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Lack of Efficacy of Symptoms and Medical History
in Distinguishing the Degree of Eosinophilia in
Nasal Polyps
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What is already known about this topic? Studies have demonstrated that nasal polyps can be eosinophilic or non-
eosinophilic and this knowledge can direct treatment; however, there is no way to distinguish these conditions other than
by histology.

What does this article add to our knowledge? No clinical biomarker other than absolute eosinophil count was able to
help distinguish patients with eosinophilic polyps from patients with noneosinophilic polyps.

How does this study impact current management guidelines? This study emphasizes the importance of histologic
examination of surgically obtained tissue to direct treatment.
BACKGROUND: Distinguishing eosinophilic nasal polyps (NP)
from noneosinophilic NP will impact prognosis and therapeutic
responsiveness.
OBJECTIVE: To investigate the ability of clinical history and
biomarkers to distinguish these conditions.
METHODS: A total of 74 consecutive patients undergoing
surgery for NP were enrolled. Clinical presentations were
evaluated using the 22-item sinonasal outcome test (SNOT-22).
Biomarkers included absolute eosinophil count, IgE, and extent
of tissue hyperplasia on sinus computed tomography scan. Tis-
sue eosinophilia was quantified in 10 random hpf and data
analyzed addressing both peak and average results.
aDepartment of Medicine, University of Virginia Health Systems, Charlottesville, Va
bDepartment of Otolaryngology, University of Virginia Health Systems, Charlot-
tesville, Va

cDepartment of Public Health Science, University of Virginia Health Systems,
Charlottesville, Va

dDepartment of Microbiology, University of Virginia Health Systems, Charlottes-
ville, Va

This study was supported by the National Institutes of Health (grant nos. RO1
AI1057438, UO1 AI100799, and R56 AI120055).

Conflicts of interest: J. W. Steinke has received research support from the National
Institutes of Health; has received lecture fees from the American Academy of
Allergy, Asthma & Immunology; and receives royalties for the LUVA cell line. S.
Payne has received consultancy fees from Acclarent, Medtronic, and Cook; has
provided expert testimony for various legal firms; has received research support
from Allakos and Knopp Bioscience; and receives royalties from Jaypee Pub-
lishing. L. Borish has received research support from the National Institutes of
Health and is on the American Board of Allergy and Immunology. The rest of the
authors declare that they have no relevant conflicts of interest.

Received for publication February 9, 2017; revised March 15, 2017; accepted for
publication April 4, 2017.

Available online May 10, 2017.
Corresponding author: Larry Borish, MD, Asthma and Allergic Disease Center, Box
80133, University of Virginia Health System, Charlottesville, VA 22908. E-mail:
lb4m@virginia.edu.

2213-2198
� 2017 American Academy of Allergy, Asthma & Immunology
http://dx.doi.org/10.1016/j.jaip.2017.04.009

1582
RESULTS: No component of the SNOT-22 was predictive of
tissue eosinophilia. Similarly, a medical history of allergic
rhinitis, asthma, or aspirin-exacerbated respiratory disease was
not predictive. An absolute eosinophil count of more than 300
was associated with NP tissue eosinophilia. In contrast, neither
IgE nor extent of sinus computed tomography hyperplasia was
predictive.
CONCLUSIONS: The ability to individualize therapies for NP
is dependent on identifying clinical features or biomarkers of
eosinophilia. However, with the exception of circulating
eosinophilia, we could not identify a clinical feature or
biomarker that robustly predicted the presence of tissue
eosinophilia. Even more problematic, even the seeming
“criterion standard” determination of tissue pathology was of
limited value, as our cohort displayed a continuous spectrum of
tissue eosinophil expression, making arbitrary any definitive
cutoff distinguishing these conditions. � 2017 American
Academy of Allergy, Asthma & Immunology (J Allergy Clin
Immunol Pract 2017;5:1582-8)

Key words: Chronic rhinosinusitis; Nasal polyps; Eosinophils;
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The importance of properly distinguishing chronic rhinosi-
nusitis (CRS) phenotypes is essential because of its impact on
prognosis and therapeutic decisions. The presence of eosinophilic
inflammation will define patients responsive to biotherapeutics
that target eosinophils or type 2 cytokines. This is certainly
understood in asthma where the presence of eosinophils is
essential in not only defining subjects responsive to systemic and
inhaled corticosteroids1-3 but also those who will respond to IL-
5etargeting therapeutics.4-6 And, similarly, the presence of an
IL-13high signature predicts response to its antagonists.7,8

Although topical and systemic corticosteroids (CCSs) are
considered the mainstay of medical therapy for CRS,9-11 the
requirement for infiltrating eosinophils has not been investigated
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TABLE I. Subjects’ demographic characteristics (total n ¼ 74)

Characteristic n (%)
Abbreviations used

AEC- A
bsolute eosinophil count
Sex: female 35 (47.3)
AERD- A
spirin-exacerbated respiratory disease

Age (y), mean � SD 46.4 � 14.9
AR- A
llergic rhinitis
Asthma 39 (53.4)
CCS- C
orticosteroids
Allergies 38 (51.4)
CRS- C
hronic rhinosinusitis
AERD 16 (21.6)

CRSwNP- C
hronic rhinosinusitis with nasal polyps
CT- C
omputed tomography

Smoking 12 (16.2)
ECP- E
osinophil cationic protein
NP- N
asal polyp

SNOT- S
inonasal outcome test
as the basis for predicting their therapeutic responsiveness. But
given the histological and immunological similarities of asthma
and CRS, it is likely that this “eosinophil dependence” regarding
steroid responsiveness in asthma will extend to CRS. Although
not as well studied in CRS, at least 1 trial of an IL-5 antagonist in
this condition reported efficacy in an IL-5high phenotype sub-
group of patients.12

Current guidelines phenotype CRS according to the presence
(chronic rhinosinusitis with nasal polyps [CRSwNP]) or absence
(CRS without nasal polyps [NPs]) of NPs.13,14 This dichotomy
was driven largely by the concept that CRSwNP is a disease more
commonly characterized by prominent tissue eosinophilia along
with a type 2 (IL-4high/IL-5high/IL-13high) cytokine profile. In
contrast, CRS without NPs usually presents as an IL-5low non-
eosinophilic disease. However, although the diagnosis of NPs
strongly suggests the presence of a type 2 helper lymphocytehigh

(TH2
high)/IL-5high phenotype, this is far from absolute. In a

recent comprehensive study investigating regional differences in
CRS presentation, between 17% and 42% of patients from
Europe, Australia, and China did not demonstrate a TH2

high

signature in their NPs and, similarly, anywhere from 20% to
75% of patients did not demonstrate an eosinophilhigh profile.15

Thus, although the presence of NPs has been used as
presumptive evidence for an eosinophilic/TH2-driven process,
given the frequency with which NPs can comprise a non-
eosinophilic disease there is increasing recognition of the
inadequacies of this approach.

With the importance of defining eosinophil status as the basis
for determining individualized therapeutic approaches, a means
of easily distinguishing noneosinophilic from eosinophilic NPs is
required. The “criterion standard” determinant of inflammation
would arguably be quantifying eosinophil number, and/or
perhaps also eosinophil-derived mediators such as eosinophilic
cationic protein (ECP), in tissue samples. However, this
approach requires obtaining a surgical specimen and pathologists
may not always be prepared to provide definitive reporting of
eosinophilia or be able or to perform proper immunohisto-
chemical analyses for eosinophil byproducts.

We speculated that eosinophilic NPs and noneosinophilic
NPs would present with distinct profiles in their medical history,
symptom profile, or circulating biomarkers that would predict
NP pathology. We therefore addressed the utility of the 22-item
sinonasal outcome test (SNOT-22) to predict NP tissue diag-
nosis. In addition, we investigated whether the extent of
hyperplastic changes in the sinuses, as assessed by Lund-Mackay
score, along with the history of allergic rhinitis (AR), asthma, or
aspirin-exacerbated respiratory disease (AERD) or circulating
absolute eosinophil counts (AECs) or total IgE would support
the diagnosis of eosinophilic CRS.

METHODS

Subjects

Our study group consisted of 74 subjects consecutively evaluated
at the University of Virginia for CRSwNP and referred for functional
endoscopic sinus surgery. Eligibility for surgery required a failure of
medical therapy to control symptoms that included a course of oral
followed by topical CCSs. Immediately preoperative oral steroids
were not used. All subjects completed a SNOT-22 before surgery
and, as part of their medical evaluation, AECs and total IgE con-
centrations were determined using standard clinical laboratory
methodologies. The presence of AR was based on specific allergen
testing or a strong clinical history of seasonal variation with sneezing
and ocular complaints. Comorbid asthma was based on physician
diagnosis and did not include remote and/or resolved childhood
disease. AERD diagnosis was based on a compelling history of
exacerbation of upper and/or lower airway symptoms after exposure
to aspirin or other nonselective cyclooxygenase inhibitors. Finally,
we quantified the extent of sinus hyperplasia via Lund-Mackay
scoring of subjects’ sinus computed tomography (CT) scans. This
study was performed with the approval of the University of Virginia
Institutional Review Board.

Pathological scoring

A portion of each polyp was placed in 4% paraformaldehyde
(Sigma, St Louis, Mo) overnight at 4�C. The next day specimens
were washed in PBS and stored in 70% ethanol until paraffin
embedding. Paraffin embedding, tissue sectioning, and hematoxylin-
eosin staining were performed by the Histology Core Laboratory of
the University of Virginia. NPs were scored for eosinophilia on the
basis of the number of eosinophils in hematoxylin-eosinestained
sections. Sections were examined under 400� magnification in a
blinded fashion and positive cells were counted in 10 random sec-
tions for each sample with the final number analyzed as both the
peak and as the average number of cells per 10 hpf.

Surgical outcome
All patients were treated postoperatively with twice daily large

volume nasal saline irrigation and topical nasal corticosteroid. Repeat
SNOT-22 scoring was performed at a follow-up visit as close as
feasible to 3 months postoperatively.

Statistical analyses
For complete details, see this article’s Online Repository at www.

jaci-inpractice.org. Briefly, data were summarized by frequencies
and percentages, and continuous scaled data were summarized by the
mean and SD of the distribution. Spearman rank correlation analyses
were conducted to examine the relationship of the preoperative

http://www.jaci-inpractice.org
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FIGURE 1. Tissue eosinophil distribution in NP samples. Eosinophils were counted in ten 400� hpfs. Distribution of the cohort as a
function of average (A) and peak (B) expression is displayed. For the distribution of eosinophil numbers in Figure 1, A and B, (indicates
inclusion of that number and) indicates less than that number.
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SNOT-22 composite and individual component scores with “average”
and “peak” tissue eosinophilia counts. Comparisons of average and
peak tissue eosinophilia count in relationship to asthma, AR, smoking,
and AERD status were conducted via the 2-sample Welch test. Blood
biomarker (absolute eosinophilia count and total IgE) and the Lund-
MacKay score relationships with tissue eosinophilia were examined by
ANOVA by comparing the geometric means of the blood biomarker
distributions between patients who were grouped according to the
tertiles of the tissue average eosinophilia count. Finally, postoperative
improvement in SNOT-22 scores was analyzed by Spearman rank
correlation analyses as a function of eosinophil content of NP tissue.
The Spotfire Splus version 8.2 statistical package (TIBCO Inc, Palo
Alto, Calif) was used to conduct the aforementioned set of statistical
analyses.

RESULTS

Subjects’ demographic characteristics

A total of 74 subjects with CRSwNP who underwent func-
tional endoscopic sinus surgery were enrolled and their de-
mographic features are summarized in Table I.

Tissue eosinophilia in NP samples
NPs were analyzed for tissue eosinophilia and data were

analyzed as both peak (number/400� hpf) and average tissue
eosinophil counts (eosinophil/400� hpf averaged over 10
regions). Distribution of subject numbers as a function of average
and peak tissue eosinophil expression is displayed in Figure 1.
When visualized as average expression, subjects can be identified
with low and high expression of eosinophils. However, when
viewed as peak number of tissue eosinophils, a continuous
distribution of eosinophil expression is observed.

SNOT-22 score as a function of tissue eosinophilia

We compared the total SNOT-22 score as a function of tissue
eosinophil counts. As demonstrated in Figure 2, no correlation
was observed whether analyzed as a function of peak (P ¼ .195)
or average (P ¼ .189) eosinophil expression. For these analyses,
the Spearman correlation was 0.16 (95% CI, �0.09 to 0.40) and
0.17 (95% CI, �0.09 to 0.40), respectively.

Correlation of individual components of the SNOT-22

with tissue eosinophilia
We speculated that individual components of the SNOT-22

might be superior in predicting eosinophilia and therefore
analyzed individual components of the SNOT-22. Again, only
very poor correlations were observed (with Spearman rank cor-
relation coefficients ranging from �0.22 to þ0.24 for average
and �0.20 to 0.26 for peak eosinophil counts) and none of these
achieved statistical significance (see Figure E1 and Table E1 in
this article’s Online Repository at www.jaci-inpractice.org).

Relationship of medical history, sinus CT, and blood

biomarkers with tissue eosinophilia
Neither medical history of AR, asthma, or AERD or a per-

sonal history of smoking predicted tissue eosinophil count

http://www.jaci-inpractice.org
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FIGURE 2. Correlation of total SNOT-22 scores with tissue eosinophilia. Correlation of total SNOT-22 scores with average (A) and peak
(B) NP eosinophil counts is displayed. The Spearman rank correlation coefficient for the relationship in Figure 2, A, is 0.16 (95%
CI, �0.09 to 0.40; P ¼ .195) and the Spearman rank correlation coefficient for the relationship in Figure 2, B, is 0.17 (95% CI, �0.09 to
0.40; P ¼ .189).

TABLE II. Asthma, AR, smoking, and AERD relation to CRS tissue eosinophilia

Condition

Average tissue eosinophil count (95% CI)

P value

Peak tissue eosinophil count (95% CI)

P valuePresent Absent Present Absent

Asthma 18.1 (9.0-27.2) 16.6 (8.2-25.0) .801 37.8 (20.6-55.0) 32.8 (17.6-48.1) .664

Allergies 17.7 (7.4-28.1) 21.4 (10.5-32.2) .624 35.5 (17.5-52.5) 56.5 (12.3-100.8) .364

AERD 23.6 (6.9-40.3) 18.4 (10.0-26.8) .563 48.7 (16.0-81.4) 44.6 (16.4-72.8) .846

Smoking history* 16.7 (6.5-26.9) 20.1 (11.4-28.7) .597 36.6 (16.0-57.2) 47.2 (20.0-74.4) .522

IgE � 100 15.7 (5.5-25.9) 22.1 (9.7-35.6) .416 30.0 (14.7-45.2) 41.5 (20.0-63.0) .371

LMS � 10 17.1 (9.9-24.2) 9.3 (0-26.7) .318 32.8 (20.9-44.6) 13.8 (0-39.0) .118

AEC > 300 23.8 (13.2-34.3) 7.7 (3.5-12.0) .006 43.0 (26.1-60.0) 19.3 (5.2-33.5) .031

LMS, Lund-Mackay score.

J ALLERGY CLIN IMMUNOL PRACT
VOLUME 5, NUMBER 6

STEINKE ETAL 1585
(Table II). Although tissue eosinophilia was slightly higher in the
asthmatic cohort, these data did not approach statistical signifi-
cance. Similarly, neither circulating total IgE concentration nor
extent of hyperplasia observed on the sinus CT as quantified
using the Lund-MacKay score predicted the extent of eosino-
philia in the polyp sample (Table E1; Figure E1). In contrast, an
elevated circulating eosinophil count (AEC > 300) was signifi-
cantly associated with higher average (23.8; 95% CI, 13.2-34.3;
P < .01) and peak (43.0; 95% CI, 26.1-60.0; P < .05) tissue
eosinophil counts compared with subjects with an AEC of 300 or
less (tissue eosinophil counts of 7.7 [3.5-12.0] and 19.3
[5.2-33.5], respectively). As an alternate means of analyzing the
data, the cohort was divided into tertiles on the basis of average
tissue eosinophilia. Again, only statistically insignificant positive
correlations with AEC and Lund-Mackay score were observed
whereas total IgE demonstrated an insignificant negative corre-
lation (Figure 3).

Postoperative medical outcome

After functional endoscopic sinus surgery, all patients were
treated with a regimen that included twice daily large volume
saline irrigation of the sinuses and topical CCSs. SNOT-22
scores were reassessed as close as feasible to 3 months after the
surgery and improvement in SNOT-22 scores analyzed as a
function of eosinophil content of NP tissue. Clinically mean-
ingful statistically significant improvements were seen in both
high and low eosinophil cohorts, but eosinophil status did not
influence the extent of that improvement (Figure 4).
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FIGURE 3. Correlation of clinical biomarkers with tissue eosinophilia. AEC (A), total serum IgE (B), and LMS (C) as a function of tissue
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null hypothesis test that there are no tertile-to-tertile differences in the GM of the distribution. LMS, Lund-Mackay score.

J ALLERGY CLIN IMMUNOL PRACT
NOVEMBER/DECEMBER 2017

1586 STEINKE ETAL
DISCUSSION

CRS with or without nasal polyps comprises numerous
distinct conditions based on unique immunologic- and
pathology-based characteristics16-20 and the responsiveness to
therapeutic interventions such as CCSs and immune modulators
will almost certainly depend on individualized determination of
each patient’s distinct endotype. CRS often coexists with asthma
and shares numerous pathogenic features.21-24 In asthma, it is
well established that responsiveness to CCSs is dependent on the
presence of an eosinophilic phenotype2,25 and similarly, TH2

high

asthma predicts responsiveness to biologics such as anti-IgE and
antieIL-5, and the IL-4/IL-13etargeting agents.4-6,25,26

Although not as well studied as asthma, there is evidence that
CRS responsiveness to antieIL-5 is dependent on an IL-5high

signature.12,27 And although steroids both topically and
systemically are known to be effective for NPs,9-11 the extent to
which this is equally true in eosinophilic and noneosinophilic
forms of the disease has not been explored.
Insofar as accurate phenotyping of NPs will prove important in
determining appropriate management strategies, we evaluated the
ability of clinical presentation, CT scan, and blood biomarkers to
distinguish eosinophilic from noneosinophilic presentations of
NPs. Neither the composite SNOT-22 score nor any individual
component symptom was predictive of tissue pathology (Figures 2
and E1). We were surprised by this result because one of our
premises was that noneosinophilic (often a neutrophil-
predominant process) would be more likely to be associated
with pain/pressure, similar to what is observed in acute rhinosi-
nusitis. In contrast, the reported reduced expression of prosta-
glandin E2 in E-CRS28,29 led us to predict less sensation of pain/
pressure in this presentation. Also, it has been suggested that the
neuropathy associated with eosinophilia could contribute to the
anosmia frequently observed in patients with NPs, but again, we
found no linkage of loss of smell to an eosinophilic phenotype.

Similarly, no component of the medical history including a
diagnosis of AR or asthma was predictive of eosinophil status. In
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retrospect, the current result is reasonable because asthma itself
can be an eosinophilic or noneosinophilic disease and AR can
predispose to both eosinophilic and noneosinophilic
presentations of NPs.30 As with a history of AR, total IgE had no
predictive value (Table II and Figure 3). Among the biomarkers
we studied, only circulating eosinophilia was predictive of tissue
eosinophil status (Table II). We also speculated that E-NPs
would act as a self-propagating TH2-driven disease and that this
would predict greater hyperplasia on Lund-Mackay scoring, but
that was not observed.

Thus, with the exception of AEC, nothing in the medical
history, symptom presentation, or biomarker profile predicts
tissue eosinophilia. It is however possible that utilization of only
polyp, as opposed to uncinate or other ethmoid tissue, may have
limited our ability to explore tissue eosinophilia. These limita-
tions contrast with the advantage of using the presence or
absence of NPs to define phenotypes, given the ability to
use rhinoscopy to rapidly and efficiently make a definitive
designation. However, although generally predictive of a
TH2

high/IL-5high eosinophilic process, the mere presence of NPs
cannot be used to assume the presence of eosinophilia. There is
wide regionally driven variability in the extent to which NPs are
associated with the expression of IL-5 ranging from as high as
83% in Benelux to a low of 20% in Chengdu, China.15 And,
similarly, using a cutoff of an ECP/myeloperoxidase ratio of
more than 1, the expression of an eosinophil signature in NPs
ranged from 20% to 75%.

The “criterion standard” determinant of inflammation would
seem to have been quantifying eosinophil number (or perhaps
also eosinophil-derived mediators such as ECP) in tissue samples.
In our study, although it was possible to readily define some
subjects as having “low” and “high” numbers of eosinophils in
their tissue, largely, a continuous distribution was observed
(Figure 1, A and B) and, as with an ECP/myeloperoxidase ratio
of more than 1, presumably any definitive cutoff would be
arbitrary. A further challenge in defining “eosinophilic” NPs is
recognizing that eosinophils are not randomly distributed
throughout the polyps but can be clustered in different areas. It
is, again, arbitrary to determine whether a single focus of intense
eosinophilia should be sufficient to determine phenotype as
opposed to demanding a more consistent widespread distribution
of eosinophilia. In our analyses, we used both peak and average
eosinophil counts. It is important to note that these approaches
did not produce meaningfully divergent results, suggesting that
either approach is appropriate.

Finally, all patients were treated with large volume nasal saline
irrigation and topical CCSs postoperatively. We speculated that,
similar to asthma, the presence of eosinophilia might predict
CCS responsiveness and produce a superior clinical outcome.
However, this was not observed, which reflects the robust
clinical improvement observed across both cohorts, confirming
the beneficial effects of both surgical and maximal medical
therapy.31

In summary, we speculate that—similar to asthma—thera-
peutic responsiveness to CCSs and type 2etargeting immune
modulators in patients with NPs will be dependent on the
presence of an eosinophilic pathology. The ability to individu-
alize therapies therefore will require identifying clinical features
or biomarkers for eosinophilic NPs. However, with the exception
of circulating eosinophilia, we could not identify a clinical feature
or biomarker that robustly predicted the presence of polyp tissue
eosinophilia. Even more problematic, the “criterion standard”
determination of tissue pathology was of limited value indicating
that if tissue eosinophilia is predictive of disease phenotype,
polyp tissue is likely suboptimal for this purpose. Although in-
dividuals could be identified who were unambiguously eosino-
philic or noneosinophilic, a large portion of our cohort presented
across a continuous spectrum of tissue eosinophil expression,
rendering arbitrary any definitive cutoff distinguishing these
conditions.
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STATISTICAL ANALYSES

Data summarization
Categorical data were summarized by frequencies and per-

centages, and continuous scaled data were summarized by the
mean and SD of the distribution.

Relationship of SNOT-22 to tissue eosinophilia
Spearman rank correlation analyses were conducted to

examine the relationship of the preoperative SNOT-22 com-
posite score with “average” and “peak” tissue eosinophilia count.
Spearman rank correlation analyses were also conducted to
examine whether the individual components of the preoperative
SNOT-22 were related to “average” and “peak” eosinophilia
count. With regard to hypothesis testing, all tests of association
were designed to test the null hypothesis that the true underlying
correlation coefficient is equal to zero, with the alternative
hypothesis that the true underlying correlation coefficient is not
equal to zero. A P � .05 decision rule was established a priori as
null hypothesis rejection criterion.

Relationship of medical history, sinus CT, and blood

biomarkers with tissue eosinophilia
Comparisons of “average” and “peak” tissue eosinophilia

count in relationship to asthma status, AR status, smoking status,
and AERD status were conducted via the 2-sample Welch test.
The 2-sample Welch test is similar to the 2-sample Student t test,
but unlike the 2-sample Student t test, the 2-sample Welch test
does not require the underlying variances of the 2 study
populations to be equal. With regard to hypothesis testing, all the
2-sample Welch tests were designed to test the null hypothesis
that the underlying means of the tissue eosinophilia distributions
(eg, comparison of average tissue eosinophilia) are equal, with the
alternative hypothesis that the underlying means of the tissue
eosinophilia distributions are not equal. A P � .05 decision rule
was established a priori as the null hypothesis rejection criterion.

Blood biomarker (absolute eosinophilia count and total IgE)
and the Lund-MacKay score relationships with tissue eosino-
philia were examined by comparing the geometric means of the
blood biomarker distributions between patients who were
grouped according to the tertiles of the “tissue average eosino-
philia count” empirical distribution. In the framework of
ANOVA, an F test was used to test the null hypothesis that the
geometric means of the biomarker distributions (eg, absolute
eosinophilia count distributions) are irrespective of “tissue
average eosinophilia” tertile, with the alternative that the geo-
metric means of the biomarker distributions are “tissue average
eosinophilia” tertile dependent. A P � .05 null hypothesis
rejection criterion was established a priori as the null hypothesis
rejection criterion for the F test.

Postoperative medical outcome
Postoperative improvement in SNOT-22 scores was analyzed

as a function of eosinophil content of NP tissue. Spearman rank
correlation analyses were conducted to examine the relationships
of the preoperative to postoperative change in the SNOT-22
score to “tissue average” and “tissue peak” eosinophilia. A
P � .05 null hypothesis rejection criterion was established a
priori as the null hypothesis rejection criterion for rejecting the
null hypothesis of zero bivariate correlation, versus the alternative
hypothesis of nonzero bivariate correlation.

Statistical software
The Spotfire Splus version 8.2 statistical package (TIBCO Inc,

Palo Alto, Calif) was used to conduct the aforementioned set of
statistical analyses.
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FIGURE E1. Correlation of individual components of the SNOT-22, total IgE, and LMS with average (A) and peak (B) tissue eosinophilia.
Blue circles identify the estimate for the Spearman rank correlation coefficient, and vertical lines identify the 95% CI. LMS, Lund-Mackay
score; P/P, pain and pressure; PND, post nasal drip.
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TABLE E1. Spearman correlations coefficients (rs) for correlation of individual components of the SNOT-22, and IgE and LMS with
average and peak tissue eosinophilia

Average tissue eosinophilia Peak tissue eosinophilia

Correlate rs 95% CI P value Correlate rs 95% CI P value

Total IgE �0.22 �0.48 to 0.09 .151 Total IgE �0.20 �0.47 to 0.10 .183

PND �0.03 �0.28 to 0.22 .801 PND �0.05 �0.30 to 0.20 .693

Facial P/P �0.01 �0.26 to 0.24 .952 Dizziness �0.01 �0.26 to 0.24 .947

Ear fullness 0.01 �0.24 to 0.26 .939 Facial P/P 0.00 �0.25 to 0.25 .997

Need to blow 0.02 �0.24 to 0.27 .903 Thick nasal discharge 0.02 �0.23 to 0.27 .846

Ear pain 0.02 �0.23 to 0.27 .875 Ear fullness 0.03 �0.23 to 0.27 .843

Dizziness 0.03 �0.23 to 0.27 .840 Need to blow nose 0.03 �0.22 to 0.28 .815

Thick nasal discharge 0.03 �0.22 to 0.28 .803 Ear pain 0.03 �0.22 to 0.28 .813

Cough 0.03 �0.22 to 0.28 .795 Embarrassed 0.05 �0.21 to 0.30 .706

Embarrassed 0.04 �0.21 to 0.29 .731 Cough 0.05 �0.20 to 0.30 .667

Sad 0.09 �0.16 to 0.34 .454 Difficulty falling asleep 0.08 �0.18 to 0.32 .535

Fatigue 0.10 �0.16 to 0.34 .441 Nasal obstruction 0.11 �0.15 to 0.35 .397

Difficulty falling asleep 0.10 �0.16 to 0.34 .431 Sad 0.11 �0.15 to 0.35 .395

Nasal obstruction 0.12 �0.13 to 0.36 .334 Fatigue 0.12 �0.14 to 0.36 .352

Reduced productivity 0.12 �0.13 to 0.36 .328 Reduced productivity 0.13 �0.13 to 0.37 .309

LMS 0.13 �0.14 to 0.39 .332 Loss smell/taste 0.14 �0.12 to 0.38 .267

Loss smell/taste 0.14 �0.12 to 0.38 .275 Runny nose 0.14 �0.11 to 0.38 .257

Sneezing 0.14 �0.12 to 0.38 .271 Sneezing 0.15 �0.11 to 0.38 .240

Frustrated/restless/irritable 0.15 �0.11 to 0.38 .244 Frustrated/restless/irritable 0.16 �0.10 to 0.39 .214

Runny nose 0.16 �0.10 to 0.39 .208 Lack of good night’s sleep 0.16 �0.10 to 0.39 .207

Lack of good night’s sleep 0.16 �0.10 to 0.39 .207 Total SNOT-22 score 0.17 �0.09 to 0.40 .189

Total SNOT-22 score 0.16 �0.09 to 0.40 .195 Wake up at night 0.18 �0.08 to 0.41 .156

Wake up at night 0.17 �0.09 to 0.40 .183 Reduced concentration 0.23 �0.03 to 0.45 .070

Reduced concentration 0.21 �0.05 to 0.44 .097 LMS 0.23 �0.04 to 0.47 .090

Wake up tired 0.24 �0.01 to 0.46 .052 Wake up tired 0.26 0.01 to 0.48 .035

LMS, Lund-Mackay score; P/P, pain and pressure; PND, post nasal drip.
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