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Background: Loss of sense of smell is one of the most frequent complaints in patients with
nasal polyposis (NP). The aim of this study was to evaluate the impact of asthma and its

Material and methods: Patients with massive NP and healthy controls were included. More
than half of patients presented with asthma. Olfactometry by Barcelona Smell Test 24,
nasal symptoms score, nasal endoscopy, allergy study, and paranasal sinus CT scan were

Results: NP patients showed a significant impairment in smell detection, identification,
and forced choice compared to the control. Asthmatics reported lower scores for detec-
tion, identification, and forced choice than non-asthmatic patients. Patients with persist-
ent asthma had an increased impairment of sense of smell on detection, identification, and
forced choice than patients with intermittent asthma. No significant differences were found
between mild, moderate, and severe persistent asthmatics. Paranasal sinuses opacification
was inversely correlated with smell detection, identification and forced choice.

Conclusion: These findings suggest that patients with NP have an impaired sense of smell,
that asthma -particularly persistent asthma- has a further impact on sense of smell, and
that loss of smell may be used as a clinical tool to identify the severity of both NP and
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INTRODUCTION

Nasal polyposis (NP) is an inflammatory condition of
unknown aetiology that is present in 2 - 4% of the European
adult population 12, NP is often associated with asthma and
other respiratory diseases, such as cystic fibrosis, primary
ciliary dyskinesia, and aspirin sensitivity @ and idiopathic
bronchiectasis . Because the prevalence of NP is increased in
severe asthma patients, the presence of NP in asthma patients
is considered to be an important risk factor associated with
asthma severity ©®. Smell loss is one of the most frequent
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complaints in patients with nasal polyps, often being the first
symptom of the disease ©, and having a negative impact on
quality of life ™. Olfactory deficits secondary to NP have tra-
ditionally been attributed to the inability of odorant molecules
to access the olfactory mucosa, which is believed to remain his-
tologically normal despite the aggressive inflammatory process
in the respiratory regions of the nose 1*!V. However, the loss
of smell associated with NP may be due to either mucosal
obstruction or inflammation of the olfactory cleft (219,
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The development of standardized olfactory tests that are
available in every-day clinical practice has provided a more
objective methodology to assess smell problems than the sin-
gle symptom score . Smell tests for clinical use have been
developed in different countries, but no single test has gained
general acceptance. The authors have validated the Barcelona
Smell Test 24 (BAST-24) as a good and reliable method to
assess olfactory function in clinical practice for the Spanish
and Mediterranean population 9,

We hypothesize that if the severity of asthma is associated with
NP, and NP is associated with the loss of the sense of smell,
asthma severity should also be associated with smell disorders.

The aims of this study were: 1) to investigate the impact of NP on
the sense of smell when compared with a healthy control group
by using both symptoms and olfactometry (BAST-24); 2) to
evaluate the added impact of asthma and its severity on the sense
of smell; and 3) to evaluate whether nasal symptoms, paranasal
sinus CT opacification, aspirin sensitivity, and atopy correlate
with the loss of smell in asthma and its different levels of severity.

To our knowledge, this is the first published study, which eval-
uates the severity of asthma in patients with NP and its nega-
tive impact on the sense of smell by using a validated olfactory
test. Hence, we can speculate on the use of the loss of smell as
a predicting risk factor for severe asthma

METHODS

Study population

Patients with massive NP (n = 245) (score 2 or 3 of Lildholdt
classification) treated between 2005 and 2009 were included in
this study. Among them, 52.7% (n = 129) had asthma (14.7%
intermittent, 30.2% mild persistent, 33.3% moderate persistent,
21.7% severe persistent) while 24.1% (n = 59) had aspirin sen-
sitivity. The mean age was 50 = 13 years (range 22 - 84 years),
45% of them being female. The study was approved by the
Ethics Committee of Hospital Clinic de Barcelona and signed
informed consent was obtained from all patients.

Inclusion and exclusion criteria

The diagnosis of NP was based on the EP°OS criteria: nasal con-
gestion in combination with nasal discharge, *+ facial pain/pres-
sure, * reduction or loss of smell for more than 12 weeks, and
presence of both nasal polyps by nasal endoscopy and mucosal
changes within the ostiomeatal complex and/or paranasal sinus-
es by CT scan 1. A washout period of 4 weeks for oral and
intranasal steroids was applied to all patients before smell test
assessment. Thus, none of the nasal polyp patients received oral
or intranasal steroids treatment at the moment of smell assess-
ment. Asthma treatment was not modified during the study and
no patients received treatment with leukotriene antagonists.

Study design

Smell test (BAST-24), nasal symptoms score, nasal endoscopy,
allergy study, and paranasal sinus CT scan were assessed in all
NP patients included in the study.
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Nasal symptoms: The intensity of nasal obstruction and loss
of smell was scored as follows: 0, no symptoms; 1, mild symp-
toms; 2, moderate symptoms; and 3, severe symptoms.
BAST-24: As described previously, 24 odours were used in the
BAST-24: a) 20 odours to assess the 1% cranial nerve (olfac-
tory): banana, gasoline, lemon, rose, onion, smoked, anise,
coconut, vanilla, melon, mandarin, bitter almond, pineapple,
cheese, strawberry, mushroom, eucalyptol, clove, turpen-
tine, and peach; and b) 4 odours to asses the 5" cranial nerve
(trigeminal): formol, vinegar, ammonia, and mustard %. After
being exposed for 5 seconds to an odorant, patients were asked
by the researcher to answer a number of questions: 1) to test
smell detection: “Did you smell anything?”; 2) to test smell
identification: “Did you recognize this odour?”; and 3) to
test smell forced choice: “Which of these four odours did you
smell?”. The healthy control group consisted of 120 healthy
volunteers without subjective olfactory disturbance or nasosi-
nusal disease, and with a mean age of 42 + 16 years (ranging
from 15 to 85 years), 50% of them being female.

Diagnosis of asthma: Asthma was evaluated by the same
pneumologist using the Global Initiative for Asthma (GINA)
guideline to classify the severity of asthma 9. The four levels
of severity were established by taking into account the medica-
tion needed to control the disease. Patients needing occasional
bronchodilator rescue medication and normal lung func-
tion test were considered as mild intermittent asthma. Those
patients requiring regular therapy with inhaled glucocorticoids
(up to 800 pg of budesonide or equivalent daily) were charac-
terized as mild persistent asthma. Patients requiring inhaled
GC associated with long-acting beta-2 bronchodilators or
montleukast were classified as moderate persistent asthma,
and finally those patients requiring a high dose of inhaled GC
(1000 pg or higher of budesonide or equivalent) associated
with long-acting beta-2 bronchodilators were characterized as
severe asthma (9. In addition to the GINA criteria, we meas-
ured the blood eosinophilia (expressed as percentage of white
blood cells) and serum total IgE (KU/L). Asthmatic patients
had increased blood eosinophilia 7.2 £ 0.7 and total IgE 200 £
45 than non-asthmatics (3.2 = 0.4 and 171 + 50 respectively),
however, no significant differences were observed between
asthma groups.

All patients were tested when asthma was clinically stable. In
the case of patients with persistent asthma, the test was per-
formed when there was no evidence that the patient was suffer-
ing an episode of exacerbation. Similarly, patients with inter-
mittent asthma were explored during asymptomatic periods.
Polyp size: Polyp size was scored in each nasal cavity (from 0
to 3) using nasal endoscopy: 0, no polyps; 1, mild polyposis
(small polyps not reaching the upper edge of the inferior tur-
binate); 2, moderate polyposis (polyps between the upper and
lower edges of the inferior turbinate); 3, severe polyposis (large
polyps reaching the lower edge of the inferior turbinate) 7.
Atopy: A skin prick test with commercial extracts was per-
formed using the most prevalent airborne allergens in our geo-
graphic area (Barcelona), including house dust mites, pollens,
molds, and cat and dog dander.
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Imaging: A CT scan of paranasal sinuses was performed in all
patients and was blindly staged by the same radiologist using
the Lund-Mackay scoring system: 0, no opacity; 1, partial opac-
ity; and 2, total opacity for each of the sinuses. In addition, the
ostiomeatal complex was scored 0 for no obstruction or 2 when
obstructed. The system has a bilateral total score of 24 1%,

Statistical analysis

The data are presented as mean + SD (standard deviation).
Unpaired Student’s t test was used to compare NP outcomes
with those of the healthy population. Pearson correlation coef-
ficients were used to examine the association between the loss
of smell using BAST-24 and gender, age, nasal symptoms, CT
scan, atopy outcomes, and asthma severity. A p-value of less
than 0.05 was considered statistically significant.

RESULTS.

Nasal symptoms

Patients scored the loss of sense of smell as the most intense
+ 0.8) followed by nasal obstruction (2.5 *
0.7). Asthmatic patients showed significantly higher scores for

complaint (2.6
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Figure 1. Smell test characteristics of patients with nasal polyposis
(NP), Aspirin tolerant asthma (ATA), and Aspirin intolerant asth-
ma (AIA) * p < 0.05 compared to healthy population, ¥ p < 0.05
compared asthmatic to non-asthmatic patients.
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nasal obstruction and loss of sense of smell than non-asthmatic
patients (Table 1). There was a negative mild but significant
correlation between the loss of smell as a symptom and smell
detection (r = -0.19; p < 0.01), identification (r = -0.20; p <
0.01) and forced choice (r = -0.30; p < 0.0001) when assessed
by BAST-24. No significant differences in nasal symptoms
were observed between patients with aspirin-tolerant and
aspirin-sensitive asthma or between atopic and non-atopic
patients. Patients with persistent asthma reported a similar
nasal obstruction but increased loss of smell compared to those
with intermittent asthma (Table 1). In addition, there were no
significant differences in nasal symptoms when comparing the
different degrees of severity in persistent asthma.

BAST-24

Nasal polyp patients showed a significant (p < 0.05) impaired
smell detection (36.7 + 43.5%), identification (13.9 + 25.1%),
and forced choice (18.7 + 27.8%) than healthy volunteers (99.2
+ 1.5%, 54.7 £ 4.9%, 72.2 £ 6.8%, respectively). No significant
differences related to gender or age were found.
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Figure 2. Smell test characteristics of patients with nasal polyposis
(NP), * p < 0.05 compared to healthy population, T p < 0.05 compared
persistent to intermittent asthmatic patients.
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Figure 3. Paranasal sinuses CT scan opacification (Lund-Mackay

score) of patients with nasal polyposis (NP).

Among nasal polyp patients, asthmatics reported lower scores
(p < 0.05) for detection (27.3 + 39.9%), identification (10.9 *
23.3%), and forced choice (13.7 £ 24.8%) than non-asthmatic
patients (47.1 = 45.1%, 17.4 + 26.6%, 24.2 * 29.9%, respec-
tively) (Figure 1). Patients with persistent asthma had a more
impaired sense of smell on detection, identification, and forced
choice than patients with intermittent asthma (Figure 2). No
significant differences were found between aspirin-tolerant and
aspirin-sensitive asthmatics (Figure 1) or when comparing the
different levels of severity of persistent asthma (Figure 2).

Polyp size

All patients had moderate-sever NP (mean polyp size scores
= 2.8 * 0.3). No significant differences in polyp size were
observed between asthmatics and non-asthmatics, with and
without aspirin sensitivity, or between atopic and non-atopic
patients. The polyp size score was not correlated with the
loss of smell. This was probably because polyp size was very
homogenous among the patients studied

No significant differences in polyp size were found between
intermittent and persistent asthmatics (Table 1) or when
comparing the degree severity in persistent asthma (data not
shown).

Atopy

The skin prick test was positive in 32% of all nasal polyp
patients, with no differences between males and females: house
dust mites (18%), pollens (22%), moulds (9%), and animal dan-
der (14%). There were no significant differences between asth-
matics and non-asthmatics, or between intermittent and per-
sistent asthmatics. Using BAST-24 patients with NP and atopy
showed no significant differences on smell detection (36.8 £
43.1%), identification (18.5 * 31.8%), and forced choice (15.3
+ 25.9%), compared to patients without atopy (37.5 + 43.3%,
12.9 + 25.3%, 18.9 + 27.2%, respectively). Allergen type or
multiple allergies had no accumulative negative impact on the
loss of smell.

NP+persistent
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Imaging

The total CT scan score was 18.7 + 4.3 for all nasal polyp
patients. Compared with non-asthmatic patients, those with
asthma were found to have a more extensive sinus disease, and
this was more marked for persistent asthma than intermittent
asthmatics (Figure 3). No significant differences in CT scan
were observed between patients with aspirin-tolerant and
aspirin-sensitive asthma or between atopic and non-atopic
patients. A significant negative correlation (p < 0.0001) was
found between paranasal sinuses opacification and smell detec-
tion (r = -0.55), identification (r = -0.39), and forced choice (r
=-0.42) assessed by BAST-24.

DISCUSSION

The main findings of our study using BAST-24 are: 1) nasal
polyp patients have an impaired sense of smell when compared
to the healthy population; 2) asthma and especially persist-
ent asthma has an accumulative impact on the loss of smell
in patients with NP; and 3) the loss of smell is correlated with
paranasal sinus opacification. To our knowledge, this is the
first study investigating the effect of asthma severity on the
sense of smell in patients with NP by using both symptoms and
subjective smell test.

Among the first studies performed in the 1950s to investi-
gate olfaction in NP patients without objective sensory test-
ing, Hotchkiss evaluated self-reported olfactory function in
patients with nasal obstruction secondary to NP who also
reported a loss of smell !9, More recently, Kondo et al., found
that the mean UPSIT score of the patients with rhinosinusitis/
NP was lower than that of controls. Detection and recogni-
tion thresholds showed a similar association and moderate
correlations emerged between the odour test scores and the
scores on a smell ability questionnaire @%. Litvack et al.,
studied patients with chronic rhinosinusitis and found that
33% of patients showed normosmia, 45% hyposmia, and 22%
anosmia. Patients with NP and over 65 years were at increased
risk of hyposmia ©". Vento et al., found that 46% of patients
with long-standing NP had elevated olfactory thresholds
above the upper limit of the 95% CI for a similarly aged refer-
ence group ®?. Cowart et al., assessed the olfactory threshold
for phenylethyl alcohol in patients with symptoms of allergic
rhinitis @¥. Olfactory thresholds were significantly higher in
allergic patients, with 23.1% of the patients demonstrating a
clinically significant loss of smell. Sinusitis or NP or both may
underlie many cases of allergy-related hyposmia. Clinical or
radiographic evidence of rhinosinusitis or NP or both in aller-
gic patients was found to be associated with hyposmia: 14.3%
of allergic patients with no associated rhinosinusitis showed
hyposmia, whereas 42.9% of the allergy patients with associ-
ated rhinosinusitis did so .

Using BAST-24, patients with NP and atopy showed no accu-
mulative negative impact on the loss of smell. Rydzewski et
al., found olfactory disorders in 21.4% of allergic patients who
suffered from perennial rhinitis, seasonal rhinitis and bronchial
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asthma, performed according to Elsberg and Levy’s method
to determine both odour detection and odour identification
thresholds. Of these, 13.8% had anosmia and 7.6% had hypos-
mia @Y. More recently, our group reported that patients with
persistent allergic rhinitis have a moderate loss of smell (BAST-
24) with a higher impairment in those with self-reported hypos-
mia and moderate-to-severe persistent allergic rhinitis. The
authors suggest a mixed etiology (obstruction/inflammation) as
an explanation for smell disorder in allergic rhinitis .

Both olfaction and nasal nitric oxide have been investigated
and seem to be early markers of chronic rhinosinusitis . Kern
et al., analyzed 19 olfactory mucosa in patients with chronic
rhinosinusitis, 9 of them with normal olfactory mucosa and
olfactory function (UPSIT > 35). Ten patients demonstrated
an influx of lymphocytes, macrophages, and eosinophils. Of
these 10 patients, 7 had olfactory deficits as determined by
UPSIT. These data suggest that the olfactory deficits may
be the result of inflammatory changes within the olfactory
mucosa in addition to any alteration in airflow to the olfactory
cleft %, Soler et al., studied patients with chronic rhinosinusi-
tis using the Smell Identification Test. Data showed that eosi-
nophils correlate with objective disease severity as defined by
CT, endoscopy, and smell test scores, even after controlling for
comorbidities such as asthma, ASA intolerance, and NP @7,

Our study has shown that asthma and, in particular, persist-
ent asthma has an accumulative negative impact on the loss of
smell in patients with NP. Bresciani et al., concluded that the
frequency of rhinosinusitis in patients with mild-to-moderate
or severe steroid-dependent asthma is similar; however, sino-
nasal involvement, as evaluated by clinical symptoms and CT
scan, is significantly greater in patients with severe steroid-
dependent asthma than in those with mild-to-moderate asthma
@9, Bavbek et al., showed that NP was seen in 14%, 6%, 11%,
and 36% of mild intermittent and mild, moderate, and severe
persistent asthma, respectively ®. Ceylan et al., found that
54.3% of patients without NP, 63.2% with NP and 66.7% with
Widal syndrome were at step 3 on the Global Initiative for
Asthma scale of severity, while 1.9%, 15.8% and 33.3% were at
step 4, respectively. They concluded that the presence of nasal
polyps in asthma patients is associated with an increase in
asthma severity ©. Ehnhage et al., studied asthmatic patients
with NP and identified lower subjective and objective olfactory
outcomes (butanol threshold) compared to control norms G%,
Apter et al., demonstrated that the duration of nasal symp-
toms alone was not meaningfully correlated with the degree
of olfactory loss. The allergy-immunology clinic patients were
diagnosed as being normosmic and the taste and smell clinic
patients as being hyposmic or anosmic with an olfactory loss
that increased significantly with nasal-sinus disease severity
@, Staik®niene et al., have recently reported that patients with
chronic rhinosinusitis, NP, and asthma were characterized
by older age, greater duration of nasal symptoms, a higher
number of previous surgeries, more severe sinus disease on CT
scan, bronchial obstruction, an incidence of allergic rhinitis,

523

and sensitivity to house dust mite and mould allergens when
compared to patients with chronic rhinosinusitis alone ©¢?.
Litvack et al., showed that patients with NP, asthma, > 65
years old were at increased risk of anosmia @Y. In our study, we
cannot demonstrate the risk factor of age on the sense of smell
as Litvack et al., did by confirming that older patients are
more susceptible to olfactory neuroepithelial injury and less
able to recover from injury @V,

Our study provides additional evidence that findings on the
CT scan do not correlate with the severity of nasal symptoms
as reported by other researches 3. There was also no correla-
tion between CT scan and atopy and polyp size ¢9. However,
Krouse reported that the degree of allergic reactivity is associ-
ated with the radiologic appearance of sinus mucosa on CT
scan 4% Bhattacharyya studied 161 patients with chronic
rhinosinusitis and showed that for the absolute change in
total symptom score, no statistically significant correlation
with CT stage was demonstrated in any of the staging sys-
tems. Similarly, no significant correlation with CT stage was
demonstrated with the other symptom domains ©”. Olfactory
function was assessed with the ‘Sniffin’ Sticks’ test and sub-
jective perception was recorded with a visual analogue scale
in 31 patients with NP. Disease in the upper meatus and the
posterior portion of the middle meatus strongly affects olfac-
tory function. Lund-Mackay scores had a significantly nega-
tive correlation with olfactory test results . It should also be
pointed out that our study presents results from a homogene-
ous group of patients with a specific nasal pathology (NP), in
contrast to previous studies that have assessed patients with
different nasal pathologies.

CONCLUSION

Our findings suggest that patients with NP have an impaired
sense of smell, that asthma- particularly persistent asthma- has
further impact on the loss of smell. Thus, the loss of smell on NP
patients may be used as a clinical tool to identify asthma severity.
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