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Despite the growingwealth of research on thenegative impact
of nasal obstruction on patient quality of life (QoL), little is
understood about the impact of unilateral nasal obstruction.
As objective techniques to measure nasal airflow and resis-
tance are developed for clinical use, it will be increasingly
important to understand the relationshipbetweenairflowand
subjective nasal symptomatology. The symptomatic patient
with unilateral nasal obstruction on physical examination
allows an opportunity to examine this relationship.

Previous research efforts have demonstrated that nasal
airway obstruction (NAO) represents a common problem in
otolaryngology, affecting approximately 20million Americans

with a significant impact on QoL.1–4 Nasal obstruction can
negatively impact both disease-specific andglobal QoL, aswell
as, negatively impact sleep. Medical management for NAO
ranges from topical decongestant and steroid nasal sprays to
oral allergy medications to nasal strips. Surgical management
is traditionally more variable and individualized and may
include septoplasty, turbinoplasty, nasal valve correction, or
functional septorhinoplasty.

Valid patient-reported outcomes measures are crucial to
providing insight into the impact of NAO.5 The Nasal Obstruc-
tion Symptom Evaluation (NOSE) survey is a validated QoL
instrument for patients with nasal obstruction, commonly
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Abstract The objective of this paper is to investigate the differences between unilateral and
bilateral nasal obstruction with subjective symptomatology in nasal obstruction. This is
a retrospective chart review of prospectively collected data of patients with nasal
obstruction presenting to a facial plastic and reconstructive surgery clinic for evalua-
tion and treatment. Patient demographics including age and gender were recorded
along with nasal physical exam findings. These included internal valve narrowing (IVN),
external valve narrowing, internal valve collapse, external valve collapse, and septal
deviations (inferior and superior). Findings were reported for the left, the right, and
both sides. Nasal valve and septal findings were recorded on 3- and 4-point Likert scales,
respectively, for each side of the nose. A total of 1,646 patients were included in the
study. On univariate analysis, a significant correlation was seen between Nasal
Obstruction Symptom Evaluation (NOSE) scores and all individual exam findings
(p< 0.001). On multiple linear regression, total, left, and right septal deviation
(p< 0.001, p¼ 0.001, p¼ 0.007, respectively) and total, left, and right IVN
(p< 0.001, p¼ 0.003, p< 0.001) were all predictive of an increased NOSE score.
Patients with unilateral septal deviation or internal nasal valve narrowing have
symptoms of nasal obstruction similar to those with bilateral nasal obstruction.
Unilateral and bilateral septal deviation and internal nasal valve narrowing are
predictive of having an increased NOSE score. Unilateral nasal obstruction should be
recognized and treated as a cause for severe symptomatic nasal obstruction despite a
normal contralateral nasal exam.
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used to assess outcomes following septoplasty and rhinoplas-
ty.6 We have previously demonstrated significant improve-
ments in the NOSE score after functional rhinoplasty, and
revealed thathistoryof septoplasty, snoring, and internal valve
narrowing (IVN) are associatedwith increased NOSE scores in
patients presenting preoperatively for functional septorhino-
plasty.6–8 However, the impact of unilateral nasal obstruction
on symptom severity has not been thoroughly evaluated.

In this study, we utilized systematic physical examination
reporting to study the relationship of unilateral nasal charac-
teristics on NOSE score severity. We find that left or right (as
well as total) internal nasal valve narrowing and septal devia-
tion independently predict NOSE score severity. These data
demonstrate that patients can present with complaints of
severe symptomatic nasal obstruction evenwhen the physical
examinationdemonstrates only unilateral nasal abnormalities.

Methods

Patient Selection
A retrospective chart reviewwas performed at a tertiary care
medical center under an approved protocol by the institu-
tional reviewboard human subjects research committee. The
study period spanned 6 years (2012–2018). Eligible subjects
involved adult and pediatric (less than 18 years old) patients
who presented to the Massachusetts Eye and Ear Infirmary
Facial Plastic and Reconstructive Surgery (Boston, MA) clinic
for assessment of NAO by the senior author (R.W.L.). The
subjects were referred due to concern for NAO to discuss
medical and surgical options, or for surgical intervention.
The subjects completed a preoperative NOSE survey in the
clinic electronically and underwent a standardized nasal
history and physical exam.9 All data were collected in
REDCap (Research Electronic Data Capture; Vanderbilt Uni-
versity, Nashville, TN), an electronic data-capture platform
designed for academic clinical and translational database
development.10 Patient demographic characteristics, nasal
history, nasal exam, and preoperative NOSE scores were
recorded through REDCap in a Health Insurance Portability
and Accountability Act-compliant manner.

Outcome Measures
The NOSE scale was considered the primary outcome mea-
sure. TheNOSE scale is a validated, patient-reported, disease-
specific QOL assessment instrument that contains five ques-
tions related to nasal obstruction rated along a 5-point Likert
scale.6,11–13 Question response scores are summed and con-
verted to a total score from 0 (no nasal obstruction) to 100
(severe nasal obstruction).

Physical Exam
Physical exam findings were recorded on a nasal exam and
Nasal AnatomicWorksheet (NAW) in REDCap. The nasal exam
worksheet focused on external nasal anatomyand theNAWon
intranasal anatomy.9OntheNAW,deviationof theseptumand
nasal valve narrowing and collapse were analyzed by unique
categories: left superior septal deviation, right superior septal
deviation, left inferior septaldeviation,andright inferior septal

deviation on a 4-point Likert scale (rated 0 if not present, 1 for
mild, 2 formoderate, 3 for severe), and left IVNat rest, right IVN
at rest, left external valve narrowing (EVN) at rest, right EVNat
rest, left internalvalve collapse (IVC)with inspiration, right IVC
with inspiration, left external valve collapse (EVC) with inspi-
ration, and right EVCwith inspiration on a 3-point Likert scale
(rated 1 for absent/mild, 2 for moderate, 3 for severe). Each
item was scored individually. The individual scores were
combined to create the total NAW score.

Statistical Analysis
Univariate analysis was performed using one-way analysis of
variance (ANOVA) tests to determine the association between
interval variables and NOSE scores. Multivariable linear
regression for NOSE scores was performed using a backward
stepwise approach. Variance inflation factors (VIF) were
calculated to determine multicollinearity (VIF< 4). Data
were analyzed using STATA 13.0 (StataCorp) with signifi-
cance attributed to p-values< 0.05.

Results

Patient Characteristics
Retrospective chart review identified 1,081 patients who
presented to the Massachusetts Eye and Ear Infirmary Facial
Plastic and Reconstructive Surgery clinic for evaluation of
NAO (►Table 1). In total, 53.9% of patients were females,
while 46.1% of patients were males. The mean patient age
was 38.0� 16.5 years. Themean NOSE scorewas 59.7� 25.0.

Physical Exam
In the univariate analyses, the variables of left-sided EVN
(p¼ 0.011), right-sided EVN (p< 0.001), left-sided EVC
(p< 0.001), right-sided EVC (p< 0.001), left-sided IVN
(p< 0.001), right-sided IVN (p< 0.001), left-sided IVC
(p< 0.001), right-sided IVC (p< 0.001), left-sided inferior septal
deviation (p< 0.001), right-sided inferior septal deviation
(p< 0.001), left-sided superior septal deviation (p< 0.001),
and right-sided superior septal deviation (p< 0.001) were
significantly correlated with NOSE scores (►Table 2).

Table 1 Demographic values for patients with nasal airway
obstruction

Patient characteristics (n¼ 1,081) Value

Sex (n¼ 1,075)

Female (%) 53.9

Male (%) 46.1

Age (n¼ 1,015)

Mean (y) 38.0

Standard deviation (y) 16.5

NOSE (n¼ 1,081)

Mean 59.7

Standard deviation 25.0

Abbreviation: NOSE, Nasal Obstruction Symptom Evaluation.
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In the multivariate analyses, inferior and superior septal
deviations were found to be collinear andwere taken instead
as a total septal score. The total septal score and other nasal
exam findings on each side of the nose were found to be
predictive of an increased NOSE score. On the left-hand side,
IVN score (p¼ 0.003) and total septum score (p¼ 0.001)were
found to be significant predictors of an elevated NOSE score.
On the right-hand side, similar results were seen with IVN
score (p< 0.001) and total septum score (p¼ 0.007) being
significant predictors of an elevated NOSE score. When
looking at combined (bilateral) physical exam findings,
similar results are shown with IVN score (p< 0.001) and
total septum score (p< 0.001) being significant predictors.
All regression variables for unilateral or bilateral analyses
demonstrated VIF� 3. When considering unilateral or bilat-
eral physical exam findings, IVC, EVN, and EVC were not
predictive of an elevated NOSE score. Age and sex were
similarly not associated with NOSE scores (►Table 3).

Discussion

Unilateral nasal obstruction is an incompletely understood
problem. Clinical experience suggests that unilateral obstruc-
tion can create bothersome symptoms, but quantitative evi-
dence of this phenomenon is lacking. Interestingly, the effect of
unilateral nasal obstruction was investigated in snoring and
sleepoutcomes in the1990swhereunilateralnasal obstruction
was found to impact snoring and sleep apnea as strongly as
bilateral obstruction.14 Experiments inmurinemodels of taste
bud acquisition have also noted dramatic abnormalities of
papillae development in rats subjected to unilateral nasal
obstruction, demonstrating the importance of bilateral airflow
for normal physiologic functions.15 In this study,we attempted
to study the independent effect of unilateral nasal obstruction
on the overall subjective symptom of nasal obstruction using
the NOSE score and a standardized physical exam. We found
that lateralizing internal nasal valve narrowing and septal

Table 2 Physical exam results stratified by NOSE score with corresponding univariate analysis

Physical exam Left side Right side

NOSE score
(SD)

p-Value NOSE score
(SD)

p-Value

External valve narrowing

1 57.9 (1.0) 0.011 57.1 (1.0) < 0.001

2 62.4 (1.3) 64.8 (1.3)

3 62.9 (2.0) 63.4 (2.2)

External valve collapse

1 57.4 (0.9) < 0.001 57.4 (0.9) < 0.001

2 64.9 (1.3) 65.5 (1.3)

3 66.5 (2.9) 65.1 (2.6)

Internal valve narrowing

1 50.1 (1.8) < 0.001 50.3 (1.7) < 0.001

2 62.1 (1.2) 61.9 (1.2)

3 63.0 (1.1) 64.0 (1.1)

Internal valve collapse

1 56.9 (1.0) < 0.001 56.5 (1.0) < 0.001

2 65.7 (1.3) 67.0 (1.2)

3 63.6 (2.7) 62.7 (2.3)

Inferior septal deviation

0 54.9 (1.3) < 0.001 56.5 (1.2) < 0.001

1 64.0 (1.8) 62.4 (1.7)

2 61.7 (1.6) 63.6 (1.5)

3 64.3 (1.4) 63.8 (1.7)

Superior septal deviation

0 55.1 (1.4) < 0.001 55.4 (1.3) < 0.001

1 63.6 (1.8) 62.1 (1.7)

2 61.4 (1.7) 62.4 (1.6)

3 63.2 (1.2) 64.7 (1.3)

Abbreviation: NOSE, Nasal Obstruction Symptom Evaluation; SD, standard deviation.
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deviation were predictive of higher NOSE scores, and thus
increased severity of nasal obstruction. Internal nasal valve
narrowing and septal deviation were predictive of symptom-
atic nasal obstruction for patients with both unilateral and
bilateral nasal obstruction.

The use of NOSE scores as a validated patient-reported
outcome measure (PROM) has become a standard means of
assessing patients with NAO in clinical research. The 2017
Clinical PracticeGuideonRhinoplasty recommendsPROMs for
clinical use and is supported by the American Academy of
Facial Plastic and Reconstructive Surgery and the American
Society of Plastic Surgeons.16 Although the demographic and
anatomic factors that influence NOSE scores have been previ-
ously analyzed, the relationship between NOSE scores and

specific unilateral nasal physical exam finds has not been
previously reported.8 In this study all demographic and ana-
tomic variables were first tested with univariate analysis to
identify associations, which were then reviewed in multivari-
ate analysis to control for confounding relationships. Multi-
variate analysis demonstrated that bilateral and unilateral
septal deviation and IVNphysical exam scoreswere predictive
of elevated NOSE scores. This finding demonstrates the impor-
tance of unilateral nasal obstruction even when the opposite
side it not obstructed.

Physical exam scales for specific anatomic regions of the
nose have previously been developed (turbinoplasty grading
and lateral nasalwall insufficiency).12,17 The NAWused by the
senior author (R.W.L.) incorporates physical exam grading

Table 3 Multiple linear regressions for NOSE scores based on bilateral and unilateral physical exam findings

NOSE score Coefficient 95% CI p-Value

Bilateral scores

IVN score 3.133 1.783 to 4.482 < 0.001

IVC score 1.962 �0.426 to 4.350 0.107

EVN score �0.238 �1.705 to 1.230 0.751

EVC score 1.145 �1.403 to 3.693 0.378

Total septum score 0.803 0.371to1.235 < 0.001

Age 0.073 �0.020 to 0.167 0.123

Sex

Male Ref

Female 1.072 �1.962 to 4.106 0.488

Left-sided scores

IVN score 3.340 1.122 to 5.558 0.003

IVC score 3.646 �0.722 to 8.014 0.102

EVN score �0.499 �2.968 to 1.969 0.692

EVC score 2.968 �1.590 to 7.525 0.202

Total septum score 1.346 0.570 to 2.122 0.001

Age 0.072 �0.022 to 0.166 0.134

Sex

Male Ref

Female 0.817 �2.245 to 3.879 0.601

Right-sided scores

IVN score 4.230 1.991 to 6.470 < 0.001

IVC score 4.077 �0.271 to 8.424 0.066

EVN score 1.059 �1.646 to 3.763 0.443

EVC score 1.570 �3.132 to 6.271 0.513

Total septum score 1.073 0.290 to 1.855 0.007

Age 0.050 �0.043 to 0.143 0.295

Sex

Male Ref

Female 0.734 �2.313 to 3.781 0.637

Abbreviations: EVC, external valve collapse; EVN, external valve narrowing; IVC, internal valve collapse; IVN, internal valve narrowing; NOSE, Nasal
Obstruction Symptom Evaluation; VIF, variance inflation factor.
Note: Total septum scores taken as inferior and superior scores found to be collinear. All regression variables with VIF� 3.
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scales for multiple areas including the septal deviation, inter-
nal nasal valve narrowing, external nasal valve narrowing, and
lateral wall insufficiency.9,12,18,19Measurements are reported
for both the left and right sides of the nose. For the septal
deviationcomponentof theNAW,a Likert scale from0 to3was
used so that 0was used to describe no septal deviation. For the
nasal valve narrowing and collapse components, a Likert scale
from 1 to 3 was used as previously validated for lateral wall
insufficiency.20 In 2013, Tsao et al validated a scale for lateral
wall insufficiency with grade 1 representing< 33% collapse,
grade 2 representing 33 to 66% collapse, and grade 3 repre-
senting> 66% collapse.20 A previous study demonstrated a
composite NAW score combining all 12 parameters was
predictive of increased NOSE score on multivariate analysis.8

The focus of this studywas to utilize theNAWtodetermine the
impact of unilateral nasal obstruction on symptom severity.
Through the NAWscore, this study uniquely demonstrates the
association between specific physical examfinding scores and
the severity of NAO.

Understanding the impact of unilateral nasal obstruction
will help to inform providers caring for patients with nasal
obstruction, highlight to insurance companies that patients
with unilateral obstruction require correction, and to assist
in the development of clinically meaningful objective out-
comesmeasures. Given this information providers can better
communicate with patients about the impact of unilateral
nasal obstruction on their personal symptoms to explain the
severity of their symptoms despite unilateral obstruction.
Understanding the disease-specific and global QoL impact of
unilateral nasal obstruction will allow for future health
utility evaluations to determine patients who are surgical
candidates. Furthermore, as objective measures are devel-
oped to directly or indirectly measure nasal airflow and
resistance, it is important to understand how to utilize these
results to improve the diagnosis and treatment of nasal
obstruction. Normal total airflow for a patient with unilater-
al obstruction may not mean that the patient is asymptom-
atic if the majority of the nasal airflow is only on one side.

This study has several limitations. Given that the study
was performed at a single tertiary academic center with a
single surgeon, selection bias may have been introduced
where patients may have required higher acuity or complex
care and all physical exams were performed by a single
surgeon. In addition, patients were only included in the
NOSE correlation portion of the study if they completed a
preoperative NOSE survey and agreed to have their informa-
tion used for research purposes. Patients completed the
baseline NOSE on the day of initial clinic visit, which may
have caused patients to focus on their disease and rate their
disease as having a more negative impact on their QOL
compared with their average baseline; however, this should
be true for patients with unilateral and bilateral nasal
obstruction. Despite these limitations, the study has a large
sample size of patients and offers valuable insight into the
relationship between physical exam findings and symptom-
atic nasal obstruction.

Future research is needed to understand the reason that
bilateral nasal airflow is important for the perception of

appropriate nasal airflow. Recent research has discussed the
importance of mucosal cooling and sensory feedback to
prevent symptoms of nasal obstruction, but unilateral versus
bilateral symptoms have not been previously discussed.21 As
the field of nasal obstruction moves toward the use of
objective measures, including computational fluid dynamic
models, it is important for clinicians and investigators to
understand the clinical importance of unilateral nasal
obstruction on a patient’s overall perception of nasal airflow.

Conclusion

Physical exam findings, including septal deviation and IVN,
are predictive of an increased NOSE score, regardless of
laterality. Unilateral nasal obstruction can cause the same
level of symptomatic nasal obstruction as patients with
bilateral obstruction. Therefore, patients with unilateral
symptoms or physical exam findings should be treated for
their symptomatic nasal obstruction despite having only
unilateral obstruction.
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