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Abstract
Objective: This study aimed to predict eosinophilic chronic rhinosinusitis prognosis by investigating changes in the
blood eosinophil count and other disease biomarkers after surgery.

Methods: Blood eosinophil numbers and serum interleukin-5 levels were measured in 22 eosinophilic chronic
rhinosinusitis patients before and after functional endoscopic sinus surgery, and compared with equivalent
measures in non-eosinophilic chronic rhinosinusitis patients and chronic rhinosinusitis without polyps patients.
Differences between well-controlled eosinophilic chronic rhinosinusitis patients and those who experienced
recurrence were also assessed.

Results: Blood eosinophil numbers and serum interleukin-5 level decreased after surgery in eosinophilic chronic
rhinosinusitis patients. In this patient group, blood eosinophil counts before surgery were significantly higher in
patients who experienced recurrence (825.7± 26.1 vs 443.9± 76.6 cells/μl, p< 0.05), and decreased
significantly after surgery (825.7± 26.1 vs 76.7± 25.8 cells/μl, p< 0.05).

Conclusion: Blood eosinophil numbers may reflect disease severity in eosinophilic chronic rhinosinusitis patients
and their prognosis after surgery.
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Introduction
Chronic rhinosinusitis is one of the most frequently
encountered diseases in the field of otolaryngology
and is classified into two subgroups: with and
without nasal polyps. Chronic rhinosinusitis without
nasal polyps is more likely to be caused by a bacterial
infection, whereas chronic rhinosinusitis with nasal
polyps is more likely to present with blood eosinophilia
and asthma.1–4

Recently, there have been increasing numbers of
intractable chronic rhinosinusitis cases, presenting
with nasal polyps and high levels of eosinophil infiltra-
tion. This so-called eosinophilic chronic rhinosinusitis
subtype commonly coexists with asthma (including
aspirin-intolerant asthma) and frequently recurs after
surgery. Histopathological studies have demonstrated
that the inflammation involves accumulation of acti-
vated eosinophils in the sinus mucosa.5 These eosino-
phils are reported to play a role in the pathogenesis of
chronic rhinosinusitis via releasing granule proteins
such as eosinophil cationic protein.6

The relationship between chronic rhinosinusitis and
asthma is well established: an asthma prevalence of 50
per cent is reported in chronic rhinosinusitis patients,

and asthmatic symptoms recover after medical and/or
surgical treatment in 60–88 per cent of patients.7

Eosinophil infiltration is one of the histological features
shared by asthma and chronic rhinosinusitis with nasal
polyps, but little is known about the mechanisms under-
lying eosinophilic inflammation in chronic rhinosinusitis,
and particularly in eosinophilic chronic rhinosinusitis.
Management after functional endoscopic sinus

surgery (FESS) is important, and an elevated peripheral
eosinophil count before surgery is considered an
important predictor of chronic rhinosinusitis recurrence
after FESS.8 However, changes in the blood eosinophil
count after surgery have not been reported.
This study evaluated blood eosinophil counts and the

levels of other biomarkers before and after surgery to
try to identify novel prognosis factors for eosinophilic
chronic rhinosinusitis.

Materials and methods

Patients

This study evaluated 78 chronic rhinosinusitis patients
who underwent FESS at the Department of
Otolaryngology – Head and Neck Surgery, Hokkaido
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University Hospital, between April 2007 and December
2012. Patients with chronic rhinosinusitis resulting from
a paranasal sinus tumour or paranasal sinus cysts devel-
oping after surgery were excluded. The patient cohort
comprised 33 women (42 per cent) and 45 men (58
per cent) with a mean age of 52.8± 1.52 years (range
13–83 years).
Chronic rhinosinusitis was diagnosed based on clin-

ical symptoms (anterior and/or posterior nasal drip,
nasal obstruction, decreased sense of smell) lasting
for more than 12 weeks, nasal endoscopy and com-
puted tomography (CT) imaging of the paranasal cav-
ities.9 Chronic rhinosinusitis patients were classified
into chronic rhinosinusitis with or without nasal
polyps groups based on the presence or absence of
bilateral polyps, respectively, as confirmed by endos-
copy and CT imaging. Furthermore, chronic rhinosinu-
sitis with nasal polyps was subdivided into eosinophilic
and non-eosinophilic chronic rhinosinusitis according
to the degree of eosinophilic infiltration into sinus
mucosal tissue (Figure 1).8

Before surgery, all patients underwent CT imaging
and the peripheral eosinophil count, total serum
immunoglobulin E (IgE) and respiratory function
were measured. Computed tomography scans were
evaluated by an otolaryngologist and a radiologist
who were blinded to the disease subtype and staged
according to the Lund–MacKay scoring system.9

This study was approved by the Institutional Review
Board of Hokkaido University Hospital for Clinical
Research (approval number 012–0399), and written
informed consent was obtained from all patients.

Evaluation of tissue and blood eosinophil counts

Sinus mucosal tissue samples were collected from the
ethmoid cavity during FESS followed by hematoxylin
and eosin staining to detect tissue eosinophilia. The
number of eosinophils in each tissue sample was

counted in a single high-power magnification field
(×400 magnification, 0.307 mm2), and counts from
three fields in the mucosal area were averaged. The
disease was subclassified according to the degree of
eosinophilic infiltration (average number of tissue eosi-
nophils) into eosinophilic chronic rhinosinusitis (at
least 120 cells per high-power magnification field)
and non-eosinophilic chronic rhinosinusitis group
(less than 120 cells per high-power magnification
field).8 The Blood eosinophil count and total serum
IgE level were measured before FESS. Blood eosino-
phil counts and IgE levels before and after FESS
were available for 13 eosinophilic chronic rhinosinusi-
tis patients.

Measurement of interleukin-5 levels

Serum samples were collected before and after surgery,
and stored at –20 °C for analysis. Interleukin-5 (IL-5)
was assayed using a commercial enzyme-linked immuno-
sorbent assay kit (Hu IL-5 ELISA; BioSource
International, Camarillo, California, USA) according to
themanufacturer’s instructions, including the use of stand-
ard curves and controls.

Statistical analysis

Data are expressed as means, standard error of the mean
and range. Fisher’s exact test was used to compare the
sex ratio, asthma prevalence and nasal symptoms. One-
way analysis of variance followed by post-hoc testing
was used to analyse the CT score, serum and tissue
eosinophil counts, serum IgE levels, and respiratory
function (percentage vital capacity; percentage forced
expiratory volume in 1 second; forced expiratory flow
at 50 per cent vital capacity ÷ forced expiratory flow
at 25 per cent vital capacity). The reduction in eosino-
phil count after surgery was compared between groups
using paired t-tests. A p value of less than 0.05 was
considered statistically significant.

Results

Clinical features of patients

Of the 78 chronic rhinosinusitis patients, 45 (58 per
cent) were diagnosed with chronic rhinosinusitis with
nasal polyps and 33 (42 per cent) with chronic rhinosi-
nusitis without nasal polyps. Of the 45 chronic rhinosi-
nusitis with nasal polyps patients, 22 (49 per cent) were
women, and 23 (51 per cent) were men, with a mean
age of 52.7± 1.7 years (range 19–75 years). Twenty-
six chronic rhinosinusitis with nasal polyps patients
(58 per cent) presented with concomitant asthma
(Table I). The mean blood eosinophil count was
343± 62.3 cells/μl (6.71± 0.71 per cent).
Of the 45 chronic rhinosinusitis with nasal polyps

patients, 22 (49 per cent) were classified as having
eosinophilic chronic rhinosinusitis and 23 (51 per
cent) as having non-eosinophilic chronic rhinosinusitis.
The asthma prevalence (77 per cent vs 39 per cent;
Table I) and blood eosinophil counts were significantly

FIG. 1

Flowchart showing patient classification in the study. CRSsNP=
chronic rhinosinusitis without nasal polyps; CRSwNP= chronic
rhinosinusitis with nasal polyps; NECRS= non-eosinophilic
chronic rhinosinusitis; ECRS= eosinophilic chronic rhinosinusitis
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higher in eosinophilic chronic rhinosinusitis patients
than in non-eosinophilic chronic rhinosinusitis patients.
There were no significant between-group differences in
age, serum IgE level or any factor related to respiratory
function.

Reduced blood eosinophil count after surgery in
eosinophilic chronic rhinosinusitis patients

Twenty-four chronic rhinosinusitis with nasal polyps
patients were followed for over one year and up to five
years after surgery. Blood eosinophil counts had signifi-
cantly decreased at six months after surgery in eosino-
philic chronic rhinosinusitis patients (n= 13; before
surgery, 517.9± 104.2 cells/μl; after surgery, 291.2±
53.9 cells/μl; p< 0.05; Figure 2), but not in non-eosino-
philic chronic rhinosinusitis patients (before surgery,
311.8± 54.9 cells/μl; after surgery, 311.0± 72.5

cells/μl). No decrease in blood eosinophil count was
observed in chronic rhinosinusitis without nasal polyps
patients (before surgery, 57.8± 4.4 cells/μl; after
surgery, 58.7± 12.9 cells/μl). Serum IgE levels also
tended to be reduced after surgery in both groups, but
the difference was not significant.
Serum IL-5 levels also tended to be reduced after

surgery in eosinophilic chronic rhinosinusitis patients,
but the difference was not significant. However, the
serum IL-5 ratio (before FESS ÷ after FESS) was sig-
nificantly higher in eosinophilic chronic rhinosinusitis
patients than in chronic rhinosinusitis without nasal
polyps patients (Table II).

Severe reduction in eosinophils in patients
experiencing recurrence

All eosinophilic chronic rhinosinusitis patients and
those non-eosinophilic chronic rhinosinusitis patients
suffering from asthma were treated with oral prednisol-
one (5–10 mg/day) for one week after FESS. Blood
eosinophil numbers were counted at least one month
after cessation of oral prednisolone treatment. All
chronic rhinosinusitis with nasal polyps patients were

TABLE I

CLINICAL PROFILES OF THE STUDY GROUPS

Characteristic CRSsNP CRSwNP

NECRS ECRS

Total (n) 33 23 22 (RG 4, WG 18)
Age (years), mean (range) 53.1 (13–83) 51.5 (19–70) 54 (26–75)
Sex (female/male) 11/22 7/16 15/7∗
Asthma 2/33 9/23 17/22∗
CT score 4.5± 0.56 14.9± 1.34 18.4± 1.34
Blood eosinophils (cells/μl) 193± 23.6 402± 123.1 516± 69.5∗
Blood eosinophils† (%) 2.74± 0.39 5.39± 0.98 8.57± 1.08∗
%VC 117.8± 2.68 112.8± 4.39 114.4± 3.68
FEV1% 76.0± 1.42 73.2± 2.61 72.6± 2.24
V50/V25 4.00± 0.29 3.18± 0.22 4.08± 0.22

∗p< 0.05. †As a percentage of white blood cells. Data are mean± standard error, except where otherwise indicated. CRSsNP= chronic rhi-
nosinusitis without nasal polyps; CRSwNP= chronic rhinosinusitis with nasal polyps; NECRS= non-eosinophilic chronic rhinosinusitis;
ECRS= eosinophilic chronic rhinosinusitis; RG= recurrence group; WG=well-controlled group; CT= computed tomography; %VC=
percentage vital capacity; FEV1%= percentage forced expiratory volume in 1 second; V50/V25= forced expiratory flow at 50 per cent
vital capacity ÷ forced expiratory flow at 25 per cent vital capacity

FIG. 2

Graph showing the blood eosinophil count before (BS) and six
months after (AS) surgery in eosinophilic chronic rhinosinusitis
(ECRS), non-eosinophilic chronic rhinosinusitis (NECRS) and
chronic rhinosinusitis without nasal polyps (CRSsNP) patients.

TABLE II

REDUCTION IN SERUM INTERLEUKIN-5 LEVELS AFTER
SURGERY

Patient group Serum IL-5 concentration
(pg/ml)

Serum IL-5 ratio

Before FESS After FESS

CRSsNP 22.9± 6.9 30.3± 2.3 0.65± 0.14
CRSwNP
– ECRS 44.3± 4.6 32.6± 7.7 1.48± 0.19∗
– NECRS 46.9± 5.9 46.2± 6.7 1.02± 0.14

∗p< 0.05 compared with the CRSsNP group. IL-5= interleukin-5;
FESS= functional endoscopic sinus surgery; CRSsNP= chronic
rhinosinusitis without nasal polyps; CRSwNP= chronic rhinosi-
nusitis with nasal polyps; NECRS= non-eosinophilic chronic
rhinosinusitis; ECRS= eosinophilic chronic rhinosinusitis
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treated with a steroid nasal spray. Eighteen of the 22
eosinophilic chronic rhinosinusitis patients had no
recurrence (well-controlled group) and 4 (18 per cent)
experienced nasal polyp recurrence (recurrence group;
requiring systemic steroid treatment) during follow up
(1–5 years; Table I). Blood eosinophil counts were
significantly higher in the recurrence group than in
the well-controlled group (825.7± 26.1 cells/μl vs
443.9± 76.6 cells/μl; Table I; Figure 3). Mucosal
eosinophil counts were also higher in the recurrence
group than in the well-controlled group, but the differ-
ence was not significant (594.7± 117.2 vs 365.1±
47.3 cells per high-power magnification field; Figure 3).
Furthermore, in the recurrence group, the blood

eosinophil count decreased significantly after FESS
(n= 4; before surgery, 825.7± 26.1 cells/μl; after
surgery, 76.7± 25.8 cells/μl; p< 0.05; Figure 4a). In
the well-controlled group, the blood eosinophil count
also decreased after FESS, but the difference was
not significant (n= 9; before surgery, 495.4±
124.2 cells/μl; after surgery, 313.8± 50.8 cells/μl).
The blood eosinophil ratio (before FESS ÷ after
FESS) in eosinophilic chronic rhinosinusitis patients
was significantly higher in the recurrence group than
in the well-controlled group (11.33± 1.85 vs 1.79±
0.80; Figure 4b). However, in the recurrence group,
the blood eosinophil count increased to 705.0± 86.0
(median 512 cells/μl) during recurrence (at 8 months
to 2 years after surgery; median 1 year).

Discussion
The most important finding in this study was the sig-
nificant decrease in blood eosinophil count after
FESS in eosinophilic chronic rhinosinusitis patients.
Moreover, among eosinophilic chronic rhinosinusitis
patients, those with a significantly reduced blood
eosinophil count after FESS were more likely to experi-
ence chronic rhinosinusitis recurrence.
Eosinophilic chronic rhinosinusitis is histologically

characterised by marked eosinophil infiltration into the
nasal polyps and sinus mucosa that is refractory to con-
ventional therapy and readily recurs after surgery: there
is also a high prevalence of asthma, including aspirin-
intolerant asthma.1 Mucosal eosinophilia (defined as
more than 120 cells per high-power magnification

field) is reported to most strongly correlate with chronic
rhinosinusitis recurrence.8

The association of eosinophilic chronic rhinosinusi-
tis with asthma is widely accepted.10 The present study
also found a higher prevalence of asthma in eosino-
philic chronic rhinosinusitis patients.
As expected, the blood eosinophil count was higher in

eosinophilic chronic rhinosinusitis patients than in non-
eosinophilic chronic rhinosinusitis patients. Eosinophil
accumulation and activation are enhanced by IL-5
and eotaxin overproduction in nasal polyp tissue.11

Interleukin-5 appears to play a role in eosinophil activa-
tion and survival. IL-5 appears to play a role in the activa-
tion and survival of eosinophils. Chronic rhinosinusitis
with nasal polyps patients have higher mucosal IL-5
protein levels compared with chronic rhinosinusitis
without nasal polyps patients.12Moreover, in chronic rhi-
nosinusitis with nasal polyps patients, IL-5 protein levels
are reported to be higher in allergic nasal polyps com-
pared with non-allergic nasal polyps.13 The present
study found a significant decrease in blood eosinophils
in eosinophilic chronic rhinosinusitis patients after
surgery, along with a reduction in serum IL-5 level.

FIG. 3

Histogram showing blood eosinophil counts in eosinophilic chronic
rhinosinusitis patients in the recurrence (RG) and well-controlled
(WG) groups. HPF= high-power magnification field. ∗p< 0.05.

FIG. 4

Graphs showing (a) blood eosinophil counts before (BS) and after
(AS) surgery and (b) the blood eosinophil ratio in eosinophilic
chronic rhinosinusitis patients in the recurrence (RG) and well-con-

trolled (WG) groups. ∗p< 0.05.
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Thus, the decreased IL-5 levels and eosinophil numbers
in nasal polyps after FESS might lead to decreased
serum IL-5 levels and blood eosinophil counts.
In the present study, four eosinophilic chronic rhinosi-

nusitis patients experienced recurrence after surgery, and
blood eosinophil counts were higher in the recurrence
group than in the well-controlled group. Interestingly,
the blood eosinophil count was significantly reduced in
the recurrence group after surgery. Furthermore, some
patients in the well-controlled group had only a moderate
reduction in eosinophil count after surgery, even though
their blood eosinophil count was high before surgery.
The cause of this is unclear; however, all four patients
in the recurrence group suffered from asthma and local
eosinophilia. Among eosinophilic chronic rhinosinusitis
patients, those with recurrence are reported to have sig-
nificantly higher mucosal eosinophil and blood eosino-
phil counts compared with well-controlled patients.9 It
is possible that the removal of polyps (which include
toxic products from eosinophils and high IL-5 concentra-
tions) in severe eosinophilic chronic rhinosinusitis
patients might decrease the serum IL-5 level, leading to
reduced peripheral eosinophil numbers. Several reports
indicate that increased cysteinyl leukotriene receptor
levels in eosinophilic chronic rhinosinusitis patients
intensify eosinophilic inflammation in the paranasal
mucosa.14–16 Eosinophilic chronic rhinosinusitis patients
with accompanying aspirin-intolerant asthma are reported
to have elevated cysteinyl leukotriene production.14

Higashi et al. reported that surgical resection of both
large nasal polyps and extensive hyperplastic sinonasal
mucosa helps to halt the vicious cycle of cysteinyl leuko-
triene and chemotactic factor production in sinonasal
tissue.17 Restoration of blood eosinophil counts accom-
panied rhinosinusitis recurrence. Recently, natural killer
T cells were reported to release IL-33 during viral infec-
tion, which enhances IL-5 production and subsequently
leads to eosinophil accumulation.18 Eosinophil infiltration
from the epithelium to the sinus cavity might be one
mechanism responsible for the recurrence of eosinophilic
chronic rhinosinusitis.

• Blood eosinophil counts decreased
significantly after functional endoscopic sinus
surgery in eosinophilic chronic rhinosinusitis
patients

• Blood eosinophil counts before surgery were
significantly higher in eosinophilic chronic
rhinosinusitis patients who suffered
recurrence

• Blood eosinophil counts were restored to pre-
surgery levels in patients suffering recurrence

• Pre-surgery blood eosinophil counts might be
a prognostic indicator in eosinophilic chronic
rhinosinusitis

Functional endoscopic sinus surgery is proposed to
have the beneficial effect of reducing eosinophil infil-
tration into the sinus mucosa by decreasing the endo-
thelial L-selectin ligand level.19 It is important to
note that surgical treatment alone does not cure nasal
mucosa disease in eosinophilic chronic rhinosinusitis
patients: supplementary medical treatment and long-
term follow up are essential.

Conclusion
Blood eosinophil counts are decreased in eosinophilic
chronic rhinosinusitis patients after FESS, especially
in patients who go on to suffer recurrence. Therefore,
reduced blood eosinophil numbers may be a prognostic
factor in eosinophilic chronic rhinosinusitis and blood
eosinophil counts might be useful for determining
treatment after surgery. However, further studies in a
larger patient cohort are necessary to support this
finding.
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