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SUMMARY
Objective. The relationship between chronic rhinosinusitis, asthma and allergic rhinitis is 
well known, but only recently has the scientific community started to evaluate these as dif-
ferent manifestations of a common pathogenic phenomenon, considering them as a unified 
airway disease. 
Methods. Twenty-two patients with chronic rhinosinusitis treated with endoscopic sinus 
surgery (ESS) were included in the study. Sino-nasal assessment questionnaire (SNAQ) 
investigating subjective evaluation of sino-nasal state was administered to patients, while 
objective evaluations included nasal endoscopy, sinonasal CT, skin prick tests, nasal cytol-
ogy, spirometry, bronchodilator responsiveness testing and sputum eosinophil count. All 
tests were performed before surgery. Two months after surgery, SNAQ questionnaire, nasal 
endoscopy, spirometry and bronchodilator responsiveness testing were repeated. 
Results. All patients had significant improvement of subjective status: mean SNAQ score 
decreased in all from 99.31 to 16.04. Mean Forced Expiratory Volume in the 1st second 
(FEV

1
) significantly improved after surgery from 3.23 to 3.45 L/s. 

Conclusions. ESS achieved a beneficial effect on upper and lower airway status in patients 
with chronic rhinosinusitis with or without lower airway diseases. 

KEY WORDS: upper and lower airways, chronic rhinosinusitis and asthma, endoscopic 
sinus surgery and lower airways, FEV

1
 and endoscopic sinus surgery

RIASSUNTO
Obiettivo. La relazione tra rinosinusite cronica, asma e rinite allergica è ben nota, ma 
solo recentemente la comunità scientifica ha iniziato a considerarle come manifestazioni 
differenti di un comune evento patogenetico.
Metodi. In questo studio sono stati arruolati 22 pazienti con rinosinusite cronica trattati con 
chirurgia endoscopica dei seni paranasali (ESS), sottoposti prima dell’intervento chirurgico 
a Sino-nasal assesment questionnaire (SNAQ) per valutare la sintomatologia soggettiva, en-
doscopia nasale, TC dei seni paranasali, prick test cutanei, citologia nasale, spirometria con 
valutazione del volume espiratorio massimo nel 1 secondo (FEV

1
), test di broncoreversibilità e 

misurazione dell’eosinofilia dell’escreato. A distanza di 2 mesi dall’operazione i pazienti sono 
stati nuovamente sottoposti a SNAQ, endoscopia nasale, spirometria e test di broncoreversibilità 
Risultati. Tutti i pazienti hanno presentato un miglioramento significativo dei parametri 
soggettivi (riduzione della media del SNAQ da 99,31 a 16,04), e di quelli oggettivi (media 
del FEV

1
 da 3,23 a 3,45).

Conclusioni. La chirurgia dei seni paranasali ha dimostrato di apportare benefici sia alle 
alte che alle basse vie aeree in pazienti con rinosinusite cronica, associata o meno a distur-
bi delle basse vie aeree.

PAROLE CHIAVE: vie aeree superiori e inferiori, rinosinusite cronica e asma, endoscopic 
sinus surgery e vie aeree inferiori, FEV

1
 ed endoscopic sinus surgery



Effect of ESS on airway performance

545

Introduction
In the last 20  years, emerging pathophysiological evi-
dence led to identify obstructive disease of the lungs and 
rhinosinusitis as manifestations of a chronic inflammatory 
respiratory syndrome of the common airways (one-airway 
disease hypothesis) 1. Therefore, rhinosinusitis and asthma 
are not confined to a specific anatomic site, but should be 
considered as a disorder of the entire respiratory tract, with 
a range of clinical manifestations and relevant diagnostic 
and therapeutic implications.
Many studies  2 have analysed allergic status and pulmo-
nary function in patients with chronic rhinosinusitis (CRS) 
scheduled for sinus surgery, but few have studied the ef-
fects of surgery on the lower airways.
Most studies analysed patients with chronic rhinosinusi-
tis associated with bronchial asthma, but only a very few 3 
evaluated patients without any clinical involvement of the 
lower airways. Furthermore, while subjective symptoms 
were well considered in all studies, assessment of the ob-
jective parameters was limited to nasal endoscopy and 
sinonasal CT, for the upper airway, and spirometry and 
peak expiratory flow, for the lower airway.
The aim of the present work is a comprehensive evaluation 
of variations of subjective and objective airway parameters 
in patients who underwent surgery for chronic rhinosinusi-
tis with or without lower airway diseases.

Materials and methods
A clinical prospective study was carried out during Sep-
tember 2014 - March 2015. We enrolled 22 patients with 
CRS (with or without nasal polyps) with or without lower 
airway disease who were referred to the Department of 
Otorhinolaryngology of the University Hospital of Sassari. 
All patients underwent endoscopic sinus surgery between 
September 2014 and March 2015. All procedures per-
formed were in accordance with the ethical standards of 
the institutional research committee (Sassari ethical com-
mittee) and with the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards.
Exclusion criteria included pathological obesity (body mass 
index > 40 kg/m2) and important comorbidities (diabetes, im-
munological diseases, cardiovascular diseases, malignant tu-
mours).
Before surgery, a standard questionnaire (sino-nasal assess-
ment questionnaire-SNAQ), nasal endoscopy, sinonasal 
CT scan, skin prick tests, nasal cytology, spirometry, bron-
chial responsiveness testing and sputum eosinophil count 
were performed. Each patient was re-evaluated 2 months 
after surgery with SNAQ questionnaire, nasal endoscopy, 
spirometry and bronchodilator responsiveness testing.

Medical history was collected with a particular regards to 
atopy, upper airway disease and exposure to risk factors 
(smoke, occupational factors).
The SNAQ was obtained with the help of a physician for 
all patients pre- and post-operatively to obtain a subjective 
score. It was developed in 2002 by Fahmy et al.  4 to dem-
onstrate the clinical effectiveness of surgery, and includes 
11  questions on the clinical complaints of patients. The 
score attributed to each question, based on the frequency and 
clinical severity of each symptom, ranges from 0 to 15 and 
is weighted by multiplying by 3 the first two scores (blocked 
nose, nasal congestion/stuffy nose) and by 2 the third (facial 
pain/pressure). Other questions focus on runny nose/ante-
rior nasal discharge, postnasal discharge, sneezing, cough, 
reduced/altered smell, headache, earache/ear fullness, lack 
of good night’s sleep/tiredness/fatigue. The total score repre-
sents the subjective clinical status of each patient.
Skin prick tests were carried out in order to evaluate the 
presence of early phase IgE reactions. We used Alk-Abellò 
tests for seasonal allergens (grasses, parietaria, cypress, 
birch, cynodon dactylon, artemisia, olive tree) and peren-
nial allergens (dermatophagoides pteronyssinus and fari-
nae, epithelium of dog and cat, alternaria). We referred to 
European Academy of Allergy and Clinical Immunology 
for the assessment and classification of the results 5, homo-
geneously and in continuity with other studies 6. 
Surgery on patients with allergy to seasonal agents is car-
ried out in our institution at least four months before the 
peak period of involved allergen(s) so that the postsurgi-
cal course (as well as postsurgical evaluation of the present 
work) is not affected by the peak itself.
Nasal mucosal specimens were obtained by scraping the 
middle one-third of inferior turbinate with Rhinoprobes 
and stained with May Grunwald-Giemsa. Nasal cytology 
was examined under an optical microscope (Motic BA210) 
evaluating the cytopathological findings as recommended 
by the Italian Academy of Nasal Cytology 7. Apart from the 
normal cell population, inflammatory cells (lymphocytes, 
neutrophils, eosinophils, mast cells), bacteria, or fungal hy-
phae/spores were identified.
Viral infections, allergic rhinitis, vasomotor rhinitis and over-
lapping forms can be easily identified. According to the pre-
dominant cell type, various entities can be defined: eosinophil-
ic non-allergic rhinitis (NARES), non-allergic rhinitis mast 
cell (NARMA), neutrophilic non-allergic rhinitis (NARNA), 
and eosinophil-mast cell non-allergic rhinitis (NARESMA).
Pulmonologists (M.G.F., V.S., A.G.F., P.P.) performed 
spirometry on a MasterScreen Body plethysmograph JAE-
GER®, and registered FEV

1
 in all patients pre- and post-

operatively. 
In cases of patients showing significant reduction of FEV

1 
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compared to the predicted value, a bronchial responsiveness 
test was carried out by performing a new spirometry after 20 
minutes following inhalation of 400 μg of salbutamol. If the 
FEV

1 
value increased more than 12% or 200 ml from the pre-

vious basal value, asthma was diagnosed, otherwise the di-
agnosis was chronic obstructive pulmonary disease (COPD). 
The pulmonary function tests were conducted in observance 
with the ATS/ERS guidelines for spirometry testing 8.
A specimen of induced sputum was collected after pre-
cautionary inhalation of salbutamol and 20 minutes of iso-
tonic solution (0.9% NaCl) nebulization. The conveniently 
fixed sputum was analysed at the Department of Pathologic 
Anatomy of the University of Sassari to test the presence of 
inflammatory cells, particularly eosinophils.
Statistical analysis was performed with the collaboration of 
the Hygiene Department of the University of Sassari. The 
impact of surgery on numeric parameters (SNAQ score and 
FEV

1
) was assessed by paired Student t tests. The influence 

of concomitant lung diseases, nasal cytology, induced spu-
tum findings, allergy on SNAQ score and FEV

1 
improve-

ment was also evaluated. A p value < 0.05 was considered 
statistically significant. 

Results
Twenty-two patients who underwent endoscopic sinus sur-
gery (ESS) were included in the study (descriptive statistics 
are reported in Table I).

Preoperative data
Eight patients had obstructive bronchial diseases: seven pa-
tients were previously diagnosed with asthma and two with 
COPD, while 1 patient was diagnosed with asthma by the 
tests carried out for this study.
Among the 12 patients showing eosinophils in nasal cytol-
ogy, atopy was observed in three, while the remaining had 
non-allergic rhinitis with eosinophils (NARES) 9. 
Eosinophils were detected in nose smears in five of six pa-
tients with asthma and in both patients with COPD.
Sputum eosinophilia was observed in 10 patients (45%) in 
the entire group and in four of six patients suffering from 
asthma.

Impact of ESS
A significant difference in SNAQ score before and after the 
procedure was observed (p < 0.01 at paired t-test). The mean 
total SNAQ score was 99.31 before surgery and 16.04 after 
surgery (Fig. 1). Allergic patients showed a slight higher but 
non-significant preoperative and postoperative total mean 
SNAQ scores compared with non-allergic ones (Fig. 2). No 
significant differences between FEV

1 
values in allergic and 

Table I. Patient data.

Characteristic

Age

Mean (range)  40.1 (24-71)

Sex 

Male 13 (59.1%)

Female 9 (40.9%)

BMI

Median (range) 26.31 (17.85-40.00)

Smoking 

Yes 2 (9.1%)

No 20 (90.9%)

Nasal polyps

CRSwNP 18 (81.8%)

CRS 4 (18.2%)

Allergy

Yes 13 (59.1%)

No 9 (40.9%)

Obstructive bronchial disease

Asthma 6 (27.3%)

Asthma + COPD 2 (9.1%)

No asthma 14 (63.6%)

Nasal cytology 

Eosinophilia 11 (50.0%)

Neutrophilia 7 (31.8%)

Eosinophilia/neutrophilia 1 (4.5%)

Normal 3 (13.7%)

Rhinitis phenotype

NARES 2 (9.1%)

Allergic rhinitis 13 (59.1%)

NARNE 5 (22.8%)

NARES/NARNE
Normal

1 (4.5%)
1 (4.5%)

Sputum cytology 

Eosinophilia 10 (45.5%)

Not assessed 2 (9.0%)

Normal 10 (45.5%)

Preoperative FEV1 

Mean (range) 3.23 (2.00-5.00)

Postoperative FEV1 

Mean (range) 3.45 (2.04-5.43)

Preoperative SNAQ 

Mean (range) 99.31 (62-143)

Postoperative SNAQ 

Mean (range) 16.04 (1-116)
BMI: Body Mass Index; CRSwNP: chronic rhinosinusitis with nasal polyps; CRS: 
chronic rhinosinusitis; COPD: Chronic obstructive pulmonary disease; NARES: 
Non-allergic Rhinitis with Eosinophilia Syndrome; NARNE: Non-allergic Rhinitis 
with neutrophils; FEV1: Forced Expiratory Volume in the 1st second; SNAQ: sino-
nasal assessment questionnaire.
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nonallergic patients were detected either before or after ESS.
The mean FEV

1 
was 3.23 before surgery and 3.45 after sur-

gery. A significant improvement in FEV
1 
before and after the 

procedure was observed (p < 0.05 at paired t-test) (Fig. 3).
No significant differences in SNAQ score and FEV

1 
im-

provements were detected in relation to allergic and cyto-
logical findings.
When considering only patients with eosinophils in both 
nasal and bronchial cytology, improvement of SNAQ score 
and FEV

1
 lost statistical significance.

Discussion
Nowadays interactions between upper and lower airways 
are not completely clear, even if pathophysiologic events 
causing diseases in both districts are similar. Indeed, CRS 
and obstructive pulmonary diseases share most cell types, 
mediators of inflammation, cytokines and neurotransmit-
ters  10; recently, Samitas et al.  11 revisited the concept of 
“one airway disease” identifying a common inflammatory 
remodelling. Such common factors may also explain the 
increasing prevalence of chronic bronchitis, defined as 
“mucus-producing cough on most days for a minimum of 
3 months per year and for at least 2 consecutive years”, in 
asthmatic and rhinitic patients despite a decrease in smok-
ing habit 12. Furthermore, nasal polyposis and asthma seems 
to share genetic susceptibility factors such as ADRB2 gene 
polymorphisms 13. The approach to these issues has dras-
tically changed in the last decade, and the main focus is 
clearly moving from clinical features (phenotyping) to 
pathogenic mechanisms (endotyping).
This is a small pilot study with several limitations. Apart 
from the low numbers, the follow-up is limited and some 
postoperative data, such as cytology, are not available.
Nonetheless, the present study provides some relevant infor-
mation: first, even in a small pilot series, it clearly shows 
the extreme clinical variability of CRS, but at the same time 
generally confirms the positive impact of ESS not only on 
the upper, but also on the lower, airways. Although many 
studies have demonstrated the correlation between the up-
per and lower airways 9,14-16, the role of surgery for CRS on 
the lower airways is still controversial. Furthermore, in most 
previous studies, few subjective and objective variables were 
collected 17,18. For example, many studies have specifically 
evaluated the impact of ESS on control of symptoms in asth-
matic patients, with few investigating the effects on pulmo-
nary function parameters 19-21; to our knowledge, there are no 
studies globally evaluating the impact of ESS on pulmonary 
function in relation with nasal and bronchial cytology and 
subjective score testing of symptoms.
In the present series, not only did the mean total SNAQ Figure 3. FEV

1
 before and after surgery in the totality of patients.

Figure 1. Mean SNAQ score before and after surgery.

Figure 2. Differences in mean SNAQ score between allergic and non al-
lergic patients.
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score drastically decrease in all patients after surgery, but 
endoscopic sinus surgery proved to be effective on the lower 
airways with an improvement of objective parameters, and 
in particular FEV

1
. Our results confirm previous data 18,20-22.

Previous studies have shown a correlation between blood 
eosinophilia and massive nasal polyposis on the one hand 23 
and eosinophils in nasal cytology and asthma on the oth-
er 24. In the present small pilot study, almost all asthmatic 
patients (five of six) showed the presence of eosinophilia 
in both nasal and bronchial specimens and patients with 
nasal and bronchial eosinophilia seem to benefit less, in 
terms of FEV

1
, from surgery. This may confirm a further 

role for both nasal and bronchial cytology in predicting the 
outcomes of ESS, at least at the level of the lower airways 25 
and may define a group which could benefit from treatment 
with novel monoclonal antibodies targeting Type 2 inflam-
mation 26.
Also, based upon this evidence, it can be suggested that, 
even in absence of specific lower airway disorders, all pa-
tients with CRS should undergo a pulmonary medical ex-
amination and cytology in order to predict and better define 
the results of surgery.

Conclusions
The present results show that endoscopic sinus surgery 
in CRS patients has a relevant role not only in improv-
ing upper airway function, but also in the management of 
comorbidities associated with the lower airways. Further-
more, it adds useful evidence that support the “one-airway 
disease” hypothesis 1, which is in agreement with the cur-
rent literature. The present data were collected before the 
end of 2015 and in a small group of patients. In the rapidly 
evolving world of clinical research in rhinology, the num-
ber of patients should be increased and the data should be 
re-evaluated and enriched with increasingly popular scores 
(e.g. SNOT 27, ACT, UPSIT) and information that help in 
defining the endotype (e.g. FeNO, periostin and blood eo-
sinophils, but also expression of inflammatory cytokines) 28 

and to stratify the results and impact of surgery according 
to the endotype.
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