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ABSTRACT
Background: Endoscopic sinus surgery (ESS) is considered after medical therapy failure of chronic rhinosinusitis (CRS). The balloon sinuplasty dilates the natural

ostium without moving mucosa or bone. It still lacks evidence from randomized controlled trials. The aim of this retrospective controlled study was to compare the
symptom outcomes after maxillary sinus surgery with either the ESS or the balloon sinuplasty technique. No previous or additional sinonasal operations were accepted.

Methods: Two hundred eight patients with CRS without nasal polyps underwent either balloon sinuplasty or ESS. The patients who met with the inclusion
criteria (n � 45 in ESS group and n � 40 in balloon group) replied to a questionnaire of history factors, exacerbations, and a visual analog scale (VAS) scoring
of the change in symptoms, on average 28 � 6 (mean � SD) months postoperatively.

Results: The groups were identical in the response rate (64%), patient characteristics, and the improvement in all of the asked symptoms. Patients with
CRS-related comorbidity and/or present occupational exposure had a statistically significantly better symptom reduction after ESS than after balloon
sinusotomy. Moreover, the balloon sinusotomy group reported a statistically significant higher number of maxillary sinus punctures and antibiotic courses
during the last 12 months.

Conclusion: ESS might be superior to balloon sinuplasty, especially in patients with risk factors. There is a need to perform more controlled studies on
the treatment choices of CRS.

(Am J Rhinol Allergy 26, e150–e156, 2012; doi: 10.2500/ajra.2012.26.3828)

Chronic rhinosinusitis (CRS) is a versatile, multifactorial immuno-
logic disease of the nose and paranasal sinuses with �10%

prevalence.1 CRS is diagnosed by its typical symptoms lasting �12
weeks and computed tomography (CT) scan and/or endoscopic
changes.2 Its impact on the quality of life (QoL) is comparable with
other chronic diseases.1 Several diseases have been reported to coexist
with CRS by partly unknown mechanisms: asthma, aspirin sensitiv-
ity, atopy, chronic rhinitis, depression, anxiety, fatigue, fibromyalgia,
immunodeficiency, cystic fibrosis, and primary ciliary dyskinesia.3–5

It has been shown that biological and chemical agents associate with
work-related asthma and occupational exposure might cause 10–20% of
adult-onset asthma.6–8 However, only few studies address the influence
of occupational exposure on CRS.9,10 Basic management of CRS is com-
posed of nasal saline irrigations and corticosteroids. Depending on the
related comorbidities and the hyperinflammatory or infective nature of
the exacerbations, additional treatment might be used.2

Endoscopic sinus surgery (ESS) is considered during recalcitrant
and difficult-to-treat CRS. ESS might decrease inflammation by re-

storing the mucociliary clearance through the natural ostia.2 Uncon-
trolled studies have shown QoL improvement after ESS.5 Although
not proven to be superior to conservative therapy, ESS seems to at
least partially relieve symptoms and/or decrease inflammatory find-
ings.2,11,12 The recurrence rate of CRS exacerbations is high, especially
in patients who have nasal polyps, asthma, and/or aspirin sensitivity
or occupational exposure.2,10,13

The principal behind balloon sinuplasty differs from that of ESS.14

The guide wire and the balloon catheter are advanced into the sinus
ostium. The balloon pressure varies from 8 to 12 bar and is main-
tained for only a few seconds, causing the thin bony walls of the ostia
to compress or fracture, resulting in a wider passage to the sinus. The
disadvantages of the procedure are the lack of knowledge on its
long-term effects, the costs of the disposable instruments, and its
technical limitations in the ethmoidal area or in removing atypical
mucosa.15 Several uncontrolled and three controlled studies have
suggested balloon sinuplasty to be a safe and effective method.15–19

However, the limitations of these studies are the heterogeneity of
patients and procedures, which makes the conclusions difficult to
draw.

In this retrospective, controlled study, adult CRS patients under-
went primary bilateral maxillary sinus procedures, with either the
balloon sinuplasty or the ESS technique. The aim of this study was to
compare, using a questionnaire, the number of exacerbations and the
change in symptoms between the procedures.

MATERIALS AND METHODS

Patients
The Ethical Committee of Pirkanmaa Hospital District, Tampere,

Finland, has approved the study plan. Informed consent was ob-
tained from all of the patients. The inclusion criteria were based on
the medical records: CRS diagnosis and operative indications fulfilled
European position paper on rhinosinusitis and nasal polyps recom-
mendations and surgical procedure to maxillary sinuses.2 The exclu-
sion criteria were age �15 years; previous or concomitant additional
sinonasal surgery; unilateral CRS; endoscopic signs of nasal polyposis
(grade �2) during surgery; a history of aspirin sensitivity; and
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chronic bronchitis, cystic fibrosis, primary ciliary dyskinesia, tumor,
or another disease with a severe impact on general immunity.20

The balloon sinusotomy group consisted of all CRS patients (n �
103) that underwent balloon sinusotomy at two private clinics
(Terveystalo Health care OYJ of Finland, Tampere, Finland, and Ko-
skiklinikka Tampereen Lääkärikeskus Oy, Tampere, Finland) be-
tween 2008 and 2010. The control ESS group consisted of all CRS
patients (n � 105) who underwent uncinectomy and middle meatal
antrostomy, at Päijät-Häme Central Hospital, Lahti, Finland, during
2008–2010. Forty-five patients in the ESS group and 40 patients in the
balloon group met the inclusion criteria and received a letter with a
questionnaire. The patients (n � 14) that had �18 months follow-up
were contacted by telephone, on average, 1 year later and were given
another questionnaire.

Operations
Only patients having bilateral maxillary sinus operations were

included in the study. Thus, previous or concomitant surgeries, such
as septoplasty or anterior ethmoidectomy or resection of bullous

turbinate, were not accepted. The balloon sinuplasty was performed
by one according to the manufacturer�s instructions (Acclarent, Inc., a
member of Johnson & Johnson Co., New Brunswick, NJ). No pack
was placed. No postoperative debridement was performed. Two
authors (J.M., 80%, and J.S., 20%) performed uncinectomy and middle
meatal antrostomy in the ESS group. Two-thirds of the lower part of
the uncinate process was cut by the backbiting forceps. The maxillary
ostium was enlarged to posterior–inferior direction to double its
diameter. A small pack (3.5 � 0.6 � 1.2 cm, Merocel; Medtronic-
Xomed, Jacksonville, FL) was placed into the middle meatus for 24
hours. Debridement control was approximately 4 weeks postopera-
tively.

Questionnaires
The questionnaire asked about the patient’s medical history such as

the presence of doctor-diagnosed allergic rhinitis, asthma, and previ-
ous nasal polyps; the presence of nonsteroidal anti-inflammatory
drug–induced wheezing; smoking habits; medication; duration of
CRS symptoms; and previous sinonasal operations. The regularly

Table 1 The questions that belonged to the VAS questionnaire evaluating how the operation changed symptoms (ranging from 0 �cm	,
“recovered totally,” to 10 �cm	 “became as worse as it can be)

Mean of VAS Scores

VAS Questionnaire Asked
Bilaterally

Identical
to

SNOT-22

All Sinonasal Pain and
Pressure

Obstruction
and

Discharge

Crusts
and

Bleeding

Sleep Emotions General
Health

1 Headache x x x
2 Need to blow nose x x x x
3 Nasal obstruction x x x x x
4 Runny nose x x x x x
5 Facial pressure x x x x x
6 Facial pain x x x x x
7 Postnasal discharge x x x x
8 Thick nasal discharge x x x x
9 Sneezing x x x

10 Loss of smell and taste x x x
11 Ear fullness x x x x x
12 Dizziness x x x x
13 Ear pain x x x x x
14 Mastication pain x x x
15 Pain or pressure in upper teeth x x x
16 Watery eyes x x x
17 Cough x x x
18 Nasal bleeding x x x x
19 Nasal crusts x x x x
20 General health x x
21 Fatigue x x x x
22 Difficulty falling asleep x x x
23 Wake up at night x x x
24 Lack of good night´s sleep x x x
25 Wake up tired x x x
26 Reduced productivity x x x
27 Fever x x
28 Nausea x x
29 Dyspnea x x
30 Chest burning x x
31 Gastroesophageal reflux x x
32 Frustrated/restless/irritable x x x
33 Sad x x x
34 Embarrassed x x x

The questions that were similar to SNOT-22 questionnaire and that were asked bilaterally are marked by x. The statistical evaluation was performed by using
eight VAS subscales, which were mean values from the VAS scores marked by x.
SNOT-22 � 22-item Sino-Nasal Outcome Test; VAS � visual analog scale.
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used medications excluding those for CRS or related diseases were
(B � in the balloon sinuplasty, E � in the ESS group) for heart and
vascular diseases (B � 4 patients, E � 4 patients), thyroxin (B � 4, E � 3),
estrogen replacement (B � 1, E � 5), hypercholesterolemia (B � 1, E � 5),
depression (B � 1, E � 4), reflux disease (B � 1, E � 2), diabetes mellitus
(B � 1, E � 1), and prostate hyperplasia (B � 1, E � 1). The work
exposure was evaluated according to reported current occupation
and characterization of work place, characterization of substances and
places of putative past or current exposure to poor indoor air quality,
and by the question, “Has a doctor ever suspected an occupational
hypersensitivity?” “If yes, please list the suspected substances.” The
positive job exposure group was determined according to interna-
tional categorization of high-risk occupations.6,8 Two more patients (1
in balloon sinuplasty and 1 in the ESS group) reporting severe occu-
pational exposure to poor indoor air quality were added to this group
as well. The main substances causing job exposure were bioaerosols
(B � 2 patients, E � 2 patients), agricultural organic particles (B � 3,
E � 3), wood dust (B � 1, E � 1), mites (B � 2, E � 5), textile dust (B � 1,
E � 3), molds (B � 1, E � 1), flour (B � 1, E � 0), and reactive
chemicals/metalwork (B � 1, E � 0).

The changes of symptoms were evaluated by using the visual
analog scale (VAS) with the question, “How much did the following
symptoms change after the operation?” The value 0 (cm) indicated
“recovered totally,” and value 10 (cm) indicated “became as worse as
it can be.” Twenty-two questions were similar to those of the 22-item
Sino-Nasal Outcome Test (Table 1).2 In addition, 12 questions con-
cerning general health or CRS relating/resembling symptoms were

asked (Table 1). The bilaterally existing symptoms were asked sepa-
rately from each side. Statistical evaluation was performed with eight
VAS subscales (Table 1). CRS exacerbations were evaluated by the
following question: “How many acute sinusitis treated by prescribed
antibiotics have you had during the past year?” “How many maxil-
lary sinus punctures/sinus x rays/ultrasonographys of maxillary
sinuses has a doctor performed on you during the past year?”

Statistical Analysis
Statistics were performed with SPSS Base 16.0 Statistical Software

Package (SPSS, Chicago, IL). The results were confirmed by a profes-
sional statistician. The nonparametric Fisher’s exact test and Kruskal-
Wallis and Mann Whitney U tests were used for comparisons of
groups. A two-tailed value of p � 0.05 was considered significant in
all tests.

RESULTS

Patient Characteristics
Twenty-nine patients in the ESS group and 24 patients in the

balloon sinusotomy group responded. The groups were identical in
all demographic variables (Table 2). There was a high prevalence of
self-administered previously doctor-diagnosed nasal polyps (41% in
the ESS group and 21% in the balloon sinusotomy group), although
none of the patients were having intraoperative endoscopic signs of
nasal polyps (Table 2). Preoperative sinus CT scans were available in

Table 2 Patient characteristics

Balloon
Sinuplasty

n � 24

ESS
n � 29

p Value

Response percent 63% 64% 0.52
Age, yr (mean, min–max) 46 (23–65) 45 (15–74) 0.51#
No. of male patients 9 10 0.52
Duration of symptoms, yr (mean, min–max) 16.2 (0–40) 16.4 (0–55) 0.19#
Follow-up, months (mean, min–max) 30 (18–39) 27 (20–39) 0.07#
Smokers, ex/current 4/2 3/7 0.16
Alcohol consumption, drinks/wk (mean, min–max) 3.1 (0–10) 2.5 (0–12) 0.81#
No. of patients with

Allergic rhinitis 7 16 0.05
Asthma dx/regular asthma medication 6/4 10/9 0.33/0.19
Nasal polyps, previous/current 5/0 12/0 0.096/1.00
Other disease(s) 10 19 0.07

No. of patients reporting
NSAID-induced wheezing 2 0 0.21
A family history of atopy or asthma or NP 14 17 0.56
Previous exposure to poor indoor air quality 6 10 0.55
Current job exposure 10 13 0.52

No. of patients reporting current use of
Peroral corticosteroids 0 0 1.00
Intranasal corticosteroids 14 22 0.15
Antihistamine (� pseudoephedrine) 1 7 0.06

No. of preoperative sinus CT scans (or MRI) available 21 29
Lund-Mackay scores median

LM maxillary sinus right 1 (0.63) 1 (0.58) 0.83
LM maxillary sinus left 1 (0.48) 1 (0.53) 0.19
LM ostiomeatal complex right 2 (1.02) 2 (0.77) 0.03
LM ostiomeatal complex left 2 (0.97) 2 (0.70) 0.17
LM total score right 2 (1.64) 4 (2.18) 0.01#
LM total score left 3 (1.72) 4 (2.14) 0.01#

The p values are by Fisher’s exact test or by #MWU test.
CT � computed tomography; ESS � endoscopic sinus surgery; LM � Lund-Mackay score; MRI � magnetic resonance imaging; NP � nasal polyp; NSAID �
nonsteroidal anti-inflammatory drug; max � maximum; min � minimum; MWU � Mann Whitney U test.
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29 patients in the ESS-group and 20 in the balloon sinuplasty group
(Table 2). In addition, preoperative sinus magnetic resonance imaging
scans were from one patient in the balloon sinuplasty group. The Lund-
Mackay scores on each side were retrospectively evaluated from the CT
(or magnetic resonance imaging) scans. There were no differences be-
tween the groups in the Lund-Mackay (LM) scores of the maxillary
sinus, whereas the LM total scores and the LM sore of the right os-
tiomeatal complex differed significantly (Table 2). The frontal sinuses
were absent in three patients in the balloon sinuplasty group.

Exacerbations
The balloon sinuplasty group reported a higher number of doctor-

performed maxillary sinus punctures, ultrasonography examinations,
and prescribed antibiotic courses for acute sinusitis during the last 12
months, which differed statistically significantly from the ESS group
(Table 3). The number of performed sinus x rays during the past 12
months did not differ between the treatment groups (Table 3).

Visual Analog Scale
The mean of all of the VAS scores was 3.6 in all patients (3.7 in the

balloon sinuplasty group and 3.5 in the ESS group). This indicated an
average improvement of 28% of all the asked symptoms. The VAS
scores for the change of symptoms and the eight VAS subscales did
not differ between the balloon sinuplasty and ESS groups (p � 0.05,
Fig. 1). The greatest improvement was achieved in the VAS scores
concerning the change in nasal congestion, discharge, and facial pres-
sure. This improvement was also equal in both groups (Fig. 1).

The Influence of CRS Comorbidities. Allergic rhinitis and previously
diagnosed nasal polyps did not have an influence on the VAS sub-
scale values (p � 0.05). Asthma and current job exposure contributed
to the elevated VAS subscales, indicating less improvement compared
with patients without these risk factors (Table 4). Interestingly, this
was only found in the balloon sinuplasty group but not in the ESS
group (Table 4). The comparison of the two operation techniques in
the asthma or job exposure subgroups did not bring differences of
statistical importance (p � 0.05). However, when observing a patient
subgroup having a combination of current job exposure and at least
one CRS co morbidity (e.g., asthma/previous nasal polyps/allergic
rhinitis), several VAS subscale values were significantly lower in the
ESS group compared with the balloon sinuplasty group, indicating
greater symptom reduction after ESS than after balloon sinuplasty
(Table 5; Fig. 1).

The Influence of Other Diseases. The patients who were regularly
taking medication for at least one additional disease (e.g., other than
CRS/allergic rhinitis/asthma) had significantly lower VAS subscale
values, indicating a greater improvement in symptoms compared
with patients without additional disease(s) (Table 4). Interestingly,
this was found only in the ESS group but not in the balloon sinuplasty
group (Table 4). The comparison of the two operation techniques in
this subgroup did not bring statistically significant differences to the
VAS subscale values (p � 0.05).

The Influence of Other Factors. Female gender contributed signifi-
cantly to lower VAS scores, but only in subscales of “emotions” and
“general health” (p � 0.006 and p � 0.050, respectively). This was
equally found in the balloon sinuplasty and the ESS groups. The VAS
subscales were not influenced by the following patient factors: age,
reported duration of CRS symptoms, length of the postoperative
follow-up period, or alcohol consumption (p � 0.05). Similarly, the
VAS subscales were not influenced by smoking habits, previous

Figure 1. (A) Comparison of mean visual analog scale (VAS) scores of
change in symptoms between balloon sinuplasty and ESS groups in all
patients and (B) in a subgroup having job exposure and asthma/previous
nasal polyps/allergic rhinitis. The x-axis represents mean VAS scores change
in symptoms (range, 0–10). We used the question “How much did the
following symptoms change after the operation?” The value 0 (cm) indicated
“recovered totally” and value 10 (cm) indicated “became as worse as it can
be.” The y-axis represents the eight subscales that were the mean values of
group-specific symptoms as shown in Table 1. Statistically significant dif-
ferences are shown by asterisks (*p � 0.05) by Mann Whitney U test.

Table 3 Comparison of patient-reported number of acute CRS exacerbations during the past 12 mo between the balloon sinusotomy and
ESS groups

Balloon Sinuplasty Median (SD) ESS Median (SD) p Value

No. of antibiotics prescribed for acute sinusitis 1 (1.12) 0 (1.03) 0.025
No. of maxillary sinus punctures, right side 0 (0.44) 0 (0) 0.001
No. of maxillary sinus punctures, left side 0 (0.63) 0 (0) 0.001
No. of sinus x rays 0 (0.28) 0 (0.68) 0.25
No. of maxillary sinus ultrasonography 2 (1.09) 0 (1.22) 0.004

The p values are by MWU test.
CRS � chronic rhinosinusitis; ESS � endoscopic sinus surgery; min � minimum; max � maximum; MWU � Mann Whitney U test.
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exposure to poor indoor air quality, a family history of atopy and/or
asthma and/or nasal polyps, or the usage of intranasal corticosteroids
or antihistamines (� pseudoephedrine; p � 0.05). The values charac-
terizing the exacerbation rate were not associated with any of the
demographic variables (p � 0.05).

DISCUSSION
This study was to compare balloon sinuplasty and ESS (uncinec-

tomy and middle meatal antrostomy) in adult patients with non–
polypous CRS, and with no previous sinonasal operations. The im-
provement of the VAS values of the change in symptoms for all of the
patients was similar for both techniques. The average improvement
after ESS was 17%, measured by the CRS survey score, which is in
accordance with our findings of 28% improvement.21 QoL measures
how an illness interferes with a patients’ day-to-day life, whereas
exacerbation rate might be better in estimating to what extent CRS is
under control.22 We found that the number of patient-reported, doc-
tor-diagnosed postoperative acute sinusitis, indicating exacerbation
rate, was lower after ESS than after balloon sinuplasty. Currently,
several patient series studies and three controlled studies exist on
balloon sinusotomy, suggesting it as a safe method and comparable
with ESS. In a prospective randomized trial, in which heterogeneous
operation techniques were tolerated, balloon dilation of the frontal
recess reduced the VAS symptom scores equally to the ESS procedure
12 months postoperatively.18 In a retrospective setup, with a short
follow-up period, and a variation in the (re)operated sinuses, a sig-
nificant reduction of symptom scores was achieved equally with both
the ESS and the balloon sinuplasty techniques, but the patient satis-
faction was slightly better in the balloon sinusotomy group.16 In a
prospective nonrandomized pediatric CRS study, a significantly
younger children group with adenoidectomy had improvement sim-
ilar to the older children group who underwent balloon sinusotomy.17

Table 4 Mean values of the mean VAS scores of change in symptoms (range, 1–10)

Mean of VAS
scores

Asthma Other Disease(s) Than
Asthma/NP/AR

Current Job Exposure

No Yes p
Value

No Yes p
Value

No Yes p
Value

n Mean
(SD)

n Mean
(SD)

n Mean
(SD)

n Mean
(SD)

n Mean
(SD)

n Mean
(SD)

All scores BS 18 3.38 (1.42) 6 4.67 (0.48) 0.015 14 4.00 (1.29) 10 3.29 (1.42) n.s. 14 3.47 (1.39) 10 4.03 (1.32) n.s.
ESS 19 3.50 (1.50) 10 3.59 (1.39) n.s. 10 4.57 (0.94) 19 2.99 (1.36) 0.004 16 3.56 (1.55) 13 3.50 (1.35) n.s.
Both 37 3.45 (1.44) 16 3.99 (1.24) n.s. 24 4.24 (1.17) 29 3.09 (1.36) 0.002 30 3.52 (1.45) 23 3.73 (1.36) n.s.

Sinonasal scores BS 18 3.19 (1.38) 6 4.50 (1.00) 0.022 14 3.85 (1.39) 10 3.05 (1.34) n.s. 14 3.36 (1.38) 10 3.73 (1.47) n.s.
ESS 19 3.29 (1.52) 10 3.19 (1.55) n.s. 10 4.23 (1.44) 19 2.75 (1.30) 0.016 16 3.34 (1.64) 13 3.15 (1.39) n.s.
Both 37 3.24 (1.44) 16 3.68 (1.48) n.s. 24 4.00 (1.36) 29 2.85 (1.30) 0.003 30 3.35 (1.50) 23 3.40 (1.42) n.s.

Pain and
pressure
scores

BS 18 3.15 (1.57) 6 4.51 (1.11) 0.027 14 3.95 (1.52) 10 2.85 (1.46) n.s. 14 3.66 (1.55) 10 3.25 (1.63) n.s.
ESS 19 3.31 (1.54) 10 3.49 (1.72) n.s. 10 4.38 (1.02) 19 2.84 (1.58) 0.018 16 3.44 (1.64) 13 3.29 (1.56) n.s.
Both 37 3.23 (1.53) 16 3.88 (1.57) 0.048 24 4.13 (1.33) 29 2.85 (1.51) 0.002 30 3.55 (1.57) 23 3.27 (1.56) n.s.

Obstruction and
discharge
scores

BS 18 2.65 (1.38) 6 4.18 (0.84) 0.015 14 3.29 (1.51) 10 2.67 (1.26) n.s. 14 2.78 (1.30) 10 3.39 (1.57) n.s.
ESS 19 2.65 (1.94) 10 2.86 (1.78) n.s. 10 3.63 (2.25) 19 2.25 (1.46) n.s. 16 2.81 (2.19) 13 2.62 (1.43) n.s.
Both 37 2.66 (1.67) 16 3.36 (1.60) n.s. 24 3.43 (1.82) 29 2.40 (1.39) 0.022 30 2.80 (1.80) 23 2.95 (1.51) n.s.

Crusting and
bleeding
scores

BS 18 3.74 (1.46) 6 4.69 (2.13) n.s. 14 4.20 (1.75) 10 3.65 (1.53) n.s. 14 3.62 (1.47) 10 4.47 (1.84) n.s.
ESS 19 3.59 (1.86) 10 3.13 (2.03) n.s. 10 4.46 (1.70) 19 2.89 (1.80) 0.018 16 3.36 (1.85) 13 3.52 (4.44) n.s.
Both 37 3.66 (1.65) 16 3.71 (2.14) n.s. 24 4.31 (1.70) 29 3.15 (1.72) 0.011 30 3.48 (1.66) 23 3.93 (1.96) n.s.

Sleep scores BS 18 3.90 (0.42) 6 4.95 (0.42) n.s. 14 4.43 (1.30) 10 3.79 (1.58) n.s. 14 3.63 (1.47) 10 4.92 (1.01) 0.006
ESS 19 4.03 (1.97) 10 4.28 (1.12) n.s. 10 5.21 (0.97) 19 3.55 (1.75) 0.019 16 4.03 (1.99) 13 4.23 (1.35) n.s.
Both 37 3.97 (1.76) 16 4.53 (0.96) n.s. 24 4.76 (1.67) 29 3.63 (1.67) 0.031 30 3.84 (1.75) 23 4.53 (1.24) n.s.

Emotion scores BS 18 3.68 (2.22) 6 4.93 (0.15) n.s. 14 4.32 (1.74) 10 3.53 (2.31) n.s. 14 3.42 (2.05) 10 4.78 (1.68) 0.046
ESS 19 3.80 (2.06) 10 4.31 (1.91) n.s. 10 5.07 (1.16) 19 3.40 (2.11) 0.024 16 4.00 (2.11) 13 3.94 (1.91) n.s.
Both 37 3.74 (2.11) 16 4.54 (1.51) n.s. 24 4.63 (1.54) 29 3.44 (2.14) 0.026 30 3.73 (2.07) 23 4.31 (1.82) n.s.

General health
scores

BS 18 3.68 (1.51) 6 4.86 (0.68) n.s. 14 4.14 (1.28) 10 3.75 (1.68) n.s. 14 3.55 (1.39) 10 4.57 (1.35) 0.026
ESS 19 3.68 (1.70) 10 3.82 (1.42) n.s. 10 4.94 (1.60) 19 3.09 (1.59) 0.000 16 3.69 (1.68) 13 3.78 (1.52) n.s.
Both 37 3.68 (1.59) 16 4.21 (1.28) n.s. 24 4.47 (1.63) 29 3.31 (1.63) 0.003 30 3.62 (1.53) 23 4.12 (1.47) n.s.

Only the patient history factors that had statistically significant influence on the mean VAS scores are presented. The p values are by MWU test. Comparisons
between BS and ESS groups were insignificant in all of the presented groups (p values not shown).
AR � allergic rhinitis; BS � balloon sinuplasty group; ESS � endoscopic sinus surgery group; Both � both groups; n.s. � nonsignificant; MWU � Mann
Whitney U test; VAS � visual analog scale; NP � nasal polyp.

Table 5 Mean VAS scores of change in symptoms only in a
subgroup having job exposure and allergic rhinitis/nasal polyps/
asthma

Mean VAS Scores Balloon
Sinuplasty

n � 8
Mean (SD)

ESS
n � 10

Mean (SD)

p
Value

All scores 4.37 (0.83) 3.22 (1.38) 0.04
Sinonasal 4.08 (1.12) 2.80 (1.33) 0.04
Pain and pressure 3.52 (1.43) 3.02 (1.65) 0.36
Obstruction and discharge 3.82 (1.28) 2.34 (1.25) 0.02
Crusting and bleeding 4.53 (1.89) 2.86 (1.83) 0.07
Sleep 5.26 (0.61) 3.89 (1.35) 0.03
Emotions 5.28 (0.41) 4.00 (2.11) 0.42
General health 4.98 (0.75) 3.50 (1.62) 0.03

The p values are by MWU test.
MWU � Mann Whitney U test; VAS � visual analog scale.
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In a preliminary study with a small number of patients, balloon
sinuplasty with polypectomy was as effective as ESS with polypec-
tomy.23 It has been suggested that balloon sinuplasty may potentially
inadvertently impair mucociliary clearance of the sinuses through
effects on secondary drainage pathways.24

The subset observation in our study suggests that patients with
asthma or job exposure might experience less symptom reduction
after balloon sinuplasty but not after ESS, compared with patients
without asthma or without job exposure. Moreover, if the patient had
both job exposure and at least one CRS comorbidity (asthma/previ-
ous nasal polyps/allergic rhinitis), he/she might benefit more from
ESS than balloon sinuplasty. Although we and others have previously
shown that a high mucosal eosinophilia might predict reduced post-
operative outcomes, Badaai et al. showed that the presence of asthma
would not be a negative or positive predictor for the total health-
related QoL outcome.5,21,25,26 This finding is supported by observa-
tions in the present study that the symptoms of asthma patients
improved equally to nonasthmatic patients, but only in the ESS
group. Irritant exposure has been investigated less during CRS,
whereas it is known to influence asthma onset and exacerbations.6,7,9

A recent study shows that occupational exposure might be a risk
factor for the occurrence and recurrence of CRS.10 Chronic infection or
other factors might play a role in CRS pathogenesis, especially in
patients with respiratory comorbid diseases and occupational expo-
sure. Others have studied that biofilms are associated with refractory
CRS and revision ESS.27,28 Zhang et al. also observed that bacterial
biofilms and asthma associate strongly with revision ESS.29 The over-
expression of atopic and occupational risk factors during difficult-to-
treat CRS supports the importance of Allergic Rhinitis and Its Impact
on Asthma conceptual work.30

Interestingly, we found that the patients with other additional
disease(s) than CRS-related respiratory comorbidities had greater
improvement of symptoms, but, again, only in the ESS group. This is
in accordance with previous findings that depression patients, as well
as elderly patients that usually have multiple diseases and medica-
tions, have good ESS outcomes if they do not have chronic diseases
severely affecting general immunity.31,32

Female patients had better improvement in the VAS subscale scores
of emotions and general health, independently of the operation tech-
nique. In contrast, Smith et al. showed that postoperative QoL was
adversely affected by female sex.33 Intraoperative nasal polyps and
Samter’s triad were medical record–based exclusion criteria in our
study; however, 19 patients reported previous doctor-diagnosed na-
sal polyps, and two patients reported nonsteroidal anti-inflammatory
drug–induced wheezing symptoms. The possible explanation might
be the resolution of nasal polyposis and underdiagnosed ASA sensi-
tivity.

Multiple comments can be made on the drawbacks of this retro-
spective controlled study. The sample size was low, especially related
to the subgroup analyses. We used a nonvalidated questionnaire on
the VAS scores and were not able to observe the differences in the
preoperative symptoms. Because there is still no evidence-based ap-
proval in public health care of Finland, balloon sinuplasty was per-
formed in the private sector, whereas ESS was performed in the
public sector. Thus, there might have been some differences in the
social background of the patients, which might have also influenced
the results. In the retrospective evaluation, the preoperative radiolog-
ical findings of all sinuses were found to be slightly milder in the
balloon sinusotomy group. This could possibly indicate that CRS
might have been less severe in the balloon sinuplasty group and that
a selection bias might have occurred. On the other hand, the groups
were identical in the preoperative opacification of maxillary sinuses,
in the duration of CRS symptoms, and in other medical history
factors. The acute exacerbations after surgery were treated equally at
public and private sectors in both groups.

CONCLUSION
In our study, ESS was slightly better in terms of the number of acute

exacerbations. A better reduction of symptoms was achieved by the
ESS procedure compared with balloon sinuplasty in patients with
occupational or CRS-related risk factors, as well as in patients with
other disease(s) than known CRS-related comorbidities. A prospec-
tive randomized controlled study with an increased number of pa-
tients is warranted.
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23. Bozdemir K, Kutluhan A, Çetin H, et al. Comparison of outcomes of
simple polypectomy plus balloon catheter dilatation versus func-
tional endoscopic sinus surgery in nasal polyposis: A preliminary
study. Am J Rhinol Allergy 25:198–200, 2011.
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