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Olfaction after endoscopic sinus surgery: long-term results*

Summary

Loss of olfactory function is one of the main symptoms in patients with chronic rhinosinusitis. This prospective, non-ran-

domized interventional study reports five years results of olfaction of patients with chronic rhinosinusitis who underwent 

endoscopic sinus surgery in conjunction with topical medical treatment. Forty-five patients with chronic rhinosinusitis who 

underwent endoscopic sinus surgery were evaluated preoperatively, after three months and 34 (76%) of them after five years. 

Olfactory function was assessed by a subjective visual analogue scale, by a screening test of olfaction with Smell Diskettes 

and by measuring the N-Butanol threshold. Patient’s subjective sense of olfaction using a visual analogue scale was improved 

in 79% at 5 years. Objective measurements by Smell Diskettes improved in 53% at 5 years whilst the quantitative measure-

ment by the N-Butanol threshold improved in 85% at 5 years. The high percentage of patients with improvement of olfaction 

five years after surgery indicates that endoscopic sinus surgery in conjunction with continued topical treatment leads to a 

long term improvement of the sense of smell. However, it was found that - measured by the sensitive N-Butanol threshold - 

up to 9% had no improvement and 6% had deterioration in their olfaction at 5 years after endoscopic sinus surgery. This fact 

has to be considered in the preoperative counselling of patients.
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Introduction

Impairment of the sense of smell is one of the main symptoms 

of patients with chronic rhinosinusitis (1,2). The loss of olfaction 

can reduce quality of life and may even interfere with someone’s 

professional capacities such as cooks, firefighters and vintners. 

The severity of the loss of the sense of smell usually parallels the 

severity of the underlying chronic rhinosinusitis (3). Successful 

treatment of patients with chronic rhinosinusitis therefore has 

the potential to reduce or normalize the loss of olfaction (4). Cur-

rent concepts in the treatment of chronic rhinosinusitis centre 

on the use of local and systemic medication (2). If medical treat-

ment fails to control the patient’s symptoms, endoscopic sinus 

surgery is indicated. It is known that endoscopic sinus surgery 

can improve the sense of smell in patients with loss of olfac-

tion due to chronic rhinosinusitis (5-11). However, in most of the 

studies the sense of smell has only been evaluated less than one 

year after surgery. This paper presents a prospective evaluation 

of long-term results of the olfactory function in patients, which 

had endoscopic sinus surgery for chronic rhinosinusitis.

Material and methods

Study design

The study was designed as a prospective, non-randomized in-

terventional trial. Patients aged eighteen years or more who had 

chronic rhinosinusitis with or without polyps as defined by their 

clinical history, physical examination and radiological findings (2), 

and who were candidates to undergo endoscopic sinus surgery 

were enrolled in the trial. All patients failed to respond suffi-

ciently to conservative medical treatment such as topical saline 

douches, topical steroids and short courses of systemic steroids. 

Patients who had previous sinus surgery were excluded. The 

severity of the disease was rated according to the changes in 

the computed tomography (CT) according to the Lund-Mackay 

grading system (12,13). 
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Surgery

Endoscopic sinus surgery was performed between November 

2003 and December 2004 at the ORL-Zentrum, Hirslanden 

Clinic, Zurich, by the authors (BHR, SD). Depending on the 

individual severity of the disease, a partial anterior and posterior 

ethmoidectomy, a sphenoethmoidectomy or a frontospheno-

ethmoidectomy was performed on both sides under general 

anesthesia. Special attention was given to achieve an open 

olfactory cleft at the end of surgery. If there was a blockage of 

the olfactory cleft despite the ethmoidectomy, a gentle latera-

lisation of the middle turbinate was performed respecting the 

anterior superior origin and the posterior inferior origin (inferior 

part of the ground lamella) of the middle turbinate to avoid 

a postoperative blockage of the frontoethmoidal and maxil-

loethmoidal drainage pathways. Postoperatively, the patients 

were followed up with yearly visits and medical treatment for 

the chronic rhinosinusitits was titrated with douching and 

topical nasal steroids according to the symptoms and activity 

of residual disease. None of the patients received a course of 

systemic steroids between surgery and the first testing after 

three months nor within 3 months of the tests done at 5 years. 

Only one patient with severe chronic rhinosinusitis with polyps 

(Samter’s triad) had a revision frontoethmoidectomy with an 

additional frontal sinus drill out procedure due to recurrence 

of the polyps three years after the initial operation. Endoscopic 

examination was performed after 3 months and after 5 years to 

rule out scar formation of the olfactory cleft.

Olfactory function assessment

The sense of smell was assessed before surgery, three months 

after surgery and five years after surgery. The patient’s sub-

jective olfactory function was assessed by a visual analogue 

scale (VAS) resulting in a value between 0 (no sense of smell 

at all) and 100 (normal sense of smell). A screening test of 

olfaction was performed with ‘Smell Diskettes’ resulting in a 

score between 0 and 8 (14). A score of 7 and 8 is regarded as 

normal; a score of 6 and less indicates hyposmia or anosmia. 

Additionally, a quantitative test of olfaction was performed by 

measuring the olfactory threshold of N-Butanol (15). Squee-

zing bottles of N-Butanol with a dilution series of 9 bottles of 

N-Butanol between concentrations of 4% up to a dilution of 

0.00061% were used. The threshold was determined by pre-

senting a bottle without N-Butanol and one out of the dilution 

series beginning at the highest concentration. The patient 

had to detect the N-Butanol three times before a next dilution 

was presented. The bottle with the highest concentration of 

N-Butanol of 4% was defined as score 1, the bottle with the 

lowest concentration was defined as score 9. If an anosmic pa-

tient did not recognize bottle 1 with the highest concentration 

of N-Butanol, he was ‘scored’ as 0. So the N-Butanol threshold 

measurement resulted in a score between 0 (anosmia) and 9 

(maximal sensitivity). Among the three methods of assessment 

of olfactory function used in this study, this threshold test can 

be regarded as the most accurate method, reflecting the olfac-

tory performance most precisely.

The study was accepted by the ethics committee of the Canton 

Zurich, Switzerland.

Statistics

For statistical analysis mean values with standard deviation 

as well as median values with interquartile range (IQR) were 

calculated. Differences between the preoperative and po-

stoperative olfaction test scores were analyzed using the 

Wilcoxon signed ranks test. P values of < 0.05 were considered 

to be statistically significant. However, in situations where the 

Bonferroni-correction had to be used, a p value of < 0.017 was 

regarded as significant. Correlations between the preoperative 

CT-score and preoperative olfaction scores, and their respec-

tive changes in olfaction scores after 3 months and 5 years 

were evaluated using the Spearman correlation. The same 

method was used to analyze correlations between the three 

different olfaction tests (VAS, Smell Diskettes and N-Butanol 

threshold). Statistical analysis was performed using IBM SPSS 

Statistics 19 (SPSS Inc., Chicago, IL, USA).

Results

Forty-five patients (30 males, 15 females) with a mean age of 

50.2 years (24 years - 77 years) were enrolled in the study. All of 

them could be assessed after three months and 34 (76%) could 

be evaluated again after five years. According to the Lund and 

Mackay scoring system, 16 patients (36%) had limited opaci-

fication of the paranasal sinuses (CT scan score 4 - 13 points), 

and 29 patients (64%) had extensive mucosal swelling (CT scan 

score 14 - 24 points). The CT score correlated with the clinical 

differentiation between the subgroups of chronic rhinosinu-

sitis without nasal polyps and the group with nasal polyps. So 

for subgroup analysis the 16 patients with a CT score below 

14 had no polyps and the 29 other patients had polyps. There 

were no patients with allergic fungal rhinosinusitis among the 

patients enrolled for the study.

The subjective assessment of the sense of smell with a visual 

analog scale (0 - 100) resulted in a mean value of 28.4 (range 0 

- 100) preoperatively, a mean value of 69.1 (range 1 - 100) after 

three months and a mean value of 58.5 (range 1 - 100) after 

five years (Figure 1). The improvement of the mean VAS value 

compared with the preoperative value was significant for 3 

months (p < 0.001) and for 5 years (p < 0.001). The tendency to 

a lower value after 5 years compared with the value 3 months 

postoperatively did not reach significance (p = 0.037; level of 

significance with Bonferroni-correction < 0.017). Analyzing 

the individual smell performance, 39 of 45 patients (87%) had 
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a higher postoperative VAS score after three months and 27 

of 34 patients (79%) after five years. One patient (2%) showed 

an unchanged performance after three months and also after 

five years, whereas 5 of 45 patients (11%) showed a lower score 

after three months and 6 of 34 patients (18%) after five years.

The screening test with smell diskettes (0 - 8 points) showed 

a mean score of 5.1 (range 0 - 8) preoperatively, a mean score 

of 7.1 (range 2 - 8) at three months and a mean score of 6.1 

(range 0 - 8) after five years (Figure 2). The improvement of the 

mean score compared with the preoperative score was signi-

ficant for 3 months (p < 0.001) but did not reach significance 

after 5 years (p = 0.063). On the other hand, the decrease of the 

score after 5 years compared with the score 3 months posto-

peratively was significant (p < 0.001). Analyzing the individual 

smell performance, 28 of 45 patients (62%) had a higher posto-

perative score after three months and 18 of 34 (53%) after five 

years. Twelve patients (27%) showed an unchanged perfor-

mance after three months and 3 (9%) after five years, whereas 

5 of 45 patients (11%) showed a lower score after three months 

and 13 of 34 patients (38%) after five years. The Smell diskettes 

test defines patients having a score of 7 and 8 as ‘normosmics,’ 

patients reaching a score of 6 or less as ‘hyposmics.’ Using this 

definition, 17 of 45 patients (38%) were normosmics before 

undergoing endoscopic sinus surgery and 35 of 45 patients 

(78%) were normosmics after 3 months. After 5 years, 19 of 34 

patients (56%) could be defined as normosmics.

The olfactory threshold measurement using the N-Butanol 

bottles in a dilution series (score between 0 and 9) resulted in a 

mean preoperative score of 2.1 (range 0 - 7). After three months, 

the mean score was 4.6 (range 0 - 9) and after five years the 

mean score was 5.1 (range 0 - 9) (Figure 3). The improvement 

of the mean N-Butanol threshold score compared with the 

preoperative score was significant for 3 months (p < 0.001) and 

for 5 years (p < 0.001). The tendency to a higher score after 5 

years compared with the score 3 months postoperatively did 

not reach significance (p = 0.10). Analyzing the individual smell 

performance, 37 of 45 patients (82%) had a higher score after 

three months and 29 of 34 (85%) after five years. Four patients 

(9%) showed an unchanged performance after three months 

and 3 (9%) after five years, whereas 4 patients (9%) showed a 

lower score after three months and 2 (6%) after five years. One 

of these patients had chronic rhinosinusitis ‘without’ polyps 

(preoperative CT score: 10), whereas the other had severe nasal 

polyposis (preoperative CT score: 22) and was the only patient 

who had revision surgery 3 years after initial surgery.

The mean values as well as the median values including the 

interquartile range (IQR) of the CT-scores and the olfactory as-

sessment are listed in Table 1.

The analysis of the three different test methods showed a mo-

derate positive correlation in the preoperative measurements 

between the VAS score and the Smell Diskettes (0.72, p < 0.001) 

and between the VAS score and the N-Butanol score (0.81, p < 

0.001). After 3 months, the correlation was weak and did not 

reach the level of significance between VAS and Smell Diskettes 

(0.19, p = 0.21) and for the VAS and the N-Butanol (0.28, 

p = 0.07). After 5 years, the correlation was moderately positive 

again for VAS and Smell Diskettes (0.56, p = 0.001) and for VAS 

and N-Butanol (0.68, p < 0.001). 

Table 1. Mean values with standard deviation and median values with the interquartile range (IQR) of the age, the preoperative CT-score and the pre- 

and postoperative olfaction scores.

n Mean Standard  

deviation

Median  (IQR)

Age 45 50.2 13.4 53 (38.5 - 60.5)

Preoperative CT-score 45 14.5 5.8 14 (10.5 - 20)

Preoperative Visual Analogue Scale (VAS) 45 28.4 32.4 14 (2 - 54)

VAS after 3 months 45 69.1 29.7 73 (57 - 93)

VAS after 5 years 34 58.5 31.2 65.5 (28.3 - 84)

Preoperative Smell Diskettes score 45 5.1 2.6 5 (3 - 8)

Smell Diskettes after 3 months 45 7.1 1.5 8 (7 - 8)

Smell Diskettes after 5 years 34 6.1 2.2 7 (5 - 8)

Preoperative N-Butanol threshold score 45 2.1 2.2 2 (0 - 4)

N-Butanol score after 3 months 45 4.6 2.2 4 (3 - 6)

N-Butanol score after 5 years 34 5.1 2.1 6 (4 - 6)
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There was a moderate positive correlation between the preope-

rative Smell Diskettes and the N-Butanol scores (0.70, p < 0.001). 

After 3 months, this correlation was weaker (0.48, p = 0.004) and 

after 5 years it was stronger again (0.65, p < 0.001).

Analyzing correlations between the preoperative CT-score 

and olfaction scores, a negative correlation was found for all 

three tests preoperatively (VAS: - 0.62; Smell Diskettes: - 0.59; 

N-Butanol threshold: - 0.64). This means that a high preoperative 

CT-score showed a moderate correlation with lower olfactory 

performance. No correlation was found between the preopera-

tive CT score and the olfaction scores after 3 months and after 5 

years. However, a weak positive correlation was found between 

the CT-score and the degree of olfactory improvement after 

three months for all olfaction tests (VAS: 0.47; Smell Diskettes: 

0.46; N-Butanol threshold: 0.42). This means that a high CT-score 

has a weak correlation with a better improvement of the olfac-

tory performance after 3 months.

Discussion

One of the main symptoms of patients with chronic rhinosinusi-

tis is the impaired sense of smell. The infl ammatory changes of 

the nasal mucosa defi ning the chronic sinusitis lead to blockage 

of the olfactory cleft (‘conductive’ loss of smell). Furthermore, 

the infl ammation of the olfactory mucosa itself may impair the 

olfactory function. It is well known that successful treatment 

of the underlying chronic rhinosinuisits may improve olfac-

tion. If medical treatment alone is not suffi  cient to control the 

symptoms of the disease, endoscopic sinus surgery is indicated. 

The principle of endoscopic sinus surgery is to widen blocked 

ethmoidal drainage pathways and therefore restore drainage 

and ventilate the paranasal sinuses. An additional positive eff ect 

of opening the ethmoidal system is that topical steroids get 

better access to the diseased mucosa. Endoscopic sinus surgery 

is recognised as having the potential to improve olfaction but 

studies have not reported the long-term results (5-11).

Comparing the three methods of olfactory assessment used in 

this study, it is known that subjective assessment with a visual 

analogue scale does not refl ect the objective olfactory perform-

ance alone, but is confounded with other factors such as nasal 

breathing (16). This is why preoperative assessment of olfaction 

should not rely on subjective methods alone but needs to be 

combined with objective smell tests (17). In our patients, we 

found a moderate positive correlation between the VAS and the 

Smell Diskettes as well as with the N-Butanol threshold in the 

preoperative evaluation. This moderate correlation disappeared 

after 3 months. This fi nding may be explained by confounding 

factors like better nasal breathing, which may lead to a better 

subjective rating of olfaction. Another confounding factor may

Figure 1. Visual analog scale rating of smell performance (0 = no sense of 

smell, 100 = normal sense of smell) before surgery, after 3 months and 

5 years. The improvement of the VAS values between preoperative and 

3 months (p < 0.001) and 5 years (p < 0.001) were both significant. The 

tendency to lower values after 5 years compared with the values after 3 

months did not reach significance (p = 0.037; level of significance after 

Bonferroni-correction: < 0.017).

Figure 2. Smell Diskettes Test score (0 - 6 = anosmia or hyposmia, 7 - 8 = 

normal) before surgery, after 3 months and after 5 years. The improve-

ment of the mean score compared with the preoperative score was 

significant for 3 months (p < 0.001) but did not reach significance after 5 

years (p = 0.063). The decrease of the score after 5 years compared with 

the score 3 months postoperative was significant (p < 0.001).
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be a subjective expectation for improvement short time after 

the operation, which may lead to an over- or under rating of ol-

factory performance. After 5 years, the correlation between VAS 

and the Smell Diskettes score and the N-Butanol score was be-

came moderately positive again. An explanation for this fi nding 

may be that the short time postoperative confounding factors 

disappeared and the subjective rating of olfaction refl ected the 

objective olfactory performance in a more real way again. 

Among the two objective methods used, it is known that the 

measurement of the olfactory threshold (N-butanol) is more pre-

cise in indicating the degree of the loss of smell than a screenig 

test (Smell Diskettes) (18). Since screening tests are supra-

threshold tests, the detection of small changes in the degree of 

olfactory performance cannot be expected. This may explain our 

fi nding, that the correlation between the Smell Diskettes und 

the N-Butanol scores was weaker after 3 months when the olfac-

tory changes were most pronounced than after 5 years. How-

ever, a screening test was included in our evaluation because 

it is usually used in clinical practice because it is fast and cheap 

and gives important overall information about olfaction.

In our series of patients with endoscopic sinus surgery for 

chronic sinusitis, we found a high percentage of patients with 

subjective (visual analogue scale) and objective (Screening test 

with Smell Diskettes, N-Butanol threshold) improvement of 

their olfactory function not only three months postoperative 

but also after fi ve years. The improvement in the mean scores 

was statistically signifi cant for all test methods after 3 months 

and also after 5 years for the subjective assessment by VAS and 

for the sensitive N-Butanol threshold testing. Only the scores 

of the Smell Diskettes test did not reach a signifi cant level of 

improvement at 5 years. This can be explained by the fact, that 

the Smell Diskettes test is less sensitive in measuring moderate 

changes of the olfactory performance. However, the percentage 

of normosmic patients as defi ned by the Smell Diskettes test 

improved from 38% to 75% after 3 months and also after 5 years 

it was still 56%. This indicates that also in the Smell Diskettes test 

the improvement of olfaction is refl ected, even if it reaches not a 

statistic signifi cant level.

Overall, the improvement after three months was better than 

after fi ve years, which refl ects the tendency of recurrence of the 

underlying disease process. Another factor for the decrease in 

olfactory performance after 5 years may be a fading compliance 

for the treatment with topical medication. Although the patients 

were followed up regularly and topical medication was recom-

mended based upon disease activity, some patients stopped 

this topical therapy because they were satisfi ed with their 

symptoms. The decrease in olfactory performance did not reach 

statistical signifi cance in the subjective VAS measurement and 

in the N-Butanol threshold but was signifi cant with the Smell 

Diskettes test. This diff erence may be explained by the fact, that 

methods used to evaluate olfaction do not have the same detec-

tion level and may also be confounded by other factors such as 

nasal breathing (VAS).

In summary, the high percentage of patients with improvement 

in their sense of smell fi ve years after surgery measured by 

subjective visual analogue scale (79%) and by objective testing 

(Smell Diskettes = 53%; N-Butanol threshold = 85%) indicate 

that endoscopic sinus surgery leads to a long term improvement 

of olfaction compared with the situation before the operation 

with medical treatment alone.

One technical aspect of surgery in our series was the focus on a 

good ‘ventilation’ of the olfactory cleft by gentle ‘lateralisation’ of 

the middle turbinate at the end of the procedure. It is not clear, 

whether this surgical concept leads to a better long-term result 

regarding the sense of smell. However, there were no complica-

tions due to a blocked frontoethmoidal or maxilloethmoidal 

drainage pathway in our series and the good overall long-term 

results indicate that a good ‘ventilation’ of the olfactory cleft may 

be one factor of a stable long-term result. Another fi nding in 

our analysis was that in 9% of the patients analyzed by the most 

Figure 3. Threshold test of olfaction (N-Butanol) score (0 = threshold 

> 4 mg/dl, 9 = threshold = 0.00061%) before surgery, after 3 months 

and after 5 years. The improvement compared with the preoperative 

score was significant for 3 months (p < 0.001) and for 5 years (p < 

0.001). The tendency to a better score after 5 years compared with the 

score 3 months postoperative did not reach significance.
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precise N-Butanol threshold stayed unchanged after 3 months 

and 5 years. Furthermore, a number of patients (9% after 3 

months and 6% after 5 years) even had a deterioration of their 

threshold level. This finding is consistent with other reports, for 

example Pade et al., found a decrease of olfactory function in 

9% of patients 4 months after endoscopic sinus surgery (19). The 

reason for this deterioration after surgery is unclear; a prob-

able mechanism is the ongoing inflammatory process of the 

underlying disease, which may lead to a further loss of olfaction 

and the fading compliance in medical treatment as mentioned 

above. However, a negative impact of the surgical procedure 

itself may not be ruled out. The fact that 15% of the patients 

have no long term improvement or are even confronted with a 

further deterioration of their sense of smell after surgery should 

be mentioned in the preoperative counselling of the patients.

High preoperative CT-scores showed a moderate correlation 

with a lower olfactory performance. This means that patients 

belonging to the subgroup with chronic rhinosinusitis with 

polyps had a tendency to have a more severe loss of smell 

compared with patients without polyps. This finding is con-

sisting with other reports and indicates that a high CT-score is 

found in patients with blockage of the olfactory cleft by polyps 

causing severe hyposmia (8-10,20). Another finding consisting with 

previous reports was that there was some positive correlation 

between a high preoperative CT-score and the degree of im-

provement of olfaction after 3 months (8,19). This correlation was 

weak and it it stands in contrast to other reports which found 

that the degree of chronic rhinosinusitis and the coexistence 

of nasal polyps had no prognostic impact on the improvement 

of the sense of smell 6 months after endoscopic sinus surgery 
(21) or that severe nasal polyposis even correlated with impaired 

olfactory improvement (20,22). This divergence in the literature 

regarding the prognostic factors may be explained by vari-

ous confounding factors influencing olfactory outcome such 

as comorbidity (for example asthma), the extent of surgery 

performed on the individual patient, or the type and extent of 

medical treatment in the postoperative period. Further studies 

are needed to determine the prognostic role of these confoun-

ding factors on long-term olfactory improvement.

Conclusion

Endoscopic sinus surgery is a well-established treatment in 

patients with chronic rhinosinusitis, who do not sufficiently 

respond to medical treatment. It is widely recognized that 

endoscopic sinus surgery improves the sense of smell along 

with other nasal symptoms. However, most studies only analyse 

olfactory function one year or less after surgery and little is 

known about the long-term result of olfaction. In our series of 

45 patients, we could confirm a statistically significant sub-

jective and objective improvement of the olfactory function 

after 3 months. Furthermore we could follow up 34 of these 45 

patients (76%) after five years and found a persistent improve-

ment in their sense of smell, although it was not as high as it 

was after three months. The high percentage of patients with 

improvement of olfaction five years after surgery measured by 

subjective visual analogue scale (79%) and by objective testing 

(Smell Diskettes = 53%; N-Butanol threshold = 85%) indicates 

that endoscopic sinus surgery in conjunction with topical me-

dical treatment leads to a long term improvement of the sense 

of smell.

On the other hand it was found that - measured by the sensitive 

N-Butanol threshold - up to 15% of the patients did not have 

an improvement or even had a further deterioration in their 

olfaction 5 years after endoscopic sinus surgery. This fact has to 

be considered in the counselling of the patients before surgery 

too.
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