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Smoking in Chronic Rhinosinusitis: A
Predictor of Poor Long-Term Outcome After
Endoscopic Sinus Surgery

Russell D. Briggs, MD; Steven T. Wright, MD; Stephanie Cordes, MD; Karen H. Calhoun, MD

Objective: This study was designed to determine
whether smoking patients have poorer outcomes after
endoscopic sinus surgery (ESS) based on a reliable val-
idated rhinosinusitis-specific quality-of-life outcomes
test. Study Design: Retrospective chart and computed
tomography (CT) review with telephone and letter
questionnaire. Methods: Charts of 230 adult patients un-
dergoing ESS for chronic rhinosinusitis between Janu-
ary 1995 and December 1998 were reviewed. Each par-
ticipating patient completed a detailed questionnaire,
including the Sino-Nasal Outcome Test-16 (SNOT-16), at
an average of 52 months after surgery. Preoperative CT
scans were reviewed and the findings used to stage the
patients’ conditions. Multivariate analysis was used to
assess these data. Results: Eighty-two patients com-
pleted the questionnaire, with 26 who smoked at the
time of surgery and continued to smoke at the time of
answering the questionnaire (Smokers). Average
SNOT-16 score in Smokers was 27.5, versus 18.2 in those
who did not smoke at the time of surgery (Non-
Smokers). There was a statistically significant correla-
tion between elevated SNOT-16 scores and smoking (P
< .001) and antibiotic use within the past year (P < .001).
There was an association between high SNOT-16 scores
and both prior smoking and passive smoke exposure
that did not reach statistical significance (P ! .055 and P
! .267, respectively). CT staging scores and prior ESS
were not statistically correlated with SNOT-16 scores.
Conclusions: Smoking is associated with statistically
worse outcomes after ESS based on average SNOT-16
scores. Although no investigator has proved that the
effects of smoking on sinonasal health are reversible,
we counsel smoking patients considering ESS about
the desirability of smoking cessation (for this and
many health reasons), and the possibility of a poorer
postsurgery outcome should they continue smoking.
Keywords: Chronic rhinosinusitis, Sino-Nasal Out-
come Test, SNOT-16, endoscopic sinus surgery.
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INTRODUCTION
Chronic rhinosinusitis is a prevalent chronic disorder

accounting for numerous patient visits to physicians. More
than 30 million people are afflicted with this disease and
spend millions of dollars on treatment each year.1 Missed
work and loss of productivity push the costs associated with
rhinosinusitis even higher, and this is likely to worsen as the
prevalence and incidence of rhinosinusitis is increasing.2

Endoscopic sinus surgery (ESS) has been advocated
for those patients whose symptoms related to chronic si-
nus disease do not respond to medical management. Over-
all success rates with ESS have been very good. Senior et
al.3 reported long-term follow-up of 72 patients with
chronic rhinosinusitis treated with ESS, with 98.4% of
patients reporting symptom improvement after surgery.

This study also revealed, however, that smoking at
the time of ESS worsened long-term outcome. There was a
trend toward having more smokers in the revision surgery
group (27%) than in the non-revision surgery group
(10%).3 Even more remarkable is that 100% of smoking
patients with “severe” disease (stages 3 or 4 using
Kennedy’s computed tomography [CT] staging system) re-
quired a revision operation for persistent symptoms.3

Although it is known that chronic rhinosinusitis is a
multifactorial disease process, anecdotal evidence from our
patient population also suggests that smoking patients have
higher rates of persistent rhinosinusitis-attributed symp-
toms after ESS. This study was undertaken to find out
whether patients who smoked at the time of ESS had worse
outcomes based on the Sino-Nasal Outcome Test-16 (SNOT-
16). This outcome test tool, developed by Piccirillo,4 is a
shortened version of the 31-item Rhinosinusitis Outcome
Measure and was chosen because it is a reliable, valid, and
responsive instrument for measuring rhinosinusitis-specific
health-related quality of life.5

METHODS AND MATERIALS
The charts of 230 adult patients who underwent ESS for

chronic rhinosinusitis between January 1995 and December 1998
were reviewed. Patients with allergic fungal sinusitis or sinona-
sal malignancies were excluded from the study. A comprehensive
telephone or letter questionnaire that included the SNOT-16 was
provided to each patient. Each patient had a chance to review the
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questionnaire before deciding whether to participate in the study.
Magnitude scores for the SNOT-16 are based on a scale of 0 to 3,
with worse symptoms corresponding to higher scores. Absolute
scores are calculated by adding the total score for each of the 16
questions. Thus, the lowest score would be 0 and the highest 48.6

A normal mean value based on control subjects is 10.50.5 Given
the retrospective nature of this study, preoperative SNOT-16
scores were not obtained.

A detailed smoking history was obtained from hospital
records and patient recall that included quantification of prior,
passive, and direct smoke exposure. Prior smoking was defined as
having smoked at least 100 cigarettes in the past but not smoking
at the time of the ESS. We recorded the number of years smoked
and average number of cigarettes smoked per day. Passive smoke
exposure was defined as any exposure to cigarette smoke directly
within the household. This was quantified by summing the num-
ber of persons who smoked in the home and the number of
cigarettes those people smoked per day. Smoking was defined as
any smoking at the time of ESS. This was quantified as the
number of cigarettes smoked at the time of ESS and the number
of years of smoking. A detailed description of current smoking
habits among these patients was also obtained.

We recorded postoperative sinusitis symptoms and treat-
ment modalities, including antibiotic use, antihistamine use, na-
sal steroid use, and over-the-counter medication information. A
detailed allergy history was obtained and information regarding
asthma, inhaler usage, and steroid usage was collected. Prior
endonasal surgery was documented and other social history, in-
cluding educational level, was also determined.

The preoperative CT scan from each patient was reviewed and
staged according to both the Lund-Mackay Radiological Staging
System and the Harvard Computed Tomography Staging System.7,8

Statistical analysis was performed with SPSS version 9.0
statistical software (SPSS, Chicago, IL). The outcome variable
was the absolute SNOT-16 score. Multivariate regression analy-
sis was used to identify which variables correlated with elevated
SNOT-16 scores. Associated variables were analyzed using the
Spearman correlation coefficient for continuous variables and the
Mann-Whitney U test for dichotomous variables. The level of
significance for the analysis was set at P ! .05.

RESULTS
Of the 230 patients identified who met inclusion cri-

teria, 82 (36%) completed the telephone or letter question-
naire. Although not every respondent answered every
question on the questionnaire, all completed the SNOT-
16. There were 26 male respondents (32%) and 56 female
(68%). The ages ranged from 18 to 77 years, with an
average age of 47 years. The average time of follow-up
from the most recent ESS was 52 months (range, 38–96
mo). A single endoscopic sinus surgery was the initial and
only surgery required in 61 patients (74%), whereas 21
patients (26%) had prior endonasal surgery.

Of the 82 respondents, 26 (32%) reported that they
smoked at the time of ESS (Smokers). Smokers averaged
20 cigarettes per day for 26 years, with a range of 10 to 40
cigarettes per day for 5 to 53 years. All patients smoking
at the time of surgery continued to smoke at the time of
the questionnaire. Sixteen Smokers also reported passive
smoke exposure, with an average of 23 cigarettes for 27
years (range, 20–40 cigarettes for 10–40 yr).

Of the 56 patients (68%) who did not smoke at the time
of surgery (Non-Smokers), 20 reported a prior smoking his-
tory (Ex-smoking Non-Smoker) averaging 26 cigarettes per

day for 14 years (range, 10–56 cigarettes per day for 5–36
yr). None resumed smoking after ESS. Among the Ex-
smoking Non-Smokers, 7 also had passive smoke exposure
averaging 30 cigarettes per day for 17 years.

The Smokers’ SNOT-16 score averaged 27.5, versus
18.2 for the Non-Smokers. Passive smoke exposure in
Smokers increased the average SNOT-16 score to 30.6.
The average SNOT-16 score in the Ex-smoking Non-
Smokers was 22.1, and passive exposure in this group
increased the average SNOT-16 score to 25.5.

Average preoperative CT scan scores in Smokers
were 8.6 and 2.7 for the Lund-Mackay and Harvard sys-
tems, respectively. For Non-Smokers, the average scores
were 9.4 and 2.3, respectively. This was not a statistically
significant difference.

Multivariable stepwise regression analysis between
SNOT-16 scores and each collected data field revealed cor-
relations with only four variables: smoking, prior smoking,
passive smoke exposure, and antibiotic usage within the
previous 1 year. Further analysis utilizing the Mann-
Whitney U test revealed a statistically significant correla-
tion between high SNOT-16 scores and smoking (P ! .001).
Using Spearman’s correlation coefficient, high SNOT-16
scores and antibiotic use in the previous year were also
statistically associated (P ! .001). Prior smoking and passive
smoke exposure did not reach statistical significance on the
Mann-Whitney U test (P " .055 and P " .267). Preoperative
CT staging scores and prior endonasal surgery did not sta-
tistically correlate with SNOT-16 scores.

DISCUSSION
Chronic rhinosinusitis is a multifactorial disease. De-

termining the impact of individual etiologic factors on
chronic rhinosinusitis has been difficult. Tobacco smoke
exposure, however, is one factor that has convincingly
been associated with the development of rhinosinusitis.9

The mechanism by which smoking predisposes to
development of rhinosinusitis is not fully understood. As
early as 1964, a report to the Surgeon General indicated
that cigarette smoke may inhibit the transport time in
ciliated cells of the upper aerodigestive tract.10 Subse-
quently, numerous studies have documented increased
mucociliary transport times in the nasal mucosa among
smoking individuals.11–13 Increased mucociliary transport
times may lead to mucostasis with resultant inflammation
of the sinuses leading to chronic rhinosinusitis. It is also
possible that upregulation and production of proinflam-
matory cytokines such as interleukin-5, interleukin-8, and
granulocyte-macrophage colony-stimulating factor from
the tobacco smoke itself may be other factors responsible
for inflammation of the sinuses in this setting.14

We undertook our study after noticing in our patient
population that smoking patients seemed more likely to
experience continued symptoms of chronic rhinosinusitis
after ESS than did non-smoking patients. Senior et al.3

also noted a surprisingly high number of revision endona-
sal operations in smoking patients because of persistent
rhinosinusitis symptoms. We hypothesized that these
post-ESS Smokers would have worse outcomes docu-
mented by higher SNOT-16 scores than Non-Smokers.
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Among our patients, Smokers experienced continued
post-ESS sinonasal symptoms even after an average of 52
months’ follow-up. SNOT-16 scores were statistically
higher in Smokers, even taking into account multiple
other potential sources of sinonasal disease, such as aller-
gic rhinitis, prior surgery, and Sampter’s triad. Even with
greater antibiotic usage within the previous year,
SNOT-16 scores remained statistically significantly
higher in Smokers. While antibiotic use within the previ-
ous year was strongly statistically correlated with higher
SNOT-16 scores, this finding is not surprising, because
patients with continuing rhinosinusitis-related symptoms
are more likely to seek medical care and be prescribed
antibiotics. The use of other medical therapies for rhino-
sinusitis (nasal steroids, decongestants) was not statisti-
cally correlated with higher SNOT-16 scores. It is not
known, based on this study, whether the use of these
medications improves outcomes and leads to potentially
lower SNOT-16 scores after surgery. Further research to
help answer this question is necessary.

There are several limitations to our study. We had no
preoperative SNOT-16 scores, so could not assess the im-
pact of surgery on nasal symptoms. Only 36% of poten-
tially eligible patients answered the questionnaires. It is
possible that patients with more severe symptoms may
have been more interested in reporting their symptoms,
which may have skewed our results. We asked patients to
describe their smoking behavior at the time of surgery.
While their recall of smoking versus not smoking was
likely very accurate (nearly every ex-smoker can tell you
the exact date they quit), their recall of number of ciga-
rettes per day and recalled quantification of passive
smoke exposure may not have been as accurate.

It is unknown whether tobacco smoke exposure and
its effects on long-term sinusitis-related health outcomes
is reversible. It has been shown that patients with prior
smoking histories have similar mucociliary clearance
times as non-smokers, a fact that may indicate reversibil-
ity to smoke-induced sinonasal mucosal alterations.15

However, there was an association between prior smoking
and higher SNOT-16 scores in this study. Although not
reaching statistical significance, this association may in-
dicate that it is possible that the underlying changes to
the sinonasal mucosa from smoke may be refractory to
both medical and surgical treatments. A prospective study
evaluating changes in SNOT-16 score after ESS would be
necessary to further evaluate this group of patients.

Although smoking was strongly correlated with higher
SNOT-16 scores after ESS in this study, passive smoke ex-
posure was not. A study by Dieterichs and Calhoun15 re-
vealed that heavy smoking (more than five packs per week)
as compared to light smoking showed a trend toward statis-
tically significant increases in mucociliary clearance times.
Thus, it is possible that the degree, quantity, and method of
tobacco smoke inhalation is important for alterations in the
sinonasal mucosa that may lead to chronic rhinosinusitis.

Comorbid conditions such as asthma also were not
associated with high SNOT-16 scores in this study. This is
in agreement with other studies that have found that
more than 90% of patients with asthma report improve-
ment in symptoms after ESS.3

More severe CT sinus staging scores in this study did
not correlate with higher SNOT-16 scores. This is in accor-
dance with previous studies that have shown that patients
with higher symptom severity based on CT scans have lower
absolute levels of symptom severity after ESS.16

CONCLUSION
Smoking is associated with statistically higher postop-

erative SNOT-16 scores following ESS. Although no investi-
gator has proved that the effects of smoking on sinonasal
health are reversible, we counsel smoking patients consid-
ering ESS about the desirability of smoking cessation (for
this and many health reasons), and the possibility of a poorer
postsurgery outcome should they continue smoking.

Acknowledgments
The authors thank Jay F. Piccirillo, MD, for allowing

the use of the SNOT-16 and Shawn D. Newlands, MD,
PhD, MBA, for his assistance with the statistical analysis.

BIBLIOGRAPHY
1. Benson V, Marano MA. Current estimates from the National

Health Interview Survey. Vital Health Stat 10 1998;199:90.
2. McCaig LF, Hughes JM. Trends in antimicrobial drug pre-

scribing among office-based physicians in the United
States. JAMA 1995;273:214–219.

3. Senior BA, Kennedy DW, Tanabodee J, et al. Long-term re-
sults of functional endoscopic sinus surgery. Laryngoscope
1998;108:151–157.

4. Piccirillo JF. Outcomes research and otolaryngology. Otolar-
yngol Head Neck Surg 1994;111:764–769.

5. Anderson ER, Murphy MP, Weymuller EA. Clinimetric eval-
uation of the sinonasal outcome test-16. Otolaryngol Head
Neck Surg 1999;121:702–707.

6. Leopold D, Fergusen BJ, Piccirillo JF. Outcomes assessment.
Otolaryngol Head Neck Surg 1997;117:S58–S68.

7. Lund VJ, McKay IS. Staging in rhinosinusitis. Rhinology
1993;31:183–184.

8. Gliklich RE, Metson R. A comparison of sinus computed to-
mography (CT) staging systems for outcomes research.
Am J Rhinol 1994:291–297.

9. Lieu JE, Feinstein AR. Confirmations and surprises in the
association of tobacco use with sinusitis. Arch Otolaryngol
Head Neck Surg 2000;126:940–946.

10. US Department of Health, Education, and Welfare, US Pub-
lic Health Service. Smoking and Health: Report of the
Advisory Committee to the Surgeon General of the Public
Health Service. Washington, DC: US Dept of Health, Edu-
cation and Welfare, US Public Health Service; 1964.

11. Alfaro Monge JM, Soda Merhy A. The comparative test of
nasal mucociliary function in healthy subjects, smokers
and nonsmokers. Acta Otorrinolaringol Esp 1995;46:
187–189.

12. Brondeel L. Value of the TC99 particle test and the saccharin
test in mucociliary examinations. Rhinology 1983;21:
135–42.

13. Waguespack R. Mucociliary clearance patterns following en-
doscopic sinus surgery. Laryngoscope 1995;105:1–40.

14. Wallwork B, Coman W, Feron F, et al. Clarithromycin and
prednisolone inhibit cytokine production in chronic rhino-
sinusitis. Laryngoscope 2002;112:1827–1830.

15. Dieterichs C, Calhoun KH. The effect of smoking on nasomu-
cociliary clearance. Presented at the Annual Meeting of the
Southern Medical Association, Dallas (TX), November,
1999:10–14.

16. Stewart MG, Donovan DT, Parke RB Jr, et al. Does the
severity of sinus computed tomography findings predict
outcome in chronic sinusitis? Otolaryngol Head Neck Surg
2000;123:81–84.

Laryngoscope 114: January 2004 Briggs et al.: Smoking in Chronic Rhinosinusitis

128


