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Predictive value of disease severity on self-reported rating 
and quantitative measures of olfactory function outcomes 
after primary endoscopic sinus surgery. A prospective 
study*

Abstract
Background: This prospective study investigates the influence of primary Endoscopic Sinus Surgery (ESS) in patients with chronic 
rhinosinusitis (CRS) on olfactory function and on the patient’s quality of life. We assess the role of preoperative disease severity 
measured by computed tomography (CT) scan in predicting outcome.

Methodology: Adults undergoing ESS were examined preoperatively (n = 92) and five months postoperatively. Coronal CT 
scans were evaluated referencing the Lund Mackay (LM) system. On the basis of the LM score, the collective was divided into two 
groups. We performed the olfactory test “Sniffin’ Sticks” and handed out the specific health-related quality of life questionnaire 
SNOT-20. 

Results: We could demonstrate that olfactory function of patients with strong opacification on CT scans improved by an average 
by 2.49 points more than olfactory function of patients with less severe disease. In terms of the self-reported rating of smell, the 
degree of amelioration differed significantly. Both groups showed an improvement in quality of life irrespective of severity of 
disease.
 
Conclusion: Mean olfactory function of patients with a high degree of disease in CT scan improved more than that of patients 
with less opacification on CT scan. Patient’s subjective perception of smell impairment was in line with these findings.
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Introduction
Overall, 14-53% of olfactory disorders are caused by inflamma-
tion of the nose or the paranasal sinus (1-4). Accordingly, olfactory 
impairment is a frequent symptom in chronic rhinosinusitis 
(CRS). A number of studies have demonstrated rates of 48.5-83% 
of olfactory disorders in CRS (1,5-7). Furthermore, the reduction or 
loss of smell is one of the four symptoms defining rhinosinusitis 
in adults (6). Conductive loss and sensory-neural loss are both 
presumed to be responsible for the genesis of olfactory dysfunc-
tion in CRS (8). As further investigations have shown, dysfunction 

of smell impairs general and specific health-related quality of life 
(4,9-10). Endoscopic Sinus Surgery (ESS), topic and systemic cortico-
steroids as well as leukotriene receptor antagonists are conside-
red possible treatments, either alone or in combination (8). 
Several studies have investigated nasal surgery as a treatment 
of olfactory dysfunction in patients with CRS. Improvement 
rates ranged between 23 and 85% (1,11,12). However, most of the 
investigations are based on the subjective rating of olfactory 
function, which is an inappropriate instrument to measure smell 
impairment (1,13). Predictive factors of postoperative outcome 
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which are easy to assess in the clinical context have not yet been 
well defi ned. There are few studies exploring the association 
between opacifi cation in computed tomography (CT) scan and 
the outcome of nasal surgery in terms of olfactory function (14-18). 
Only some of these studies use an olfactory test (14,15,18).

To describe the severity of CRS before surgery, Lund and Mackay 
proposed a staging classifi cation, which has been widely used 
and accepted. Depending on the severity of opacifi cation in the 
preoperative CT scan, the Lund Mackay (LM) score is calculated. 
By comparing olfactory test results, Litvack et al. demonstrated 
that patients with anosmia and nasal polyps profi t more by ESS 
than patients with hyposmia and nasal polyps, but neither CT 
score nor endoscopy score seemed able to predict postopera-
tive results in terms of olfactory function (14). Another study has 
shown a negative correlation of the LM score with preopera-
tive olfactory test results, while there was no correlation with 
postoperative results or degree of change. Self-reported ratings 
and quantitative measures of olfactory function improved after 
surgery (15).
 
The purpose of this prospective study is to investigate the 
infl uence of primary ESS in patients with CRS on self-reported 
and measured olfactory performance and to assess the role of 
preoperative disease severity in predicting outcome. 

Materials and methods
The aim of this prospective study was to measure the asso-
ciation between preoperative CT imaging and the change in 
olfactory function as well as the subjective assessment of smell 
impairment after nasal surgery. 

Participants
We included patients aged 16 years or more who underwent pri-
mary ESS for CRS with and without nasal polyps. The diagnosis 
of CRS was made according to criteria established by the EPOS 

2012 (6). Patients who suff ered from immunodefi ciency, cystic 
fi brosis, tumours such as inverted papilloma, or who presented 
for revision surgery were excluded from the study. The same 
applied to patients with a positive medical history of diseases 
with a potential impact on olfaction, except CRS. In all cases, 
preoperative medical management consisted of a topical nasal 
corticosteroid spray for at least four weeks.
Preoperatively, a total of ninety-two consecutive patients who 
met the eligibility criteria were enrolled in the study after giving 
informed consent. All of them had undergone a pre-treatment 
coronal CT scan which was evaluated referencing the LM system 
(range 0-24)(19). The person who scored the CT scan was blinded 
to the olfactory test results.
On the basis of the LM score, the collective was divided into two 
groups. This limit was defi ned by the authors. Group A included 
subjects with LM ≤ 7 (limited disease), refl ecting less opacifi ca-
tion in the CT scan, group B included patients with an LM score 
equal to or higher than eight (LM ≥ 8), indicating advanced or 
far advanced disease. Figure 1 shows an example of a limited 
CRS whereas Figure 2 shows a more advanced CRS. The ESS was 
adapted to the extension of the CRS starting with uncinectomy 
and anterior ethmoidectomy up to pansinus surgery with total 
ethmoidectomy, frontal sinus drainage Type I after Draf and 
sphenoidotomy (20).
Participants were examined preoperatively and on average fi ve 
months postoperatively. All patients were treated postopera-
tively with saline solution and intranasal corticoids for at least 
eight weeks. Postoperatively, a total of 48 patients (Group A: 23; 
Group B: 25) could be followed-up.

Smell testing
The participants underwent the standardised olfactory test 
“Sniffi  n’ Sticks” (12 odour kit, Burghart Company, Wedel, 
Germany), which is a well-investigated tool to assess olfactory 
function (21-23). Twelve felt-tip pens fi lled with dissolved odorants 
were presented for bilateral testing. Patients had to identify 

Figure 1. Example of a coronal CT scan showing a chronic rhinosinusitis with low Lund-Mackay-Score (LM = 5). A and B): Total opacification of the right 

maxillary sinus and right ostiomeatal complex (4 points) and partial opacification of the left maxillary sinus (1 point). No sign of inflammation in both 

frontal sinuses and ethmoid cells. C): No opacification of the sphenoid sinuses.

A C 
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odours from a list of four descriptors using a multiple-forced-
choice task. Results ranged from zero to twelve, with high scores 
indicating better olfactory function.

Rating of olfactory function and quality of life
Additionally, participants were asked to complete the standar-
dised, specifi c health-related quality of life questionnaire 
SNOT-20 German adapted version (GAV)(24-26). This validated 
questionnaire addresses 20 symptoms of CRS, including all 
major symptoms of the EPOS 2012 diagnostic criteria for CRS 
underneath smell impairment. Every symptom is represented 
by one item. Patients were asked to evaluate each symptom 
on a Likert scale from 0 (no problem) to 5 (problem as bad as it 
can be). The general symptom score is calculated by addition of 
the individual item scores and ranges from zero to 100. A high 
general score indicates a worse quality of life.

Demographic and clinical data
All participants underwent nasal endoscopy. Polyp size was 
assessed on a four-point scale: (0) no polyps diagnosed in nasal 
endoscopy; (1) mild polyps (small polyps not reaching the lower 
edge of the middle turbinate); (2) moderate polyps (medium-
sized polyps extending between the upper and lower edges of 
the inferior turbinate); and (3) severe polyps (large polyps ex-
tending below the lower edge of the inferior turbinate)(27). Point 
scores of both sides were added up to the total score. Further 
history of asthma, smoking, ASS-intolerance and allergies was 
also recorded.

Statistical analyses
Statistical analyses were performed using SPSS 20 (SPSS Inc., 
Chicago, IL, USA). To compare means, we used unpaired or 
paired t tests as well as Wilcoxon test and Mann-Whitney-U test, 
if appropriate. A two-tailed P value of less than 0.05 was regar-
ded as signifi cant.
Ethics Committee Approval for this study was received from the 

local ethics committee (register number 3641-10). 
 
Results
The patient collective included 92 patients with a mean age of 
45.68 ± 14.04 years (range 16-72; median age 47.00 years). Forty-
eight of these patients were seen pre- and postoperatively. The 
mean follow-up time period was 4.97 months (standard devia-
tion (SD) 3.94 mo.). Patient characteristics are presented in Table 
1, separated by study group. There were no statistically signifi -
cant diff erences related to the mentioned attributes between 
both groups, as proven by appropriate tests, exclusive of grade 
of nasal polyposis, which was signifi cantly higher in group B.

Sniffi  n’ sticks tests results
Smell test results were normally distributed at both measuring 
times. Comparing the diff erence of pre- and postoperatively 
obtained results of the “Sniffi  n’ sticks” test, it could be demon-

A B 

R 

Figure 2. Example of a coronal CT scan showing a chronic rhinosinusitis 

with high Lund-Mackay-Score (LM = 15). A) Total opacification of the 

left frontal, maxillary and ethmoid sinuses with obstruction of the left 

ostiomeatal complex (10 points). Partial opacification of the right maxil-

lary sinus and obstruction of the right ostiomeatal complex (3 points). B) 

Partial opacification of both sphenoid sinuses (2 points).

!Figure 3. Preoperative results of sniffin’ sticks test in group A and B. 

!
Figure 4. Postoperative results of sniffin’ sticks test in group A and B. 
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strated that olfactory function of patients with high LM score 
improved by an average of 2.49 points more than olfactory 
function of patients with low LM score (Table 2). This difference 
was statistically significant (p = 0.03).

We further evaluated the development of “Sniffin’ sticks” test 
results in each group. Changes in olfactory performance were 
not statistically significant in either group, as demonstrated in 
Table 2.
Examining only patients suffering from objective hyposmia or 

anosmia preoperatively (“Sniffin’ sticks” <11), we could found 
that olfactory function of group B improved significantly by 
about 2.77 points (p = 0.015; SD 4.18; paired t test; n = 17), 
while olfactory function of patients in group A did not show a 
significant change (n = 8). The grade of change also showed a 
significant difference of an average of -3.14 points (p = 0.015; 
95%-CI -5.6; -0.68, unpaired t test).
Whisker-boxplots of pre- and postoperative results of the “Snif-
fin’ sticks” test in both groups are presented in Figures 3 and 4. 
Preoperatively, a significant difference of 2.93 points could be 
shown between both mean scores. Postoperative difference was 
not significant (Table 3).

Subjective evaluation of smell impairment
Regarding perioperative development in terms of the self-
reported rating of smell, the degree of change differed signifi-
cantly between both groups. While patients of group B (higher 
preoperative LM score) showed a significant subjective impro-
vement in olfactory function, the patients of group A did not 
show a significant alteration (Table 2). Prior to surgery, there was 
a statistically significant difference in favour of patients in group 
A, who reported less impairment of olfaction. Postoperative 
scores did not differ significantly (Table 3).

Quality of life
SNOT-20 GAV general scores were normally distributed pre- 
(Group A: 36.25 vs. Group B: 38.74) and postoperatively (Group 
A: 18.04 vs. Group B: 15.72) in both groups.
Evaluating the general scores of SNOT-20 GAV, the degree 
of improvement of quality of life did not vary significantly 
between the two groups (Table 2). On average, the patients of 
both groups benefitted from ESS regarding quality of life, as a 
statistically significant decrease of general score was noted from 
the pre- to postoperative evaluation (Table 2). Both groups did 
not differ significantly in pre- and postoperative SNOT-20 GAV 
general scores (Table 3). 

Lund-Mackay 
score ≤ 7

Lund-Mackay 
score ≥ 8,

Group A (n = 43) Group B (n = 49)

N % N %

Male 24 55.8 32 65.3

Female 19 44.2 17 34.7

Allergy 18 41.9 21 42.9

Asthma 8 18.6 9 18.4

ASS-intolerance 0 0 1 2.0

Smoker 19 44.2 16 32.7

Mean Range Mean Range

Mean age in years 43.00 16-72 47.98 16-72

(SD) (15.02) (12.84)

Mean degree of 
polyposis 0.86 0-6 2.67 0-6

(SD) (1.51) (2.14)

Test Group Preopera-
tive score

Postopera-
tive score Change p-value Difference 

of changes 95%-CI p-value

Sniffin‘ sticks test, LM ≤ 7 (n = 17) 10.59 (1.23) 9.76 (1.72) -0.82 (1.7) 0.064
} -2.49 -4.71; -0.27 0.03

Correct items (SD) LM ≥ 8 (n = 21) 7.48 (4.0) 9.14 (2.85) 1.67 (4.59) 0.111

Rating of olfactory LM ≤ 7 (n = 23) 1.48 (1.47) 0.96 (1.4) -1.4 -0.52
} 1.40 0.024

Function, units (SD) LM ≥ 8 (n = 25) 3.08 (1.85) 1.16 (1.41) -3.49 -1.92

SNOT-20 GAV, General LM ≤ 7 (n = 23) 36.13 (17.5) 18.04 (13.05) 18.09 (17.96) < 0.001
} -7.32 -18.62; 3.99 0.199

Score (SD) LM ≥ 8 (n = 25) 41.04 (16.81) 15.72 (11.53) 25.32 (20.77) < 0.001

Table 1. Characteristics of investigated collective.

Table 2. Development of test scores in both groups (Baseline, Postoperative, and Net Change) after ESS.
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Discussion
This prospective cohort study explored the postoperative 
improvement of olfactory function and its association with 
preoperative opacification in CT, and hence the severity of 
disease. We found that the mean olfactory function of patients 
with a high LM score improved more than olfactory function of 
patients with low LM score. This especially applied to patients 
with preoperative smell impairment. Patient’s subjective percep-
tion of smell impairment was in line with these findings. Patients 
in group B showed improvement of self-reported rating of 
olfactory function postoperatively, while the patients in group 
A did not.
Confirming our results, Perry and Kountakis found high CT 
scores, as per LM, correlated with a greater improvement of 
olfactory function after ESS, even though smell impairment was 
only measured by self-reported rating in this study (n = 178)(16). 
In a retrospective analysis of a group of fifty anosmic patients, 
Downey et al. showed less improvement of olfactory function in 
patients with CT-diagnosed mucosal disease extending beyond 
the ethmoid sinuses. However, no preoperative olfactory testing 
had been carried out(17). Others could not show any correlation 
between preoperative LM score and olfactory improvement 
after surgery (n = 18 and n = 70)(15,18). In a recent publication by 
Baradaranfar et al., patients with an average LM-Score of 19.52 
showed a significant improvement in olfaction with a combined 
therapy consisting of ESS and medical treatment(28).
Litvack et al. demonstrated that, contrary to hyposmic or 
normosmic patients, patients with anosmia and nasal polypo-
sis showed a significant improvement in olfactory testing 12 
months postoperatively(14); this evidence is supported by our 
results. Although we could not differentiate between hyposmic 
and anosmic patients due to small sample size (anosmics: n = 
13; 12 with LM ≥ 8), patients with smell impairment and high 
LM score improved significantly regarding olfactory function. 
However, in the mentioned study, LM score did not predict 

Table 3. Comparison of mean scores in both groups before and after ESS.

olfactory improvement after surgery(14). Regarding anosmia and 
possible success of nasal surgery, similar results were previously 
obtained(1). 
In their study, Katotomichelakis et al. also observed a significant 
improvement in olfactory function after ESS. Furthermore, they 
supposed poor preoperative olfactory function and nasal polyps 
to be a positive predictor in terms of improvement in patient’s 
postoperative quality of life(29).
Gudziol et al. described a postoperative improvement of olfac-
tory function in patients with CRS, as well. Additionally, in this 
study they measured the olfactory bulb volume. Postoperatively 
an increase of olfactory bulb volume was observed. The change 
of odour threshold correlated with the change of olfactory bulb 
volume(30).

Further factors of influence
Several further predictive factors have been proposed, such as a 
high grade of nasal polyposis, which seems to be a positive pre-
dictive factor(1,11,14,31). Our study supports this hypothesis, as the 
grade of nasal polyposis was significantly higher in the group 
with high LM score. Age(11,14,31-32) and gender(11,14,16,32) have been 
ruled out as possible factors of influence on postoperative olfac-
tory function. Perioperative medical treatment with topical(14,33) 
or systemic steroid(14,34) does not appear to have any influence 
on postoperative outcome in terms of olfactory function. The 
same is true for asthma(14,29) and allergy(11,17,34). There were no sta-
tistically significant differences related to these factors between 
both groups in our study. Thus, an influence on postoperative 
results is unlikely.
Our results suggest that the degree of opacification in the pre-
operative CT scan can be a predictor for postoperative olfactory 
function in patients with preoperative smell impairment. The 
same seems to apply to the grade of nasal polyposis, while we 
assume that there is a positive correlation between degree of 
nasal polyposis and opacification in CT scan. 
Assuming that there is a positive correlation between degree 

Test Group
Preope-

rative 
score

SD Diff. 95%-CI p-value
Posto-

perative 
score

SD Diff. 95%-CI p-value

Sniffin‘ sticks test (n) LM ≤ 7 10.39 (33) 1.5
} 2.93 1.68; 4.18 < 0.001

9.76 (17) 1.72
} 0.62 -0.9; 2.14 0.412

LM ≥ 8 7.47 (43) 3.71 9.14 (21) 2.85

Smell impairment LM ≤ 7 1.36 (42) 1.39
} -1.70 < 0.001

0.96 (23) 1.40
} -0.20 0.433

subj. assessment (n) LM ≥ 8 3.06 (49) 1.74 1.16 (25) 1.41

General score LM ≤ 7 36.25 (42) 16.49
} -2.49 -9.36; 4.38 0.473

18.04 (23) 13.05
} 2.32 -4.82; 9.47 0.516

SNOT-20 GAV (n) LM ≥ 8 38.74 (48) 16.24 15.72 (25) 11.53



442

Minwegen et al.

of nasal polyposis and opacification in CT, a number of other 
studies support our findings.
Pade et al. examined 206 patients suffering from CRS with 
the aid of the “Sniffin’ sticks” test before and four months after 
surgery. They found that patients with nasal polyposis had a 
significantly higher benefit from surgery concerning olfactory 
function(11). Schriever et al. confirmed that patients with CRS and 
nasal polyps are more likely to improve olfactory function after 
nasal surgery than other patients undergoing nasal surgery(35). 
Two further studies demonstrated an improvement in olfactory 
function after ESS in patients with nasal polyposis(36,37).
Although the follow-up time in this study is relatively short, 
our study could show some interesting short-term results 
concerning olfaction and quality of life after ESS. In terms of 
olfactory function, patients with a high LM score seemed to 
profit more from primary sinus surgery than patients with LM 
≤ 7. Prior to surgery, there was a significant difference between 
both groups in the “Sniffin’ sticks” test results and self-reported 
rating of smell impairment. Specific health-related quality of life 
improved in both groups, irrespective of LM score. Our study 
proves that patients with a limited disease (low LM score) also 
showed an improvement in the quality of life after primary ESS.
One strength of our study was that we exclusively studied 
patients who had no previous sinus surgeries. As reported by 
Danielides et al., previous sinus surgery has a strong negative 
predictive value on olfactory performance after ESS(38). Hence, 
it is important to distinguish between patients with or without 
previous sinus surgery when analysing the effect of surgery 
on olfactory function. On the other hand, our study has some 
limitations, as we lost some patients during the follow-up 
period. Due to the strict inclusion criteria, not all patients who 

were operated on in our department could be included in the 
study. Existing studies exploring the improvement of olfactory 
impairment after sinus surgery are largely inhomogeneous; they 
use a multitude of both self-reported ratings of olfactory func-
tion and quantitative olfactory tests, the definition of improve-
ment varies among studies, the extent of surgery often remains 
unclear, sample sizes are mostly small and perioperative medical 
treatment is not defined.
 
Conclusion 
In conclusion, our prospective study showed that primary ESS 
has a positive influence on the quality of life, independent of 
disease severity. Concerning olfactory function, patients with a 
more expanded disease reached better olfactory improvement 
after surgery. 
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