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Abstract
Background—The effect of tobacco smoking on chronic rhinosinusitis (CRS) is not yet well
delineated. The purpose of this investigation was to evaluate the overall effect of smoking on post-
operative outcomes (endoscopic score and quality-of-life) after endoscopic sinus surgery (ESS) for
CRS and determine if volume of daily smoking impacts outcomes.

Methods—A total of 784 patients with CRS were prospectively enrolled between January, 2001
and April, 2009 after electing ESS from one of three academic tertiary care centers. Follow-up
longer than 6 months was available on 39 smoking patients. Smoking volume (cigarettes/day)
analysis was performed by dichotomizing patients into either light (< 20 cigarettes per day) or
heavy (≥ 20 cigarettes per day) daily smoking sub-groups. Primary outcomes were Lund-Kennedy
endoscopy scores and two disease-specific health-related QoL (HRQoL) instruments: the
Rhinosinusitis Disability Index (RSDI) and Chronic Sinusitis Survey (CSS).

Results—Smokers and non-smokers experienced similar improvement in HRQoL following
surgery (RSDI p=0.792 and CSS p=0.117). No difference in HRQoL improvements between light
and heavy smokers was identified. While overall changes in endoscopy scores did not differ
between smokers and non-smokers, there was a significant difference in the prevalence of
worsening post-operative endoscopy scores between heavy, light, and non-smokers (100%, 33%,
and 20%, respectively; p=0.002).

Conclusion—Active smoking status does not alter post-operative improvement in HRQoL after
ESS. Although limited by a small sample size, increasing smoking volume may contribute to
worse post-operative endoscopy scores.
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Introduction
Tobacco smoke has long been known as an etiology of lower airway disease, with several
deleterious effects, such as ciliary dysfunction,1 carcinogenesis,2,3 and immunosuppression.
4,5 Despite knowledge that the upper airway is affected in a similar manner as the lower
airway,6 the debate over smoking’s effect on chronic rhinosinusitis (CRS) continues.

Smoking, as a predisposing factor, has been linked to CRS7, nasal polyposis,8 and olfactory
dysfunction.9,10 Although the negative effects of smoking on sinonasal mucosa are
generally accepted, the literature regarding endoscopic sinus surgery (ESS) outcomes in
smokers is conflicting. Historically, active smoking status has been considered a contra-
indication to ESS by some because of a concern for or perception of poor surgical outcomes.
A long-term follow-up study on ESS clinical outcomes by Senior et al. demonstrated a
higher rate of revision sinus surgery in smoking patients with CRS.11 In 2004, Briggs et al.
demonstrated that smokers have less overall health-related quality-of-life (HRQoL)
improvement after ESS.12 As a result, there has been general reluctance to perform ESS on
smoking patients with medically recalcitrant CRS.

The paradigm of avoiding ESS in smoking patients has been challenged by several recent
prospective studies. Although the prevalence of smokers was low in a 2005 study by Smith
et al., they demonstrated that smokers had similar endoscopy scores and experienced similar
HRQoL improvement after ESS compared to non-smokers with CRS.13 A recent long-term
follow-up study by Das et al. demonstrated that the short-term improvements in HRQoL in
smokers after ESS were stable after four years.14 These studies suggest that smoking status
should not be considered a contra-indication to ESS, however there remains a debate based
on the conflicting literature. An important question is whether or not volume of smoked
cigarettes has an impact on outcomes. Intuitively, the higher volume of smoking would
create a larger degree of deleterious effects such as ciliary dysfunction and
immunosuppression. A study by Houser et al.8 demonstrated that the volume of smoking
affected the rate of nasal polyposis in patients with CRS. The correlation between volume of
smoking and ESS outcomes has not been evaluated.

The purpose of this study was to evaluate endoscopy and HRQoL outcomes after ESS in
smokers and non-smokers with CRS. Additionally, we evaluated if the volume of daily
smoking influenced outcomes. Our hypothesis was that smokers would experience similar
endoscopic score and HRQoL improvement after ESS compared to non-smokers.
Additionally, we hypothesized that higher volume of daily smoking would decrease both
endoscopic and HRQoL improvements after ESS.

Materials and Methods
Study Population and Data Collection

Adult study subjects were recruited from three tertiary rhinology clinics for a prospective,
multi-institutional cohort study between January, 2001 and April, 2009. Comprehensive
findings from this cohort have been previously reported elsewhere.13,15 Inclusion criteria
consisted of: 1) age > 18 years, 2) CRS defined by the Task Force Criteria,16 and 3)
sinonasal symptoms failed to resolve after medical therapy including, but not limited to,
three or more weeks of culture-directed or broad-spectrum antibiotics and at least one trial
of systemic corticosteroid therapy. Exclusion criteria included: 1) Follow-up < 6 months.
We have found that improvements in postoperative QoL scores are stable between 6 and 20
months, therefore a minimum 6-month follow-up was necessary for inclusion.17 Patients
were dichotomized into a smoking subgroup if they reported active use of tobacco cigarettes
at the time of enrollment and day of ESS. During the subgroup analysis for daily smoking
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volume, patients were categorized into 2 groups based on volume of daily smoking: light
smoking volume (< 20 cigarettes per day) and heavy smoking volume (≥20 cigarettes per
day), whereby 20 cigarettes constitute a single pack. Institutional Review Boards at each
enrollment site approved all study documents and the informed consent process.

The enrolling physician at each enrollment site performed all pre- and post-operative patient
assessments. Computed tomography and endoscopy were scored using the Lund-Mackay
and Lund-Kennedy scoring methods, respectively.18,19 The Lund-Mackay scoring method
measures the severity of opacification evident in the maxillary, ethmoidal, sphenoidal,
frontal, and ostiomeatal complex regions (score range: 0-24). The Lund-Kennedy scoring
method quantifies pathologic states within the ethmoid and middle meatus sinus regions
including nasal polyposis, mucosal discharge, edema, crusting, and scarring (score range:
0-20).

Quality of Life Evaluation
All study patients were asked to complete two disease-specific QoL surveys pre-operatively
and at each post-operative visit for the duration of the study. The Rhinosinusitis Disability
Index (RSDI) is a 30-question survey comprised of three individual subscales to measure the
impact of sinus disease on the physical, functional, and emotional domains on a continuum
(score range: 0-120).20 Higher RSDI total and subscale scores represent a higher impact of
disease. The Chronic Sinusitis Survey (CSS) is a 6-question survey designed to measure
sinusitis-specific symptoms and medication use within the preceding 8-week period (score
range: 0-100).21 Lower total and subscale scores indicate a greater impact of CRS. A
Research Coordinator assisted each patient in the completion of both QoL surveys and the
enrolling physician was blinded to QoL responses for the study entirety. The two main
HRQoL outcomes of interest were: 1) Overall pre- and post-operative total and subscale
score comparisons between groups, and 2) Change in HRQoL scores (last post-operative
score minus pre-operative score).

Statistical Analysis
Data were collected, transcribed, and manually scored after each clinic visit by a central
Research Coordinator on clinical research forms. All data was deidentified and securely
stored in a relational database during the collection period (Microsoft FoxPro; Microsoft
Corp., Redmond, WA.). Statistical analysis was accomplished using SPSS statistical
software (version 17.0; SPSS Inc., Chicago, IL.). Descriptive statistics (means, standard
deviations, ranges, and frequencies) and distributions were assessed for all patient cofactors,
surgical procedures, and QoL outcome variables. Paired t-tests were used to test for
significant improvement in mean endoscopy score and QoL measures between preoperative
scores and follow-up responses over time. Two-tailed independent sample t-tests and Mann-
Whitney U tests were used to assess differences in mean endoscopy score and QoL
improvement between smoking and non-smoking patients, as well as light and heavy
smoking volume patients. The proportion of subjects that experienced worsening of post-
operative endoscopy scores (≥1 unit) were examined using a 2×3 contingency table and Chi-
square testing and a continuity correction for zero cells. Without adjustment for multiple
comparisons, a p-value <0.05 was considered statistically significant.

Results
A total of 784 patients fulfilled eligibility requirements for study enrollment. Mean post-
operative follow-up was 16.8 months and other baseline characteristics of 72 smoking and
712 non-smoking patients are outlined in Table 1. Long-term HRQoL information was
available on 39 smoking and 515 non-smoking patients, while long-term endoscopy score
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data was available on 33 smoking and 500 non-smoking patients (Figure 1). During the
smoking volume sub-group analysis, long-term HRQoL information in patients with detailed
smoking information was available on 13 light and 5 heavy smoking patients, while long-
term endoscopy score data was available in 12 light and 3 heavy smokers, who underwent
ESS for recalcitrant CRS.

Mean pre-operative Lund-Kennedy endoscopy scores were similar between smoking and
non-smoking patients (6.9 and 7.2, respectively; p=0.533). Long-term endoscopy score
follow-up was available on 33 smoking and 500 non-smoking patients. There was no
difference in mean post-operative endoscopy score or change over time between smoking
and non-smoking patients (p=0.230 and p=0.222, respectively; Table 2).

Both patient groups significantly improved in HRQoL scores over time (all p<0.001). Mean
pre-operative HRQoL scores for the RSDI and CSS were similar between smoking and non-
smoking patients, except for the RSDI physical and CSS symptom domains, where smokers
appeared to have greater impact of disease (p=0.010 and p=0.035, respectively; Table 3).
Following ESS, the mean post-operative scores for all HRQoL domains were similar
between smokers and non-smokers, except for the CSS medication domain where smokers
had a lower rate of post-operative medication usage (p=0.019; Table 3).

When evaluating the improvement in HRQoL scores, both smoking and non-smoking
patients had similar long-term improvements, except for the CSS medication domain where
smoking patients demonstrated a larger improvement equating to lower medication usage
(p=0.029; Table 4).

When evaluating whether volume of daily smoking effects HRQoL and endoscopy score
outcomes, there was no difference in HRQoL improvement between light and heavy
smokers (Table 5). There was a statistically significant difference in the proportion of
endoscopy scores that worsened after ESS between heavy, light, and non-smokers, 100%,
33%, and 20%, respectively (p=0.002; Table 6). In essence, all heavy smokers experienced a
worsening of their endoscopy scores post-operatively.

Discussion
In this prospective study we demonstrated that, in general, smokers who underwent ESS for
recalcitrant CRS experienced similar improvement in endoscopic scores and HRQoL
compared to their non-smoking counterparts. To investigate the correlation between volume
of daily smoking and ESS outcomes, we evaluated heavy and light smoking patient cohorts.
Our results suggest that the volume of daily smoking does not affect HRQoL outcomes after
ESS. However, there appears to be a correlation between smoking volume and post-
operative endoscopic appearance, as higher smoking volume was more likely to result in
worsening post-operative endoscopic scores. In fact, 100% of the heavy smoking volume
cohort demonstrated worsening of endoscopy scores following ESS. These conflicting
outcomes (improving HRQoL vs worsening endoscopy scores) may help explain the
conflicting literature and expert opinions regarding the sensibility of offering surgery to
smokers with CRS. Furthermore, we propose that smoking volume heterogeneity between
previous study cohorts may explain the variation seen in study results and conclusions in
prior studies.

Tobacco use continues to plague our society with preventable morbidity and mortality.
Center for Disease Control (CDC) data confirms that the prevalence of cigarette smoking
has declined 3.5% from 1998 (24.1%) to 2008 (20.6%), however, the decline is slowing with
rates stabilizing around 20%.22 With attempts to drastically reduce tobacco-related
morbidity, several smoking cessation initiatives have been developed, including the Healthy
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People 2010 Objective. Cessation strategies include public education, addiction counseling,
and medical therapy support. A recent Cochrane review concluded that smoking cessation
intervention can reduce post-operative morbidity,23 however, the ideal intervention is
unknown.

It is generally accepted that smoking impairs ciliary function24 and contributes to the
pathogenesis of CRS.7 However, the literature is conflicting with regards to the effect
smoking has on clinical outcomes following ESS for medically recalcitrant CRS. An overall
evaluation of tobacco use on clinical outcomes of ESS reveals a breadth of clinical outcome
measures and relatively small cohort studies (Table 7). Additionally, only 2 studies reported
the volume of daily smoking in their smoking cohort. This makes definitive conclusions,
based on the literature, challenging and has led to significant debate regarding the sensibility
of offering ESS to smokers. However, five recent prospective studies all suggest that
smoking does not adversely impact clinical outcomes after ESS. While the volume of
smoking appears to contribute to the pathophysiology of CRS and nasal polyposis,8 we were
not able to identify a study that evaluated the impact of daily smoking volume on ESS
outcomes.

In 2004, a retrospective study by Briggs et al. demonstrated that patients who reported
smoking at the time of their ESS experienced less improvement in HRQoL compared to
non-smokers.12 These findings conflict with those of the recent prospective study by Das et
al. which demonstrated that patients who smoked at the time of ESS experienced greater
HRQoL improvements after ESS and this effect was stable after four years.14 One unique
difference in the study by Briggs et al. was that they quantified the volume of smoking by
sending out a smoking questionnaire, which demonstrated a high patient average of 23
cigarettes per day for 26 years. The study by Das et al. did not report the volume of smoking
in their smoking patient cohort. According to the high daily smoking volume seen in the
Briggs et al. study, there may have been a smoking recall bias, as periodic or light smokers
might not report smoking on the questionnaire, thus their smoking cohort might have only
consisted of heavy smokers. In contrast, a prospective study may more accurately identify
the light smokers and include them into the smoking cohort, which would dilute the
potentially negative effects seen in heavy smokers. Based on this postulation, we
hypothesized that the difference in HRQoL outcomes between the two studies may in part
be due to a difference in volume of daily tobacco use in the two smoking cohorts.

Our prospective study was composed of primarily low volume smokers, with an average of
13 cigarettes per day. This supports our suggestion that prospective studies may more
accurately identify lower smoking volume patients. The results from this study confirm the
findings of Das et al. whereby patients who smoke receive a similar endoscopic and HRQoL
improvement after ESS.14,25 Although the sample size is small, when we stratified the
smoking patients based on volume of daily smoking, those who used more than 20 cigarettes
per day (1 pack) received similar HRQoL improvement after ESS. However, smoking
volume did appear to adversely impact the post-operative endoscopic appearance. There was
a statistically significant difference in the proportion of post-operative endoscopy scores that
worsened after ESS between heavy, light, and non-smokers (100%, 33%, and 20%,
respectively; p=0.002). These results suggest that despite symptom improvement,
otolaryngologists will more commonly encounter endoscopic exams that appear worse after
ESS in patients who smoke higher volumes. The discrepancy between HRQoL outcomes
and endoscopic scores, identified in this study, is consistent with other studies demonstrating
a poor correlation between symptom scores and objective testing of CRS.26,27 Though we
cannot make definitive conclusions on the volume of daily smoking data due to this low
sample size, it introduces one plausible reason why there exists a paradox in the literature
regarding ESS outcomes in patients who smoke. Larger studies that stratify patients based
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on volume of daily smoking will be required to confirm these findings. This will likely
prove quite challenging given that the current study enrolled more than seven hundred
patients and still achieved a relatively small sample of heavy smoking patients.

There are limitations of this study to consider when evaluating these findings: First, there
was a moderate loss of long-term follow-up for the HRQoL and endoscopy score data (45%
and 54%, respectively). However, this degree of drop-out from a prospective clinical
outcome study is common in the tertiary care setting due to geographic, insurance, and other
considerations. Furthermore, this loss to follow-up is comparable to the other reported
prospective study.14 Secondly, the dichotomization of light smoking (<20 cigarettes per day)
and heavy smoking (>20 cigarettes per day) is somewhat arbitrary but based upon the study
by Briggs et al.12 Future studies incorporating larger sample sizes may want to evaluate
several different smoking volume cut-points and integrate evaluations of smoking duration.
Lastly, the sample size of smokers, even in a large multi-institutional study, is relatively
small and not easily amenable to further subgroup analysis (e.g., light vs. heavy smoking).
As a result of our findings, we have started to collect detailed smoking histories on all
patients enrolled into prospective ESS clinical studies, with the attempt to improve sample
sizes in future studies. Despite these possible limitations, we feel this study is strengthened
through the use of stringent enrollment criteria, a prospective, multi-institutional design, and
use of validated survey instruments.

Conclusion
In this prospective study we demonstrated that smokers who underwent ESS for medically
recalcitrant CRS experience similar HRQoL improvements compared to their non-smoking
counterparts. Although the sample size was limited, our results suggest that the volume of
daily smoking does not impact HRQoL outcomes but may function to worsen post-operative
endoscopic appearance. Smoking volume heterogeneity between retrospective and
prospective trials may explain the paradox in the literature regarding ESS outcomes in
smoking patients with CRS. The results confirm the conclusions from other recent
prospective studies and suggest that active smoking status should not necessarily be
considered a contra-indication for ESS in patients with recalcitrant CRS.
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Figure 1.
Study patient inclusion flow chart
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Table 6

Proportion of worse post-operative endoscopy scores by smoking volume

Heavy smokers
(≥ 1.0 ppd)

Lighter smokers
(0.1 - 0.9 ppd) Non-smokers p-value

Improved / No score change 0.00% 66.70% 79.80%

Worse (≥1 unit) score 100.00% 33.30% 20.20% 0.002

ppd = cigarette packs/day
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