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Abstract Background: Aspirin-exacerbated respiratory disease (AERD) is an aggressive in-
flammatory disorder of the upper and lower respiratory tract. Corticosteroids, leukotriene
modifiers, endoscopic sinus surgery (ESS), aspirin (ASA) desensitization, and biological immu-
nomodulators are currently used to treat the disorder.
Objective: The objective of this study was to determine the psychosocial impact of ESS and
ASA desensitization on AERD patients.
Methods: All AERD patients who underwent complete ESS were divided into two cohorts based on
ASA desensitization status. The psychosocial metrics of the SNOT-22 were collected and analyzed
at the following time points: pre-operative, 1-month, 3-month, 6-month, and 12-month after ESS.
Results: One hundred and eighty-four AERD patients underwent ESS from November 2009 to
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November 2018. From this group, 130 patients underwent ASA desensitization (AD cohort) and 54
patients remained non-desensitized (ND cohort). ADpatients showed a significantly greater reduc-
tion in total SNOT-22 scoresover the studyperiodcomparedtoNDpatients (pZ0.0446).Analysis of
SNOT-22 psychosocial metrics showed a significantly greater improvement in patient productivity
in the AD cohort when compared to the ND cohort (pZ 0.0214). Further, a sub-group analysis ac-
counting for subject attrition showed a significantly greater improvement in both productivity and
concentration in AD patients when compared to the ND cohort (productivity: pZ 0.0068; concen-
tration: pZ 0.0428).
Conclusions: ESS followed by ASA desensitization decreases the overall psychosocial burden in
AERD patients with a significant improvement in perceived productivity and concentration. This
has significant implications given the psychosocial impact of chronic diseases.
Copyrightª 2020 ChineseMedical Association. Production and hosting by Elsevier B.V. on behalf of
KeAi Communications Co., Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Aspirin-exacerbated respiratory disease (AERD) is an inflam-
matory disorder of the upper and lower respiratory tract,
represented by the triad of adult-onset asthma, chronic rhi-
nosinusitis with nasal polyposis (CRSwNP), and respiratory
sensitivity to aspirin (ASA) and other cyclooxygenase-1 (COX-
1) inhibitors.1e3 Patients with AERD are intolerant to COX-1
inhibitors due to abnormal shunting of arachidonic acid
metabolism toward the production of pro-inflammatory leu-
kotrienes, resulting in activation of mast cells, increased
eosinophilic inflammation, and amplification of the type 2
adaptive immune response.4 The disorder affects 0.6%e2.5%
of the general population.2,5 Theprevalence ofASA sensitivity
is found in 16% of CRS cases, 28.3% in CRSsNP cases, and 38.5%
in CRSwNP and asthma cases.6 Current treatment options for
AERD include medical therapy using anti-leukotrienes,
monoclonal antibodies, corticosteroids, aspirin desensitiza-
tion, and endoscopic sinus surgery (ESS).1 Previously, ASA
desensitizationhasbeen shownto improve smellandsinonasal
complaints, maintain disease control, and reduce asthma
exacerbations, corticosteroid use, number of revision sur-
geries, and number of sinus infections in patients with
AERD.3,7,8 Furthermore, sinus surgery followed by desensiti-
zation has been shown to be effective at controlling disease
burden.9e11

It is well known that chronic rhinosinusitis (CRS) results
in significant functional and emotional impairment in pa-
tients.12 Previous studies have found that AERD patients
have objectively worse disease burden, poorer quality of
life, and higher financial costs compared to their CRS
counterparts.5,13e16 While ASA desensitization and ESS have
demonstrated improvement in disease burden and symp-
toms, little is known about the psychosocial impact of ESS
and ASA desensitization on AERD patients. In this study, we
evaluate the impact of desensitization on the psychosocial
burden of AERD patients who have recently undergone ESS
using a validated sinonasal outcome questionnaire admin-
istered longitudinally, at multiple time points.

Materials and methods

This study was approved by the Institutional Review Board
at the University of Pennsylvania. A retrospective review
was performed of all patients with aspirin-exacerbated
respiratory disease (AERD) who underwent complete ESS at
a tertiary academic medical center with a dedicated AERD
center. The group was divided into two cohorts based on
aspirin (ASA) desensitization status. Inclusion criteria con-
sisted of (1) oral aspirin challenge with worsening of airway
symptoms; (2) diagnosis of asthma; (3) chronic rhinosinu-
sitis refractory to medical therapy; (4) pre-operative
endoscopic evidence of chronic rhinosinusitis with nasal
polyposis, and (5) complete ESS. Exclusion criteria for the
study consisted of: age under 18 years, immunodeficiency,
pregnancy, cystic fibrosis, or negative aspirin challenge.

All patients underwent complete ESS, which is defined as
removal of polypoid disease and bilateral maxillary
antrostomy, sphenoethmoidectomy, and frontal sinus-
otomy. Due to disease severity, a number of patients had
middle turbinate resection and/or a Draf III performed. All
patients were given a similar postoperative corticosteroid
taper based on endoscopic exam and long-term topical
corticosteroid irrigations. In the AD cohort, ASA desensiti-
zation was conducted approximately 6 weeks after surgery,
once systemic steroids were tapered off completely. Pa-
tients with a questionable history of AERD underwent ASA
challenge pre-operatively. Otherwise, patients had ASA
challenge postoperatively as part of our desensitization
protocol. All ASA desensitization was performed in an
outpatient surgicenter setting under continuous monitoring
using the modified intranasal ketorolac and aspirin chal-
lenge/desensitization protocol.17 ASA maintenance therapy
was based on the following protocol: initial dosing of
650 mg twice daily with attempted titration after 3e6
months down to a minimum of 325 mg daily, depending on
patient response and tolerance. About 6 months post-ASA
desensitization, patients were typically on a stable main-
tenance dose of 325 mge1300 mg of aspirin daily.

Sinonasal outcomes were assessed using the 22-item
Sino-Nasal Outcome Test (SNOT-22), which is scored from a
0 (no problem) to a 5 (problem as bad as it can be) with a
total range from 0 to 110. The SNOT-22 questionnaire as-
sesses rhinologic, extra-nasal rhinologic, ear/facial, sleep,
and psychosocial metrics. SNOT-22 scores were collected
pre-operatively and post-operatively at 1 month (4e6
weeks), 3 months (2e4 months), 6 months (5e8 months),
and 12 months (9e13 months) after surgery, with attention
focused on outcomes within the psychosocial domain. In
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Fig. 1 Total SNOT-22 scores, displayed as an average � 1
standard error. Asterisks indicate statistical significance at the
0.05 level.
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this domain, patients scored (Q1) “reduced productivity”,
(Q2) “reduced concentration”, (Q3) “frustrated”, (Q4)
“sad”, and (Q5) “embarrassed” from a 0 to a 5 to produce a
psychosocial SNOT-22 sub-score from 0 to 25.

The primary goal of these analyses was to evaluate the
effects of ASA desensitization after ESS on total SNOT-22
and psychosocial domain scores over time. Continuous
variables were summarized using means and standard de-
viations. Time was measured as a categorical variable since
the intervals at which SNOT-22 scores were collected were
non-linear. Analyses testing the effects of aspirin desensi-
tization on SNOT-22 and psychosocial scores over time were
performed using a repeated measure mixed model ANOVA
using subject as a random effect. Significant interactions
were further examined using a post-hoc multiple compari-
sons test using Student’s T-tests. Statistical analyses were
performed using JMP Software (SAS Institute, Cary, NC).

Results

One hundred and eighty-four patients with aspirin
challenge-proven AERD from November 2009 to November
2018 met inclusion criteria for this study. Any patients who
did not undergo ESS or receive ASA desensitization within 4
months after surgery were excluded from this study. Pa-
tients who underwent ESS but received ASA desensitization
outside the study period (greater than 12 months after
surgery) were placed in the non-desensitized group. All 184
AERD patients successfully underwent ESS. From this group,
130 patients underwent ASA desensitization (AD cohort)
while 54 patients were not desensitized (ND cohort), and
both groups were followed for up to 12 months after sur-
gery. Of these patients, 24 AD patients and 5 ND patients
had SNOT-22 available at all time points (“survivors”).

Subject demographics and baseline characteristics are
shown in Table 1. Primary outcome measures were assessed
using a validated, 22-item sinonasal outcome test (SNOT-
22). Pre-operatively, the total mean (�SD) SNOT-22 score
was 46.2 � 21.1 (AD) and 46.2 � 22.7 (ND). 1-month post-
operative SNOT-22 scores showed a significant reduction in
both groups, to 17.9 � 17.0 (AD) and 20.4 � 19.6 (ND) (AD:
p < 0.0001; ND: p < 0.0001) with total scores of
22.4 � 21.5, 17.9 � 17.2, and 17.7 � 19.1 (AD) and
18.7 � 18.7, 14.9 � 13.7, and 35.6 � 22.3 (ND) at 3, 6, and
12 months post-surgery, respectively (Fig. 1). At 3 months
postoperatively, the AD group showed a transient increase
in their total SNOT-22 scores when compared to the ND
group, however this was not significantly different
(p Z 0.8279) (Figs. 1 and 2). This transient increase is likely
Table 1 Demographic characteristics of the study sample
(Mean � SD).

Group n Age (years) Male (%) BMI (kg/m2)

Aspirin
desensitized

130 48.1 � 12.9 40.0 28.4 � 5.6

Not desensitized 54 49.9 � 11.8 55.6 28.3 � 6.7
All 184 48.6 � 12.6 44.6 28.4 � 5.8

BMI Z body mass index, AD Z aspirin desensitized, ND Z not
desensitized.
secondary to worsening symptoms following desensitiza-
tion. A similar trend was observed in the psychosocial
SNOT-22 domain (Table 2, Fig. 2).

Compared to the ND patients, AD patients showed a
significant reduction in total SNOT-22 scores over the study
period (p Z 0.0446). At baseline, total SNOT-22 scores did
not differ between groups (p Z 0.9092) but were signifi-
cantly different at 12 months (p Z 0.0036). Within the
psychosocial domain, AD showed a marked improvement in
patient productivity compared to the ND group, illustrated
by a significant difference in (Q1) “reduced productivity”
scores (p Z 0.0214) over the study period (baseline:
p Z 0.6960; 12 months: p Z 0.0041). Changes in individual
psychosocial questions over the study period are illustrated
in Fig. 3.
Fig. 2 Psychosocial SNOT-22 scores, displayed as an
average � 1 standard error.



Table 2 SNOT-22 and psychosocial domain scores (Mean � SD).

Variable Pre-ESS 1 month post-ESS 3 months post-ESS 6 months post-ESS 12 months post-ESS

Aspirin desensitized
SNOT-22 total 46.2 � 21.1 17.9 � 17.0 22.4 � 21.5 17.9 � 17.2 17.7 � 19.1
Psychosocial domain total 6.85 � 6.12 2.81 � 4.83 3.83 � 5.13 2.46 � 3.95 2.09 � 4.21
Q1. Reduced productivity 1.75 � 1.55 0.82 � 1.34 1.06 � 1.34 0.68 � 1.23 0.56 � 1.05
Q2. Reduced concentration 1.73 � 1.57 0.78 � 1.29 1.03 � 1.33 0.53 � 1.03 0.53 � 1.05
Q3. Frustrated 1.72 � 1.57 0.64 � 1.22 0.83 � 1.37 0.66 � 1.09 0.51 � 1.10
Q4. Sad 0.83 � 1.31 0.35 � 0.96 0.54 � 1.09 0.26 � 0.70 0.26 � 0.79
Q5. Embarrassed 0.83 � 1.29 0.22 � 0.75 0.38 � 0.94 0.32 � 0.85 0.23 � 0.78

Not desensitized
SNOT-22 total 46.2 � 22.7 20.4 � 19.6 18.7 � 18.7 14.9 � 13.7 35.6 � 22.3
Psychosocial domain total 6.78 � 6.58 2.90 � 4.39 2.33 � 3.99 1.24 � 2.68 5.60 � 7.12
Q1. Reduced productivity 1.63 � 1.69 0.86 � 1.32 0.64 � 1.17 0.43 � 0.81 1.70 � 1.83
Q2. Reduced concentration 1.73 � 1.59 0.76 � 1.23 0.70 � 1.21 0.29 � 0.72 1.50 � 1.65
Q3. Frustrated 1.92 � 1.81 0.76 � 1.25 0.64 � 1.14 0.33 � 0.91 1.40 � 1.96
Q4. Sad 0.82 � 1.44 0.24 � 0.58 0.21 � 0.74 0.05 � 0.22 0.50 � 1.58
Q5. Embarrassed 0.67 � 1.26 0.29 � 0.67 0.15 � 0.62 0.14 � 0.65 0.50 � 1.08

ESS Z endoscopic sinus surgery, SNOT-22 Z 22-item Sino-Nasal Outcomes Test.
Post-operative 4e6 weeks, 2e4 months, 5e8 months, and 9e13 months refer to the ranges associated with the 1-month, 3-month,
6-month, and 12-month time points, respectively.

Fig. 3 Psychosocial SNOT-22 scores by individual questions,
displayed as an average � 1 standard error. Asterisks indicate
statistical significance at the 0.05 level.
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Due to subject attrition, analyses were also performed
on those who had SNOT-22 data available at all time points
(“survivors”). Compared to the ND group, AD patients
showed a significant reduction in total SNOT-22 scores
(p Z 0.0298) over the study period (baseline: p Z 0.4602;
12 months: p Z 0.0164). Overall psychosocial domain
scores showed a trending reduction (p Z 0.0547) in AD
patients compared to ND patients. Within the psychosocial
domain, AD patients showed a significant improvement in
both patient (Q1) “reduced productivity” (p Z 0.0068) and
(Q2) “reduced concentration” (p Z 0.0428) compared to
ND patients. Q1 and Q2 scores did not significantly differ at
baseline between groups (Q1: p Z 0.7823; Q2: p Z 0.5431)
but were significantly different between groups at 12
months (Q1: p Z 0.0257; Q2: p Z 0.0477).

Discussion

Our study highlights a significant improvement in produc-
tivity and concentration in AERD patients after ESS and ASA
desensitization. The disease burden of AERD has been well-
studied, from its physiologic effects to its impact on quality
of life.6,15,16,18 For instance, a cross-sectional study sur-
veyed AERD patients nationwide and found that chronic
nasal symptoms followed by decreased sense of smell had
the greatest impact on quality of life.15 It has been estab-
lished that loss of smell results in poorer quality of life,
physiologic pain, and mental health issues.19 It is well
known that ASA desensitization and maintenance therapy
are well tolerated and improve symptoms scores as well as
need for systemic corticosteroid use and asthma
exacerbations.3,5,7,8,20e22 We have previously shown that
complete ESS with subsequent ASA desensitization has
improved sinonasal quality of life scores,10 which is in line
with current best-practice recommendations for recalci-
trant AERD.9,23 This current study focuses not on the
physical impact of AERD, but on its psychosocial and
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emotional aspects. There is limited research on the effects
of AERD on psychologic well-being. A recent study by
Feldman et al found that while AERD patients had clinically
worse asthma, there were lower levels of depression, bet-
ter asthma-related quality of life, and improve subjective
perception of asthma compared to the asthma-only
cohort.24 A retrospective case series by Cho et al evalu-
ated sinonasal outcomes in AERD patients undergoing ESS
followed by AD and found a significant reduction in SNOT-22
scores immediately post-op at 1 and 4 weeks and remained
low through the 30-month post-desensitization period.9

Sub-analysis of nasal blockage and hyposmia components
of the SNOT-22 showed significant improvement after ESS. A
described limitation of the study was the lack of a com-
parison cohort that did not undergo desensitization after
ESS. Our study included a cohort of AERD patients who only
underwent complete ESS (ND). Consistent with the afore-
mentioned published studies, our AD and ND cohorts both
exhibited a significant reduction in SNOT-22 scores at 1-
month postop/pre-ASA desensitization and scores
remained reduced in both groups through the study period.
The addition of ASA desensitization results in a significant
improvement in SNOT-22 at the 12-month time point when
compared to non-desensitization (Table 2). ASA desensiti-
zation results in a transient increase in SNOT-22 scores in
the AD group at the 3-month time point, which corresponds
to 2 months of aspirin maintenance therapy. This finding
could reflect a transient increase in inflammation and
sinonasal symptoms during the early desensitization period.
Interestingly, independent analysis of the psychosocial sub-
scores of the SNOT-22 showed a relative reduction in psy-
chosocial domain scores with a significant improvement in
patient productivity (Q1) in AD cohort compared to ND
cohort at the 12-month postoperative time point. Within
group comparison of the AD cohort demonstrated signifi-
cant improvement of Q1 at all time points when compared
to baseline. When controlled for subject attrition, the same
significant improvements were observed not just in patient
productivity but also in concentration (Q2) between cohorts
and within the AD group. Our study is unique in that it
emphasizes the psychosocial benefit of combined ESS and
AD in AERD patients. Chronic rhinosinusitis, among other
chronic conditions such as asthma, diabetes, and arthritis,
is associated with depression, anxiety, and productivity
loss.25e28 AERD patients are most likely to have more
recalcitrant forms of CRS and asthma.21,29 While the
severity and progression of AERD can vary between pa-
tients, it is clear that a multimodality approach, consisting
of surgery and ASA desensitization, optimizes not just
physiological outcomes but also improves the psychosocial
burden of the disease.

Our study has the inherent limitations of a retrospective
review, however our use of a validated quality of life
questionnaire supports the benefit of ASA desensitization
following ESS in AERD patients. Due to our intent to
analyze, patients also had varying lengths of follow-up. In
addition, the time points used in our study were presented
as a range due to longer post-operative follow-up intervals,
preference for local follow-up, and survey bias. However,
independent analysis of a sub-group of patients who were
present for the entirety of the study showed similar findings
between both cohorts.
Conclusion

AERD patients appear to benefit psychologically from a
multidisciplinary approach for control of disease burden. In
our analysis, complete endoscopic sinus surgery followed by
aspirin desensitization resulted in a significant improve-
ment in patient productivity and concentration. Future
studies will aim to evaluate the psychosocial burden of
AERD as it compares to other chronic conditions.
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