] 7.2851° | .000 3.758| 10.812
Benefit
Low
. 2.4167| .628 -2.281 7.114
Benefit
RQLQ (ocular symptoms High Low
aaf yme ) & . i -5.3480"| .036| -10.433 -.263
Benefit Benefit
ENS -6.9868"| .001| -11.529( -2.444
Low High .
. ] 5.3480° | .036 .263| 10.433
Benefit Benefit
ENS -1.6389|1.000| -7.688 4.410
ENS  High .
i 6.9868 | .001 2.444| 11.529
Benefit
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Low
] 1.6389(1.000| -4.410 7.688
Benefit
RQLQ (Activities High Low
aaf ) & . i -6.6849"| .000| -10.563| -2.807
Benefit Benefit
ENS -11.0539"| .000| -14.191| -7.917
Low High .
) ] 6.6849 | .000 2.807| 10.563
Benefit Benefit
ENS -4.3690| .055| -8.813 .075
ENS High N
] 11.0539° | .000 7.917| 14.191
Benefit
Low
] 4.3690| .055 -.075 8.813
Benefit
SNOT-22 High  Low .
. | -15.8117"| .003| -26.959| -4.664
Benefit Benefit
ENS -50.5708"| .000| -60.528| -40.613
Low High .
. ] 15.8117° | .003 4.664| 26.959
Benefit Benefit
ENS -34.7592"| .000| -48.019| -21.499
ENS High *
] 50.5708 | .000| 40.613| 60.528
Benefit
Low X
] 34,7592 | .000| 21.499( 48.019
Benefit
Nijmegen Questionnaire High Low
_ _ -4.7179| .477| -12.875| 3.440
Benefit Benefit
ENS -24.6679"| .000| -31.950| -17.386
Low High
47179 .477 -3.440| 12.875
Benefit Benefit
ENS -19.9500°| .000]| -29.677| -10.223
ENS High *
] 24.6679° | .000( 17.386| 31.950
Benefit
Low .
i 19.9500° | .000| 10.223| 29.677
Benefit
GAD-7 High Low
. ] -2.2265| .341| -5.645 1.192
Benefit Benefit
ENS -10.0571°| .000| -13.109| -7.005
Low High
. ] 2.2265( .341| -1.192 5.645
Benefit Benefit
ENS -7.8306"| .000| -11.907| -3.754
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ENS  High

] 10.0571"| .000 7.005| 13.109
Benefit
Low .
. 7.8306 .000 3.754( 11.907
Benefit
PHQ-9 High  Low .
) ] -3.4619° | .044| -6.860 -.064
Benefit Benefit
ENS -15.2980°| .000| -18.335| -12.261
Low High «
) ] 3.4619 | .044 .064 6.860
Benefit Benefit
ENS -11.8361°| .000| -15.868| -7.805
ENS High .
] 15.2980° | .000| 12.261| 18.335
Benefit
Low .
] 11.8361°| .000 7.805| 15.868
Benefit
PHQ-15 High Low
) ] -1.0298|1.000| -5.035 2.976
Benefit Benefit
ENS -8.5132"| .000| -12.091| -4.935
Low High
) ] 1.02981.000| -2.976 5.035
Benefit Benefit
ENS -7.4833"| .001| -12.248| -2.719
ENS High *
] 8.5132° | .000 4.935| 12.091
Benefit
Low .
) 7.4833 .001 2.719( 12.248
Benefit
SSD-12 High Low .
) | -10.2950"| .001( -17.001| -3.589
Benefit Benefit
ENS -28.0181"| .000]| -33.821| -22.215
Low High .
) ] 10.2950° | .001 3.589| 17.001
Benefit Benefit
ENS -17.7231°| .000| -25.605| -9.842
ENS High X
i 28.0181°| .000( 22.215| 33.821
Benefit
Low X
] 17.7231°| .000 9.842| 25.605
Benefit
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Abbreviations: ENS6Q, 6-item empty nose syndrome questionnaire; SNOT-22, 22-item Sino

Nasal Outcome Test; RQLQ, Rhinoconjunctivitis Quality of Life Questionnaire; PHQ-9, 9-item
Patient Health Questionnaire; PHQ-15, 15-item Patient Health Questionnaire; NQ, Nijmegen
Questionnaire; SSD-12, 12-item Somatic Symptom Disorder scale; RSI, Reflux Symptom Index

179



180

Chapter 5. Development of questionnaire to
identify ‘at risk’ patients of ENS and poor surgical

outcomes

5.1 Introduction

Turbinate hypertrophy is a common finding in patient presented with nasal airway
obstruction. Soft tissue swelling from chronic inflammation or irritant is the primary cause.
Pharmacological treatment is utilized to decongest turbinate tissue and control the
underlying inflammatory process. For whom medical management fails to control the

symptoms, turbinate reduction surgery is considered.'®

While it is generally acknowledged that most turbinate surgery brings about the

B0 persistence nasal obstruction

reduction in symptom severity and nasal airway resistance
has been reported to be as high as 33%.°*°® The main reason behind this failure is a poor
correlation between quantitative nasal airflow measures and patient perception of benefit.>?
This points out the significant role of subjective nasal perception over objective testing.

Therefore, subjective symptom improvement is the best evaluation of surgical efficacy.

The nasal perception has been shown to be perceived by cool thermoreceptors in
the nasal mucosa. Cooling signal induces depolarization of neurons connected to the
brainstem respiratory center and activates specific regions of the cerebral cortex. The
cooling signals are interpreted as clear breathing.>3%31%* Menthol provides an excellent
example of this mechanism; it creates the impression of enhanced breathing without
altering nasal resistance or cross-sectional area.*®3*® Menthol inhalation has also been
demonstrated to deactivate the limbic system or emotional processing area. This indicated
the influence of psychogenic factors on subjective nasal perception and poor surgical

outcome 2,69,73,241

Factors associated with poor surgical outcome from turbinate reduction surgery
have been studied. (Chapter 4) The post turbinate surgery patients were divided into Empty

nose syndrome (ENS) or poor outcome, low benefit and high benefit from the surgery using
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satisfaction measurement and empty nose syndrome-specific questionnaire. The poor
outcome group reported higher scores in psychogenic function, sinonasal function and
gastro-esophageal reflux symptoms than low benefit and high benefit group. Therefore,
poor psychogenic function, disproportionate subjective nasal complaint and reflux
symptoms are red flags of patients at risk of poor surgical outcome. Avoidance of surgery is
the best approach to prevent this disastrous outcome and selection of surgical candidacy is
the key to success. This study aims to develop a new questionnaire to identify patients at

risk of poor surgical outcome from turbinate surgery.

5.2 Methods

According to previous study on clinical characteristic differences between ENS or
poor surgical outcome and patients achieving benefit from turbinate surgery (low and high
benefit), a new questionnaire was developed. This hew questionnaire will be used to
differentiate the two groups and identify patient at risk of poor outcome. This study had
ethical approval from Macquarie University and St Vincent’s Hospital Human Research Ethics

Committee. (2019/ETH13672)
Study population

Participants were adult (Age > 18 years old) patients who has had previous nasal
surgery primarily inferior turbinate reduction more than three months. Turbinate surgery is
defined as any surgery involving either unilateral or bilateral inferior turbinate. Patients who
were unable to provide informed consent or complete the questionnaire because of age,

mental illness, dementia, communication difficulties or other reasons were excluded.

Satisfaction measurements and ENS-specific questionnaire were used to diagnose
ENS. ENS or poor surgical outcome group was defined as negative score on satisfaction

293 and overall nasal function) and score 210.5 on

measurement (Glasgow Benefit Inventory
Empty Nose 6-item Questionnaire (ENS6Q).?%” Participants who did not meet these criteria
were defined as non-ENS group (defined as ‘low benefit’ or ‘high benefit’ group from the

previous chapter).
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Outcome measures

Patient reported outcome measure (PROM) which showed significant differences
between ENS and non-ENS (Chapter 4) were included to form a new questionnaire. The
included outcome measures assessed sinonasal function, psychological function and
gastroesophageal reflux symptoms. Sinonasal function was measured via 22-item Sinonasal
Outcome Test (SNOT-22) and Rhinoconjunctivitis Quality of Life Questionnaire (RQLQ).
Psychogenic function was measured via 7-item Generalized Anxiety Disorder scale (GAD-7)
for anxiety disorder, 9-item Patient Health Questionnaire (PHQ-9) for depressive disorder,
15-item Patient Health Questionnaire (PHQ-15) and 12-item Somatic Symptom Disorder
scale (SSD-12) for somatic symptom disorder and Nijmegen questionnaire (NQ) for
hyperventilation syndrome and reflux Symptom Index (RSI) was used to evaluate

gastroesophageal reflux symptoms.
Item selection

In developing the new questionnaire, two statistical analytic methods were applied
to all question items. Univariate logistic regression analysis was performed to assess for
predictors of poor surgical outcome. The item that showed statistically significant (p<0.05),
and with high odds ratio were included for item selection. Cronbach’s alpha test was used to
evaluate the item-total item correlation and items with acceptable correlation value (0.7)3%
were considered for selection. The combination of both statistical results was used as
primary screening for item selection. All statistics were computed using SPSS version 24 (IBM
Corp., Armonk, NY). After primary selection by statistical methods, secondary screening for
item reduction was performed by authors considering practicality and common

characteristics of patients with poor surgical outcome based on clinical experience.
Reliability test and cut off value

Internal consistency, defined as the intercorrelation between questionnaire items, was
measured using Cronbach’s alpha. Receiver operating characteristic (ROC) curves were
constructed to determine the ability of the new questionnaire to discriminate ENS from non-
ENS patients. The optimal cut-off score which provided the best sensitivity and specificity

was then established.
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5.3 Results

A total of 97 patients recruited from previous study were analyzed. Mean age was 43.0+13.4
years old and 54.4 percentage was female. Fifteen patients (15.5%) were identified as ENS or
poor surgical outcome group and 82 patients (84.5%) in non-ENS (low benefit and high
benefit group) according to population definition. Clinical characteristics comparisons
between groups were shown in the previous study.(ref) A total of 82 question items
demonstrated statistically difference between ENS and non-ENS were included for analysis,
consisting of 30 items from sinonasal function (SNOT-22 and RQLQ), 43 items from

psychogenic function (GAD-7, PHQ-9, PHQ-15, SSD-12 and NQ) and 9 items from RSI.

Logistic regression analysis was performed as the first statistical criteria to identify the
predictors of poor surgical outcome. All items predicted poor outcome (p<0.05) except for
‘back pain’, ‘menstrual cramps or other problems with periods’, ‘fainting spells’ and
‘constipation, loose bowels or diarrhea’. Iltems with high odds ratios were selected for
secondary screening. Thirty-seven items were identified with odds ratios ranging from 3.01 —

22.43. (Table 20)

Cronbach’s alpha test was used for second statistical criteria. It was performed to
demonstrate inter-correlation between questionnaire items. Question items showing high
score of 20.8 on item-total correlation were selected for secondary screening. Twenty-three
items satisfied the criteria consisting of 13 items derived from psychogenic function (SSD-12,
GAD-7 and NQ), 9 items from sinonasal function (SNOT-22), and 1 item from RSI. (Table 21)
Primary screening by both statistical methods yielded 42 items. The secondary screening
reduced the questionnaire down to 12 question items. Selected items formed '12-item
Empty Nose Syndrome Questionnaire for Screening’ (ENS12Qs). The ENS12Qs composed of

three items from PHQ-9, four items from SSD-12, three items from NQ and 2 items from
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SNOT-22. Five-point Likert scale was used according to authors agreement and majority of
selected items were originally measured on this scale, ranging from 0 (never) to 4 (very
often). (Table 22) Odds ratio on logistic regression analysis and Cronbach’s alpha coefficient
of selected items were presented in Table 23. The internal consistency was measured using
Cronbach’s alpha test. The coefficient value for ‘ENS12Qs’ was 0.95, indicating strong
internal consistency. Corrected item- total correlations ranged from 0.63 to 0.87. The
removal of any items resulted in lower Cronbach’s alpha score, which again reflecting high
internal consistency. (Table 25) The ROC curve was performed to illustrate the diagnostic
ability of ENS12Qs. ENS12Qs showed a strong ability to differentiate ENS from non-ENS, with
area under the curve of 0.98 (95%Cl 0.96-1.00). (Figure 10) When analyzing each of the
ENS12Qs items individually, “Reduced concentration” was found to be the most predictive
symptoms of ENS with AUCs of 0.95 (95% Cl 0.91-1.00). (Table 24) The optimal ENS12Qs cut-
off score to predict ENS is 214 out of a total score of 48. It yielded 100% sensitivity, 91%
specificity and positive Likelihood ratio of 11.1.
5.4 Discussion

Although it is assumed that most of the turbinate surgery brings about the desire
anatomical outcome, persistent nasal obstruction has consistently been reported in the
literature. Physician typically relies on objective test such as rhinomanometry and acoustic
rhinometry for surgical decision to measure the outcome. However, the commonly reported
discordance between objective and subjective measures shows that the current evaluating
tools are unreliable, especially in predicting the success of surgical intervention. The nasal
pathophysiologic response, including ‘cycling’ nasal congestion, postural congestion and
subjective response to topical nasal decongestant suggest mucosal pathology or structural
obstruction, may guide surgical decision, but the evidence in practical use is still lacking. So

far, there is no accurate tool for nasal perception evaluation and surgical candidate

selection.
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‘ENS12Qs’ is designed to identify patients at risk of ENS and poor surgical outcome
from turbinate surgery. Patient factors associated with poor surgical outcome from previous
study provided a list of 85 question items (sinonasal function, psychogenic function and
reflux symptoms). Twelve representative items formed ‘ENS12Qs’ after the item selection
and reduction process. The selected items originated from the hyperventilation syndrome,

depression and somatic symptom disorder questionnaire.

The psychogenic component is primarily involved in the control of respiration and
nasal breathing perception. Metabolic and behavioral pathways control the respiratory
drive. Historically, it was believed that metabolic activity solely regulates respiration as the
level of PaCO2 controls the breathing rate and tidal volume. With the evidence that PaCO2
level is not always related to breathing pattern, the behavioral pathway was proposed.®34
Behavioral pathway has an ability to override the metabolic activity and is widely connected
with emotional control. The evidence in nasal perception follows the same pattern as
respiration. The emotional and psychogenic pathway is involved in the mechanism of nasal

perception and can modulate overall perception at higher control centers. (Chapter2)

The current validated tools used in ENS are ‘ENS6Q’ and ‘cotton test’.??227 ENS6Q,
mainly derived from SNOT-25, incorporated common sinonasal symptoms expressed in ENS
patients. The cotton test involves placing dry cotton into the region where the turbinate
tissue has been removed. The test was considered ‘positive’ when a patient reported any
subjective nasal breathing improvement with the cotton in-situ. The cotton test’s reliability
remains debatable with a great chance of placebo effect especially when the result is
subjectively measured. The ENS6Q and cotton test were developed in an effort to diagnose

ENS after turbinate surgery.

The new ‘ENS12Qs’ is a screening tool to identify patients at risk of ENS and poor
surgical outcome in the pre-operative stage. It was derived from the clinical characteristics
of ENS which involved every factor that affect subjective nasal perception. (Chapter 4)
ENS12Qs covers a more comprehensive range of factors in subjective nasal perception than
the existing tools and predicts outcomes pre- rather than post-operatively. Additionally,

since surgery as the cause of ENS is unclear, the use in preoperative stage is reasonable.
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ENS12Qs is recommended for screening patients prior to undergoing turbinate
surgery. The internal consistency and ability to differentiate ENS and non-ENS is extremely
high. A score of > 13 predicts the risk of poor surgical outcome with a high sensitivity and
specificity. Thus, surgical decision and planning should be cautiously made. In addition, using
ENS12Q in combination with other predictors may further enhance the screening accuracy.
The absence of ‘Rays rule’ (cycling nasal congestion, postural congestion and subjective
response to topical nasal decongestant) and discordance between subjective and objective
outcome are worth added to the approach. Further instrument reproducibility and validity
test is needed. The validation of ENS12Qs will considerably enhance the efficiency of

screening for at risk patient of ENS and poor surgical outcome.

5.5 Conclusion
ENS12Qs is a screening questionnaire used to identify patient at risk of ENS and poor surgical
outcome from turbinate surgery. These tools provide an opportunity to improve rhinology

care by identifying patients who may not benefit from surgical treatment.
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Table 21. Cronbach’s alpha test of selected items ordered by item - total correlation

Question Origin Cronbach alpha: item
- total correlation
Reduced concentration SNOT-22 0.90
Reduced productivity SNOT-22 0.90
I'm worried that my physical complaints will never | SSD-12 0.88
stop
Frustration/restlessness/irritability SNOT-22 0.87
difficult falling asleep SNOT-22 0.87
| think that my physical symptoms are signs of a SSD-12 0.87
serious illness
Dizziness SNOT-22 0.86
My health concerns hinder me in everyday life. SSD-12 0.86
Feeling tense NQ 0.85
Palpitations NQ 0.84
| am worried that my physical symptoms will SSD-12 0.83
continue into the future.
Faster or deeper breathing NQ 0.83
My physical complaints occupy me for most of the | SSD-12 0.83
day.
Breathing difficulties or choking episodes RSI 0.82
Facial pressure SNOT-22 0.82
Feeling confused NQ 0.82
Short of breath NQ 0.82
| am convinced that my symptoms are serious. SSD-12 0.81
Lack of good night's sleep SNOT-22 0.81
Fatigue SNOT-22 0.81
Waking up tired SNOT-22 0.80
| am very worried about my health. SSD-12 0.80

190




191

Not being able to stop or control worrying

GAD-7

0.80

Abbreviations: SNOT-22, 22-item Sino Nasal Outcome Test; RQLQ, Rhinoconjunctivitis

Quality of Life Questionnaire; PHQ-15, 15-item Patient Health Questionnaire; RSI, Reflux
Symptom Index; Nijmegen Questionnaire; SSD-12, 12-item Somatic Symptom Disorder scale

Please rate how often you have experienced the following symptoms in the past two weeks

Never

Rarely

Sometimes

Often

Very
often

Short of breath

Faster or deeper breathing

Unable to breathe deeply

Reduced concentration

Dizziness

My symptoms scare me.

| think that doctors do not take my physical
complaints seriously.

| am worried that my physical symptoms
will continue into the future.

My health concerns hinder me in everyday
life.

Little interest or pleasure in doing things

Moving or speaking so slowly that other
people could have noticed? Or the
opposite — being so fidgety or restless that
you have been moving around a lot more
than usual

Thoughts that you would be better off
dead of or hurting yourself in some way

Table 22. 12-item Empty Nose Syndrome Questionnaire for Screening patient at risk of poor

surgical outcome (ENS12Qs)
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Figure 10. Receiver operating characteristic curves (ROC) analysis of ENS12(Qs between patient
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195

Table 24. Area Under the Curve of total ENSI12Qs and individual item in predicting ENS from

non-ENS
AUC 95% Cl

Total ENS12Qs 0.98 0.96-1.00
Short of breath 0.88 0.77-0.99
Faster or deeper 0.91 0.80-1.00
breathing
Unable to breathe 0.93 0.88-0.99
deeply
Reduced concentration | 0.95 0.91-1.00
Dizziness 0.85 0.71-0.99
My symptoms scare me. | 0.88 0.77-0.98
| think that doctors do 0.90 0.81-1.00
not take my physical
complaints seriously.
| am worried that my 0.93 0.88-0.98
physical symptoms will
continue into the
future.
My health concerns 0.90 0.82-0.97
hinder me in everyday
life.
Little interest or 0.94 0.89-0.99
pleasure in doing things
Moving or speaking so 0.89 0.77-1.00
slowly that other
people could have
noticed? Or the
opposite — being so
fidgety or restless that
you have been moving
around a lot more than
usual
Thoughts that you 0.81 0.64-0.98

would be better off
dead of or hurting
yourself in some way

Abbreviations: AUC, Area Under the Curve; ENS, Empty Nose Syndrome; ENS12Qs, ‘12-item

Empty Nose Syndrome Questionnaire for Screening
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Table 25. Supplementary: Internal consistency reliability of ENS12Q0s

196

Corrected Item- | Cronbach's
Total Alpha if Item
Correlation Deleted
Short of breath 0.806 0.946
Faster or deeper breathing 0.830 0.945
Unable to breathe deeply 0.747 0.948
Reduced concentration 0.819 0.945
Dizziness 0.712 0.949
My symptoms scare me. 0.791 0.946
| think t.hat doc.tors do not take my physical 0.766 0.947
complaints seriously.
I am'worr'led that my physical symptoms will 0.816 0.946
continue into the future.
My health concerns hinder me in everyday life. 0.866 0.944
Little interest or pleasure in doing things 0.796 0.946
Moving or speaking so slowly that other people
could have noticed? Or the opposite — being so
) . 0.631 0.951
fidgety or restless that you have been moving
around a lot more than usual
Thoughts th I ff f
oughts that you would be better off dead of or e 0.95

hurting yourself in some way

ENS12Qs, ‘12-item Empty Nose Syndrome Questionnaire for Screening
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Chapter 6. Discussion

Nasal obstruction is one of the most common complaints in rhinology practice. Various
factors impact nasal breathing perception, and many instruments are used to measure it.
The mechanism of nasal breathing was revealed through the study on ‘empty nose
syndrome’(ENS). Empty nose syndrome (ENS) is a rare condition characterized by
paradoxical nasal obstruction in patients who had received nasal obstruction intervention,
such as turbinate surgery. The examination is usually normal except for the evidence of
‘empty nasal space’. ENS patients are often led to believe that the surgical procedure is the
cause of the current deteriorating situation. A systematic review of the pathophysiologic
mechanism of ENS enhances novel knowledge in the nasal breathing perception mechanism.

(Chapter 2)

Various subjective and objective assessment has been used to measure nasal
patency. Rhinomanometry is the most common objective tool used to measure nasal airflow
and pressure, especially for structural obstruction evaluation. The correlations between
objective assessments and various subjective tools were studied. (Chapter 3) Moreover, the

utility of rhinomanometry in predicting the success of structural surgery was proposed.

The understanding of nasal breathing perception and pathophysiology of ENS can
explain the discordance between subjective and objective measures. The comprehensive
study of factors contributing to ENS or poor surgical outcome supported the proposed nasal
breathing perception mechanism. The clinical characteristics of patient factors were
compared between patients with benefit from the surgery and those with ENS or poor
outcome. (Chapter 4) The new screening tool was then constructed from the clinical
characteristic differences. This new questionnaire will be used to screen for patients at risk
of developing poor surgical outcome from turbinate surgery. (Chapter 5) This tool will
enhance the accuracy in evaluating the subjective nasal perception which guides proper

management.
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6.1 Pathophysiology of ENS

While it is acknowledged that most of the patients who underwent turbinate surgery
had a successful result, surgery appears to make the symptoms deteriorate in ENS. ENS
hugely impacts patient’s function and quality of life.??! The pathophysiology behind ENS has
been poorly defined, and there is controversy in this field.>¢223-22> Although there have been
reviews on the diagnostic methods of ENS,?%8 these diagnostic tools do not advance our
understanding of ENS pathophysiology. A systematic review of the literature on investigated
pathophysiologic mechanisms in ENS has been conducted. (Chapter2) Eighteen studies were
included and with nine pathophysiologic themes identified. The illustrated model of
evidence in ENS is shown in Figure 11. The results highlight the major role of psychogenic

effect on ENS and nasal perception.

Psychogenic comorbidities, including anxiety, depression and hyperventilation
syndrome, were reported in >50% of ENS patients and correlated with ENS symptom
severity. As a result, symptom severity is high in ENS and impacts general health.221,226:227.241
Emotional processing is involved in ENS nasal perception, supported by a f-MRI study
demonstrating the deactivation of emotional processing areas after the successful pseudo-
decongestant stimulatory effects of menthol in ENS patients.?** On airflow analysis, similar
improvements in nasal airspace, airflow rate and nasal resistance were observed between
post turbinate surgery patients with and without ENS. An impairment in trigeminal-
thermoreceptor response, demonstrated with menthol detection test, may be presented in
some ENS paients. 232240248 However, the menthol detection test was subjectively reported
without objective test being compared. A discordance between subjective and objective
results would still be possible as paradoxical events between subjective and objective
outcomes in ENS were observed in several constructs which extended beyond breathing to

olfaction and psychogenic influence on nasal perception. (Table 26)
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Figure 11. Mechanism of nasal perception and illustrated model of evidence in ENS
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Table 26. Comparison between subjective and objective findings on Empty Nose Syndrome

constructs

Construct

| ENS subjective finding

ENS objective finding

Nasal perception pathway

Nasal ‘Empty’ nasal space is Nasal volume and airspace are similar between
airflow presented in ENS ITRWENS and ITRSENS patients.
dynamic patients.
Nasal breathing There is no described airflow-mechano receptor.
perception is bad Nasal perception and nasal airflow are not
despite wide patency correlated. Human airflow assessment
nasal cavity. demonstrated similar nasal airflow and
resistance between ITRWENS and ITRSENS
patients.
Nasal Cotton test subjectively | No objective test was compared.
airflow improved nasal
related breathing perception.
effect
Olfactory function Objective olfactory function (TDI score) was
rating was impaired in similar between ITRWENS and ITRSENS patients.
ENS patients.
Neuro- Menthol detection was | No objective test was compared.
sensory lower in ENS patients.
function
Cortex and | ENS patients were Hyperventilation syndrome diagnosed by
higher associated with anxiety | hyperventilation provocation test and
control (73%), depression pulmonary function test was reported in 77% of
(71%). ENS patients.
f-MRI demonstrated relation between emotional
processing area and nasal breathing perception.
Cause and
impact of
ENS

Cause of the
event

ENS is an iatrogenic
condition following
excessive nasal
turbinate tissue
removal.

Patients initial indication for surgery is often
forgotten and surgical failure to improve nasal
perception potentially increased perception
severity.

ENS is possibly a form of functional neurological
disorder (conversion disorder), characterized by
neurological symptoms incompatible with
known neurological pathology. Stressor related
to surgical event is considered triggering the
event.

200



201

Impact of ENS patients self- It is unclear whether these conditions were

the event reported mental health | predisposing, or resultant of the ENS. ENS as a
disorder, functional and | cause of these conditions cannot be inferred.
sleep function when pre-surgical data were not compared.
impairment.

Abbreviations: ENS, Empty Nose Syndrome; ITR, Inferior Turbinate Resection; ITRWENS,
Inferior Turbinate Resection with Empty Nose Syndrome; ITRSENS, Inferior Turbinate

Resection without Empty Nose Syndrome; f-MRI, functional Magnetic Resonance Imaging

6.2 Is surgery the cause of ENS?

It was speculated that ENS is an iatrogenic condition following excessive nasal turbinate
tissue removal but the evidence from the systematic review is against the surgery as the
cause for ENS. Discordance between subjective and objective measurement in various
constructs of ENS is the crucial supporting feature. (Table 26) Studies on anatomical feature,
airflow and airflow-related assessment demonstrated a similar finding to post-turbinate
surgery patient without ENS. Olfactory test was impaired on subjective assessment, but
objective assessment showed a similar response to post turbinate surgery patients without
ENS. The ‘cotton test’, which involves cotton placement in the area where turbinate
previously reside, was shown to restore subjective improvement in ENS patients, but the
result may be unreliable when objective test was not compared. Furthermore, the
discrepancy between subjective and objective measurements indicates that ENS patients
depend on subjective ‘patient factor’ in perceiving nasal perception which influenced by
emotional/psychogenic modulation.

Considering the psychogenic component as the primary cause of ENS, an alteration
in nasal perception due to psychogenic conditions may exist prior to turbinate surgery.
Findings of an ‘empty nasal space’ in ENS may result from attempts to manage these pre-
surgical symptoms. The notion that ENS symptoms exacerbation is directly caused by
surgery also remains questionable. Similar event in other specialty has shown that pre-
existing psychogenic disorder can lead to poor surgical outcome.®%%1 Stressful and
emotional life events, such as a surgical intervention with over-expectation of benefit, may
be associated with triggering a conversion disorder.?’*?’2 Functional neurological disorder or
conversion disorder is defined as an abnormal central nervous system functioning of

presumed psychogenic etiology, characterized by neurological symptoms incompatible with
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known neurological pathology.3>*3>® Wide range of manifestations were reported, including
non-anatomical sensory loss. Emotional life event stressors could have been a contributing
causal factor, 22 including stressors related to surgical intervention triggering this
psychogenic event.?’

6.3 Mechanism of nasal breathing

The result of ENS systematic review enhanced the understanding of the nasal breathing
perception mechanism. (Figure 11) The perception of nasal patency is triggered through
cool-thermo receptors or Transient Receptor Potential Melastatin 8 (TRPM-8) locate in the
nasal mucosa.?>326* TRPM-8 is thermoreceptor respond to a specific temperature range
between 8-22°c. In addition to the specific temperature, menthol and a number of cooling

agent including icilin, eucalyptol and WS-3 activate TRPM-8.

The high-speed nasal airflow creates evaporation of nasal epithelial water and
activates trigeminal TRPM-8 receptors through temperature gradient. The mucosal
temperature gradient activation of TRPM-8 is influenced by mucosal vasculature
(thermovascular conditions) and the radiant cooling by airflow (radiant airflow dynamics).
Thus, allergic rhinitis creates both a high local temperature from vasodilation and secondary
poor radiant airflow cooling from nasal congestion. Likewise, septal deviation produces a
loss of radiant airflow cooling in otherwise normal nasal mucosa. This temperature gradient
induces depolarization of neurons and stimulates the brainstem respiratory center and
cerebral cortex and the cool message is interpreted as patent nostrils. 87325

The nasal cool stimulus activates trigeminal nucleus, brainstem reticular formation
and trigger arousal and cerebral cortex activity.””? The specific cortical activation areas
include somatosensory cortex regions of the rostral insula, which involve sensory and
emotional processing, anterior cingulate cortex area, which relates to decision making, the
insula cortex and pre-central gyrus of the frontal lobe, which is the motor cortex. %¢°73 The
involvement of the limbic system or emotional processing area indicates the impact of
cognitive function and emotional control on nasal perception. Psychogenic disorders can
modulate nasal perception at the control center. Poor psychogenic health status has been
linked to poor nasal perception, disproportionate to objective findings and demonstrates

emotional regulation deficits. 222243,269,.270
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6.4 The use of an objective test in structural surgery

Rhinomanometry is a gold standard technique for the assessment of nasal patency. It is used
to assess the nasal airflow, pressure and nasal airway resistance (NAR) affected by
thermovascular condition and airflow radiant cooling.?8% Difficulties interpreting
rhinomanometry values exist, despite recommendations for use in investigations of
candidacy of nasal surgery and interventional outcomes in patients with anatomical

obstruction.1>120

Correlation analyses between change in nasal airway resistance and a range of
subjective measurement tools: Visual analog scale of nasal obstruction (VAS), Nasal
Obstruction Symptom Evaluation scale (NOSE), 22-item Sinonasal Outcome Test (SNOT-22),
nasal obstruction Likert score, and overall nasal function (12-Likert scale) was performed on
patients undergoing turbinate, septal and/or rhinoplasty surgery. (Chapter 3) The results
demonstrate that subjective outcome selection is an important factor when assessing nasal
obstruction improvements. Symptom severity scores (VAS, nasal obstruction, overall nasal
function) are preferred subjective measures as correlations between improvement in NAR
and VAS, overall nasal function and nasal obstruction score were shown. While NOSE and
SNOT-22 demonstrated no correlation with NAR improvement. The health-related quality of
life questionnaires (NOSE, SNOT-22) may not be the most appropriate tools to use alongside
rhinomanometric assessment. These tools may poorly reflect the degree of nasal
obstruction due to incorporating quality of life related aspects rather than nasal function

assessment.

Furthermore, nasal resistance demonstrates higher correlation of the surgical
impact with patient reported outcomes on the obstructed side. Previous studies supported
the assessment of NAR unilaterally, which demonstrated stronger correlations with patient

VAS scores.?3°42%0

The correlation between NAR and symptom severity improvement reflected the
advantage of rhinomanometry assessment in structural obstruction patients. The Minimal
clinically important difference (MCID) of NAR was calculated to determine the surgical
success in structural surgery. MCID is defined using anchor-based method and distribution-

based method. The MCID of 0.1 Pa/cm?3/s for total NAR and t 0.2 Pa/cm?3/s for obstructed
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NAR is suggested to serve as the threshold to aid clinicians in the interpretation of successful

in controlling ‘disease factor’ in structural obstruction patients.

The utility of objective airway test is limited to patients with structural obstruction.
The routine use of objective airway assessment is not always necessary due to the various
factors contributing to nasal breathing perception. (Figure 11) The concordance between the
objective test parameter and symptom severity may be a sign to predict the real impact of
anatomical obstruction to overall nasal perception. In this situation, structural surgery is

suggested and MCID of NAR can be applied to determine surgical success.

6.5 Patient factors associated with poor surgical outcome

Surgical failure can be reported at a level as high as 33%.>*° In this surgical failure group,
there are patients with uncontrolled rhinitis or rhinosinusitis and structural obstruction
(disease factor). Despite achieving the desired outcome in controlling the ‘disease factor’ by
surgery or optimal medical therapy, persistent nasal obstruction also depends on ‘patient

factor.’

The questionnaire survey conducted in post turbinate surgery patients compared
the clinical characteristics of ‘patient factor’ between ENS or poor surgical outcome to
patients reported benefit from the surgery. Satisfactory scales (Glasgow Benefit Inventory
(GBI), overall nasal function) and 6-item Empty Nose Syndrome Questionnaire (ENS6Q) were
used to define patient groups. The clinical characteristics studied involved all factors
affecting the nasal breathing perception pathway including sinonasal function, psychogenic
function and nasal pathophysiology. ENS reported higher scores than low benefit and high
benefit group on psychogenic function, sinonasal function and gastroesophageal reflux

symptoms.

The psychogenic related condition, including hyperventilation syndrome, anxiety,
depression and somatic symptom disorder, was reported significantly more often in ENS
group as expected. The high incidence report of psychogenic events in ENS and rhinology
practice supported the finding. 221:222:247,250,251,292.316 Nasa| symptom severity was higher in
ENS group than low benefit and high benefit group. This finding is in line with the previous
studies in which ENS patients reported higher symptom severity than in other sinonasal

diseases. 221:226:227.241.247 Considering ‘empty nasal space’ described in ENS, the discordance
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between this disproportional subjective complaint and objective assessment could predict
the possibility of having these deteriorating health conditions. This finding resembles the
phenomenon reported in many disorders that are thought to have strong psychogenic
etiologies, especially when symptoms are incompatible with observed examination, such as
tinnitus, irritable bowel syndrome, fibromyalgia, somatic symptom disorder and body

dysmorphic disorder.?126¢

ENS group also scored higher on reflux score than low benefit and high benefit
group. The evidence demonstrated the relation of reflux symptoms with nasal congestion,
but this relation was still controversial. The correlation between reflux symptoms and
psychogenic disorders in anxiety, depression could further elucidate our finding. Thus, reflux

symptom may be one of the predictive symptoms of poor surgical outcome.

In summary, poor psychogenic function, subjective complaints disproportionate to
objective measure, poor response to nasal decongestant and reflux symptoms are key
features in patents with poor surgical outcome. There is clinical need for the formal

screening tools to guide surgical decision and prevent this debilitating event.

6.6 ‘ENS12Qs’; The screening tools to identify at risk patient with ENS and poor surgical
outcome

The best approach to avoid the unpleasant result from ENS is the proper selection of
surgical candidate. Despite various tools currently used to evaluate nasal perception, there is
no accurate tool for nasal perception evaluation and surgical candidate selection.
Discordance between objective and subjective measures shows that the existing tool is
unreliable, especially in predicting the success of surgical intervention. The response to nasal
pathophysiology includes ‘cycling’ nasal congestion, postural congestion and subjective
response to topical nasal decongestant suggest mucosal pathology or structural obstruction,

which may guide a surgical decision, but the evidence in practical use is still lacking.

A new questionnaire was developed according to previous studies on clinical
characteristic differences between ENS or poor outcome and patients achieving benefit from
the surgery (low and high benefit). This new questionnaire was developed to differentiate
the two groups to identify patients at risk of poor outcome from turbinate surgery. Patient

factors associated with poor surgical outcome from previous study provided a list of 85
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guestion items (sinonasal function, psychogenic function and reflux symptoms). Twelve
representative items formed ‘ENS12Qs’ after item selection and reduction process. The
selected items relate to hyperventilation syndrome, depression and somatic symptom

disorder questionnaire.

The emotional and psychogenic pathway is involved in the mechanism of nasal
perception (Chapter 2) The control of respiratory drive follows a similar basis. The breathing
pattern is mainly controlled by acid-based homeostasis, which is detected by brain stem
respiratory center. Hyperventilation is induced to restore pCO; hemostasis during
hypocapnia. But PaCO2 level is not always related to breathing pattern, increased minute
ventilation exceeding metabolic control is commonly reported. The behavioral or emotional

pathway was proposed with an ability to override the metabolic activity.

The ‘ENS6Q’ and ‘cotton test’ are current validated tools used in ENS. These tests
were developed in an effort to diagnose ENS after turbinate surgery. The roles of ENS6Q and
cotton test in ENS pathophysiology was reviewed in Chapter 2. ENS6Q was mainly derived
from SNOT-25, incorporating common sinonasal symptoms expressed in ENS patients. The
cotton test measuresd the subjective nasal breathing improvement after placing dry cotton
into the region where the turbinate tissue has been removed. However, the reliability of the
cotton test remains debatable with a great chance of placebo effect, especially when the
result is subjectively measured. Again, the recurring event of subjective and objective
measurement mismatch found in many ENS constructs is possible without the objective test

being compared. (Table 26)

The new ‘ENS12Qs’ is a screening tool to identify patients at risk of ENS and poor
surgical outcome in the pre-operative stage. It derived from the clinical characteristics of
ENS, which involved every aspect affecting subjective nasal perception. (Chapter 4) ENS12Qs
covered a more comprehensive range of factors in subjective nasal perception mechanism
than existing tools and focused on pre-operative utilized rather than post-operative since

surgery as the cause of ENS is unclear.

ENS12Qs is recommended to be included in rhinology workflow to screen patient
prior to undergoing turbinate surgery. The internal consistency and ability to differentiate

ENS and non-ENS is extremely high. A cut off score of > 13 showed high sensitivity (92%) and
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specificity (96%) in the prediction of ENS or poor surgical outcome from surgery. Positive on
the screening test indicates that the surgery should be avoided or cautiously performed with
consent on the risk of having poor surgical outcome. The absence of ‘Rays rule’ (cycling nasal
congestion, postural congestion and subjective response to topical nasal decongestant),
especially poor response to nasal decongestant (Chapter 4) and discordance between
subjective and objective outcome (Chapter 2) are other signs that predict poor surgical
outcome. The detection of these characteristics in conjunction with ENS12Qs may enhance

the screening accuracy and be the best approach.

Overall conclusion

Psychogenic function is strongly involved in determining the subjective perception of
nasal breathing evident in both subjective and objective measurement. It can modulate the
overall nasal perception and override the effect of other nasal obstruction contributing
factors. Psychogenic factor is potentially the true cause of empty nose syndrome and could
explain the paradoxical finding between subjective and objective nasal airway test.

The poor psychogenic function found in empty nose syndrome led to the
development of subjective measurement tool which provides the comprehensive and
reliable subjective nasal perception assessment. The new questionnaire ‘ENS12Qs’ is
beneficial in screening patients at risk of poor surgical outcome from turbinate surgery

‘before’ it occurs.
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