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Abstract

Background: Chronic rhinosinusitis (CRS) is a frequent condition that is treated
by functional endoscopic sinus surgery (FESS) when medical treatment fails.
Endogenous as well as exogenous factors may be responsible for persisting symp-
toms after FESS. The role of occupational exposures on success of FESS has
never been investigated.

Methods: In this case—control study, we tested the hypothesis that the outcome of
FESS procedures is related to exposures at work. Questionnaires were sent to 890
patients who had undergone one or more FESS procedures and to 182 controls.
Three independent experts assessed blindly the reported work exposures to
inhaled agents. The relationship between exposure and the number of FESS
procedures was analyzed.

Results: Relevant occupational exposure was reported by 25% of all responding
patients undergoing FESS (n = 467) and 12% of controls (n = 69). The prevalence
of occupational exposures increased linearly with the number of FESS procedures
from 21% in those who had one FESS to 44% in those who had four or more FESS
(x*> = 12.74, P < 0.001). Logistic regression analysis with adjustments for potential
confounders, including smoking, atopy, and asthma, confirmed that the odds ratio
(OR) for reporting occupational exposures was significantly higher in those needing
more than one FESS (OR = 1.64) or more than two FESS (OR = 1.97). These
results were mainly driven by exposure to low molecular weight agents.

Conclusion: Exposure at work appears to be a risk factor for the occurrence of
CRS and for its recurrence or persistence, as evidenced by the need for revision
surgery.

Acute and chronic rhinosinusitis (ARS and CRS) are common
diseases, affecting up to 10% of the Western population (1).
Allergy is considered to be a risk factor for the development of
rhinosinusitis (1-3), but several other immunologic, microbio-
logic, and genetic factors contribute to the complex pathophys-
iology of sinonasal inflammation (1,4-7). Nowadays, good
medical treatment options are available for patients affected
by rhinosinusitis (1). In those patients with insufficient symp-
tom control, functional endoscopic sinus surgery (FESS) is the
treatment of choice. However, about 10-15% of operated
patients respond insufficiently to FESS, and revision surgery
is necessary (1). Known predictors for revision surgery are
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extensive sinonasal polyps, bronchial asthma, aspirin intoler-
ance, and cystic fibrosis (8—11). Data on the role of atopy on
FESS outcome are contradictory (12,13). Clinical experience,
however, points toward a higher occurrence of FESS failure in
patients who are occupationally exposed to agents that may
interfere with the postoperative healing. To our knowledge,
the link between occupational factors and failure of FESS has
not been investigated so far.

Occupational agents can be classified as high molecular
weight (HMW) compounds (>5 kDa) or low molecular
weight (LMW) compounds (<5 kDa). The LMW com-
pounds are again subdivided into two groups, depending on
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their sensitization capacity; LMW sensitizers, such as isocy-
anates, persulphate salts, and acid anhydrides, lead to aller-
gic inflammation after immunologic sensitization (14),
whereas LMW irritants, such as chlorine, ammonia, or
ozone, cause airway injury and inflammation through nonal-
lergic pathways (14).

The impact of occupational agents on the incidence and
clinical presentation of sinus disease is unknown. Here, we
present a large-scale retrospective study in which we assessed
the self-reported exposure to occupational agents in patients
who had undergone one or more FESS for rhinosinusitis. We
tested the hypothesis that rhinosinusitis and especially the
number of FESS procedures are related to exposures at
work.

Materials and methods
Study population

A total of 890 patients who underwent a FESS between Jan-
uary 2004 and December 2008 in the Department of Ear,
Nose and Throat Diseases of the University Hospitals of
Leuven were enrolled. All patients were between 18 and
65 years of age. Indications for performing FESS included
recurrent ARS and CRS with or without nasal polyps.
Patients undergoing FESS for other reasons such as sinusitis
of dental origin, fungus balls, structural lesions, and benign
and malignant neoplasms, or who suffered from diseases such
as primary ciliary dyskinesia, cystic fibrosis, or known
immune deficiencies, were excluded from this study. FESS
was performed either unilaterally or bilaterally, and the
extent of surgery accorded to internationally accepted guide-
lines (1). Standard postoperative care consisted of nasal sal-
ine irrigation, oral corticosteroids, and weekly suction
cleaning during the first 3 weeks.

In addition to the patients with rhinosinusitis, we also
included a control group consisting of 182 subjects without a
history of FESS, who had undergone vocal cord surgery for
benign structural lesions. We chose this control group mainly
because of a similar age distribution to that of the FESS
population.

Atopy was based on medical records, as all patients had a
blood analysis for specific IgE or skin prick tests for the most
common inhalant allergens. Asthma was based on self-
reporting.

The study was approved by the local ethics committee of
the University Hospitals of Leuven.

Questionnaire

An extensive questionnaire based on and modified from ‘the
occupational history form’ proposed by Bernstein et al. (15)
was sent by mail to the study population. Patients were
asked about their job at the time of the last sinus surgery.
Questions on exposure included occupational and recrea-
tional exposures, duration of exposures, type of agents
(including an extensive list to choose from), and sinonasal
symptoms related to exposures. In addition, general questions
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about smoking, medication use, comorbidities, current sino-
nasal symptoms, presence of self-reported asthma, and occu-
pational history were included.

Analysis of questionnaire responses

All returned questionnaires were analyzed independently and
blindly by three physicians specialized in occupational medi-
cine (V.H., E.A., and S.K.). Exposure at the time of last
FESS was judged as ‘relevant’ only when two of three
experts scored it as positive for occupational exposure. Occu-
pational agents were categorized as being HMW agents,
LMW sensitizers, or irritants.

Additional telephone survey

After the analysis of returned questionnaires, we contacted a
random 110 subjects (including cases and controls, respond-
ers, and nonresponders) by telephone to assess possible
response biases, as well as the validity of the responses to the
postal questionnaire. All questions from the original mailed
questionnaire were repeated and completed.

Statistical analysis

Statistical analyses were performed in SAS software, version
9.2 (SAS Institute, Cary, NC, USA), and SPSS, version
17.0 (SPSS Inc., Chicago, IL, USA). Logistic regression
analysis was used to calculate the odds of having a relevant
exposure in subjects having undergone one or more FESS,
compared to control subjects. A proportional odds model
(POM), which allows more than two ordered response cate-
gories, and a Poisson regression model with log link, han-
dling the number of FESS as count data, were used to
analyze the relationship between an increasing number of
FESS and exposure state. Possible confounding by asthma,
current smoking state, presence of nasal polyps, and atopy
was investigated by three-way analysis of contingency tables
and by examining their relationship with both predictor and
response variables in the POM and Poisson regression
model. All tests were two-sided with o = 0.05, and results
are presented as odds ratios (OR) with 95% confidence
intervals (95% CI).

Results
Patient characteristics

Of the 890 patients undergoing FESS, 467 returned a filled
questionnaire (52.5% response rate), compared with 69 of
182 control subjects (37.9% response rate). Of the patients
undergoing FESS that responded, 59.5% had undergone
one surgery (n = 278), 25.7% two surgeries (n = 120), 9.0%
three surgeries (n = 42), and 5.8% (n = 27) had undergone
four or more surgeries. About 27% of the patients undergo-
ing FESS were diagnosed with nasal polyps (n = 126).
General patient characteristics are listed in Table 1. Active
smoking, atopy, and self-reported asthma were more
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Table 1 Patient characteristics

Role of occupational exposure on FESS outcome

Controls 1 FESS 2 FESS 3 FESS +3 FESS
(n = 69) (n=278) (n=120) (n=42) (n=27) P-value
Age (years)
Mean (+SD) 46 (+13) 47 (£12) 47 (£11) 47 (£12) 47 (£10)
Gender
Male (%) 41.8 49.0 46.8 38.1 37.0 0.5
Smoking
Smoker (%) 14.9 17.5 24.8 14.3 18.5 0.3
Allergy to common aeroallergens (%) 25.4 34.4 33.3 43.9 42.3 <0.0001
Asthma (%) 7.5 15.5 19.1 21.4 34.6 <0.05
Nasal polyps (%) 25.5 24.2 35.7 40.7 0.1

Characteristics of the total study population given for control group (FESS = 0) as well as for different surgery groups (FESS = 1; 2; 3; and 3
+). Smoking refers to the smoking state at the time of questionnaire. Inhalation allergy is based on either a positive skin prick test or detec-
tion of specific IgE in the blood. Asthma corresponds to self-reported asthma.

There is a significant association between number of FESS and inhalation allergy as well as between number of FESS and asthma (chi-square
test). The associations between number of FESS and gender, presence of nasal polyps, or current smoking state were not significant.

The interaction of smoking, allergy, nasal polyps, and asthma in the association between occupational exposure and number of FESS was

non-significant (Poisson regression model).

FESS, functional endoscopic sinus surgery; n, number of responders to the questionnaire in each group.

prevalent among cases than among controls; the prevalence
of atopy and asthma increased significantly with increasing
number of FESS (Table 1).

Occupational exposures

Among all patients undergoing FESS, 25% reported a ‘rele-
vant’ occupational exposure, which is significantly higher
than the 12% found among controls (Fig. 1). The OR for
reporting a relevant occupational exposure was 2.45 [95% CI
1.14-5.29] among patients having had at least one FESS
when compared to those who had no FESS.

Moreover, the proportion of patients with a relevant occu-
pational exposure increased with the number of FESS proce-
dures: from 21% in those operated once to 26%, 31%, and
44% in those operated two times, three times, and more than
three times, respectively (x> = 12.74; P < 0.001; Fig. 1). The
risk of reporting a relevant occupational exposure was signifi-
cantly higher in those who needed revision sinus surgery
(OR = 1.63; 95% CI 1.06-2.51; P < 0.05) when compared to
those who were operated only once; the risk was even higher
in those needing more than two procedures (OR = 1.97; 95%
CI 1.14-3.42; P < 0.05) when compared to those who were
operated once or twice.

As indicated earlier, atopy and asthma were also more pre-
valent in those who had undergone more surgical procedures
(Table 1). However, the relationships between occupational
exposures and number of FESS procedures were not affected
by adjustments for atopy, asthma, presence of nasal polyps,
or smoking (data not shown).

Exposure to HMW agents was reported in 5% of the cases
with relevant occupational exposures, whereas LMW sensitiz-
ers were involved in 44% and irritants in 51% of cases
(Fig. 2). In 39% of the subjects reporting a relevant occupa-
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Figure 1 Prevalence of relevant occupational exposure. Prevalence
of subjects reporting a relevant occupational exposure according to
the number of times they underwent functional endoscopic sinus
surgery (FESS). The relationship between the prevalence of sub-
jects with relevant occupational exposure and the number of FESS
was significant (x? = 12.74 ; P < 0.001 ; proportional odds model).
n = total number of responding subjects in each group.

tional exposure, there was coexposure to LMW allergens and
irritants. The agents that were most frequently reported are
listed in Table 2.

Telephone survey

Within the total study population, 110 patients were randomly
selected for a control telephone survey; 62 subjects were nonre-
sponders to the initial questionnaire and 48 were responders.
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Figure 2 Prevalence of exposure to specific categories of occupa-
tional agents. Prevalence of subjects reporting occupational expo-
sure to different categories of occupational agents according to the
number of times they underwent functional endoscopic sinus sur-
gery (FESS). HMW, high molecular weight; LMW, low molecular
weight. ‘LMW allergen’ refers to chemicals with a known sensitiz-
ing capacity. ‘LMW irritant’ refers to chemicals without sensitizing
capacity. Exposure to more than one category is possible.
n = number of responders to the questionnaire in each group.

Table 2 Most reported occupational agents

Times
Substances Occupation reported
Bleach Cleaners, caretakers, housewives... 17
Inorganic dust  Builders, warehousemen, ... 15
Paints Painters 14
Cement Builders 10
Thinner Painters, engineers, mechanics, ... 10
Ammonia Carpenters, mechanics, ... 9
White spirit Painters, engineers, mechanics, ... 7
Fuel gas Motor/car maintenance, chauffeurs, ... 6
Acetone Painters, mechanics, ... 6

This table lists the occupational agents that were most frequently
mentioned by patients and controls. The middle column summarizes
the most frequent occupations in which these agents were encoun-
tered in our study population. The right column shows the number
of times the different agents were mentioned by the study subjects.

About 29% of the subjects in the responder group reported a
relevant occupational exposure vs 40% in the nonresponder
group (data not shown). The results of the telephone survey
and the initial written questionnaire were 83% congruent.

Discussion

We discovered that patients with rhinosinusitis who need
surgery, especially repeated surgical interventions, are more
likely to be exposed to inhaled noxious agents at work than
a control patient population. In other words, our study
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reveals that occupational exposure represents a risk factor
for the occurrence of rhinosinusitis and its recurrence after
surgery.

It is known that airway exposure to occupational agents
can give rise to occupational airway disease (16). Good epi-
demiologic studies investigating the prevalence of occupa-
tional rhinitis, however, are lacking. It has been postulated
that occupational rhinitis occurs two to four times more
often than its asthmatic counterpart (14,17), and the exact
prevalence is believed to be underestimated because of the
current lack of validated diagnostic tools and the reluctance
of patients to complain about their occupational environment
for fear of losing their job.

Occupational allergic rhinitis due to HMW compounds
(e.g. flour, laboratory animals,...) is easily detected by
showing the presence of systemic antigen-specific IgE and is
therefore the best-studied subgroup (18,19). Thus, occupa-
tional rhinitis occurs in 18-29% of bakers and in 6-33% of
people working with laboratory animals (14). However,
occupational rhinitis can also be induced by sensitization to
certain chemicals and other LMW compounds. Thus, 36—
42% of people working with isocyanates suffer from work-
induced rhinitis, and about 27% of hairdressers exposed to
persulphate salts show work-related nasal symptoms (20).
The detection of specific IgE against LMW chemicals is var-
iable, and hence, it is more difficult to document sensitiza-
tion. Additionally, work-related upper airway disease can be
induced by exposure to irritants (e.g. chlorination products,
detergents, ozone ...). Inhalation accidents with exposure to
high concentrations of irritants can induce dysfunction of
the upper airway mucosa, a phenomenon that has been
labeled as ‘reactive upper airway dysfunction syndrome’
(RUDS) (21,22). Several publications, however, suggest that
chronic exposure to lower concentrations of irritants may
lead to dysfunction of the upper respiratory tract as well
(23,24). In practice, these forms of occupational rhinitis are
often classified among the large group of so-called idio-
pathic upper airway problems.

As the mucosa of the nose and sinuses forms a continuum,
the sinuses are often involved in diseases that are primarily
caused by inflammation of the nasal mucosa (1). Although it
is still unclear whether rhinitis and rhinosinusitis share an eti-
ological and pathophysiological background, it is highly
likely that mucosal inflammation due to occupational agents
may also affect the mucosa of the adjacent sinuses, leading
to rhinosinusitis symptoms. Up to date, there is no descrip-
tion of an entity ‘occupational rhinosinusitis’, and the link
between exposure to occupational agents and the occurrence
of rhinosinusitis has never been studied so far.

Despite good success rates of medical and surgical treat-
ment in patients with rhinosinusitis, ENT physicians still
have to cope with a surgical failure percentage of about 10—
15% (1). The only proven negative outcome predictors for
sinus surgery are the presence of extensive nasal polyps, cys-
tic fibrosis, bronchial asthma, and aspirin hypersensitivity.
Although final proof is needed by means of a prospective
trial, our study strongly suggests for the first time that
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occupational exposure to potential harmful agents should be
added to this list.

Besides the novelty of our observations, the strengths of
our study include the large number of patients and the fact
that our population came from a single center, thus limiting
the variations in treatment strategies, surgical skills, or post-
operative care. Our data confirm the known negative impacts
of bronchial asthma and atopy on the prognosis of FESS
(12, 25, 26), showing the relevance of our study population.
We remark that the percentage of patients who only need
one surgery to control symptoms is lower in this study popu-
lation (59.5%) compared to the general population (85-90%)
(1). This can be explained by the fact that our department is
a tertiary referral center in which a high number of revision
surgeries are performed.

Our study also has some limitations. One limitation relates
to our assessment of exposures to occupational agents. Occu-
pational exposures were derived from the replies to a self-
administered questionnaire. A possible concern is that the
response rate to the questionnaire could be nondifferential,
meaning that patients with significant occupational exposures
might have been more prone to reply to the questionnaire,
because of a tendency to attribute their condition to dirty
work. However, a telephone survey in a random 10% sample
of our subjects did not show a higher response rate to the
postal questionnaires among exposed subjects than among
nonexposed subjects. Another limitation might be our assess-
ment of ‘relevance’ of the reported occupational exposures.
This relevance was verified by three physicians with experi-
ence in occupational health, who judged blindly and indepen-
dently from each other whether the reported exposures were
substantial enough to have an impact on their airways.
Exposure was considered relevant only if two of the three
experts had rated the exposure as positive. Alternative meth-
ods, such as specific job-exposure matrices (JEM), exist for
the retrospective assessment of occupational exposures, but
JEMs are not necessarily more valid, and expert judgment
based on self-reported job descriptions has been used in
many studies of occupational exposures and proven to be
reliable (27, 28).

We did not simply compare patients who had undergone
sinus surgery with patients who had not, but we also compared
subjects who underwent multiple FESS with those who had
only one FESS. The design of our study was appropriate to
test our hypothesis on exposure to occupational agents in rela-
tion to a need for revision sinus surgery. Here, the prevalence
of reported work exposures among those who had more than
one FESS was higher than among those with only one FESS.
Moreover, the increase in the prevalence of occupational expo-
sures with increasing number of FESS procedures provides
strong support for a causal relationship between work expo-
sure and the failure of FESS. Importantly, our results were not
due to confounding factors like atopy, concomitant asthma,
nasal polyps, or current smoking.

Although HMW agents such as flour, latex, and laboratory
animals are the best-known causal factors of occupational
airway disease (29), we found here that exposure to such
classical inducers of IgE-mediated allergic asthma and rhinitis
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was not so prevalent (<5%) and the results were mainly
driven by LMW agents. LMW sensitizers as well as irritants
were frequently reported and often there was coexposure to
both groups.

Elucidating the pathogenesis of occupational rhinosinusitis
and why LMW agents contribute to failure of healing follow-
ing FESS is beyond the scope of this observational study.

In conclusion, we provide novel evidence for exposure to
occupational agents influencing the outcomes of sinus surgery
and playing a role in the development and maintenance of
sinonasal disease. The clinical implication of these findings is
that exposures at work should be taken into account when
evaluating and treating patients with rhinosinusitis. More-
over, apart from pointing to a continued need of prevention
of harmful exposures at work, our results also emphasize the
need for further research in this area, by means of prospec-
tive clinical studies as well as through fundamental research
exploring pathophysiological mechanisms of occupational
upper airway disease.
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