
INTRODUCTION
Nasal polyposis can lead to nasal obstruction as well as 
hyposmia. Surgical polypectomy can be used for symptoms of 
nasal obstruction where medical therapy has failed, but the role 
of surgery for symptoms of hyposmia is more controversial. 
In some cases, polypectomy appears to improve olfactory 
function, whereas in other cases it makes little difference.

One key question here is whether nasal polyps arising near 
to the olfactory cleft may themselves contain olfactory 
components. If they do, obviously they should not be excised 
if the aim is for olfactory function to be restored. In contrast, 
if they do not, there may be an argument that, empirically, 
removal of these polyps may be beneficial in allowing 
odourants to reach the olfactory neuroepithelium.

Olfactory marker protein (OMP) is a 19-kDa protein found 
abundantly and specifically in mature olfactory neurons. It 
is believed to play a role in signal transduction and axonal 
guidance (1). Using anti-OMP antibodies, we demonstrate 
in this study that inflammatory nasal polyps do not contain 
olfactory neurons. 

MATERIALS AND METHODS
Optimisation and confirmation of staining method
Whereas olfactory marker protein is phylogenetically 
conserved, most mammalian studies on its function have been 
undertaken in rodents, with only a few human studies (2-4). We 
first optimized histological processing by trialing our staining 

protocol on a sample of normal olfactory epithelium. This 
sample was excised from the anterior superior turbinate of a 
lady, shortly after she died of metastatic colonic carcinoma. 
This lady did not suffer from nasal polyposis.

The excised tissue was processed for light microscopy and 
immunohistochemistry. For light microscopic examination, 
tissue was fixed in 10% neutral–buffered formalin, processed 
and embedded in paraffin wax. Tissue blocks were sectioned 
at 3µm and slides stained with haematoxylin and eosin. For 
immunohistochemistry, 3 µm formalin fixed sections were 
prepared, slides were deparaffinised and stained with Anti-
Olfactory Marker Protein antibodies (Sigma, Dorset, UK).  
Through a process of trial and error we found that antibodies 
at a dilution of 1:300 were optimal, and that no pre-treatment 
of slides was necessary. Assays were performed on the Bond 
Max automated immuno-stainer using the Bond Polymer 
Refine detection system (following manufacturer’s instructions) 
using staining protocol F: peroxide block 5 min, primary 
15 min, post primary 8 min, polymer 8 min, DAB 10 min, 
haematoxylin 5 min. 

Testing of nasal polyps
Subsequently consecutive adult patients undergoing surgical 
nasal polypectomy at Kettering General Hospital between 
November 2007 and May 2009 were invited to participate in 
the study. Only those patients found (intra-operatively) to 
have polyps medial to the middle turbinate were recruited 
to the study. All macroscopic polyps found juxtaposed to 
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olfactory epithelium were excised for analysis: from their base 
and without maceration. Excised tissue was processed for light 
microscopy and immunohistochemistry as described above. 
We also classified the extent of disease in these cases based 
upon radiological criteria. We classified the overall severity 
of sinonasal disease using the Lund-Mackay score (5), and 
also rated the degree of soft tissue surrounding the olfactory 
cleft on each side. For the latter we followed the method of 
Konstantinidis et al., (6) for Damm nasal segment B3 (7): score 0 
for no abnormality, 1 for partial opacification, and 2 for total 
opacification.
Ethical approval for this study was granted by Leicestershire, 
Northamptonshire, and Rutland Research Ethics Committee.

RESULTS
Using this protocol, we were able to demonstrate staining 
in the lamina propria of our sample of normal olfactory 
epithelium (Figures 1 and 2).  There was no staining elsewhere, 
and the pattern and location of staining is consistent with 
specific staining of olfactory structures.

In the study period, 12 patients with nasal polyposis were 
eligible to participate, and a total of 25 surgical polypectomy 
samples from these patients were sent for histological analysis. 
These samples were derived from a variety of anatomical 
regions juxtaposed to areas known to contain olfactory 
epithelium (8) and were of a varied size (Table 1). The Lund-
Mackay score of participants varied from 13 to 22, with a 
mean score of 16.1. All participants showed radiological 
evidence of opacification in the region of the olfactory cleft. 
Five (42%) of the participants had bilateral total opacification, 
but six (20%) showed only partial opacification, at least on one 
side. One participant did not have radiological imaging prior 
to surgery.

All of the 25 samples in the study showed histological features 
typical of inflammatory nasal polyps (9): an eosinophil-
rich inflammatory mass lined by respiratory epithelium 
with occasional areas of squamous metaplasia. No polyps 
demonstrated staining with anti-OMP in any anatomical 
region (Figures 3 and 4). This provides good evidence for the 
absence of olfactory structures in nasal polyps, but with a 

Figure 1. Cadaveric olfactory mucosa sample: H&E stain (x400).

Figure 2. Cadaveric olfactory mucosa sample: anti-OMP staining 

(example of staining highlighted with arrow) (x200).

Figure 3. Nasal polyp arising from the anterior superior turbinate: 

H&E stain (x400).

Figure 4. Nasal polyp arising from the anterior superior turbinate: no 

staining with anti-OMP (x200).
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binomial 95% confidence interval of 0 - 13.7%.

DISCUSSION
Nasal polyps are oedematous inflammatory masses arising 
from the mucosa of the lateral nasal wall, and form part of the 
spectrum of chronic rhinosinusitis (10). Their cause is uncertain, 
but they probably represent a non-IgE mediated allergic type 
reaction of the nasal mucous membrane (11). They can cause 
a variety of nasal symptoms, but the predominant complaint 
is usually one of nasal blockage. A significant number of 
patients also suffer from a poor sense of smell (12,13). Olfactory 
dysfunction has a significant impact upon quality of life (14), 
and so is an important symptom to treat, although it may be 
difficult to do so.

The cause of hyposmia in nasal polyposis is uncertain, but 
is likely to be multifactorial (15). One factor is thought to 
be that inflammatory polyps cause a physical obstruction 
to odourants reaching the olfactory cleft (conductive loss). 
Polyps arising lateral to the middle turbinate are usually 
responsible for nasal obstruction, whereas those medial to 
this structure are associated with olfactory dysfunction (6). 
Previous studies (6) have suggested that the Lund-Mackay 
score, which is a radiological assessment of the overall severity 
of sinonasal pathology, does not positively correlate with 
measurable olfactory dysfunction. However, radiological 
evidence of thickening specifically in the olfactory region does 
positively correlate with subjective and objective hyposmia in 
such patients (6), although this still may not be able to predict 
operative outcomes. 

An alternative, although not mutually exclusive, cause for 
hyposmia in nasal polyposis may be physiological dysfunction 
of the olfactory neuroepithelium. A recent report (3) of patients 
with nasal polyposis reported that the mucosa surrounding 
the olfactory neuroepithelium in such patients is often 

also inflamed (suggesting that the inflammatory process is 
generalized rather than discontinuous). The degree of 
inflammation in this study correlated to the extent of olfactory 
dysfunction.

In our study, we found that radiological total opacification of 
the olfactory cleft was present in many but not all cases. This 
supports the hypothesis that, in at least a subset of patients, 
hyposmia in nasal polyposis is due to local inflammation of the 
olfactory neuroepithelium, rather than a pure conductive loss.

The treatment of nasal polyps can be medical or surgical. 
Topical steroids can reduce the size of polyps and alleviate 
blockage, but they have little effect upon the sense of smell (16). 
Systemic steroids may also be used, and these may help with 
the sense of smell as well as with the symptoms of blockage 
(16,17). Surgery is used for disease resistant to medical therapy, 
and may create improvements in olfactory sensation (18-23), but 
the improvement is seen only in some cases and is not always 
sustained (18,24). The effect of surgery on olfactory function in 
nasal polyposis may be misrepresented, because many studies 
used subjective rather than objective measures of smell (25), even 
though many objective tests of olfaction are available (26,27).

Surgical strategy for polyps medial to the middle turbinate 
is an area of controversy. Isolated polyps in this area 
should probably be investigated further, because they 
may represent something other than simple nasal polyps, 
such as respiratory adenomatoid hamartoma (28,29) or an 
encephalocoele (30). However, when such polyps are present as 
part of a more diffuse polyposis, they are likely to represent 
simple inflammatory polyps.  Many advocate excision of such 
polyps, to reduce any conductive obstruction to olfaction.  
Others suggest that these polyps should not be excised (31), 
because of the risk that the polyps themselves, or the area 
surrounding them, may contain olfactory neuroepithelium (32), 

Anatomical Site & Size (mm) of Excised Polyps
Radiological Scoring

Anterior Posterior Antero-superior
septum

 

Lund-Mackay 
Score

Olfactory Cleft score
superior turbinate superior turbinate

Participant Age Right Left Right Left Right Left

1 67 18 x 8
25 x 13
12 x 6

16 2 2

2 56 10 x 10 26 x 8 14 1 1
3 46 22 x 15 15 x 8 20 x 16 19 x 15 22 2 2
4 62 27 x 20 35 x 30 14 1 1
5 63 9 x 6 10 x 6 15 2 2
6 53 20 x 8 20 x 9 17 1 2
7 61 13 x 8 20 2 2
8 60 5 x 4 13 1 1
9 62 20 x 10 25 x 20 16 1 1
10 62 20 x 19 10 x 10 16 1 1
11 69 8 x 8  22 x 18 15 x 15 Unknown
12 64 12 x 10    14 1 1

Table 1. Anatomical origin and size of nasal polyps analysed in this study, and radiological grading of severity of disease.  For details see text.
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with potential permanently injury to olfactory sensation from 
surgical trauma. This risk may be compounded by difficult 
access to excision of polyps from this region (33).

It is known that in general nasal polyps are insensate 
suggesting no sensory innervation, but neural elements have 
occasionally been found in the base of polyps (34, 35). In addition, 
olfactory neurons do have unusual capacities for regeneration 
and growth (36). Studies of nasal mucosa in participants without 
polyps have shown that areas of olfactory and respiratory 
epithelium can become intermingled (37). Thus, there are many 
reasons to suggest that nasal polyps could contain olfactory 
structures. To date no study has looked to specifically refute 
this possibility.

In this study, using immunohistochemical staining for olfactory 
neuronal components, we have shown that nasal polyps do not 
(or at least rarely) contain olfactory components. 

Our study has some limitations. Although we stained for anti-
OMP, we did not use antibody against markers that have been 
used in other studies, such as PGP 9.5 or beta-tubulin (3), but 
the positive staining in a normal specimen of olfactory mucosa 
using our protocol suggests that our results are valid. Our 
study is small, and so although none of the 25 polypectomy 
specimens here showed olfactory components, the upper end 
of the 95% confidence interval is 13.7%. Finally, we did not 
measure olfactory outcomes from our study group following 
polypectomy: because that was not the aim of our study, and 
because in any case the effect size would likely be too small for 
our small sample size to show. 

We cannot make a general recommendation or risk/benefit 
analysis as to whether polyps medial to the middle turbinate 
should be removed in an attempt to improve hyposmia from 
our study. Given the probable multifactorial aetiology of 
hyposmia in nasal polyposis, the decision to surgically excise 
polyps in the olfactory region is likely to be an individual 
patient decision, but based upon prognostic indicators that 
(at present) we cannot reliably predict (38). However, we have 
shown here that there is no absolute contraindication to the 
careful removal of polyps surrounding the olfactory cleft, 
because they do not (or at least rarely do) contain olfactory 
components.
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