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The Diagnostic Value of Serum Eosinophil Cationic Protein for Aspirin

Intolerance in Patients with Chronic Rhinosinusitis

Abstract

Obijective: Aspirin intolerance (Al) is one of the endotypes of chronic rhinosinusitis
(CRS) that can be effectively treated if detected early. Considering the limitations
of the available tests for Al, there is still a need for an affordable, cost-effective, and
safe marker that can enhance Al's early detection. In the past years, the association
between Al and eosinophilicinflammation has been well documented. Eosinophil cat-
ionic protein (ECP) is a specific marker for eosinophil activation. In this study, we aimed
to assess the value of assaying serum ECP in detecting Al in patients with CRS.

Methods: Eighty-four patients with CRS were enrolled in this study, and they under-
went an intravenous or oral aspirin (ASA) challenge test. Receiver operating charac-
teristic curves were used to evaluate the diagnostic value of serum ECP level for the Al
in patients with CRS and calculate the best diagnostic cut-off value.

Results: Using systemic ASA provocation, the prevalence of Al among patients with
CRS was relatively high (43%). There was a significant difference in the mean serum
ECP levelin the two groups (positive group 19.3, negative group 8.6 pg/L, and P < .0125).
Serum ECP level showed an acceptable discrimination value for predicting Al in pa-
tients with CRS (area under the curve = 0.622). The best diagnostic cut-off value and
corresponding sensitivity and specificity were >13.9 ug/L (38.89%, 85.42%).

Conclusion: Assaying serum ECP in patients with CRS could help detect Al, especially
when other more accurate tests are not available.

Keywords: Aspirin intolerance, chronic rhinosinusitis, eosinophil cationic protein, sys-
temic aspirin challenge test

Introduction

The symptomatic inflammation of the paranasal sinuses and the nasal cavity is called rhi-
nosinusitis. The term rhinosinusitis is preferred over sinusitis because the mucosa of the na-
sal cavity is also affected by inflammation. According to the American Academy of Otolar-
yngology-Head and Neck Surgery, chronic rhinosinusitis (CRS) is defined as the presence of
at least two out of four cardinal symptoms (i.e., facial pressure/pain, hyposmia/anosmia,
nasal congestion, and nasal discharge) for a minimum of 12 consecutive weeks, in addition
to objective evidence on clinical examination or radiography. CRS has a significant socio-
economic implication. According to a survey done in the USA in 2007, approximately $8.3
billion is spent annually on CRS, on primarily drug prescriptions and outpatient care. The
average cost of surgery is $7700 per patient.*

The indirect cost of CRS is substantial and more important than the direct cost. CRS ac-
counts for one to two lost workdays per patient per year and 73 million days of restricted
activity.>¢ It also substantially impacts the quality of life through chronic symptomatology
and acute exacerbations of nasal and pulmonary symptoms.

Chronic rhinosinusitis is not a single disease, but it results from different pathogeneses
that lead to chronic sinonasal inflammation. With the developments in our understanding
of CRS pathophysiology, the focus is placed nowadays on classifying patients with CRS
according to the underlying inflammatory mechanisms driving the disease (endotypes),
which are much more likely to be predictive of long-term disease prognosis and response
to treatments.”
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The chronic hyperplastic eosinophilic rhinosinusitis associated
with aspirin intolerance (Al) is one of CRS's refractory endo-
types. This endotype is associated with nasal polyposis, which
frequently fills all sinuses and may even destroy bone structures.
Nasal polyps tend to regrow, resulting in multiple sinus surgeries
rapidly. These patients have a higher number of emergency in-
terventions and hospital admissions for asthma exacerbations.®

According to the current clinical data, aspirin (ASA) desensiti-
zation can be regarded as an effective treatment for Al. Signif-
icant improvement in the quality of life, nasal obstruction sec-
ondary to nasal polyposis, asthma, and olfactory function has
been described and well documented for patients with Al. The
frequency of surgical interventions in recurrent nasal polyps was
shown to decrease from one surgery every three years to one
surgery every nine years.’ Therefore, it is essential to recognize
those patients with Al as it has a different and effective treat-
ment method than other forms of CRS.

The accepted gold standard diagnostic test for Al nowadays is
the systemic challenge test.® In some cases of CRS, a detailed
history should enable the physician to diagnose Al. In unclear
cases, a carefully controlled challenge test with ASA or other
NSAIDsis necessary. The provocation testis performed eitherlo-
cally (nasal or bronchial) or systemically (oral orintravenous[IV]).
The systemic provocation is the most sensitive test for a confir-
mative diagnosis, and a multi-systemic response is expected.

By contrast, local ASA provocation may be limited to local signs
and symptoms. Despite the lower sensitivity of nasal/bronchial
ASA provocation than the systemic one, the former may be cho-
sen for its safety. The IV route is the simplest means of prompt
drug delivery at a given time. Because of the fear of severe ad-
verse reactions, the IV ASA challenge test has not been widely
used in clinical practice. A multi-system challenge plus fast re-
sponse would be expected to have a higher sensitivity with a
shorter provocation period. According to Seong et al."™ |V ASA
provocation was more efficacious than oral ASA challenge in
diagnosing NSAID hypersensitivity (specificity 100%, sensitivity
93.5%, no false-positive cases, and three false-negative cas-
es with single-NSAID hypersensitivity who did not react to the
consecutive ASA oral provocation). Nizankowska et al.® report-
ed that the sensitivity and the specificity of the 500 mg oral ASA
challenge were 89% and 93%, respectively.

In some cases, like severe nasal obstruction, severe uncontrolled
asthma, or non-compliance, provocation tests are not pre-
ferred® In many cases, this in vivo test is impossible owing to a
lack of specific technical and/or medical equipment (such as
measuring respiratory function, vital signs monitoring, appro-
priate emergency unit, or intensive care unit) or inadequate-
ly trained medical staff. It is also contraindicated in pregnant
women and children under 16 years of age. Numerous attempts
have emerged in the past 115 years to diagnose and confirm Al
by in vitro diagnostic tools. In the literature, there are approxi-
mately 12 in vitro tests for Al. Most of these tests are not widely
used because of their low reliability and validity. Functional eico-
sanoid testing (FET) is the only in vitro test with excellent diag-
nostic accuracy (sensitivity 96% and specificity 83%).” However,
this test is expensive, not usually covered by medical insurance,
and is not available in all hospitals or polyclinics.
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After reviewing the diagnostic tools available in the literature
fordiagnosing Al, itis clear thatthereis a need to find adiagnos-
tic method that is reliable, safe, readily available, and cost-ef-
fective.

Eosinophil granulocytes are found in the mucous membrane of
the respiratory and digestive system and lymphocyte-associ-
ated organs. The most prominent feature of eosinophils is the
large secondary granules, each containing four primary proteins,
the most well-known of which is the eosinophil cationic protein
(ECP). This protein is used as a marker for eosinophilic diseases
and is quantified in biological fluids such as sera, bronchial la-
vage, and nasal secretions. ECP is a neurotoxic and cytotoxic
ribonuclease™ Elevated serum ECP levels are associated with
higher eosinophil expression in nasal smears and sera and can be
used as a marker for local and systemic eosinophil expression.””
Szczeklik et al.?° have shown that the serum level of ECP, a spe-
cific marker of eosinophil activation, is elevated during bron-
choconstriction following ingestion of oral ASA. Eosinophilic
rhinosinusitis with nasal polyposis, severe adult-onset asthma,
and cysteinyl-leukotrienes overproduction are the hallmarks of
aspirin-exacerbated respiratory disease (AERD).?'

In this study, we assessed the value of assaying serum ECP levels
(as a marker for activated eosinophils) in diagnosing Al in a co-
hort of subjects with CRS compared with the gold standard sys-
temic ASA challenge.

Methods

This study is a retrospective data analysis from the hospital in-
formation system and patient files. All patients with CRS be-
tween 2013 and 2020 who underwent an IV or oral ASA challenge
test in the department of otorhinolaryngology, head and neck
surgery, in the German Military Hospital of Ulm were included in
this study. The inclusion criteria for the study were the follow-
ing: (1) clinically confirmed CRS with nasal polyps (CRSWNP) or
without nasal polyps (CRSsNP), (2) availability of IV or oral ASA
provocation test with documented results, (3) availability of se-
rum ECP results. The following exclusion criteria were applied:
age <16 years, pregnancy, immunodeficiency, cystic fibrosis, and
malignancy. CRS is diagnosed when the symptoms last for more
than 12 weeks regardless of acute exacerbations.?

ECP as a cytotoxic and neurotoxic protein released in the late
phase allergic reaction was measured from centrifuged blood
serum using fluorescence enzyme immunoassay (ImmunoCAP®
250 system provided by ThermoFisher™) with a quantitative
range of 2 to 200 pg/L. The geometric mean level was 5.5 pg/L,
95th percentile was 13.3 pg/L. Values above 11.3 pug/L (90 per-
centile) were considered as elevated, indicating eosinophil in-
flammatory activity.

We advised all patients with CRS who had more than one sinus
surgery, severe polyposis, or clear history of Al to undergo an
IV ASA provocation test. According to the spirometry results,
the systemic provocation was carried out either orally or intra-
venously after obtaining written informed consent from the
patients. To avoid acute pulmonary reactions that might result
from IV ASA administration, patients with partially controlled or
uncontrolled bronchial asthma were gradually provoked orally.
Our limit to perform an IV ASA provocation was a peak expirato-
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ry flow of 70% and a Tiffeneau index (forced expiratory volume
in first second, concerning the forced vital capacity) of 80%. If
one of these two values were under the limit or systemic steroids
could only control asthma, the oral provocation scheme was
used. All other patients with CRS were intravenously provoked.

The provocation test was positive if any reaction or adverse effect
during the provocation was observed. A late reaction was also con-
sidered a positive test. The IV provocation was performed with 500
mg lysine acetylsalicylate powder, which was dissolved in sodium
chloride 0.9% isotonic saline (250 mL) and was administered gradu-
ally via an automatic infusion device over 2 h. The provocation was
stopped immediately if the patient felt any pulmonary reaction.
The patients were given a form to document threshold values for
nasal symptoms, nasopharyngeal symptoms (including eustachian
tubes), dermatological manifestations, and pulmonary symptoms
to record immediate reactions. The contraindications for perform-
ing IV provocation tests, included children under 16 years of age,
pregnant women, patients with pulmonary disease (FEV1 <70%),
cardiac or gastrointestinal diseases, respiratory infections in the
last four weeks, and drug therapy with beta-blockers.

Sex, age, serum ECP level, and the IV or oral ASA provocation
test results were collected. The collected data were presented
on a Microsoft Excel® sheet, and the statistical analyses were
carried out using MedCalc version 19.3.1software and STATA ver-
sion 13.0 (STATA-Corp, College Station, TX, USA).

The studied test's ability to discriminate between patients who
were aspirin tolerant and intolerant was evaluated using the
area under the receiver operating characteristic (ROC) curve
(AUC). The sensitivity, specificity, diagnostic accuracy (DA),
Youden index, positive predictive value (PPV), negative predic-
tive value (NPV), positive likelihood ratio (PLR), and negative
likelihood ratio (NLR) were calculated. P value was considered
non-significant if P > .05, significant if P < .05 and highly signif-
icantif P <.01.

Frequencies and percentages were calculated for categorical
variables. Means and standard deviations (SD) were calculated
for continuous variables if the data followed a normal distri-
bution (e.g., age). Chi-squared tests were used to compare the
proportions of categorical variables between the positive and
negative groups. T-tests were used to compare means between
the two groups. We analyzed the rest of the data descriptively.

The ROC curves were constructed to quantitate the AUCs witha
95% confidenceinterval (Cl). The AUC was dividedinto five cate-
gories, which were 0.90-1(excellent), 0.80-0.90 (good), 0.70-0.80
(fair), 0.60-0.70 (low), and 0.50-0.60 (fail).

Results

We included 84 patients with CRS with a mean age of 44 (range:
19-81) years who met all the inclusion and none of the exclusion
criteria. Fifty-three percent of the patients were aged between
31and 55 years. There was no significant difference in age for the
positive provocation group (41years) and the negative provoca-
tion group (46 years) with P = 0.1595.

Unexpectedly, 31% of the study population were women (n = 26)
and 69% were men (n = 58). There was a statistically significant
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difference between the positive and negative groups in sex P
<.0001 (the percentage of women in the positive and negative
groups was 56% and 12%, respectively). In our study, 86% of the
patients (n = 72) were intravenously provoked, and 14% (n = 12)
were orally provoked.

Interestingly, only 19% of the patients in the positive provocation
group had bronchial asthma, whereas 27% of those in the neg-
ative provocation group were asthmatics. However, this differ-
ence was not statistically significant (P = 0.3955). Furthermore,
the percentage of those having nasal polyps in the negative
provocation group was significantly higher than those in the pos-
itive group (40% vs. 11%, P = .0034).

Using systemic ASA provocation as the gold standard, 43% of our
patients (n = 36) were positive, and 57% (n = 48) were negative.
The prevalence of Al in the study population was 42.9%. Serum
ECP categorized 75% (n = 63) of the patients as negative and 25%
(n =21) as positive (serum ECP > 13.9 ug/L as the optimal cut-off
point). The range of serum ECP level was 1.9-138 pg/L in the pos-
itive provocation group and 1.9-40.1 pg/L in the negative group.
In addition, there was a significant difference in the mean serum
ECP levels in the two groups (positive group 19.3 pg/L, negative
group 8.6 pg/L, and P <.0125). Table 1summarizes the character-
istics of the positive (ASPT+) and negative aspirin systemic prov-
ocation test groups (ASPT-).

The discriminating ability of the serum ECP level in detecting pa-
tients with Al was assessed by plotting ROC curves, which were
drawn by the sensitivity and 100-specificity at different cut-off
levels (Figure 1). The AUC was 0.622, indicating a limited success
of using serum ECP as a diagnostic marker for Al. The nearest
point to the upper left corner of Figure 1represents the optimal
threshold (>13.9 pg/L); the corresponding sensitivity was 38.89%,
the specificity was 85.42%, and the diagnostic accuracy (DA),
positive predictive value (PPV), negative predictive value (NPV),
PLR, and NLR were 65.46%, 66.7%, 651%, 2.67, and 0.72, respec-
tively (Table 2). After constructing the ROC curve of serum ECP
using the cut-off value recommended by our hospital laboratory
(11.3 pg/L), there was an improvement in the sensitivity (38.89%
to 47.22 %) at the cost of decreasing specificity, DA, PPV, NPV,
PLR, AUC, and the significance level P compared with the best
cut-off value of 13.9 ug/L (Table 3 and Figure 2). The difference
between the area under the ROC curves was 0.0208 (95% CI
0.0450-0.0866) with P =0.5350, statistically indicating no signifi-
cantdifference.

Table 1. Characteristics of the Positive (ASPT+) and
Negative Aspirin Systemic Provocation Test Groups
(ASPT-)

ASPT+(43%) ASPT-(57%) P
N=36 N=48

Mean age (years) 41 46 1595
Sex (men:women) 44%:56% 88%:12% .0001*
Nasal polyp 1% 40% .0034*
Asthma 19% 27% .3955
Mean serum ECP 19.3(1.9-138) 8.6(1.9—401) .0125*
(range)

*P<.05
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Figure 1. ROC Curve for Serum ECP Using the Optimal Cut-off
Value 13.9 pug/L with 95% Confidence Interval
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Figure 2. ROC Curve for Serum ECP using the Optimal Cut-off
Value 11.3 pg/L with 95% Confidence Interval

Table 2. ROC Analysis Summary for Serum ECP Using

the Systemic Provocation Test as a Gold Standard for
Diagnosis of Aspirin Intolerance and 13.9 pg/L as Optimal
Cut-off Value

Table 3. ROC Analysis Summary for Serum ECP Using
the Systemic Provocation Test as a Gold Standard for
Diagnosis of Aspirin Intolerance and 11.3 pg/L as Cut-off
Value

Area under the ROC curve 0.622 Area under the ROC curve (AUC) 0.601
Standard error a 0.0486 Standard Errora 0.0532
95% Confidence interval b 0.509-0.725 95% Confidence interval b 0.488t0 0.706
Significance level P (Area = 0.5) .0124* Significance level P (Area = 0.5) 0.0584*
Youdenindex J 0.2431 Youdenindex J 0.2014
Associated criterion >13.9 ug/L Associated criterion >11.3pg/|
Sensitivity 38.89% Sensitivity 47.22%
Specificity 85.42% Specificity 72.92%
Accuracy 65.46% Accuracy 61.9%
Positive predictive value 66.7% Positive predictive value 56.7%
Negative predictive value 651% Negative predictive value 64.8%
Positive likelihood ratio 2.67 Positive likelihood ratio 1.74
Negative likelihood ratio 0.72 Negative likelihood ratio 0.72

*P < .05.
°Delongetal.; 1988 b Binomial exact

*P > .05.
°Delongetal.; 1988 b Binomial exact

Discussion

Early detection and efficient treatment of Al are essential to
prevent disease progression, multiple revision surgeries, and
complications in patients with CRS. Considering the limitations
of the available in vitro and in vivo tests for Al and recent ev-
idence and reports, there is still a need for a new, widely avail-
able, affordable, and cost-effective test that can enhance the
early diagnosis of Al in patients with CRS.

A Chinese study done by Zheng et al.?® showed that the ECP/my-
eloperoxidase (MPO) in nasal tissue had an acceptable discrimi-
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nation value for predicting CRSWNP recurrence was a higher risk
of Alin the recurrence group. This study did not address the dis-
crimination value of serum ECP for the prediction of Al directly.
Furthermore, measuring the ECP/MPO ratio in nasal tissue is an
invasive procedure that requires a nasal tissue biopsy.

According to Benkler™, AERD can be distinguished from CRSwNP
by elevated eosinophil levels detected by ECP in the nasal tis-
sue. In another study by Weidman?*, ECP in uncinate tissue was
significantly higher in patients with AERD. These two studies
showed a correlation between nasal ECP and AERD. If we con-
sider that elevated serum ECP concentration is closely related
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to higher eosinophil expression in nasal smears'™ and that nasal
eosinophiliaand nasal ECP are positively correlated,?”® we can as-
sume a positive correlation between AERD and serum ECP indi-
rectly. A study by Szczeklik?*® showed that serum ECP increased in
patients with asthma and Al afteringestion of ASA. This was the
only study that we found described the relationship between Al
and serum ECP directly. However, the study group included pa-
tients with asthma and not CRS.

In this study, we analyzed and evaluated the serum ECP level as
a cost-effective, readily available, non-invasive, and safe test
in recognizing Al among patients with CRS (86%) mainly on the
basis of the IV ASA challenge, the gold standard. All or at least
most of the studies related to the diagnosis of Al were based
on clinical history, FET? or oral challenge test.! This could ex-
plain the higher prevalence of Al among patients with CRS in our
study (43%) compared with previous studies. According to Phil-
pott et al.,” the prevalence of self-reported Al was 2.26% in the
general population, 3.25% in CRSsNPs, 9.61% in CRSwNPs, and
40% in allergic fungal rhinosinusitis. However, the estimation of
the prevalence of AERD varies according to the determinant:
through a questionnaire (11-20%), medical record (~3%), and oral
provocation test (21%).28 We believe that the IV ASA provocation
may detect more patients with Al than the oral provocation test
and reduce false-negative results. The findings of Seong et al?
support this opinion; however, a trial on a larger scale should be
undertaken to confirm these results.

Sensitivity and specificity are considered essential measures for
the diagnostic accuracy of a given test, but they do not help es-
timate the probability of disease in a particular patient. By con-
trast, positive and negative predictive values provide estimates
of disease likelihood in a particular patient. However, both pa-
rameters vary according to disease prevalence.? Therefore,
knowing the actual prevalenceis particularly important to inter-
pret test results for anindividual patient.

In our study, the percentage of womenin the positive group (56%)
was significantly higher than that in the negative group (12%) (P
< .0001). This result is consistent with that mentioned in the lit-
erature.*®

Interestingly, we also found that the percentage of those with
nasal polyps was significantly higher in the negative provocation
group than in the positive provocation group (40% vs. 11%, P =
.0034). Similarly, the percentage of patients with bronchial asth-
ma was higherin the negative provocation group thanin the pos-
itive group (27% vs. 19%, P = 0.4). However, this difference was
not statistically significant. These findings can be attributed to
the high sensitivity and accuracy of the IV ASA challenge test.
According to Seong et al.,”? provocation test with IV lysine ASA
was more efficacious than ASA oral challenge in the diagnosis
of NSAID hypersensitivity (sensitivity 93.5%, specificity 100%, no
false-positive cases, and three false-negative cases with single
NSAID hypersensitivity, who did not react to the consecutive
ASA oral challenge). Another point to mention here is that pa-
tients with recurrent CRS, even without nasal polyp or asthma,
should be investigated for Al.

In our study, we noted asignificant difference in the mean serum
ECP level between the positive and negative provocation groups
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(P =.0125). Rasp et al.?>and Di Lorenzo et al.*'found no significant
differences in the serum ECP levels of various CRS subtypes.
However, they discussed serum ECP concerning the presence
or absence of different types of allergic rhinitis or the presence
or absence of nasal polyps. In both studies, Al was not discussed
directly. Rasp et al. found elevated ECP levels in the nasal secre-
tions of patients with all types of rhinitis without discrimination
value for any particular nasal disease.

However, Di Lorenzo et al. have observed that ECP in nasal flu-
ids from patients with nasal polyps was significantly higher than
that observedin patients without nasal polyps. Again, these two
studies did not address Al in particular. If we consider the fact
that Al is a chronic systemic eosinophilic disease rather than
a pure local inflammation, we can assume that serum ECP is a
more specific marker for Al than the nasal ECP level in patients
with CRS.

We identified the best cut-off value for serum ECP was >13.9
pug/L to determine whether the patient with CRS have Al. Al-
though AUC of 0.62 was in the low category, we can still consider
the serum ECP level as a useful diagnostic marker to detect pa-
tients with Al, especially if we consider the fact thatthe AUC has
reached statistical significance (P =.0124) and that the interpre-
tation of the significance of the AUC totally depends on the field
inwhichitis applied. In clinical practice, this simple, readily avail-
able, and cost-effective test with 85.42% specificity, 65.46% ac-
curacy, 66.7% PPV, and 2.67 PLR can be used to convince patients
with CRS to undergo more accurate but uncomfortable, expen-
sive, and not risk-free test. Elevated serum ECP levels can give
the physician an indication about the possibility of Al ensuring
NSAID is avoided as a painkiller during sinus surgery, or aspirin
desensitization trial can be started in areas where the expensive
and more accurate tests are not available or unaffordable.

Considering the limitations of the in vitro tests for Al, the provo-
cation testis still the gold standard; however, itis usually restrict-
ed to confirm acute physical reactions of the body to ASA” and
does not reflect the slow chronic body reaction to ASA as with
CRS and polyp formation. In clinical practice, we see many pa-
tients with CRS whose provocation tests are negative but who
show a significant response when undergoing trial therapy with
ASA desensitization.

Absence of previous studies to compare our results with, the
medium sample size, and the retrospective nature of data col-
lection were our study’s limitations. Regardless, to the best of
our knowledge, this study is the first to evaluate the serum ECP
level on the basis of IV ASA provocation to distinguish between
patients who are ASA tolerant or intolerant. Standardization of
the time for assaying the ECP level (especially when measuring
the serum ECP and ingestion of cortisone, ASA, foods contain-
ing ASA or after sinus surgery, and removing inflammatory load)
should be considered in future studies.

Conclusion

Thereis a high prevalence of Alin patients with CRS, which can be
detected only by IV ASA challenge. The majority of patients with
Al do not have nasal polyps or asthma. The mean serum ECP lev-
el in the positive ASA systemic provocation group is significantly
higher than that in the negative group (19.3 pg/L and 8.6 pg/L, re-
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spectively). Assaying serum ECP in patients with CRS could help
diagnose Al, especially when other more accurate tests are not
available. The best diagnostic cut-off value of serum ECP was 13.9
pg/L, and the corresponding specificity was 85.42%.

Ethics Committee Approval: Ethics committee approval was received
from the Ethics Committee of the University of Ulm (approval number
423/20).

Informed Consent: Written informed consent was obtained from all pa-
tients who participated in this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - H.R.A.,NY.A,,MT, G.M.; Design-H.R.A.,
NY.A., G.M.; Supervision - MT,, G.M.; Resource - H.R.A., NY.A,, MT, G.M,;
Materials - H.R.A., NY.A., MT.,, G.M.; Data Collection and Processing -
H.R.A., NY.A.; Analysis and Interpretation - H.R.A., NY.A., MT, G.M,; Lit-
erature Search - H.R.A., NY.A.; Writing - H.R.A.; Critical Reviews - H.R.A.,
NY.A.,MT, G.M.

Conflict of Interest: The authors have no conflicts of interest to declare.

Financial Disclosure: The authors declared that this study has received no
financial support.

References

1. Rosenfeld RM, Piccirillo JF, Chandrasekhar SS et al. Clinical practice
guideline (update): Adult sinusitis. Otolaryngol Head Neck Surg.
2015, 152(2 Suppl): 1-39. [Crossref]

2. Bhattacharyya N. Incremental health care utilization and expendi-
tures for chronic rhinosinusitis in the United States. Ann Otol Rhinol
Laryngol. 2011;120(7): 423-427. [Crossref]

3. Bhattacharyya N, Orlandi RR, Grebner J, Martinson M. Cost burden
of chronic rhinosinusitis: A claims-based study. Otolaryngol Head
Neck Surg. 2011;144(3): 440-445. [Crossref]

4. Sedaghat AR. Chronic Rhinosinusitis. Am Fam Physician. 2017; 96(8):
500-506.

5. Ray NF, Baraniuk JN, Thamer M et al. Healthcare expenditures for
sinusitis in 1996: Contributions of asthma, rhinitis, and other airway
disorders. JAllergy ClinImmunol. 1999; 103(3 Pt 1):408-414. [Crossref]

6.  Bhattacharyya N. Assessing the additional disease burden of polyps
in chronic rhinosinusitis. Ann Otol Rhinol Laryngol. 2009; 118(3): 185-
189. [Crosstref]

7. Husain Q, Sedaghat AR. Understanding and clinical relevance of
chronic rhinosinusitis endotypes. Clin Otolaryngol. 2019; 44(6): 887-
897. [Crossref]

8. Bochenek G, Nizankowska-Mogilnicka E. Aspirin-exacerbated respi-
ratory disease: Clinical disease and diagnosis. Immunol Allergy Clin
North Am. 2013; 33(2): 147-161. [Crossref]

9. Klimek L, Dollner R, Pfaar O, Mullol J. Aspirin desensitization: use-

ful treatment for chronic rhinosinusitis with nasal polyps (CRSwWNP)

in aspirin-exacerbated respiratory disease (AERD)? Current Allergy
and Asthma Reports. 2014; 14(6): 441. [Crossref]

Baenkler HW. Salicylate intolerance: pathophysiology, clinical spec-

trum, diagnosis and treatment. Dtsch Arztebl Int. 2008; 105(8): 137-

142. [Crossref]

11.  Schapowal A. (1998) Pseudoallergische Reaktionen auf nicht steroi-

dale Antiphlogistika. In: Heppt W, Bachert C (Hrsg) Praktische Aller-

gologie - Schwerpunkt HNO-Heilkunde. Thieme, Stuttgart, pp 233-

238.

Seong GM, Lee J, Kim C. Intravenous aspirin challenge as a diagnosis

of nonsteroidal anti-inflammatory drugs hypersensitivity. Asian Pac

JAllergy Immunol. 2020; 38(2): 124-128. [Crossref]

10.

12.

37

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Kowalski ML, Makowska JS, Blanca M et al. Hypersensitivity to non-
steroidal anti-inflammatory drugs (NSAIDs) - Classification, diag-
nosis and management: Review of the EAACI/ENDA and GA2LEN/
HANNA. Allergy. 2011; 66(7): 818-829. [Crossref]
Nizankowska-Mogilnicka E, Bochenek G, Mastalerz L et al. EAACI/
GA2LEN guideline: Aspirin provocation tests for diagnosis of aspirin
hypersensitivity. Allergy. 2007; 62(10): 1111-1118. [Crossref]
Nizankowska E, Bestynska-Krypel A, Cmiel A, Szczeklik A. Oral and
bronchial provocation tests with aspirin for diagnosis of aspirin-in-
duced asthma. Eur Respir J. 2000 15(5): 863-869. [Crossref]
Hecksteden K, Schafer D, Stuck BA. Diagnostik des Analgetika-In-
toleranz-Syndroms mittels funktioneller Zelltestung (Analgetika-In-
toleranz-Test: AIT). Allergologie. 2003; 26(1): 263-271. [Crossref]
Schéfer D, Maune S. Pathogenic Mechanisms and In Vitro Diagnosis
of AERD. J Allergy (Cairo). 2012; 789232. [Crossref]

Bystrom J, Amin K, Bishop-Bailey D. Analysing the eosinophil cationic
protein-A clue to the function of the eosinophil granulocyte. Respir
Res. 2011; 12(1): 10. [Crossref]

Kim KS, Won HR, Park CY et al. Analyzing serum eosinophil cationic
protein in the clinical assessment of chronic rhinosinusitis. Am J Rhi-
nol Allergy. 2013; 27(3): €75-80. [Crossref]

Szczeklik A. Mediator assays in aspirin-induced asthma. Allergy
Proc. 1994;15(3): 135-138. [Crossref]

Taniguchi M, Mitsui C, Hayashi H et al. Aspirin-exacerbated respira-
tory disease (AERD): Current understanding of AERD. Allergology
International. 2019; 68(3): 289-295. [Crossref]

Aring AM, Chan MM. Current concepts in adult acute rhinosinusitis.
American family physician. 2016; 94(2): 97-105.

Zheng M, Wang M, Li Y, Wang XD, Zhang L. [Expression of immuno-
logical and inflammatory biomarkers in chronic rhinosinusitis with
nasal polyps and its predictive value for recurrence]. Chinese journal
of otorhinolaryngology head and neck surgery. 2019; 54(3):174-180.
Chinese. [Crossref]

Weibman AR, Huang JH, Stevens WW et al. A prospective analysis
evaluating tissue biopsy location and its clinical relevance in chronic
rhinosinusitis with nasal polyps. Int Forum Allergy Rhinol. 2017; 7(11):
1058-1064. [Crossref]

Rasp G, Thomas PA, Bujia J. Eosinophilinflammation of the nasal mu-
cosa in allergic and non-allergic rhinitis measured by eosinophil cat-
ionic protein levels in native nasal fluid and serum. Clin Exp Allergy.
1994; 24(12): 1151-1156. [Crossref]

Kaldenbach T, Schafer D, Gosepath J, Bittinger F, Klimek L, Mann WJ.
Die Bedeutung eosinophiler Granulozyten in Beziehung zu Allergie
und Aspirin-Intoleranz bei Patienten mit Sinusitis polyposa [Signifi-
cance of eosinophilic granulocytes in relation to allergy and aspirin
intolerance in patients with sinusitis polyposa]. Laryngorhinootolo-
gie. 1999;78(8): 429-434. [Crossref]

Philpott CM, Erskine S, Hopkins C et al. Prevalence of asthma, aspirin
sensitivity and allergy in chronic rhinosinusitis: Data from the UK Na-
tional Chronic Rhinosinusitis Epidemiology Study. Respir Res. 2018;
19(1): 129. [Crossref]

Graefe H, Roebke C, Schafer D, Meyer JE. Aspirin Sensitivity and
chronic rhinosinusitis with polyps: A Fatal Combination. Journal of
Allergy. 2012; 817910. [Crossref]

Akobeng AK. Understanding diagnostic tests 1: Sensitivity, speci-
ficity and predictive values. Acta paediatrica. 2015; 96(3):338-341.
[Crossref]

Rodriguez-Jiménez JC, Moreno-Paz FJ, Terdn LM, Guani-Guerra E.
Aspirin exacerbated respiratory disease: Current topics and trends.
Respir Med. 2018; 135: 62-75. [Crossref]

DilLorenzo G, Drago A, Esposito Pellitteri M et al. Measurement of in-
flammatory mediators of mast cells and eosinophils in native nasal
lavage fluid in nasal polyposis. Int Arch Allergy Immunol. 2001; 125(2):
164-175. [Crossref]

entupdatesjournal.org


https://doi.org/10.1177/0194599815572097
https://doi.org/10.1177/000348941112000701
https://doi.org/10.1177/0194599810391852
https://doi.org/10.1016/S0091-6749(99)70464-1
https://doi.org/10.1177/000348940911800305
https://doi.org/10.1111/coa.13455
https://doi.org/10.1016/j.iac.2012.10.002
https://doi.org/10.1007/s11882-014-0441-9
https://doi.org/10.3238/arztebl.2008.0384b
https://doi.org/10.12932/AP-151018-0416
https://doi.org/10.1111/j.1398-9995.2011.02557.x
https://doi.org/10.1111/j.1398-9995.2007.01409.x
https://doi.org/10.1034/j.1399-3003.2000.15e09.x
https://doi.org/10.5414/ALP26263
https://doi.org/10.1155/2012/789232
https://doi.org/10.1186/1465-9921-12-10
https://doi.org/10.2500/ajra.2013.27.3901
https://doi.org/10.2500/108854194778702955
https://doi.org/10.1016/j.alit.2019.05.001
https://doi.org/10.3760/cma.j.issn.1673-0860.2019.03.003
https://doi.org/10.1002/alr.22005
https://doi.org/10.1111/j.1365-2222.1994.tb03321.x
https://doi.org/10.1055/s-2007-996903
https://doi.org/10.1186/s12931-018-0823-y
https://doi.org/10.1155/2012/817910
https://doi.org/10.1111/j.1651-2227.2006.00180.x
https://doi.org/10.1016/j.rmed.2018.01.002
https://doi.org/10.1159/00005381

