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ABSTRACT:
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Introduction: In the general population, nasal obstruction is a common complaint. However, an objective evaluation
of nasal obstruction is difficult. Nose examination, computed tomography (CT), acoustic rhinometry, and anterior rhi-
nomanometry do not accurately reflect the discomfort reported by patients with nasal obstruction. In patients with
nasal obstruction, this study evaluated nasal breathing with a unique device for continuous nasal-oral spirometry —
a nasal-oral flow analyzer (NOFA); moreover, quality of life was compared between patients with normal nasal bre-
athing on NOFA and of those with impaired nasal breathing on NOFA.

Methods: Of 181 adult patients admitted to an ENT department due to nasal obstruction that were enrolled in the
study, 97 (53.6%) completed all per-protocol assessments, including the SF-36 questionnaire and 3-hour, continuous
nasal-oral spirometry with NOFA. Based on the presence of normal nasal breathing defined as >95% of nasal flow, the
97 patients were divided into those with normal nasal breathing (n=31) and impaired nasal breathing (n=66).

Results: Patients with normal nasal breathing differed from those with impaired nasal breathing with respect to all
SF-36 subscales (physical functioning, p=0.004; role-physical, p=0.009; bodily pain, p<0.001; general health, p=0.007;
vitality, p=0.002; social functioning, p=0.008; mental health, p=0.009; physical component summary, p<0.001; men-
tal component summary, p=0.02), except for the role-emotional subscale (p=0.1).

Conclusions: Among patients with symptoms of nasal obstruction, compared to patients with normal nasal bre-
athing, those with impaired nasal breathing had significantly lower quality of life in the physical and mental doma-
ins. Further research needs to determine whether NOFA can be used to diagnose nasal obstruction.

nasal-oral spirometry, quality of life, nasal breathing, oral breathing.

INTRODUCTION

In daily ENT practice, patients commonly complain of nasal
obstruction. Nasal obstruction is defined as a subjective feel-
ing of limitation of airflow through the nasal cavities, and it
can be associated with nasal congestion or blockage, stuffiness,
poor sleep quality, or difficulty with breathing during sleep [1].
Nasal obstruction can change the breathing pattern from the
nasal to the nasal-oral or oral breathing patterns, which leads
to many local symptoms, such as disturbed eating or smell,
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and general symptoms, such as sleep difficulties, stress, or
impaired quality of life [1]. Nasal obstruction has many ana-
tomical and physiological causes such as septal deviation, tur-
binate hypertrophy, nasal valve collapse, concha bullosa, nasal
polyposis or choanal atresia, allergic rhinitis, chronic sinusitis,
or medication-induced rhinitis. Mechanisms underlying nasal
obstruction are complex; therefore, treating patients with na-
sal obstruction can be challenging, and surgery is not always
effective [2]. No gold-standard method exists for an objective
evaluation of nasal airway obstruction, the Nasal Obstruction
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and Septoplasty Effectiveness (NOSE) scale or the visual analog
scale (VAS) [3] can, however, determine symptom severity [4].
Because the existing diagnostic tools, such as anterior rhino-
manometry or acoustic rhinometry, show insufficient agree-
ment with subjective assessments of nasal obstruction [5], they
are seldom used in clinical practice. Computed tomography
(CT) and endoscopy may show anatomical blockades in the
nasal cavities. However, these methods cannot adequately de-
termine the obstruction level or predict the effect of surgical
interventions because no normal range for nasal patency ex-
ists [6]. Nasal obstruction naturally leads to nasal-oral breath-
ing. To date, no study has determined the proportion of nasal
breathing to oral breathing in patients with nasal obstruction.

Among patients with nasal obstruction, this study aimed to
compare quality of life measured with the SF-36 questionnaire
depending on the breathing pattern assessed with a novel na-
sal-oral flow analyzer NOFA (Fig.1) [7].

METHODS

This prospective, cross-sectional study enrolled 181 patients
admitted to an ENT office with complaints of nasal obstruction
who were scheduled for septoplasty, with or without turbino-
plasty. Of those 181 patients, 97 underwent all per-protocol
assessments. These 97 patients provided basic demographic
data (age, sex, weight, and height), completed the SF-36 ques-
tionnaire, and underwent nasal-oral spirometry with NOFA.
Consent was obtained before enrolment.

Based on the presence of normal nasal breathing on NOFA
that was defined as > 95% of total airflow through the nose,
the studied patients were divided into those with normal nasal
breathing (n=31) and with impaired nasal breathing, i.e. <95%
of total airflow through the nose (n=66).

SF-36

Among the studied patients, quality of life was assessed with
the SF-36v2° Health Survey, licensed by Quality Metric; we used
a validated version of SF-36v2° that was adapted for Polish pa-
tients. Each subject completed a hard copy of the questionnaire
according to the producer’s instructions, and SF-36v2°-related
data were analyzed with an application available on the Qual-
ity Metric website.

The SF-36 survey consists of 36 items that measure function-
al health and well-being. SF-36 a generic health survey can be
employed irrespective of age, diseases, and treatment. It pro-
vides scores for eight health domains: physical functioning
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Ryc. 1. Urzadzenie NOFA—jednoczesciowa silikonowa maska twarzowa (seria
masek 7900 firmy Hans Rudolph Inc., USA) z przegrodg do przeptywu
powietrza drogg nosowa i ustng. Przestrzen martwa ustnych i nosowych
gtowic pneumotachograficznych wynosita odpowiednio 40i3,4 ml.
Zakres mierzonych przeptywdw wynosit odpowiednio 18 i 2 litry/sekunde.
Doktadno$¢ pomiaru wynosita ponad 98% dla kazdego z nich.

(PF), 10 items; role-physical (RP), 4 questions; bodily pain (BP),
2 items; general health (GH), 5 items; vitality (VT), 4 items;
social functioning (SF), 2 items; role-emotional (RE), 3 items;
and mental health (MH), 5 items [1]. One question regarding
health changes within one year is not included in the score. Of
36 items, 35 are used to calculate physical component sum-
mary (PCS) and mental component summary (MCS) scores.
Higher scores represent better quality of life, with a maximal
possible score of 100.

NOFA

The NOFA method evaluates continuous flow of separated
nasal and oral ventilations. The system is based on oral (MES
DV40) and nasal (MES DV33) pneumotachographic transduc-
ers connected to a silicone facemask (Fig. 1) that separates the
oral and nasal breathing routes.

Patients underwent the NOFA assessments in a supine po-
sition. Tidal volume, inspiratory time, expiratory time, and
peak inspiratory and expiratory flow were recorded for each
breath. The recorded data were processed with a custom, Win-
dows-compatible computer software and presented numeri-
cally and graphically. The NOFA assessments lasted 3 hours
to account for the nasal-cycle-associated airflow changes and
other potential flow disturbances.

RESULTS

The mean patient age was 47.7+2.3 years, the mean BMI,
28.4+0.8. Table 1 presents demographic and clinical charac-
teristics of patients with normal and impaired nasal breathing.
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Tab. I. Demographic and clinical characteristics of patients with normal and impaired nasal breathing (N=97).

VARIABLE

N

Sex (female/male)

Mean age (SD)

BMI (SD)

Mean nasal tidal volume (1)

Mean nasal tidal volume / Mean tidal volume

Normal breathing defined as >95% of total airflow through the nose
Impaired breathing defined as <95% of total airflow through the nose

Table 2 presents quality-of-lie scores for patients with normal
and impaired nasal breathing.

Table 2 presents quality of life scores for each group. Patients
with normal nasal breathing differed from those with impaired
nasal breathing with respect to all SF-36 subscales, except for
the role-emotional subscale (p=0.1). Between these two groups,
the mean differences of SF-36 subscale scores ranged from 3.8
(RE) to 8.8 points (BP); the mean difference of PCS scores was
5.9 points, and of MCS scores, 4.5.

DISCUSSION

Because the nose and the nasal airway are complex structures,
evaluation of nasal obstruction is challenging. There are three
types of tools for measuring nasal obstruction: patient-derived
(VAS, NOSE scale), physician-observed (anterior rhinoscopy,
Cottle maneuver), and objective tools (pure nasal flow [PNF],
rhinomanometry). Thus, choosing an appropriate method
to evaluate nasal obstruction can be difficult [9]. Among the
many causes of nasal obstruction, nasal septum deviation is the
most common, and it can be treated with surgery. However,
evidence from studies that used objective airway assessments
for determining the benefit of septal surgery is insufficient [10,
11]. Moreover, methods measuring nasal obstruction such as
acoustic rhinometry, anterior rhinomanometry, and peak nasal
inspiratory flowmetry are seldom used pre- and post-opera-
tively due to a lack of established reference values [12]. Thus,
new methods for assessing nasal flow that could overcome
these drawback are needed.

Among patients with nasal obstruction, this study showed
that the NOFA method distinguished between patients with
nasal and those with nasal-oral breathing, which could serve
as a measure of nasal obstruction. NOFA-based assessments
are simple, non-invasive, and inexpensive. In patients with na-
sal obstruction, the NOFA method, being complimentary to
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NORMAL BREATHING IMPAIRED BREATHING P-VALUE
31 66 -

9/22 27/39 0,26
48,1 (17,1) 44,3 (15,4) 0,26
28,2 (6,4) 29,1 (6,2) 0,49
0,38 (0,15) 0,26 (0,16) <0,001
0,98 (0,01) 0,62 (0,26) <0,001

imaging studies, could be included in pre- and postoperative
workups. The main disadvantage of the NOFA procedure is its
3-hour duration. Moreover, the NOFA, being purely function-
al, cannot locate the obstruction site. To date, few published
studies have assessed upper-airway flow patterns; these studies
measured either peak nasal inspiratory flow or used bilateral
simultaneous nasal spirometry [13-15]. Those methods might
resemble the assessment of breathing patterns performed in
this study; however, those are short-time studies or even sin-
gle-breath analyses.

Patients complaining of nasal obstruction may have lower gen-
eral quality of life [16], which does not necessarily improve
after nasal surgery [2, 17, 18]. Among patients with nasal ob-
struction, this study found significant differences in quality of
life between patients with normal breathing and those with
impaired nasal breathing. The SF-36 questionnaire was used
in our study because it measures general physical and men-
tal health. In addition to assessing nasal symptoms, this study
comprehensively evaluated the aspects of well-being. Patients
with nasal-oral breathing scored lower than subjects diagnosed
with nasal breathing in the questionnaire, which indicated that
their quality of life was worse . Although many scales assess
quality of life and symptoms in patients with nasal obstruction,
such as the NOSE scale, VAS, Rhinoconjunctivitis Quality of
Life Questionnaire, Sinonasal Outcome Test-16, or 20-Item
Sino-Nasal Outcome Test [19-23], this study used the SF-36
survey to assess both physical and mental health. Our findings
show that, in patients with nasal obstruction and impaired na-
sal breathing, both physical and mental health is impaired, with
the physical health affected to a greater extent.

CONCLUSIONS

Among patients with symptoms of nasal obstruction, those
with impaired nasal breathing determined with objective
measurements had a significantly lower general quality of
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Tab. Il. Mean SF-36 scores in patients with normal and impaired nasal breathing (N=97).

SF-36 QUESTION SCORE NORMAL BREATHING IMPAIRED BREATHING P-VALUE
Physical functioning 51.6 (6.56) 47.4(8.24) 0.0036
Role-physical 46.0 (10.76) 41.7 (8.57) 0.0098
Bodily pain 52.6 (8.90) 43.7 (10.47) 0.0001
General health 47.5(9.45) 42.4(9.33) 0.0075
Vitality 51.9 (11.73) 45.6 (9.41) 0.0016
Social functioning 48.2 (12.52) 42.7 (11.30) 0.0083
Role-emotional 48.8 (10.94) 45.0 (11.78) 0.0989
Mental health 47.8(10.78) 42.7(9.33) 0.0088
Physical component summary 50.5 (6.00) 44.6 (8.33) 0.0004
Mental component summary 48.2 (12.39) 43.6 (11.26) 0.0200

Normal breathing defined as >95% of total airflow through the nose
Impaired breathing defined as <95% of total airflow through the nose

life compared to patients with normal nasal breathing. The  culties due to nasal obstruction. The NOFA method can also

NOFA method might be a valuable diagnostic tool for as-  be considered for an overnight evaluation of breathing dys-

sessing breathing patterns in patients with breathing diffi-  function during sleep.
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