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Objectives/Hypothesis: To review current knowledge on nasal airflow sensation in relation to empty nose syndrome

Methods: Current literature pertaining to measurement of nasal patency, mechanism of sensory perception of nasal air-

Results: A reliance on pure anatomical analysis of the anatomy in ENS falls short of explaining the disorder. Our under-
standing of subjective nasal sensation has advanced, as has our understanding of the flow of air through the nose. Neural
healing following a surgical insult may not result in a return to a normal physiologic state. Aberrations in neurosensory sys-
tems from improper healing may play a major role in the abnormal sensations ENS patients experience.

Conclusions: An evidence-based hypothesis for the development and symptoms of ENS is offered
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INTRODUCTION

The descriptive term empty nose syndrome (ENS)
was originally coined in 1994 by Kern and Stenkvist to
describe empty space in the region of the inferior and
middle turbinates on coronal computed tomography
images of patients who had partial or total inferior and
middle turbinectomy.! They noticed that these patients
increasingly suffered from endonasal crusting and dry-
ness, and some patients also experienced a paradoxical
sensation of obstruction, despite more than adequate
intranasal airspace. The pathophysiology of this para-
doxical nasal obstruction is yet to be fully understood.
With recent developments in studies exploring the physi-
ological mechanism involved in sensing nasal patency, a
hypothesis for the process behind this puzzling condition
can be offered.

ENS is a recognized complication of turbinate sur-
gery, most frequently total turbinate excision, but also
with lesser procedures such as submucosal cautery, sub-
mucosal resection, laser therapy, and cryosurgery if per-
formed in an overly aggressive manner.? The onset of
this condition occurs months to years postoperatively.®
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ENS is divided up into at least three subtypes: ENS infe-
rior turbinate (ENS-IT), which refers to removal of the
inferior turbinate; ENS middle turbinate, which refers to
removal of the middle turbinate; and ENS-both, which
refers to the resection of both the inferior and middle tur-
binates.! ENS-IT is the most common type.> A fourth sub-
type to offer is ENS-type, wherein a patient has
sufficient-appearing turbinate tissue but suffers ENS
symptoms after surgery affecting the mucosal surface of
the turbinates. Diagnosing ENS is difficult because there
are no reliable objective tests, and thus the otolaryngolo-
gist must rely on the patient’s subjective symptoms to
diagnose the condition. A simple test used by the senior
author that can aid in diagnosis is the cotton test, where
a piece of moist cotton is placed in the nasal cavity for 20
to 30 minutes; alleviation of symptoms validates the diag-
nosis and classifies the patient as a good candidate for
implant surgery.?2 ENS is essentially a diagnosis of exclu-
sion, as it must be differentiated from disease processes
such as chronic rhinosinusitis, autoimmune processes of
the nose, and primary atrophic rhinitis.

The occurrence rate of ENS after turbinectomies is
not known, but the condition is rare; only a fraction of
patients undergoing turbinate excision develop ENS,
though those affected can become quite debilitated. The
diagnosis is potentially missed often because most rhi-
nologists are trained to look for physical signs of dryness
and atrophy after turbinectomies, objective long-term
complications, and may thus disregard the patients’ sub-
jective complaints of nasal obstruction or shortness of
breath. These subjective complaints are often viewed as
psychological manifestations. Like many other otolaryn-
gologic disorders (e.g., tinnitus), the fact that the
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symptoms are subjective and cannot be verified objec-
tively does not mean they are not real and valid symp-
toms originating in a physical abnormality. In fact,
numerous studies have found a lack of correlation
between subjective and objective measures of nasal pat-
ency in general. ¥’

ANATOMICAL ASSESSMENT OF
NASAL OBSTRUCTION

The primary objective tests used to assess nasal
patency are anterior rhinomanometry, acoustic rhinome-
try, and peak nasal inspiratory flow. Rhinomanometry
measures airflow resistance, whereas acoustic rhinome-
try quantifies nasal wall geometry, specifically nasal cav-
ity volume, and cross-sectional area. These tests may
not correlate well with subjective patient patency ratings
because the variables they measure are not primarily
involved in the physiological mechanism that senses
nasal patency. For example, during exercise, nasal
resistance to airflow, which is measured by rhinomanom-
etry, decreases by approximately 70%; however, the
majority of people report no improvement of nasal air-
flow during exercise.® The current methods of objectively
assessing nasal obstruction focus on discerning the
degree of nasal obstruction attributable to anatomical
factors. However, numerous studies have documented
the sensation of obstruction without any demonstrated
anatomical obstruction. Specifically, pharmacologic mod-
ulation of trigeminal afferents has been shown to alter
patency perception. Topical application of local anes-
thetics in the nostril produces an artificial sensation of
nasal obstruction with no change in objectively meas-
ured patency, whereas topical application of menthol
produces the sensation of decongestion without actually
altering nasal morphology.” These studies suggest that
perception of nasal patency has an underlying neurosen-
sory mechanism. The target receptor for menthol has
been identified as the nonselective voltage-dependent
cation channel TRPMS8; when combined with cool air,
menthol greatly enhances TRPMS8 activation and per-
ceived coolness.'® Stemming from this, researchers
investigated the association of temperature and subjec-
tive sensation of nasal congestion. Many of these studies
concluded that the primary physiological mechanism
that produces the sensation of nasal patency is activa-
tion of trigeminal “cool” thermoreceptors by nasal muco-
sal cooling.>1°1® By understanding the variables
involved for proper functioning of this mechanism, an
explanation for the paradoxical nasal obstruction experi-
enced by ENS sufferers can be constructed.

THERMORECEPTORS AND
NASAL SENSATION TO AIRFLOW

The specific trigeminal cool thermoreceptor involved
in the sensation of nasal patency is TRPM8. TRPMS is
activated when high-speed air moves through the nostril
and induces the evaporation of water from the epithelial
lining fluid. The remaining fluid has a lower tempera-
ture that leads to reduced fluidity of membrane phos-
pholipids. This change in membrane rigidity is sensed
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by TRPMS8 receptors, causing depolarization of neurons
that connect to the brainstem respiratory center.!* The
“cool” message is interpreted as patent nostrils and open
airways, leading to a decrease in the intercostal and
accessory muscle work of breathing.'* As aforemen-
tioned, this receptor fails to activate when anesthetized
and induces the sensation of congestion. Similarly,
patients who have nasal packing from sinus surgery or
any other obstruction in their nostrils, as well as laryng-
ectomized patients who do not use their nasal airway,
experience nasal congestion as a result of inhibited
TRPMS8 receptor activation. The brain interprets the
lack of stimulation as an “uncool” signal, and provokes
apnea, increased work of breathing, or potentially a
default increase in sensations that are interpreted as
nasal “fullness.”'* Responses that induce nasal mucosal
thickening or excessive mucus production may also par-
tially occlude the airway and limit evaporation, hinder-
ing the degree of mucosal cooling and consequently
reducing the sensation of patency.

The sensation of nasal patency is dependent on
adequate mucosal cooling as well as a sufficient number
of properly functioning TRPMS8 receptors. Nasal mucosal
cooling is a result of conductive heat loss, driven by tem-
perature gradient, and evaporative heat loss, driven by
humidity gradient.® Variables that affect these essential
components of mucosal cooling include nasal surface
area and airflow characteristics within the nasal cavity.
The turbinates of the nose, particularly the inferior tur-
binates, act to create turbulence within the nasal cavity.
Laminar airflow enters the nares, contacts the inferior
turbinates, and is dispersed throughout the nasal cavity
to reach all mucosal surfaces.! This must take place for
adequate warming and humidification of inspired air
and consequently effective mucosal cooling to occur.
When the overall surface area of the nasal passages is
reduced and the airflow pattern is altered, as is the case
in ENS patients, mucosal cooling is compromised, and so
the sensation of nasal patency is not elicited.

ATIRFLOW PATTERN ALTERATIONS

Sufferers of ENS have an imbalanced ratio of nasal
cavity volume to mucosal surface area. Volume enlarge-
ment brings about a change in airflow patterns. The
wide nasal passages found in ENS patients cause the
bulk of the inspired airstream to have little contact with
the remaining mucosal wall due to lack of turbulence.
This abnormal airflow pattern produces little mucosal
cooling, similar to a constricted airway with an insuffi-
cient air stream. In a study conducted by Scheithauer,
airflow in an ENS patient was shown to travel in a lami-
nar pattern through the upper two-thirds of the nose.!
Naftali and colleagues corroborated this finding by dem-
onstrating through simulations that in the absence of
the inferior turbinate, a relatively large volume of the
inspired air is directed into a wide passageway where
air conditioning is ineffective.'® Within regions of turbu-
lent airflow, temperature changes are more pronounced
compared with regions of laminar airflow.® Marked tem-
perature changes are assumed to indicate ample
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mucosal cooling. Turbulent airflow is also required for
inspired particulate material to come into contact with
nasal mucosa, become firmly adsorbed onto mucus, and
be swallowed.!” With reduced mucosal surface area for
air to interact with and a lack of physiologic turbulent
airflow seen in ENS patients, the nasal mucosa cannot
carry out its primary functions of air conditioning and
cleaning. Similarly, olfactory particles are less likely to
deposit in the olfactory cleft, diminishing smell capacity.

Using simulations in three-dimensional models to
study transport patterns in the human nose and its
overall air-conditioning capacity, Naftali and her team
found that about 60% to 70% of air conditioning/overall
heating of inspired air is carried out by the turbinates
and the nearby septal and lateral walls. The predicted
efficacy of nasal air conditioning was reduced by 12%
when the middle turbinate was missing and by 16%
when the inferior turbinate was missing.'® Clearly, the
turbinates play an integral role in the air-conditioning
capacity of the nose. In a study done by Scheithauer, the
air-conditioning function of the nose was examined in a
group of 10 ENS patients using magnetic resonance
imaging (MRI)-based numerical airflow dynamics simu-
lation models during inspiration and expiration. Com-
pared to the healthy control group, absolute humidity at
all measuring points was lower in ENS patients, espe-
cially in the nostril region. The dry nose sensation and
increased crust formation experienced by ENS patients
can be explained by these lowered humidity values.
Although the absolute humidity was significantly lower
in ENS patients, discretely higher temperature values in
the ENS nose were measured, meaning the nasal
mucosa in ENS is warmer and dryer.! Warmer, dryer
nasal mucosa equates to poor nasal mucosal cooling, and
without proper activation of cool thermorecptors within
the mucosa, the sensation of nasal patency is
diminished.

Intranasal temperature is related to speed of air-
flow. Research has documented an association of high
mucosal temperatures with low intranasal flow rates.'®
Slower airflow is a result of the larger cross-sectional
area of the nose seen in ENS patients. The slow airflow
would seem to be beneficial as it increases the time air
can be in contact with mucosa; however, the laminar
quality of the slow airflow in ENS patients prevents
extensive interaction of flowing air particles with nasal
mucosa, as previously mentioned. Another observation
made in the context of flow simulation in ENS patients
is that inspired air is accelerated through the posterior
apertures of the nose, hitting the back wall of the naso-
pharynx with a higher speed than it would in a healthy
person.! This explains why ENS patients not only com-
plain of a dry nose, but also of dehydration of the pha-
ryngeal mucosa. During normal expiration, warm moist
air from the lungs meets a cool moist environment
within the nose so that the portion of the temperature
and humidity given off to the mucosa via convection dur-
ing inspiration can be extracted from the mucosa again
during expiration.! In ENS patients, warm dry air is
met instead, and so this process is disrupted. In conjunc-
tion with reduced mucosal surface area, the altered
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environment does not allow sufficient condensation to
occur, and the moisture from the lungs is not reabsorbed
during exhalation, thus perpetuating nasal dryness.

DYSPNEA IN ENS

ENS patients often suffer from a feeling of dyspnea,
indicating that the irregularities in their nose have an
influence on respiratory drive. Numerous studies have
investigated the link between airflow and mucosal cool-
ing and their effects on respiratory drive and timing. In
animal experiments, menthol as a specific stimulant of
cool thermoreceptors causes respiratory depression.!® In
a study done by Willatt and Jones, peak nasal inspira-
tory flow readings correlated with symptom scores of
sensation of nasal patency as well as nasal lining tem-
perature. The researchers postulated that increased pat-
ency produces faster flow and consequently increased
cooling of mucosa.!! Research has documented an associ-
ation of high intranasal flow rates with low mucosal
temperatures and vice versa, as aforementioned.’® A
study conducted by McBride and Whitelaw examined
the effects of airflow on frequency of diaphragm contrac-
tions that occur regularly during breath holding. The
degree of diaphragm contraction inhibition increased
with increasing nasal flow and cooler air during inspira-
tion. The effect was no longer observed following local
anesthesia of the nose and pharynx.'® Subsequent stud-
ies showed that the ventilatory response to carbon diox-
ide was inhibited by breathing cool air through the
nose.'® These results support that cool thermoreceptors
in the nasal mucosa are connected specifically to the
respiratory centers. Thus, if such receptors fail to be
stimulated via mucosal cooling, the brain perceives a
lack of airflow and consequently produces the sensation
of congestion and shortness of breath.

Although air entering the nose in ENS patients
fails to stimulate the cool thermoreceptors in the nasal
mucosa, air still reaches the lungs and activates pulmo-
nary stretch receptors, signaling the brain that adequate
ventilation is occurring.2’ The possibility of this conflict-
ing message may explain the distress associated with
breathing in ENS patients. Evidence of such a conflict-
ing message has been demonstrated in a study that used
functional MRI to measure brain activity by detecting
associated changes in blood flow. Researchers found that
when ENS patients rated airway patency while breath-
ing room air, there was widespread activation of the cer-
ebellum and amygdala bilaterally, the parahippocampal
gyrus, the caudate/septal nuclei, and the left-sided mid-
dle occipital gyrus.2! The described temporal activation
has been detected in an experiment involving respira-
tory distress, and similar cerebellar activation has been
detected in an experiment involving air hunger during
CO, inhalation.?! Thus, the differences in areas of brain
activation discerning ENS patients from controls indi-
cate abnormal signaling to the brain that may contribute
to the feeling of respiratory distress at rest in ENS
patients. Because many ENS patients are in a constant
state of dyspnea, they become highly preoccupied with
their breathing, which leads to the inability to
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concentrate (aprosexia nasalis), chronic fatigue, frustra-
tion, irritability, anger, anxiety, and depression.?

NEUROSENSORY SYSTEM ABERRATIONS

Beyond alterations in airflow and a reduction in
surface area, aberrations in neurosensory systems likely
play a major role in the abnormal sensations ENS
patients experience. Not only does turbinate resection
remove nasal mucosa and consequently airflow sensing
thermoreceptors, such surgery causes nerve damage
that if improperly healed may result in ENS. Numerous
studies have shown a link between uncomplicated sur-
gery and postoperative sensory deficits. One such study
compared the incidence of complications in patients
undergoing total parotidectomy versus those undergoing
complete superficial parotidectomy with preservation of
the great auricular nerve for the removal of a parotid
pleomorphic adenoma. Preservation of the posterior
branches of the great auricular nerve did not prevent
alterations in sensitivity, specifically hypoesthesia in the
earlobe and the infra-auricular area, in 46.7% of
patients.?? This implies that despite surgery conducted
with careful nerve preservation, nerve dysfunction still
occurs. Specific sensory dysfunctions present after sur-
gery have been studied. Aasvang and Kehlet examined
sensation deficits in postherniotomy patients, and found
that cutaneous sensory detection thresholds were
increased for all sensory modalities on the operated side
(cold, warmth, and mechanical pressure), along with
decreased brush sensation during mapping. Correlation
analysis also showed that sensory loss of one cutaneous
modality was significantly positively correlated to the
loss of other cutaneous sensory modalities.?® Relating
this to the ENS patient, an increased detection threshold
for cold means a greater degree of mucosal cooling must
occur to activate nasal mucosa cool thermoreceptors.
With the ENS nose being warmer than a normal nose,
this puts patients at a further disadvantage for sensing
nasal patency. Additional evidence of an increased acti-
vation threshold has been demonstrated in a study con-
ducted by Freund and colleagues that used functional
MRI to analyze ENS patients. Following menthol inhala-
tion, specific deactivation of mainly the bilateral tempo-
ral pole, an area thought to constitute a paralimbic
region of the brain, which activates in emotional context
of various stimuli, was observed; this deactivation may
point to a higher resting activation threshold.?* Of note,
ENS patients in the same study reported less improve-
ment in subjective nasal patency after menthol adminis-
tration than controls.

Numerous studies have investigated the incidence
of numbness following uncomplicated surgery, and many
have found that the prevalence of numbness decreases
over time following surgery. In one study, 59% of
patients experienced oral numbness immediately after
having uncomplicated buccal mucosal graft harvesting,
39% had oral numbness 6 days later, and 16% had oral
numbness 1 year after surgery.>* Along the same lines, a
study conducted by Grant and colleagues assessed inci-
dence of numbness after laparoscopic versus open repair
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of groin hernia and found that at 12 months postopera-
tively, 18.1% of laparoscopic and 39.6% of open surgery
patients experienced numbness, and after 60 months,
12.7% of laparoscopic and 24.7% of open surgery
patients still experienced numbness.?® These trends indi-
cate that despite successful, uncomplicated surgery,
aberrations in nerve function occur. However, proper
nerve function is restored in some patients, as evidenced
by the decreasing number of patients experiencing
numbness over time in both studies. Nerve recovery sug-
gests that patients with ENS symptoms shortly after
surgery should be counseled to wait as function may
return. The senior author requires a 1l-year waiting
period after turbinate surgery before any surgical inter-
vention for ENS is offered.

Research has also shown that patients are not
always aware of their numbness. Tasmuth and research-
ers studied changes in sensation after radical mastec-
tomy versus conservative breast surgery for breast
cancer. Numbness occurred in 75% of the patients in
either the breast region or in the ipsilateral arm when
being examined after both radical and conservative
breast surgery. One year after surgery, patients who
underwent radical mastectomy reported significantly
more numbness in the operated breast than the patients
who had conservative breast surgery (31% vs. 5% of
patients, respectively); however, there were no statisti-
cally significant differences between the two groups in
numbness detected by objective sensory testing (70% vs.
55% of patients, respectively). In both types of surgery,
objectively measured sensory deficits were significantly
more prevalent than patient-reported sensory deficits.2%
These results indicate that although patients often have
numbness postoperatively, the sensory deficit may not be
evident to the patient because the numbness is not pres-
ent in an area dependent on sensory input for its pri-
mary functions, like the nose.

Lasting sensory deficits following surgery may be
the result of an irregular and unsuccessful healing pro-
cess. This was suggested by Levring-Jaghagen and col-
leagues to explain a 29% incidence of postoperative
dysphagia 1 year or more after uvulopalatoplasty; they
postulated that the dysphagia resulted from alterations
in sensibility caused by excision of soft palate tissue and
healing defects. The body reached its limit of adaptabil-
ity and could not properly respond to the altered sensory
input.2” The turbinates are recognized as a source of
nerve growth factor, a protein critical for the survival,
maintenance, and repair of sympathetic and sensory
neurons.?®?° When the turbinates are removed or their
mucosa severely damaged, there is no conductor to
orchestrate the healing process. Anomalous nerve con-
nections could be formed during the healing process,
whereas some nerves could be lost altogether. Conse-
quently, some corrupted pathways would be activated
where the message is not carried to the correct destina-
tion, whereas some nerve pathways would fail to be acti-
vated at all, analogous to an anesthetized “numb” nose,
which results in the feeling of nasal obstruction. Groin
numbness or numbness of a small portion of the inner
cheek negligibly affects a person’s functional status, but

Sozansky and Houser: Pathophysiology of Empty Nose Syndrome



more sensitive areas have more noticeable effects, like
numbness in the throat leading to dysphagia. If such
numbness were to occur in a highly sensory organ like
the nose, a person’s functional status would be signifi-
cantly impaired, as is demonstrated by ENS sufferers.
Differences in nerve recovery after surgery may explain
why only some patients develop ENS despite identical
turbinate surgeries. Indeed, the senior author has iden-
tified two patients with unilateral ENS symptoms,
whereas their normal sensory side looks like a mirror
image in terms of absent inferior turbinate tissue.

THERAPY IN ENS

Because the nasal mucosa is the functional entity
involved in air conditioning, minimally invasive surgery
on the turbinate that preserves the nasal mucosa is key
to achieving optimal results and reducing the risk of
developing ENS. Such a technique accomplishes the
main goal of widening the nasal passages while preserv-
ing cool thermoreceptors within the mucosa and mini-
mizing overall injury to nasal mucosa. Evidence of
better outcomes using submucosal resection in combina-
tion with a lateralization of the inferior turbinate was
demonstrated in a randomized comparative study on 382
patients who were followed for 4 years; this technique
showed the best long-term results regarding free nasal
breathing, quicker recovery of mucociliary clearance,
and local IgA secretion.®® For patients who have had
turbinate surgery and subsequently developed ENS,
treatment options are available. A surgical goal is redi-
rection of airflow to allow inspired air to reach previ-
ously poorly contacted areas. Nasal valve expansion may
provide some benefit to ENS patients by permitting
more airflow higher into the nasal cavity, though the
senior author has found this procedure to be of only
modest benefit. Surgery that expands a patient’s nasal
tissue to simulate a turbinate has demonstrated good
results, with subjects reporting improvement in their
breathing sensation, nasal moisture content, sleep, and
anxiety or depression, although patients who have pain
as their predominant symptom do not seem to benefit
much from implant therapy.®®! The creation of a
“pseudoturbinate” reestablishes some turbulent airflow
within the nasal passages as well as mucosal surface
area and thus improves air-conditioning capabilities.
Despite the ability of surgery to remedy a number of
variables that contribute to ENS, such procedures can-
not repair improper nerve connections from an abnormal
healing process. Consequently, although surgery can
result in a significant improvement in symptoms, it is
unlikely that patients can fully overcome ENS.

CONCLUSION

ENS is a poorly understood disorder. A reliance on
pure anatomical analysis of the anatomy in ENS falls
short of explaining the disorder. Our understanding of
subjective nasal sensation has advanced, as has our
understanding of the flow of air through the nose. Neural
healing following a surgical insult may not result in a
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return to a normal physiologic state. Synthesizing these
thoughts allows postulation of mechanisms for the origins
of ENS. Therapeutic approaches that address the pre-
sented variables involved in ENS can reduce symptoms.
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