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INTRODUCTION
According to the World Health Organization (2005), in Poland 
35.5% of the population (27.20% female, 43.90% male) are 
smokers (1). Despite of current anti-tobacco campaigns, many 
people do not understand the seriousness of the health-related 
side effects of tobacco use and continue to smoke. Tobacco use 
has been proven as an independent risk factor of numerous 
diseases. Furthermore, smoking leads to postoperative com-
plications in all surgical outcomes, including negative influ-
ence on the endoscopic sinus surgery in patients with Chronic 
Rhinosinusitis (CRS) (2). The pathophysiology of this process 
has not been fully explored.

To better understand the process itself, a few studies have 
focused on the molecular mechanisms of tobacco smoke, and 

its effect on the nasal cavity epithelium (3). Cigarette smoke 
affects mucociliary clearance, reducing the secretion produc-
tion and leading to inflammation. Yee et al. reported the pres-
ence of four different patterns of the nasal mucosa in patients 
suffering from CRS (4). Another study by the same author com-
pared the prevalence of each of those patterns in smokers and 
non-smokers, but showed no differences (5). Furthermore, no 
relationship between the type of pattern and the cigarette pack-
year was reported. Biopsies of CRS mucosa demonstrated 
remodelling changes with an abnormal increase in squamous 
epithelium metaplasia, which mimicked nasal occlusion (6). 
Similar findings were detected in lungs (7-9). Animal studies of 
bronchial mucosa have demonstrated the beneficial role of this 
process. Metaplasia may protect other cells from injury and 
augment the restitution of the proper ciliated epithelium (10). 

ORIGINAL CONTRIBUTION

SUMMARY Objective: The purpose of this study was to explore the influence of smoking on long-term 
outcomes of endoscopic sinus surgery for chronic rhinosinusitis. 

 Methods: The study prospectively enrolled 274 patients at the Department of 
Otolaryngology of the Warsaw Medical University from 1993 to 2000. All patients were 
diagnosed with chronic rhinosinusitis and scheduled for the endoscopic sinus surgery. We 
evaluated subgroups of patients with respect to bronchial asthma, allergy, aspirin triad, 
gastro-esophageal reflux disease and nasal septal deviation. Patients were divided into 
smokers and non-smokers. Patient CT scan results were recorded according to the four-
grade classification system by Kennedy. Patients were observed over a period between 2 to 
9 years following the surgical intervention and had their surgery revised if the severity of 
symptoms were at the same level or worsened. 

 Results: Prior to endoscopic sinus surgery, 23% of smokers and 20% of non-smokers scored 
III or IV on the Kennedy Scale. The revision ESS was carried out in 27 patients. In this 
group there were 20% smokers and 7% non-smokers, with the difference being significant. 
There was no significant difference in the postoperative quality of life scale scores.

 Conclusions: The study shows that while smoking did not influence preoperative symptoms, 
smokers had worse postoperative outcomes.
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CRS, according to the current definition proposed by the 
European Rhinologic Society in the European Position Paper 
on Chronic Rhinosinusitis (EPOS), is a group of disorders 
characterized by inflammation of the nasal and paranasal 
sinuses mucosa, and is identified by two or more physical 
signs, with one being nasal obstruction or anterior / posterior 
nasal drip. Such symptoms must be unremitting for more than 
12 consecutive weeks (11). 

Factors that are believed to contribute to CRS include allergy, 
immunological and endocrine disorders, craniofacial anatomical 
defects and external factors such as infections, air pollution and 
medications (3,12). At this time, exposure to tobacco is of uncer-
tain significance in the evaluation and treatment of CRS (12-14).

CRS is one of the most common medical conditions and a rea-
son for seeking professional medical help year round (15). For 
this reason, treatment in the early stage of the disease is very 
important, starting with medical therapy including inhaled 
nasal steroids, nasal saline irrigation and antibiotics (in case 
of purulent discharge on nasal endoscopy). Patients qualify 
for sinus surgery if CRS cannot be controlled with the maxi-
mum medical therapy after a period of 3 months (11,16). Sinus 
surgery restores the normal anatomical condition and drainage 
of the sinuses (by opening of the ostio-meatal complexes) and 
simultaneously removing a source of infection. The concept 
of the functional endoscopic sinus surgery (ESS) was intro-
duced by Messerklinger in the early 1980’s. Professor Antoni 
Krzeski was the first who applied this technique in Poland, 
in the Otolaryngology Department of the Warsaw Medical 
University in 1993 (17).

The objective of the study was to evaluate the influence of smok-
ing on long-term outcomes of endoscopic sinus surgery for CRS. 

MATERIALS AND METHODS
Patients
In this study, 274 patients were prospectively enrolled. They 
were referred to the Otolaryngology Department of Warsaw 
Medical University between January 1993 and December 2000 
for the ESS to treat CRS. Informed consent was obtained from 
all participants. The research protocol was approved by the 
Ethics Committee of Warsaw Medical University. We evalu-
ated several subgroups of patients with respect to: bronchial 
asthma, allergy, aspirin triad, gastro-esophageal reflux disease 
and nasal septal deviation (Table 1). In our questionnaire, we 
used 14 disease-specific and general questions (Table 2). They 
were based on the Rhinosinusitis Outcomes Measure scale 
(RSOM-31), though the set of questions we chose had not been 
validated. Symptoms were recorded on a 4-grade scale (0 – not 
present, 1 – mean, 2 – moderate and 3 – severe) and the aver-
age score was counted for each patient. For further analysis, 
6 symptoms of the most significant severity were chosen. The 
improvement score for each of those symptoms was calculated 
immediately postoperatively, and from 2 to 9 years after the 
ESS (Table 3). 

Smoking behaviors were among the data evaluated. With 
regards to this, patients were divided into smokers and non-
smokers. Patients were considered smokers if they reported any 
tobacco smoking at the time of ESS. Passive smokers (having 
any exposure to cigarettes in the household) and former smok-
ers were included into the nonsmokers group. The survey was 
repeated postoperatively. The surgical results of smokers and 
non-smokers were compared. The total average pre- and post-
operative results obtained in the smoking and non-smoking 
groups were compared. Furthermore, the preoperative para-
nasal sinus CT of each patient was recorded on the four grades 
Kennedy Scale (20). Number of smokers and non-smokers with 
bilateral ethmoiditis and inflammation of two or more sinuses 
on each sides and/or extensive nasal polyposis (score III and 
IV) were compared. In cases of revision ESS, patients were 
reevaluated by the same means, and revision surgery rates in 
both groups were calculated.

Study design
In accordance to the European Otolaryngology Society cri-
teria, patients were qualified to receive ESS if they failed to 
respond to the maximal medical treatment. Response failure 
was diagnosed when two or more symptoms (including nasal 
obstruction and posterior nasal drip) persisted for more than 
12 consecutive weeks (18). Prior to surgery, patients were evalu-
ated by the sinonasal symptoms survey, physical examination 
including rigid or flexible nasal endoscopy and computed  
tomography (CT) scan. Postoperative follow-up on average 
was 4 years and 5 months (ranging from 2 to 9 years).

Statistical analysis
The statistical analysis of the raw data was performed with 
the Statistica 6 software. Categorical data were described by 
percentages and compared using Chi-square test. Continuous 
descriptive data were described by means with standard devia-
tion (SD) or range. The Student’s t-test was used to compare 
continuous outcomes variables. 
The ANOVA test was used to evaluate the significance of  
outcomes. Statistical significance was accepted as p ≤ 0.05.

RESULTS
In the total group of 274 patients who met the inclusion  
criteria, women outnumbered men (52% were female). The age 
ranged from 13 to 67 years. All patients were diagnosed with 
CRS and underwent the primary ESS. We evaluated subgroups 
of patients with respect to bronchial asthma, allergy, aspirin 
triad, gastro-esophageal reflux disease and nasal septal devia-
tion. Numbers of patients and the percentages are summarized 
in Table 1. Sixty percent of the patients had been scheduled 
for the surgery more than 5 years after they developed the 
first CRS symptoms and only 5% of the patients has been  
operated within a year from the onset of CRS. Full data on 
the time between onset of symptoms and the ESS is summa-
rized in Table 4. Table 5 demonstrates patients’ characteristics 
with regard to the preoperative symptoms of significant sever-
ity. Six symptoms have received the highest severity scores, 
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with the first three being the nasal blockage, the loss of smell 
and the postnasal drip. Table 3 presents the ESS results in 
regard to the selective symptoms (as presented by the EPOS 
2007), improvement immediately after the procedure, and in 
the 2 and 9 years follow-up evaluation. The pronounced CT 
changes (III and IV grade in the Kennedy’s Scale) were most 
characteristic for the patients with accompanying aspirin triad 
(95%), bronchial asthma (68%) and perennial allergy (60%) 
- Table 6. The cohort was separated into the smokers and 
non-smokers groups (61 versus 213 - Figure 1). The preopera-
tive sinonasal symptoms and quality of life questions analysis 
demonstrated no significant difference between the smokers 
and non-smokers (p = 0.58). On the preparative Kennedy 
Scale, 24% of smokers and 20% of non-smokers scored 
III or IV, which is not a statistically significant difference  
(p = 0.7) (Figure 2). Evaluating the relative risk of the ESS fail-
ure, allergy (both perennial and seasonal) is not a revision ESS 
risk factor, while the smoking is (Table 7).

All patients who were active smokers at the time of the ESS 
continued smoking postoperatively. The revision ESS was car-
ried out in 12 of the 61 smokers (20%) and 15 of the 213 non-
smokers (7%). We achieved a statistically significant difference 
(p = 0.04) (Figure 3). There was no significant difference 
between the smokers and non-smokers in the postoperative 
quality of life scale scores (p = 0.17), though the two symptoms 
with the most significant postoperative improvement in both 
groups were facial pain and concentration disturbances.

DISCUSSION
While the negative influence of tobacco smoking have been 
documented in different general and orthopaedic surgery 
interventions in adults (2,21) and in the operated secretory otitis 
media children, whose parents were smokers (22), the process 
itself is poorly understood in the upper aerodigestive tract. 
CRS is a multifactorial disease process, which makes it difficult 
to evaluate the influence of a single factor. Currently, smoking 
is one of the most emerging predictors of the CRS surgical out-
come. The process has been investigated by a few, small studies 
so far (4-7,9,28,36). Most of these studies were composed predomi-
nantly of retrospective reports with a low number of patients 
and a short follow-up. Our study is larger than all previous 
English-language papers published about correlation between 
the smoking behaviours and the life quality scores combined 
with the CT imaging scores. However, there are several limita-
tions of our study, which has not been resolved yet.

We had only used a limited and not validated set of questions 
for the symptoms and the quality of life evaluation. When the 
study was initiated, there was no recommended scale available. 
To compare the treatment results, we decided to use the same 
scale across all years of the study. Over the last 10 years, subjec-
tive instruments have been progressively developed and nearly 
every published study has used different symptoms scales. The 
latest review of the patient reported outcome measures in rhi-
nology was presented by Hopkins (19). Our symptoms instrument 
included all potentially important major sinonasal complaints.

Table 1. Patients’ characteristics in respect to the accompany-
ing medical conditions (n = 274).

Accompanying condition Number of patients 
(percentage)

Septal deviation 136 (50%)
Perennial Allergy 88 (32%)
GERD 82 (30%)
Bronchial asthma 79 (29%)
Nasal polyposis 
(grade IV in Kennedy’s Scale) 76 (28%)

Seasonal Allergy 41 (15%)
Aspirin triad 19 (7%)

Table 3. Selective symptoms severity before the ESS and improvement after the ESS (immediately, after 2 and 9 years).

Symptom Mean symptom severity 
before the ESS

Mean symptom improvement

immediately after the ESS 2 years after the ESS 9 years after the 
ESS

Nasal blockage 2.6 2.03 1.89 1.4
Loss of smell 2.33 1.06 1.05 1.02
Frontal headache 2.27 1.24 1.31 1.59
Postnasal drip 2.21 1.13 1.08 0.9
Muco-purulent rhinorrhea 2.19 1.29 1.26 1.15
Watery rhinorrhea 2.03 0.92 0.97 1.17

Table 2. Symptoms criteria used in the study.
Nasal Blockage/ Congestion
Thick Nasal Discharge 
Nasal Purulent/ Muco-Purulent Discharge 
Post-Nasal Drip
Pain/ Pressure In Eye Corner
Facial Pain/ Pressure
Headache
Pain of Temporal Region
Hypoosmia/ Asomia
Wake up Tired
Irritable/ Frustrated
Reduced Concentration 
Ear Fullness/ Blockage
Others (Sad, Reduced Productivity)
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We demonstrated no differences in symptom improvement 
between smokers and non-smokers. We did not correlate the 
outcomes with the demographic characteristics of our popula-
tion including gender, age and general health status, but we 
do believe that patients with higher educational level and 
easier access to medical care may have a lower tolerance for 
symptoms. Similar observations have been demonstrated and 
proved also in other human disorders (24). 

Even less is known about the influence of passive smoking 
on ESS outcomes in children with CRS. ESS in the pediatric 
population has been demonstrated to be safe and effective 
(25,26). A recent study by Bernatowska et al. showed that the 
CRS pediatric patients had worse quality of life scores in com-
parison to the asthma patients (27). Ramadan et al., reported a 
significantly lower treatment success rate in children who came 
from a smoking environment compared to those without the 
tobacco smoke exposure (70% versus 90%) (28). Another study 
on children with immature immune systems demonstrated that 
common factors may cause severe mucosal damage (29).

In our study, we did not analyze the impact of smoking on 
specific symptoms, nor which symptoms tended to relapse 
after the initial treatment. Jorissen and Bachert presented the 
effects of topically administered corticosteroids on wound 
healing after the ESS (45). They report 20% of patients experi-
encing an impaired wound healing following ESS. In most of 
those conditions, the use of modern topical corticosteroids is 
effective not only in reducing nasal symptoms but also having 
a histologically confirmed effect, with a tendency to reduce the 
thickness of the mucous membrane stroma, without impeding 
the epithelial differentiation. In our material as presented in 
Table 1, the percentage of ‘complicated’ patients may be as 
high as 30-50 % of the population operated on if we consider 

factors such as accompanying bronchial asthma, GERD, per-
ennial allergy or nasal septal deviation. A recent meta-analysis 
demonstrated that nasal obstruction was the symptom that 
improved the most, with facial pain having only a moderate 
change in severity (30).

Additionally, the preoperative CT scans were evaluated using 
the Kennedy Scale, which was considered to be the most suit-
able as it was easy to apply and reproduce. The severity of 
symptoms correlates poorly with the abnormalities on the CT 
scan (31-34). The predictive value of the CT score as it relates to 
the symptoms is not yet determined. It is used mostly as an 
additional factor in the decision-making process. 

Senior et al., reported that smoking at the time of the ESS 
worsened outcomes. There were 27% of smokers in the revi-
sion surgery group in comparison to 10% of smokers in the 
group operated once (p = 0.19). Moreover, all smokers with 
the preoperative severe CT scan score had a revision surgery 
and worse results in the Sinus Nasal Outcome Test (SNOT-
16). Expecting worse postoperative outcomes, the authors 
suggested the exclusion of active smokers from the ESS (34). 
Smith et al., demonstrated no significant relationship between 
smokers (n = 11) and non-smokers (n = 108) in preoperative 
CT scans (p = 0.99), endoscopy (p = 0.34) and preoperative 
and postoperative Chronic Sinusitis Survey Scores (CSSS) (p = 
0.95). Those outcomes may have resulted from a relatively small 
group of smoking patients and a short follow-up (6 months) (15). 
Briggs et al., reported that smoking caused poorer recovery in 
patients undergoing ESS (35). In the material analysed by Das et 
al., there was no significant influence of preoperative smoking 
on the long-term postoperative outcomes. Smokers, however, 
had better postoperative quality of life score (SNOT-20) (mean 
22.1 to 16.1) at short-term follow-up. The authors also noticed 

Table 4. Time from the onset of symptoms to the ESS  
(N = 274).

  Years from the onset (% of patients)

< 1 5
1 < 2 8
2 < 3 10
3 < 5 17
> 5 60

Table 5. Preoperative symptoms of significant severity (grade 3 in 
the scale – 0 – no symptom, 1 – mean, 2 – moderate, 3 – severe).

Symptom (% of patients)
Nasal blockage 60
Loss of smell 39
Postnasal drip 38
Frontal headache 35
Watery rhinorrhea 28
Mucopurulent rhinorrhea 28

Table 6. Grade of the CT changes (Kennedy’s Scale scores) in 
respect to the accompanying medical conditions (% of patients).

Accompanying condition I and II (%) III and IV (%)
Bronchial asthma 32 68
Perennial Allergy 40 60
Seasonal Allergy 63 37
Aspirin triad 5 95
GERD 60 40
Cigarette smoking 76 24

Table 7. The relative risk of ESS failure of the smokers and 
allergic patients (% of patients).

Condition No revision Revision ESS
Perennial allergy 32 33
Seasonal allergy 15 15
Cigarette Smoking 22 44
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that postoperative smoking is a risk factor for worse postopera-
tive outcomes (36). As nasal polyposis raises the CT scale score, in 
our material, we have noticed higher rates of postoperative com-
plications and higher rates of the revision surgeries. The group 
of patients with higher preoperative CT scale scores benefitted 
most from the surgery (23). The extent of the surgery was usually 
correlated with higher CT scores (37). Russell et al., demonstrated 
higher postoperative quality of life score in the smokers group 
with no differences between smokers and non-smokers groups 
preoperatively (35). We did not compare the postoperative CT 
scan scores because these were not routinely performed.

In our study, we did not include the passive smokers in the 
smokers group. Bascom (38,39) and Lieu et al., (40) analyzed self-
reported sinusitis in a large population and did not show a 
higher prevalence of illness in passive smokers, while this cor-
relation was found in the smokers.

Several authors stated that the risk of complication is higher 
in the revision ESS (41,42). Others reported no differences in the 
incidence of side effects between the primary ESS and the revi-
sion ESS (43,44).

We showed that smoking habits did not influence the preop-
erative CT scan scores (p = 0.7), nor the pre/postoperative 
symptom scale scores (p = 0.57/ p = 0.17). Nevertheless, there 

were twice more smokers in the revision surgery group than 
in the operated once group, which was significant (p = 0.04). 
We believe that the results of our study together with already 
published data support the recommendation of smoking cessa-
tion when CRS is diagnosed. Cooperation between the otorhi-
nolaryngologists, general practitioners and the patient, together 
with education might markedly improve the treatment results. 
On the other hand, we do need more precise data from ran-
domised prospective case-control studies to clarify the influence 
of tobacco smoking in the natural history of the CRS.

CONCLUSIONS
The study shows that while smoking did not influence preop-
erative symptoms, smokers had worse long-term postoperative 
outcomes.
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