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Abstract

Objective. This study aimed to determine the predictors of olfactory improvement after endo-
scopic sinus surgery among patients with chronic rhinosinusitis with nasal polyps.
Method. This prospective cohort study included patients admitted to a university hospital
between 2006 and 2012. Assessment using odour identification testing, a sinonasal symptom
questionnaire, the Rhinosinusitis Disability Index and mucus biomarker levels was performed
at various time points. Correlation of variables with identification score differences at six post-
operative time points and at baseline was performed, followed by multiple linear regression to
determine significant predictors at each of the six post-operative time points.
Results. Baseline absence of acute sinusitis, elevated serpin F2 and anterior rhinorrhoea pre-
dict early olfactory improvement, whereas baseline allergic rhinitis predicts late olfactory
improvement. Baseline odour identification score was the strongest predictor across all time
points.
Conclusion. Patients with chronic rhinosinusitis and nasal polyps with worse disease or base-
line olfactory function may benefit more from endoscopic sinus surgery in terms of olfactory
improvement.

Introduction

Olfactory loss is among the four main symptoms of chronic rhinosinusitis.1 Aside from
chronic rhinosinusitis, there can be a wide variety of differential diagnoses for smell loss,
including viral infections, trauma, neurodegenerative disease and idiopathic causes among
others.2

Mechanisms of olfactory dysfunction in chronic rhinosinusitis include an obstructive
and inflammatory component, leading to interference with odorant binding to the olfac-
tory receptor sites and possible epithelial remodelling.3 5 Olfactory deficits in patients
with chronic rhinosinusitis appear to be caused by a summation of multiple factors,
including diminished airflow, damage to the olfactory neuroepithelium and alteration
to the local ionic microenvironment.6

In sinus disease refractory to medical management, endoscopic sinus surgery must be
considered to improve patients’ symptoms.1 Through endoscopic sinus surgery, it is pos-
sible to restore mucociliary drainage pathways for the paranasal sinuses and to optimise
sinonasal mucosal distribution of topical therapies.7 9 Chronic rhinosinusitis related
olfactory loss has a good success rate for improvement if chronic rhinosinusitis is treated,
although most will not return to normosmic levels.1,10

Most studies that explore predictors of olfactory dysfunction are among patients with
chronic rhinosinusitis. Some factors that have been cited include: nasal polyps,4,7,11 13

age,5,7,11,12 smoking,11,12 asthma,5,7,11 diabetes,7 aspirin intolerance,4,5,12 duration of symp-
toms,5 prior surgical procedures,5,12,13 status of the olfactory cleft, posterior ethmoid and
frontal sinus,14 corticosteroid use,12 eosinophilic chronic rhinosinusitis,15 and inflammatory
disease severity (as measured by computed tomography (CT) scan or nasal endoscopy
scores).12 There have been some studies on post-operative olfactory improvement predictors,
such as eosinophilic chronic rhinosinusitis,16 pre-operative presence and size of nasal
polyps,4,5,17 pre-operative Lund–Mackay score,5 pre-operative nasal congestion,5 systemic
steroid use,18 20 and severe pre-operative olfactory dysfunction.5,14 However, most of these
studies only had short-term follow up, were examining different sets of factors and were
using various measures of olfactory function with some of them relying on self-rating.

The aim of this study was to explore possible predictors of olfactory function after
endoscopic sinus surgery among those with chronic rhinosinusitis with nasal polyps.

Materials and methods

This was a prospective study approved by the institutional review board of the University
of Erlangen-Nuremberg. The study included patients who had chronic rhinosinusitis with
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Those with baseline moderate anterior rhinorrhoea had
greater improvement at 1.5 months than those with no anter-
ior rhinorrhoea (F3,57 = 2.851, p = 0.045). Those with allergies
had greater improvement at 9 months (F1,59 = 5.00, p =
0.029) and 12 months (F1,59 = 4.29, p = 0.043) compared
with those without allergic rhinitis. Those with no episodes
of acute sinusitis had significantly lower improvement at 3
weeks after surgery compared with those with more than 6
episodes of acute sinusitis per year (F3,57 = 2.97, p = 0.039).

Discussion

Our study basically highlights two main ideas related to olfac-
tory improvement after endoscopic sinus surgery: that more
severe disease leads to greater olfactory improvement, and con-
versely, that less severe disease improves less. Litvack et al.36

hypothesised that chronic rhinosinusitis patients with a mild
olfactory deficit would benefit more from endoscopic sinus
surgery compared with those with severe olfactory deficits,
but they found the reverse to be true in their study. Similar
to their findings, we found that those with anosmia had sig-
nificantly greater improvement after surgery.

Chronic rhinosinusitis associated olfactory dysfunction is
related to both an obstructive and inflammatory component.
Surgery may help to improve the obstructive component; how-
ever, recovery may likely depend on the severity of disease and
chronicity of inflammation. Significant local activation of the
coagulation system in the upper airways of patients with
chronic rhinosinusitis with nasal polyps through the activation
of thrombin, a proteolytic enzyme that catalyses the conver-
sion of fibrinogen to fibrin, can promote tissue remodelling
by stimulating vascular endothelial growth factor secretion
from airway epithelial cells.37,38 Irreversible damage to the
olfactory neuroepithelium may occur during the chronicity
of the disease process, thereby preventing the return of olfac-
tory function to normal levels despite surgical management.10

Those who have mild olfactory loss likely do not improve to
the point of normal olfaction, which showed as the decreased
benefit in this subgroup in the present study (which was con-
sistent with ‘no episodes of acute sinusitis’ being a predictor of
less olfactory improvement at three weeks after surgery) com-
pared with those with functional anosmia improving to hypos-
mic levels.

SerpinF2 (also known as alpha-2-antiplasmin) is an extracel-
lular plasmin inhibitor that impairs fibrinolysis and signals
mucosal dysregulation of the coagulation system. Studies have
previously shown that impaired fibrinolysis can lead to excessive
fibrin deposition in nasal polyps, leading to mucosal oedema
and tissue remodelling.39,40 Excessive fibrin deposition may
have proinflammatory effects in patients with nasal polyps,
but fibrin production was also found to be important for airway
epithelial repair after epithelial damage.40 Pre-operative
serpinF2 is expected to be elevated in patients with chronic rhi-
nosinusitis with nasal polyps. The observed decrease of this
mucosal biomarker at three weeks after surgery may indicate
post-surgical improvement of inflammation secondary to the
removal of nasal polyps and inflammatory tissue as well as
from improved circulation of corticosteroids in the nasal cavity.
We hypothesised that this decrease in serpinF2 may signal a
period of decreased inflammation, allowing the recovery and
repair of the olfactory epithelium in the setting of an intact
olfactory system, leading to improved olfactory function.

Anterior rhinorrhoea may be a marker of disease severity or
poor control, especially when it is mucopurulent and

occurring on most days of the week.1 Increased secretions
may also interfere with binding of odorant molecules to the
olfactory epithelium. In as much as polyps may prevent odor-
ant molecules from reaching the olfactory epithelium, chronic
nasal inflammation resulting in the disturbance of olfactory
mucus may also be a significant factor leading to olfactory dys-
function. Olfactory mucus, which usually covers the apical
receptor surface of the olfactory neuroepithelium, has been
regarded as the primary source of ions that are necessary for
odour transduction.41,42 Olfactory dysfunction may result
from hypersecretion as a result of chronic nasal inflammation,
with associated presence of inflammatory mediators in dis-
eased olfactory mucosa.41 Given that surgery likely contributes
to removal of inflammatory tissue and allows for improved
delivery of intranasal corticosteroids post-operatively, it is pos-
sible that hypersecretion is reversed and patients with these
symptoms gain more in terms of olfaction in the early phase
of recovery.

Allergic rhinitis is not typically associated with severe olfac-
tory dysfunction. However, severe olfactory dysfunction may
be observed in more severe allergic disease and those with
longer disease duration.43 In a study by Apter et al.,44 patients
with allergic rhinitis and chronic rhinosinusitis had worse
olfactory thresholds compared with those with allergic rhinitis
only, whereas those with allergic rhinitis and chronic rhinosi-
nusitis with nasal polyps generally had anosmia. This severe
olfactory dysfunction may explain the increased improvement
post-operatively. Inflammatory conditions of allergic origin
may contribute to the reversible olfactory loss through
obstruction of the olfactory epithelium or other factors related
to the inflammatory process.45 However, the exact reason why
allergic rhinitis was a significant predictor at 9 and 12 months
after surgery is unclear. There have been conflicting findings as
to the effect of allergy on chronic rhinosinusitis related olfac-
tory dysfunction. A study by Schlosser et al.7 found that the
presence of allergy led to higher threshold scores, but a
study by Litvack et al.11 did not find any relationship between
allergy and olfaction in chronic rhinosinusitis. It has been pro-
posed that the link between allergic rhinitis and olfactory loss
may be because of the association of allergic rhinitis with fre-
quent respiratory tract infections, leading to irreversible dam-
age to the olfactory mucosa.44 We propose that the presence of
allergic rhinitis as a co-morbid condition in chronic rhinosi-
nusitis may have led to a protracted course of recovery as a
result of recurrent infection or persistent inflammation.
Inflammation may block the proliferation of basally located
progenitors, restricting the repopulation by new olfactory
receptor neurons.3 In addition, procoagulant activity has also
been observed in allergic rhinitis.38 Thrombin activation and
decreased fibrinolysis in nasal polyps may lead to a proinflam-
matory state that might not immediately resolve with surgery
alone, allowing greater olfactory improvement to be experi-
enced more at a later period during recovery.

Steroids have been mentioned to influence post-operative
olfactory improvement. In our study, we observed a tendency
for higher score improvement among those receiving both top-
ical and systemic steroids pre-operatively. Although the sample
of patients who received combined steroid treatment was low
in our population, a previous study by Alobid et al.46 found
evidence that combined oral and intranasal steroids improved
olfaction and nasal congestion as well as decreased nasal
inflammation in patients with severe nasal polyps.
Systemic steroids have been found to have benefit for chronic
rhinosinusitis-related olfactory dysfunction.47,48 The addition
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of systemic steroids pre-operatively may be a viable adjunct
treatment option for chronic rhinosinusitis patients who do
not have any contraindications to receiving this treatment.

Limitations to this study included the low sample size, reli-
ance on only the odour identification test to represent olfac-
tory function, a predominantly male population, a varying
number of patients for some factor groups (e.g. steroid use,
antihistamine use) and that the data were re-analysed from
another study. Odour threshold scores may be more sensitive
to differences between groups44 and are often the most sensi-
tive to change in olfactory dysfunction.35 Our study may have
been limited in discriminating between olfaction differences
because of our choice of test. Chronic rhinosinusitis with
nasal polyps has been found to be predominant in men in
prior studies44,49,50; thus, our study is reflective of what is
observed in the population despite the observed skewness of
data. Future studies may be performed with a larger sample
size, include tests for odour threshold and have a more hetero-
geneous distribution for investigated factors.

• Many studies have explored possible predictors of olfactory improvement
after endoscopic sinus surgery

• Anosmia, nasal polyposis and previous surgery are examples of predictors
that have been reported in the literature, but results have been conflicting

• This study is the first to explore mucus biomarkers as possible predictors
of olfactory improvement in patients with chronic rhinosinusitis

• Chronic rhinosinusitis with nasal polyps patients with poorer baseline
olfactory function or more severe disease may benefit more from
endoscopic sinus surgery in terms of olfactory function

• Chronic rhinosinusitis with nasal polyps patients with no or mild olfactory
loss may have little or no olfactory benefit from endoscopic sinus surgery

In summary, chronic rhinosinusitis with nasal polyps
patients with poorer baseline olfactory function or more severe
disease (frequent episodes of acute sinusitis on top of chronic
rhinosinusitis, anterior rhinorrhoea, concomitant allergic
rhinitis) may benefit more from endoscopic sinus surgery in
terms of olfactory function. Chronic rhinosinusitis with
nasal polyps patients with no or mild olfactory loss may
have little or no benefit from endoscopic sinus surgery from
an olfactory standpoint.
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