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Abstract Olfactory dysfunction is a frequent complaint in
chronic rhinosinusitis patients and has a significant impact
on quality of life. Therefore, it is essential that clinicians are
aware of the importance of olfactory dysfunction in chronic
rhinosinusitis (CRS) patients and know how to deal with it.
Notably, the evaluation of olfactory function (i.e., using psy-
chophysical testing) and imagery of olfactory bulb play an
important role in the evaluation of patients and give essential
information about the Bbaseline^ olfactory function. Because
the high impact of olfactory function on quality of life and
medical and/or surgical treatment should be proposed to pa-
tients. However, it remains difficult to predict the outcome of
treatment as well as long-term efficacy. The first section of this
review is dedicated to the assessment of olfactory function.
Secondly, we will discuss the etiopathology of olfactory dys-
function in CRS with and without nasal polyps. Finally, we

will review literature findings about the efficacy of different
treatments on olfactory function.

Keywords Chronic rhinosinusitis . Smell . Olfaction . Nasal
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Introduction

Chemosensory perception is a global perception of olfactory,
gustatory, intranasal trigeminal chemical stimuli involving dif-
ferent cranial nerves and allowing the perception of both the
inside world (food ingestion, flavor through the retronasal
route) and the outside world (odors sniffed in with air through
the orthonasal route).

All involved cranial nerves must be functional to deliver a
global Bpicture^ of the chemosensory stimulus to the subject.
Many disorders can impede this normal chemosensory per-
ception. On particular, several conditions may affect olfactory
function; and olfactory dysfunction is relatively frequent, af-
fecting up to 20 % of the general population [1, 2]. Olfactory
disorders can be classified into sinonasal and non-sinonasal-
related olfactory disorders.

The degree of olfactory dysfunction associated with
sinonasal disorder varies as a function of the etiology, with
quantitative olfactory loss that is more important in chronic
rhinosinusitis with nasal polyps, followed by chronic
rhinosinusitis without polyps, non-allergic rhinitis, atrophic
rhinitis, and allergic rhinitis.

Non-sinonasal origin of olfactory dysfunction are diverse
and encompass different diseases such as post-infectious ol-
factory loss; post-traumatic olfactory loss; congenital anos-
mia; toxic/drug-induced causes; neurologic causes
(Alzheimer’s disease, Parkinson’s disease); metabolic or en-
docrine; and finally, idiopathic origin when there is no
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obvious cause after a meticulous work-up. This last entity
account for ±20 % of the causes in large cohort of patients
presenting themselves to smell and taste centers [3].

Olfactory disorders may also be categorized as either quan-
titative or qualitative. Quantitative olfactory disorder refers to a
modification of the perception of intensity of odorants.
Quantitative olfactory disorders are hyposmia (decreased abil-
ity to smell), hyperosmia (enhanced ability to smell), and anos-
mia (lack of ability to smell). Qualitative olfactory disorders
refer to the modification of the quality of odorants. They are
parosmia (sensation that a given odor is different from the typ-
ical odor for this substance), phantosmia (perception of an odor
in absence of the odour source), and olfactory agnosia (inability
to recognize odorants). Studies have revealed that qualitative
olfactory disorders are affecting the quality of life even more as
compared to quantitative ones [4, 5]. In sinonasal-related olfac-
tory dysfunction, olfactory symptoms are mainly quantitative.

Clinical management of patients complaining of an olfac-
tory dysfunction requires a deep anamnesis (predisposing fac-
tors, medical history, toxic environment, and current medica-
tions); and a complete clinical examination, including otorhi-
nolaryngological and neurological examinations. Although
the clinician may already have some diagnosis at this stage,
it is widely admitted that a complete work-up is required,
notably; it is essential to assess the olfactory function, using
psychophysical testing for both ortho- and retronasal func-
tions. It is also mandatory to note that there is a frequent
confusion between olfaction and taste. Indeed, people often
use the term Btaste^ to refer to the flavor, which is mainly
determined by retronasal olfaction. In that way, it has been
demonstrated that although the majority of patients complain
of taste loss, it usually reflect loss of smell function [6].
Therefore, a complete psychophysical testing is helpful to
assess the quantitative dysfunction. Besides these psycho-
physical testing, imagery of the olfactory pathway and elec-
trophysiological recording are also helpful.

Assessment of Olfactory Function

Several methods have been developed and validated to quantify
olfactory function: psychophysical testing, electrophysiological
testing, and structural and functional imaging. Psychophysical
testing of olfactory function is usually based on the presentation
of different odors with a precise concentration. The subject/
patient is asked to answer to a requested task. A lot of different
tests culturally and socially adapted are available worldwide.

Orthonasal Tests

In the USA, the most frequently used is the University of
Pennsylvania Smell Identification Test (UPSIT) [7, 8]. The
UPSIT uses 40 items. It encompasses four Bscratch and sniff^

booklets. Odorants are embedded in microcapsules placed on
strips at the bottom of the page of booklets. The stimuli are
released by scratching the strip with a pencil, and subjects
have to choose one of the four proposed descriptors that best
correspond to the respective odor, in a multiple forced choice
procedure [7, 8]. Several adapted versions have been devel-
oped and adapted culturally worldwide.

The Cross-Cultural Smell Identification Test is similar to
the UPSIT. In this short test, patients are presented with 12
odors and are asked to perform a multiple forced choice pro-
cedure among four descriptors [9].

In Western Europe, the Sniffin’s Sticks test [10] is the most
frequently used to assess orthonasal olfactory function. It con-
sists of pen-like, odor-dispensing devices that are presented in
front of the nose of the patient. The extended version [10]
encompasses three different tasks, namely tests for odor thresh-
old, odor discrimination, and odor identification tasks. The odor
threshold for n-butanol is assessed using a single staircase,
three-alternative forced choice procedure. The odor discrimina-
tion is assessed using three-alternative items forced choice pro-
cedure: three pens are presented to the subject: two containing
the same odorant and one containing a different odorant.
Finally, odor identification is assessed for 16 common odors,
using a four-item forced choice procedure. The Sniffin’ Sticks
also exist in a short version, named the Sniffin’ Sticks
Screening test, consisting in the identification of 12 or 16 pens,
based on a four-item forced choice procedure [10, 11].

The European test of olfactory capabilities (ETOC) is based
on 12 odors contained in small glass bottles are presented to
patients. First, patients are asked to identify one out of four
bottles containing an odorant. Secondly, patients have to identify
the odorant based on a four-item forced choice procedure [12].

Another validated test is the Connecticut Chemosensory
Clinical Research Center Test (CCCRC Test). This test en-
compasses the evaluation of butanol threshold and identifica-
tion performances. Butanol threshold is assessed by present-
ing ascending concentrations of butanol to patients, alongwith
a nonodorous sample. Patients are asked to identify the odor-
ous sample. The threshold is represented by the concentration
that is correctly identified in three to five consecutive trials. In
the identification task, patients are presented with eight odor-
ants that have to be identified from a 16-item list [13].

The BAST-24 consists of 24 odors contained in hermetic
containers and presenting to patients, aiming to test smell de-
tection, identification, and forced choice [14].

The smell diskette test has eight polyester diskettes con-
taining different odorants in a high suprathreshold concentra-
tion (coffee, vanilla, smoke, peach, pineapple, rose, coconut,
and vinegar). The diskettes are opened to release the odor and
closed when the test is done [15].

The T and T test is probably the most frequently used in
Japan. This test is based on five odors, presented in eight
concentrations. Odorants are presented in ascending
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concentrations. First, the detection threshold is assessed; then,
the identification threshold is defined [16].

Retronasal Test

Retronasal olfactory function is assessed following a standard-
ized method using a row of 20 items [17]. Powderized sub-
stances are applied to the tongue and patients are asked to rec-
ognize the substance following a multiple forced choice proce-
dure. Although having the advantage of being easy to use, cheap,
and validated, psychophysical testing require the collaboration of
the subjects and hence, may be subjected to response bias.

Electrophysiological Testing

On contrast, electrophysiological recordings such as electro-
olfactogram (EOG) and chemosensory event-related poten-
tials (CSERPs) only require some collaboration of the subject
and are considered as more objective.

Electro-olfactograms (EOG) are electrical potentials of the
olfactory epithelium that occur in response to olfactory stimu-
lation. The EOG represents the sum of generator potentials of
olfactory receptor neurons. Although this technique appears to
be attractive, for example, for the functional characterization of
the human olfactory epithelium, there are only few reports uti-
lizing the human EOG in clinic (for a review, see [18]).

Event-related potentials (ERP) are EEG-derived signals.
They reflect the sum of postsynaptic potentials occurring in a
population of similarly oriented cortical pyramidal neurons,
activated by a transient Bevent^ (i.e., the onset of a sensory
stimulus). Chemosensory ERP may be recorded using a con-
stant flow olfactometer and specific molecules, activating either
the olfactory or the trigeminal system [19–21]. Chemosensory
ERPs are directly correlated to neuronal activation; they have a
high temporal resolution in the range of microseconds, and they
can be obtained independently of the subject’s response bias,
e.g., they are well-suited for medico-legal investigations [19].
Although this technique is particularly interesting for clinical

diagnosis due to its relative objectivity, it has several drawbacks
that are its high cost, its low signal-to-noise ratio, the need of
expertise, and the time required for one recording, rendering it
poorly available in clinic.

Imagery

Imagery is also very helpful in the clinical work-up of patients
with olfactory dysfunction. CT scanner of the nose and of the
paranasal sinuses may help to diagnose CRS, diseases in the
olfactory cleft, and variation of the normal anatomy. Magnetic
resonance imaging adds important informations regarding the
cranial base where the olfactory bulbs (OBs) are located. MRI
is the imaging modality of choice to evaluate olfactory appara-
tus, because it allows examining the olfactory bulb, olfactory
tract, olfactory sulcus, and central olfactory projection areas
(Fig. 1). Moreover, the olfactory bulb volume and the olfactory
sulcus depth are well correlated to the olfactory dysfunction in
many different diseases, the volume and the depth being small-
er when the olfactory dysfunction is more affected. In the con-
text of chronic rhinosinusitis, it has been shown that the olfac-
tory bulb volume is correlated with the sinonasal disease score,
and patients having a sinonasal disease score ≥12 have signif-
icantly larger olfactory bulb volume as compared to patients
with a higher score. Interestingly, the olfactory bulb has a high
plasticity (for a review, see [22]). For example, it has been
shown that olfactory bulb volume significantly increases after
surgical treatment of patients with chronic rhinosinusitis with
polyps; and this increase of OB volume correlated significantly
with the decrease in odor thresholds [23••].

Olfactory Dysfunction and Chronic Rhinosinusitis

In the literature, chronic rhinosinusitis (CRS) is described as the
most common cause of olfactory dysfunction, accounting for
14–30 % of cases [24–27]. Inversely, olfactory impairment is a
common symptom affecting 61–83 % of patients with CRS

Fig. 1 2-MRI on the coronal plane in a a patient suffering from CRS and
reporting olfactory dysfunction and b a normal control. The olfactory
bulb (white arrow) of the patient has a decreased volume as compared
to the olfactory bulb of the normal control. cAn anosmic patient suffering
from CRS (TDI=13). The patient received a surgical treatment for CRS

several years ago. We can note on this MRI that the olfactory bulbs are
hypoplastic. Moreover, the patients still have CRS lesions and we clearly
see opacification of the olfactory cleft, which was cicatricial at rigid
endoscope examination
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[28, 29•, 30, 31]. Nevertheless, up to one quarter of patients
with CRS are unaware of their decreased olfactory abilities,
probably because the olfactory dysfunction in CRS develops
slowly and in consequence, only a few patients note this disor-
der [32]. Psychophysical tests have shown that patients with
CRS have quantitative disorders, between hyposmia and anos-
mia [24–27, 33]. Patients with CRS may also report qualitative
dysfunctions such as parosmia and phantosmia. However, these
symptoms are less frequent in sinonasal disease as compared to
other etiologies (i.e., post-infectious, post-traumatic). Reden et
al. [34] reported incidence of parosmia and phantosmia in pa-
tients with CRS of 28 and 7 %, respectively. Typically, the
olfactory dysfunction is fluctuant depending on the inflamma-
tion present in the nose and the paranasal sinuses, which itself
may be dependent on the allergen exposure for patients com-
bining allergic sensitization and CRS [35]. Litvack et al. [29•]
found that age ≥65 years, nasal polyposis, asthma, and smoking
were associated with olfactory dysfunction in patients with
CRS. Moreover, it has been shown in patients with nasal
polyposis that asthma has a further impact on the sense of smell
[36]. In patients with bronchiectasis, smell impairment is also
present and is higher when associated with CRS (particularly
with nasal polyps), as compared to patients with post-infectious
and idiopathic bronchiectasis [37]. Interestingly, aspirin intol-
erance, allergic rhinitis, and history of prior sinus surgery were
not significantly associated with olfactory dysfunction in CRS
patients. Studies have described that the severity of quantitative
olfactory disorders is related to the importance of the sinonasal
disease, based on endoscopy and CT scores [38•] (Table 1).

In every patients’ complaining of olfactory disorder, it is
mandatory to perform a complete endoscopic examination,
with a particular focus on the middle meatus (edema, inflam-
mation, polyp); the superior meatus; and the olfactory cleft
(Fig. 2). The olfactory cleft is a very narrow space, open an-
teriorly and inferiorly in the nasal fossa. The olfactory cleft is
bordered medially by the nasal septum and laterally by the
turbinate wall of the ethmoid labyrinth. The olfactory
neuroepithelium is located in the olfactory cleft, and the vast
majority of the olfactory receptor neurons (ORNs) are found
in the olfactory neuroepithelium, although some ORNs can
also be found in the supreme, the superior, and the middle
turbinates (specially on their medial aspect) and even in the
postero-superior aspect of the septum.

Traditionally, olfactory dysfunction in CRS is explained by
a conductive olfactory loss, caused by swollen or hypertrophic
nasal mucosa or nasal polyps (Fig. 2), inducing an impaired
access of odorants to the olfactory cleft. In that sense, some
anatomical variations such as septal deviation, concha bullosa,
and supreme superior turbinate have also been incriminated in
olfactory dysfunction but this remains very controversial.

Indeed, clinical studies have failed to prove this hypothesis,
as there is only little correlation between nasal resistance and
the degree of olfactory dysfunction [59]. In addition, results of

surgical therapy, although improving the nasal patency, are
sometimes uncertain when considering olfactory dysfunction.
At present, it is generally agreed that the olfactory disturbance
is due to an inflammatory process in the olfactory cleft rather
than a pure obstruction. Indeed, biopsies of the olfactory
neuroepithelium in patients suffering fromCRS reveal inflam-
matory and apoptotic pathological changes in the nasal muco-
sa, including the ORNs and olfactory supporting cells [60,
61]; and the degree of inflammation in the neuroepithelium
has been shown to be related to the severity of olfactory dys-
function [60]. This could be explained by the fact that inflam-
matory cells release inflammatory mediators that trigger hy-
persecretion in respiratory and Bowman’s glands [45, 62, 63].
Hypersecretion of Bowman’s gland is thought to alter the ion
concentration of olfactory mucus, affecting the olfactory
transduction process [64, 65]. Also, Kern asserted that chronic
inflammation might inhibit olfactory neurogenesis and this
inhibition might cause damage to the olfactory mucosa, which
is less able to recover from injury [60]. Finally, it has been
demonstrated that cytokines and mediators, particularly those
released by eosinophils, may be toxic for ORNs [66–69].

Besides these two mechanisms (conductive and inflamma-
tory) originating in the nose, there is another explanation for the
decreased olfactory function in CRS patients at the level of the
olfactory bulb. The inflammation into the nose and paranasal
sinuses probably takes a long time before the symptoms appear
and the definition of the CRS assumes that the symptoms last
for at least 6 months. During this period of time, it has been
speculated that the sensory organ is less stimulated and that the
volume of the olfactory bulb slowly decreases in relation to the
persistent inflammation [41•]. In many other diseases, a clear
correlation exists between the olfactory bulb volume shrinkage
and the decreased olfactory function [70, 71]. This mechanism
probably also exists in CRS patients with or without nasal
polyp. This explains why patients with CRS with nasal polyp
usually have lower olfactory performances than patients with
CRS without nasal polyp.

Finally, patients with previous sinus surgery and persistent
symptoms of CRS may demonstrate many endoscopic fea-
tures explaining why restoring olfactory function is difficult:
fibrosis in the olfactory cleft, synechia between the middle
turbinate and the septum, crusting in the olfactory cleft, des-
iccation in the olfactory cleft after turbinate’s removal, and
damage to the olfactory neuroepithelium (Fig. 1). It has also
been demonstrated that inferior total turbinectomy may alter
the intranasal trigeminal perception, and hence, have a nega-
tive impact on the olfactory perception [72].

Olfactory Function in Chronic Rhinosinusitis
Without Nasal Polyps

In the literature, it has been reported that 73 % of patients with
CRS without polyps have subjective complaints of smell
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disorders [73], although olfactory testing of identification re-
ported altered olfactory function in 17 % of patients [39••].

Some authors found that the severity of olfactory dysfunc-
tion in CSR without polyps is associated with the smoking
status, the presence of asthma, allergic rhinitis, age and septal
deviation [29•], and endoscopy scores, but not with the sever-
ity of the CT scan [39••], whereas others reported that severity
of olfactory dysfunction seems to be related to the opacity of
the olfactory cleft [40•].

Finally, in patients with CRS without polyps, MRI studies
have demonstrated that the OB volume is inversely correlated
with sinonasal disease scores [41•].

Olfactory Function in Chronic Rhinosinusitis with Nasal
Polyps

Olfactory dysfunction is a major feature of CRS with polyps
and prevalence of 83–91 % has been reported [29•].
Furthermore, it is well known that the severity of olfactory
dysfunction is higher in CRS patients with polyps as com-
pared to CRS patients without polyps, and that patients with
polyps have increased risk of hyposmia and anosmia [29•,
74], with odds ratio of, respectively, 2.4 and 13.2 [29•].

This may be explained, at least in part, by the location of
the disease and by the higher eosinophilia in CRS with polyps
as compared to CRS without polyps. Indeed, eosinophils are
known to release several neurotoxic mediators [66], potential-
ly damaging the olfactory receptor neurons. Moreover, blood
eosinophilia seems to be correlated with subjective smell re-
duction [75]. Joe and Thakkar reported that CRS, especially
chronic hyper-plastic sinusitis with nasal polyps, has a strong
relationship with chronic asthma [76]. The eosinophils perpet-
uate the inflammation in both disease processes and these two
diseases share similar histopathology [76]. It seems that in-
creased systemic inflammatory response in CRS patients with
comorbid asthma affect the olfactory cleft and contribute to
olfactory dysfunction in CRS [29•, 77, 78].

In patients with polyps, it has been reported that olfactory
function was significantly better when odors are applied
through the retronasal route as compared to orthonasal route
[79]. This is thought to be related, at least in part, to the pres-
ence of mechanical obstruction in the anterior portion of the

olfactory cleft, whereas odors are still able to reach the olfac-
tory epithelium through the retronasal route [80]. Moreover, it
has been shown that olfactory scores were significantly asso-
ciated with the severity of the CT scan [42, 81], the location of
the disease [81], the polyposis visible in anterior rhinoscopy,
total nasal resistance, and gender, whereas no relationship was
found with the number of surgeries [42].

Interestingly, in patients with polyps, it has been shown that
OB volume significantly increases after surgical treatment and
this increase of OB volume correlates significantly with the
decrease in odor thresholds [23••].

Treatment

Medical and/or surgical treatment should be proposed to pa-
tients suffering from sinonasal related olfactory disorders
since (1) the treatments can improve olfaction [43, 82–84],
and (2) it has been demonstrated that patients reporting an
improvement of their olfactory abilities have a better quality
of life than patients reporting no improvement [85].

Type of treatment of CRS with or without nasal polyps is
not directly related to the sensory olfactory dysfunction except
for those patients for who an intact chemosensory system is
mandatory for professional reasons (cook, fireman, perfumer
…). However, the persistence of the olfactory dysfunction
despite an adequate treatment may influence the clinician to
step up the treatment choosing for a surgical treatment after
medical treatment failure.

Corticoids seem to be the most effective drug to restore
olfaction in CRS patients. The nature of the compound does
not seem to be essential but well the way to deliver the drug.
Corticoids may be administered in many different ways: top-
ical, oral, and aerosoltherapy. A recent study compared the
efficacy of three-drug delivery modalities on olfactory func-
tion in chronic rhinosinusitis. This study showed that sonic
nebulized and oral administration significantly improved
orthonasal olfactory function, while the effect was not signif-
icant with nasal sprays [44]. It is widely admitted that oral
corticoids are more effective to restore the olfactory function
than topical corticoids [86]. However, a few weeks after an
oral corticoid treatment, the olfactory usually declines and

Fig. 2 Endoscopic endonasal view 25°. a Olfactory neuroepithelium (left nasal fossa). b Left middle meatus with edema (asterisk), mucopurulent
secretions arrow. MT middle turbinate, UP uncinate process. c Nasal polyposis (right nasal fossa)
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returns to the same previous level of discomfort. Topical cor-
ticoid treatment is usually less potent than oral corticoid in
restoring the olfactory function in CRS patients but the effica-
cy seems to remain stable with time with few habituation or
tachyphylaxia [82]. Side effects are frequent locally with top-
ical administration (crusting, bleeding …). Oral corticoid
treatment may predispose to internal diseases if given on a
regular basis [87]. Aerosoltherapy with corticoid may repre-
sent an adequate way to deliver the drug with fewer resorption
and fewer internal disease and even so, with a potent activity.
Because it is admitted that local corticoids need to reach the
olfactory cleft to be effective and because topical administra-
tion has revealed that the quantity of corticoid reaching the
cleft is very low, some squirt, drop, or inserted cannula inside
the nose have been developed to increase the concentration of
the drug in the surrounding area of the cleft and to increase the
efficacy. However, this method is not yet standardized and not
used in the vast majority of the patients. Finally, crenotherapy
seems efficient in improving olfactory function in elderly [53].

Endonasal endoscopic surgery is also a standard treatment
for patients presenting an olfactory dysfunction related to CRS
with or without nasal polyp. The surgical procedure is re-
quired after medical treatment failure and is proposed to pa-
tients after informed consent and preoperative work-up. The
basic procedure encompasses an ethmoidectomy associated to
a middle meatotomy and/or a sphenoidotomy. The procedure
is performed under general anesthesia (local anesthesia is pos-
sible for some patients) and consists of an opening of the
paranasal sinuses in order to facilitate drainage and ventila-
tion. The question to radically or functionally remove the
pathologic mucosa is still a debate among rhinosurgeons but
there is some consensus to be more radical in CRS with nasal
polyposis and more functional in CRS without nasal polyps.
The middle turbinate and the superior turbinate removal is
another debate and it should be kept in mind that these struc-
tures have an important role in the normal physiology of ol-
faction because someORNs are present in these structures and
because they facilitate the airstream to the olfactory cleft
where the neuroepithelium is present.

Considering patients’ self-reported olfactory function, au-
thors agree that functional endoscopic sinus surgery (FESS)
lead to a significant improvement of olfactory dysfunction
[83, 84, 88–90]. Only few studies have investigated the effect
of FESS on olfactory function using semi-objective olfactory
testing (Table 1). They have also shown that FESS as a sig-
nificant positive effect on olfactory function [45, 47–50, 52,
54–56, 57•, 58••, 91]. Hence, it can be concluded that FESS
seems to significantly improve olfactory function in patients
with CRS with or without polyps. However, it is important to
note that although endoscopic sinus surgery has the potential
to improve olfaction, long-term results of surgery are still de-
bated [49, 50] and authors agree that it is challenging to

predict improvement following endoscopic sinus surgery in
CRS-related olfactory dysfunction (for a review, see [92]). A
lot of criticism may be proposed to the vast majority of studies
trying to study the effect of surgery on olfactory perception in
patients with CRS (for a review, see [93]). Particularly, there
are major variations in the selection of patients for the surgery,
in the kind of surgery, in the postoperative care, and in the
assessment of olfactory function. Indeed, sometimes the type
of surgery varies from simple polypectomy to radical surgery,
sometimes the olfactory perception is only studied through
questionnaire without psychophysical testing, and sometimes
the postoperative management is different from no treatment
to oral corticoid treatment.

Some studies have compared the results of surgery in com-
parison to medical therapy for the improvement of smell in
CRS; however, the results are conflicting: some saying that
surgery gives more improvement than medical therapy, the
others suggesting that both treatments give the same improve-
ment [57•, 58••]

Predictors of successful surgery are still debated in the sci-
entific literature. Some authors have studied the correlation
between the severity of CRS and surgical outcomes on olfac-
tion. It was reported that the improvement after FESS is sig-
nificantly better in patients with severe olfactory dysfunction
whereas it is not in patients with mild olfactory dysfunction
[51, 94]. The degree of nasal obstruction, the extent of the
rhinosinusitis disease (evaluated by symptom score or CT
scan), and the coexistence of nasal polyps or allergic rhinitis
do not predict the possibility of olfactory improvement after
FESS [95–97]. Konstantinidis et al. asserted that the site of
CRS was a more important factor in olfactory function than
CRS severity [65]. In addition, Jankowski et al. [98] demon-
strated that there was a correlation between the improvement
of subjective olfactory function after oral corticosteroids given
preoperatively and olfactory function 1 year after nasalization.
Jankowski et al. [99] have also compared the impact of differ-
ent surgical approaches on olfactory function. Olfaction was
evaluated by a 10-point visual analog scale. They reported that
improvement of olfaction was similar in both functional
ethmoidectomy group and radical ethmoidectomy group
6 months after surgery. Nevertheless, olfaction decreased in
the functional ethmoidectomy group after 6 months while it
was stable in the radical ethmoidectomy group.

Finally, we should mention the importance of the olfactory
cleft in sinonasal-related olfactory dysfunction. Indeed, there
are some data revealing that edema, polyp formation or cica-
trization in this area may have a dramatic impact on olfactory
function (Fig. 1). Patients with CRS without nasal polyposis
may have edema and/or inflammation and patients with CRS
with nasal polyposis may have polyp formation in the olfac-
tory cleft. Moreover, the histopathological conditions may re-
veal different diseases in the olfactory cleft. For example,
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respiratory epithelial adenomatoid hamartoma (REAH) can be
diagnosed in isolated form or associated to CRS with nasal
polyposis. Hence, it should be stressed to analyze separately
the polyp formation coming from the olfactory cleft and those
coming form the remaining sinus cavity because this could
have a significant impact on the prognosis if a REAH is
diagnosed.

Olfactory Training

For some patients complaining of an olfactory dysfunction,
the corticoid therapy is not helpful. For example, there is no
real benefit to give corticoid treatment in post-infectious or
post-traumatic olfactory loss. Based on the concept that a cer-
tain degree of plasticity exists in the olfactory pathways due to
some degree of neurogenesis, the idea to stimulate with an
olfactory training this plasticity has been tested in different
studies [100–102].

These studies confirm that an olfactory training based on
the presentation of different odors for some minutes during at
least 3 months to the patients is helpful and that these patients
with an olfactory training are more prone to show a recovering
of their olfactory perception than those not performing this
training.

Despite this confirmation, there is no study confirming that
an olfactory training has a positive effect in the pre- or in the
postoperative period for those patients demonstrating an ol-
factory dysfunction secondary to a CRS with or without nasal
polyposis. It should be stressed that some prospective studies
on this topic should be performed in the future.

Conclusions

Patients with CRS with or without nasal polyposis represent a
large proportion of the patients demonstrating an olfactory
dysfunction. Before starting any medical and/or surgical treat-
ment, the evaluation of the olfactory ability should be done by
the physician. This will help to have a baseline value and to
assess the variation according to the proposed treatment.
Corticoid therapy is very helpful and the way to deliver the
drug is important with a balance between the efficacy and the
side effects. Although deeply studied, there is no absolute
predictor of success of surgery when considering the endo-
scopic sinus surgery and the olfactory recovering. There is
still a debate on the way to perform the surgery in relation to
the olfactory function. Finally, the olfactory training should be
studied in patients with CRS with or without nasal polyposis
as this treatment has proven its efficacy in others causes pre-
disposing to an olfactory dysfunction.

Compliance with Ethical Standards

Conflict of Interest Drs. Rombaux, Huart, Levie, Cingi, and Hummel
declare that they have no conflicts of interest.

Human and Animal Rights and Informed Consent This article does
not contain any studies with human or animal subjects performed by any
of the authors.

References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance
•• Of major importance

1. Landis BN, Konnerth CG, Hummel T. A study on the frequency
of olfactory dysfunction. Laryngoscope. 2004;114(10):1764–9.

2. Mullol J, Alobid I, Mariño-Sánchez F, Quintó L, de Haro J,
Bernal-SprekelsenM, et al. Furthering the understanding of olfac-
tion, prevalence of loss of smell and risk factors: a population-
based survey (OLFACAT study). BMJ Open. 2012;2(6):e001256.

3. Fonteyn S, Huart C, Deggouj N, Collet S, Eloy P, Rombaux P.
Non-sinonasal-related olfactory dysfunction: a cohort of 496 pa-
tients. Eur Ann Otorhinolaryngol Head Neck Dis. 2014;131(2):
87–91.

4. Frasnelli J, Hummel T. Olfactory dysfunction and daily life. Eur
Arch Otorhinolaryngol: Off J Eur Fed Otorhinolaryngol Soc.
2005;262(3):231–5.

5. Neuland C, Bitter T, Marschner H, Gudziol H, Guntinas-Lichius
O. Health-related and specific olfaction-related quality of life in
patients with chronic functional anosmia or severe hyposmia.
Laryngoscope. 2011;121(4):867–72.

6. Deems DA, Doty RL, Settle RG, Moore-Gillon V, Shaman P,
Mester AF, et al. Smell and taste disorders, a study of 750 patients
from the University of Pennsylvania Smell and Taste Center. Arch
Otolaryngol Head Neck Surg. 1991;117(5):519–28.

7. Doty RL, Shaman P, Kimmelman CP, Dann MS. University of
Pennsylvania Smell Identification Test: a rapid quantitative olfac-
tory function test for the clinic. Laryngoscope. 1984;94(2 Pt1):
176–8.

8. Doty RL, Shaman P, Dann M. Development of the University of
Pennsylvania Smell Identification Test: a standardized microen-
capsulated test of olfactory function. Physiol Behav. 1984;32(3):
489–502.

9. Doty RL, Marcus A, LeeWW. Development of the 12-item cross-
cultural smell identification test (CC-SIT). Laryngoscope.
1996;106(3Pt1):353–6.

10. Hummel T, Sekinger B, Wolf SR, Pauli E, Kobal G. ‘Sniffin’
sticks’: olfactory performance assessed by the combined testing
of odor identification, odor discrimination and olfactory threshold.
Chem Senses. 1997;22(1):39–52.

11. Hummel T, Konnerth CG, Rosenheim K, Kobal G. Screening of
olfactory function with a four-minute odor identification test: reli-
ability, normative data, and investigations in patient with olfactory
loss. Ann Otol Rhinol Laryngol. 2001;110(10):976–81.

12. Thomas-Danguin T, Rouby C, Sicard G, et al. Development of the
ETOC: a European test of olfactory capabilities. Rhinology.
2003;41(3):142–51.

Curr Allergy Asthma Rep (2016) 16: 41 Page 9 of 12 41



13. Cain WS, Gent JFn Goodspeed RB, Leonard G. Evaluation of the
olfactory dysfunction in the Connecticut Chemosensory Clinical
Research Center. Laryngoscope. 1988;98(1):83–8.

14. Cardesin A, Alobid I, Benitez P, Sierra E, de Haro J, Bernal-
Sprekelsen M, et al. Barcelona Smell Test-24 (BAST-24): valida-
tion and smell characteristics in the healthy Spanish population.
Rhinology. 2006;44(1):83–9.

15. Briner HR, Simmen D. Smell diskettes as screening test of olfac-
tion. Rhinology. 1999;37:145–8.

16. Kondo H,Matsuda T, HashibaM, Baba S. A study of the relation-
ship between the T & T olfactometer and the University of
Pennsylvania Smell Identification Test in a Japanese population.
Am J Rhinol. 1998;12(5):353–8.

17. Heilmann S, Strehle G, Rosenheim K, Damm M, Hummel T.
Clinical assessment of retronasal olfactory function. Arch
Otolaryngol Head Neck Surg. 2002;128(4):414–8.

18. Lapid H, Hummel T. Recording odor-evoked response potentials at
the human olfactory epithelium. Chem Senses. 2013;38(1):3–17.

19. Hummel T, Kobal G. Olfactory event-related potentials. In: Simon
SA, Nicolelis MAL, editors. Methods and frontiers in
chemosensory research. Boca Raton: CRC press; 2001. p. 429–64.

20. Kobal G, Plattig KH. Methodische Anmerkungen zur Gewinnung
olfaktorischer EEG-Antworten des wachen Menschen (objektive
Olfaktometrie). Z EEG-EMG. 1978;9:135–45.

21. Kobal G. Elektrophysiologische Untersuchungen des
menschlichen Geruchssinns. Stuttgart: Thieme Verlag; 1981.

22. Huart C, Rombaux P, Hummel T. Plasticity of the human olfactory
system: the olfactory bulb. Molecules. 2013;18(9):11586–600.

23.•• Gudziol V, Buschhuter D, Abolmaali N, Gerber J, Rombaux P,
Hummel T. Increasing olfactory bulb volume due to treatment of
chronic rhinosinusitis—a longitudinal study. Brain J Neurol.
2009;132(Pt 11):3096–101. Positive effect of surgery on the ol-
factory bulb volume. This paper summarizes the actual find-
ings in relation to olfaction in chronic rhinosinusitis.

24. Holbrook EH, Leopold DA. An updated review of clinical olfac-
tion. Curr Opin Otolaryngol Head Neck Surg. 2006;14(1):23–8.

25. Mott AE, Leopold DA. Disorders in taste and smell. Med Clin
North Am. 1991;75(6):1321–53.

26. Raviv JR, Kern RC. Chronic sinusitis and olfactory dysfunction.
Otolaryngol Clin N Am. 2004;37(6):1143–57. v-vi.

27. Seiden AM, Duncan HJ. The diagnosis of a conductive olfactory
loss. Laryngoscope. 2001;111(1):9–14.

28. Bhattacharyya N. The economic burden and symptom manifesta-
tions of chronic rhinosinusitis. Am J Rhinol. 2003;17(1):27–32.

29.• Litvack JR, Fong K, Mace J, James KE, Smith TL. Predictors of
olfactory dysfunction in patients with chronic rhinosinusitis.
Laryngoscope. 2008;118(12):2225–30. Clinical signs of olfacto-
ry dysfunction in CRS patients. This paper summarizes the
actual findings in relation to olfaction in chronic rhinosinusitis.

30. Orlandi RR, Terrell JE. Analysis of the adult chronic rhinosinusitis
working definition. Am J Rhinol. 2002;16(1):7–10.

31. Soler ZM, Mace J, Smith TL. Symptom-based presentation of
chronic rhinosinusitis and symptom-specific outcomes after endo-
scopic sinus surgery. Am J Rhinol. 2008;22(3):297–301.

32. Nordin S, Monsch AU, Murphy C. Unawareness of smell loss in
normal aging and Alzheimer’s disease: discrepancy between self-
reported and diagnosed smell sensitivity. J Gerontol Ser B Psychol
Sci Soc Sci. 1995;50(4):P187–92.

33. Welge-Luessen A. Psychophysical effects of nasal and oral in-
flammation. Ann N YAcad Sci. 2009;1170:585–9.

34. Reden J, Maroldt H, Fritz A, Zahnert T, Hummel T. A study on the
prognostic significance of qualitative olfactory dysfunction. Eur
Arch Otorhinolaryngol: Off J Eur Fed Otorhinolaryngol Soc.
2007;264(2):139–44.

35. Apter AJ, Gent JF, FrankME. Fluctuating olfactory sensitivity and
distorted odor perception in allergic rhinitis. Arch Otolaryngol
Head Neck Surg. 1999;125(9):1005–10.

36. Alobid I, Cardelus S, Benítez P, Guilemany JM, Roca-Ferrer J,
Picado C, et al. Persistent asthma has an accumulative impact on
the loss of smell in patients with nasal polyposis. Rhinology.
2011;49(5):519–24.

37. Guilemany JM,Mariño-Sánchez FS, Angrill J, Alobid I, Centellas
S, Pujols L, et al. The importance of smell in patients with bron-
chiectasis. Respir Med. 2011;105(1):44–9.

38.• Litvack JR, Mace JC, Smith TL. Olfactory function and disease
severity in chronic rhinosinusitis. Am J Rhinol Allergy.
2009;23(2):139–44. Disease severity evaluated. This paper
summarizes the actual findings in relation to olfaction in
chronic rhinosinusitis.

39.•• Alt JA, Mace JC, Buniel MC, Soler ZM, Smith TL. Predictors of
olfactory dysfunction in rhinosinusitis using the brief smell iden-
tification test. Laryngoscope. 2014;124(7):E259–66. Practical
use of olfactory testing. This paper summarizes the actual
findings in relation to olfaction in chronic rhinosinusitis.

40.• Chang H, Lee HJ, Mo JH, Lee CH, Kim JW. Clinical implication
of the olfactory cleft in patients with chronic rhinosinusitis and
olfactory loss. Arch Otolaryngol Head Neck Surg. 2009;135(10):
988–92. Olfactory cleft diseases and olfactory dysfunction.
This paper summarizes the actual findings in relation to olfac-
tion in chronic rhinosinusitis.

41.• Rombaux P, Potier H, Bertrand B, Duprez T, Hummel T. Olfactory
bulb volume in patients with sinonasal disease. Am J Rhinol.
2008;22(6):598–601. Olfactory bulb volume in CRS patients.
This paper summarizes the actual findings in relation to olfac-
tion in chronic rhinosinusitis.

42. Vento SI, Simola M, Ertama LO, Malmberg CH. Sense of smell in
long-standing nasal polyposis. Am J Rhinol. 2001;15(3):159–63.

43. Mott AE, Cain WS, Lafreniere D, Leonard G, Gent JF, FrankME.
Topical corticosteroid treatment of anosmia associated with nasal
and sinus disease. Arch Otolaryngol Head Neck Surg.
1997;123(4):367–72.

44. Reychler G, Colbrant C, Huart C, Le Guellec S, Vecellio L, Liistro
G, et al. Effect of three-drug delivery modalities on olfactory func-
tion in chronic sinusitis. Laryngoscope. 2015;125(3):549–55.

45. Downey LL, Jacobs JB, Lebowitz RA. Anosmia and chronic sinus
disease. Otolaryngol Head Neck Surg: Off J Am Acad
Otolaryngol Head Neck Surg. 1996;115(1):24–8.

46. Delank KW, Stoll W. Olfactory function after functional endo-
scopic sinus surgery for chronic sinusitis. Rhinology.
1998;36(1):15–9.

47. Klimek L, Moll B, Amedee RG, Mann WJ. Olfactory function
after microscopic endonasal surgery in patients with nasal polyps.
Am J Rhinol. 1997;11(4):251–5.

48. Min YG, Yun YS, Song BH, Cho YS, Lee KS. Recovery of nasal
physiology after functional endoscopic sinus surgery: olfaction
and mucociliary transport. ORL J Otorhinolaryngol Relat Spec.
1995;57(5):264–8.

49. Briner HR, Jones N, Simmen D. Olfaction after endoscopic sinus
surgery: long-term results. Rhinology. 2012;50(2):178–84.

50. Oka H, Tsuzuki K, Takebayashi H, Kojima Y, Daimon T,
Sakagami M. Olfactory changes after endoscopic sinus surgery
in patients with chronic rhinosinusitis. Auris Nasus Larynx.
2013;40(5):452–7.

51. Litvack JR, Mace J, Smith TL. Does olfactory function improve
after endoscopic sinus surgery? Otolaryngol Head Neck Surg: Off
J Am Acad Otolaryngol Head Neck Surg. 2009;140(3):312–9.

52. Vandenhende-Szymanski C, Hochet B, Chevalier D, Mortuaire G.
Olfactory cleft opacity and CTscore are predictive factors of smell
recovery after surgery in nasal polyposis. Rhinology. 2015;53(1):
29–34.

41 Page 10 of 12 Curr Allergy Asthma Rep (2016) 16: 41



53. Cantone E, Maione N, Di Rubbo V, Esposito F, Iengo M.
Olfactory performance after crenotherapy in chronic rhinosinusitis
in the elderly. Laryngoscope. 2015;125(7):1529–34.

54. Minwegen F, Thomas JP, Bernal-Sprekelsen M, Dazert S, Minovi
A. Predictive value of disease severity on self-reported rating and
quantitative measures of olfactory function outcomes after prima-
ry endoscopic sinus surgery. A prospective study. Rhinology.
2014;52(4):437–43.

55. Kim DW, Kim JY, Kim SW, Jeon SY. Postoperative olfactory
results in chronic rhinosinusitis with nasal polyposis according
to wound healing status. Clin Exp Otorhinolaryngol. 2013;6(3):
146–51.

56. Hsu CY, Wang YP, Shen PH, Weitzel EK, Lai JT, Wormald PJ.
Objective olfactory outcomes after revision endoscopic sinus sur-
gery. Am J Rhinol Allergy. 2013;27(4):e96–100.

57.• Baradaranfar MH, Ahmadi ZS, Dadgarnia MH, Bemanian MH,
Atighechi S, Karimi G, et al. Comparison of the effect of endo-
scopic sinus surgery versus medical therapy on olfaction in nasal
polyposis. Eur Arch Otorhinolaryngol. 2014;271(2):311–6.
Comparison between medical and surgical therapies. This pa-
per summarizes the actual findings in relation to olfaction in
chronic rhinosinusitis.

58.•• DeConde AS, Mace JC, Alt JA, Soler ZM, Orlandi RR, Smith TL.
Investigation of change in cardinal symptoms of chronic
rhinosinusitis after surgical or ongoing medical management. Int
Forum Allergy Rhinol. 2015;5(1):36–45. Symptoms changes af-
ter surgery in olfactory dysfunction. This paper summarizes
the actual findings in relation to olfaction in chronic
rhinosinusitis.

59. Doty RL, Frye R. Influence of nasal obstruction on smell function.
Otolaryngol Clin N Am. 1989;22(2):397–411.

60. Kern RC. Chronic sinusitis and anosmia: pathologic changes in
the olfactory mucosa. Laryngoscope. 2000;110(7):1071–7.

61. Naessen R. An enquiry on the morphological characteristics and
possible changes with age in the olfactory region of man. Acta
Otolaryngol. 1971;71(1):49–62.

62. Getchell ML, Mellert T. Olfactory mucus secretion. In: Getchell
TV, Bartoshuk LM, Doty RL, Snow Jr JB, editors. Smell and taste
in health and disease. New York: Raven; 1991. p. 83–95.

63. Hellings PW, Rombaux P. Medical therapy and smell dysfunction.
B-ENT. 2009;5 Suppl 13:71–5.

64. Joshi H, Getchel l ML, Zie l insk i B, Getchel l TV.
Spectrophotometric determination of cation concentrations in ol-
factory mucus. Neurosci Lett. 1987;82(3):321–6.

65. Kern RC, Foster JD, Pitovski DZ. Glucocorticoid (type II) recep-
tors in the olfactory mucosa of the guinea-pig: RU 28362. Chem
Senses. 1997;22(3):313–9.

66. Apter AJ, Mott AE, Cain WS, Spiro JD, Barwick MC. Olfactory
loss and allergic rhinitis. J Allergy Clin Immunol. 1992;90(4 Pt 1):
670–80.

67. Calof AL, Hagiwara N, Holcomb JD, Mumm JS, Shou J.
Neurogenesis and cell death in olfactory epithelium. J
Neurobiol. 1996;30(1):67–81.

68. Calof AL, Holcomb JD, Mumm JS, Haglwara N, Tran P, Smith
KM, et al. Factors affecting neuronal birth and death in the mam-
malian olfactory epithelium. Ciba Found Symp. 1996;196:188–
205. discussion; −10.

69. Nakashima T, Kimmelman CP, Snow Jr JB. Immunohistopathology
of human olfactory epithelium, nerve and bulb. Laryngoscope.
1985;95(4):391–6.

70. Rombaux P, Mouraux A, Bertrand B, Nicolas G, Duprez T,
Hummel T. Olfactory function and olfactory bulb volume in pa-
tients with postinfectious olfactory loss. Laryngoscope.
2006;116(3):436–9.

71. Rombaux P, Mouraux A, Bertrand B, Nicolas G, Duprez T,
Hummel T. Retronasal and orthonasal olfactory function in

relation to olfactory bulb volume in patients with posttraumatic
loss of smell. Laryngoscope. 2006;116(6):901–5.

72. Huart C, Eloy P, Collet S, Rombaux P. Chemosensory function
assessed with psychophysical testing and event-related potentials
in patients with atrophic rhinitis. Eur Arch Otorhinolaryngol: Off J
Eur Fed Otorhinolaryngol Soc. 2012;269(1):135–41.

73. Dietz de Loos DA, Hopkins C, FokkensWJ. Symptoms in chronic
rhinosinusitis with and without nasal polyps. Laryngoscope.
2013;123(1):57–63.

74. Bramerson A, Johansson L, Ek L, Nordin S, BendeM. Prevalence
of olfactory dysfunction: the Skovde population-based study.
Laryngoscope. 2004;114(4):733–7.

75. Hox V, Bobic S, Callebaux I, Jorissen M, Hellings PW. Nasal
obstruction and smell impairment in nasal polyp disease: correla-
tion between objective and subjective parameters. Rhinology.
2010;48(4):426–32.

76. Joe SA, Thakkar K. Chronic rhinosinusitis and asthma.
Otolaryngol Clin N Am. 2008;41(2):297–309. vi.

77. Dunlop G, Scadding GK, Lund VJ. The effect of endoscopic sinus
surgery on asthma: management of patients with chronic
rhinosinusitis, nasal polyposis, and asthma. Am J Rhinol.
1999;13(4):261–5.

78. Perry BF, Kountakis SE. Subjective improvement of olfactory
function after endoscopic sinus surgery for chronic rhinosinusitis.
Am J Otolaryngol. 2003;24(6):366–9.

79. Landis BN, Giger R, Ricchetti A, Leuchter I, Hugentobler M,
Hummel T, et al. Retronasal olfactory function in nasal polyposis.
Laryngoscope. 2003;113(11):1993–7.

80. Pfaar O, Landis BN, Frasnelli J, Huttenbrink KB, Hummel T.
Mechanical obstruction of the olfactory cleft reveals differences
between orthonasal and retronasal olfactory functions. Chem
Senses. 2006;31(1):27–31.

81. Konstantinidis I, Triaridis S, Printza A, Vital V, Ferekidis E,
Constantinidis J. Olfactory dysfunction in nasal polyposis: corre-
lat ion with computed tomography findings. ORL J
Otorhinolaryngol Relat Spec. 2007;69(4):226–32.

82. Blomqvist EH, Lundblad L, Bergstedt H, Stjarne P. Placebo-con-
trolled, randomized, double-blind study evaluating the efficacy of
fluticasone propionate nasal spray for the treatment of patients
with hyposmia/anosmia. Acta Otolaryngol. 2003;123(7):862–8.

83. Lund VJ, MacKay IS. Outcome assessment of endoscopic sinus
surgery. J R Soc Med. 1994;87(2):70–2.

84. Levine HL. Functional endoscopic sinus surgery: evaluation, sur-
gery, and follow-up of 250 patients. Laryngoscope. 1990;100(1):
79–84.

85. Miwa T, Furukawa M, Tsukatani T, Costanzo RM, DiNardo LJ,
Reiter ER. Impact of olfactory impairment on quality of life and
disability. Arch Otolaryngol Head Neck Surg. 2001;127(5):497–
503.

86. Heilmann S, Huettenbrink KB, Hummel T. Local and systemic
administration of corticosteroids in the treatment of olfactory loss.
Am J Rhinol. 2004;18(1):29–33.

87. Bonfils P, Halimi P, Malinvaud D. Adrenal suppression and oste-
oporosis after treatment of nasal polyposis. Acta Otolaryngol.
2006;126(11):1195–200.

88. Jakobsen J, Svendstrup F. Functional endoscopic sinus surgery in
chronic sinusitis—a series of 237 consecutively operated patients.
Acta Otolaryngol Suppl. 2000;543:158–61.

89. Klossek JM, Peloquin L, Friedman WH, Ferrier JC, Fontanel JP.
Diffuse nasal polyposis: postoperative long-term results after en-
doscopic sinus surgery and frontal irrigation. Otolaryngol Head
Neck Surg: Off J Am Acad Otolaryngol Head Neck Surg.
1997;117(4):355–61.

90. Park AH, Lau J, Stankiewicz J, Chow J. The role of functional
endoscopic sinus surgery in asthmatic patients. J Otolaryngol.
1998;27(5):275–80.

Curr Allergy Asthma Rep (2016) 16: 41 Page 11 of 12 41



91. Lund VJ, Scadding GK. Objective assessment of endoscopic sinus
surgery in the management of chronic rhinosinusitis: an update. J
Laryngol Otol. 1994;108(9):749–53.

92. Rudmik L, Smith TL. Olfactory improvement after endoscopic
sinus surgery. Curr Opin Otolaryngol Head Neck Surg.
2012;20(1):29–32.

93. Bonfils P, Malinvaud D, Soudry Y, Devars du Maine M,
Laccourreye O. Surgical therapy and olfactory function. B-ENT.
2009;5 Suppl 13:77–87.

94. Soler ZM, Sauer DA, Mace JC, Smith TL. Ethmoid histopatholo-
gy does not predict olfactory outcomes after endoscopic sinus
surgery. Am J Rhinol Allergy. 2010;24(4):281–5.

95. Wright ED, Agrawal S. Impact of perioperative systemic steroids
on surgical outcomes in patients with chronic rhinosinusitis with
polyposis: evaluation with the novel Perioperative Sinus
Endoscopy (POSE) scoring system. Laryngoscope. 2007;117(11
Pt 2 Suppl 115):1–28.

96. Jiang RS, Su MC, Liang KL, Shiao JY, Hsin CH, Lu FJ, et al.
Preoperative prognostic factors for olfactory change after func-
tional endoscopic sinus surgery. Am J Rhinol Allergy.
2009;23(1):64–70.

97. Bhattacharyya N. Radiographic stage fails to predict symptom
outcomes after endoscopic sinus surgery for chronic
rhinosinusitis. Laryngoscope. 2006;116(1):18–22.

98. Jankowski R, Bodino C. Olfaction in patients with nasal
polyposis: effects of systemic steroids and radical ethmoidectomy
with middle turbinate resection (nasalization). Rhinology.
2003;41(4):220–30.

99. Jankowski R, Pigret D, Decroocq F. Comparison of functional
results after ethmoidectomy and nasalization for diffuse and se-
vere nasal polyposis. Acta Otolaryngol. 1997;117(4):601–8.

100. Konstantinidis I, Tsakiropoulou E, Bekiaridou P, Kazantzidou C,
Constantinidis J. Use of olfactory training in post-traumatic and
postinfectious olfactory dysfunction. Laryngoscope.
2013;123(12):E85–90.

101. Hummel T, Rissom K, Reden J, Hahner A, Weidenbecher M,
Huttenbrink KB. Effects of olfactory training in patients with ol-
factory loss. Laryngoscope. 2009;119(3):496–9.

102. DammM, Pikart LK, Reimann H, Burkert S, Goktas O, Haxel B,
et al. Olfactory training is helpful in postinfectious olfactory loss: a
randomized, controlled, multicenter study. Laryngoscope.
2014;124(4):826–31.

41 Page 12 of 12 Curr Allergy Asthma Rep (2016) 16: 41


	Olfaction in Chronic Rhinosinusitis
	Abstract
	Introduction
	Assessment of Olfactory Function
	Orthonasal Tests
	Retronasal Test
	Electrophysiological Testing
	Imagery

	Olfactory Dysfunction and Chronic Rhinosinusitis
	Olfactory Function in Chronic Rhinosinusitis Without Nasal Polyps
	Olfactory Function in Chronic Rhinosinusitis with Nasal Polyps

	Treatment
	Olfactory Training
	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance



