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Abstract

Obijectives: Anterior active rhinomanometry (AAR) is widely used in Swedish routine
clinical practice to decide if septoplasty is necessary. The scientific basis for the
method needs to be strengthened. Therefore, the aims were to evaluate nasal airway
resistance (NAR), paradoxical reactions to pharmacological decongestion, and test-
retest characteristics of the Rhino-Comp® AAR in healthy subjects.

Methods: A prospective longitudinal design was used. AAR was performed before
and after decongestion at baseline and after 26 months on 60 healthy volunteers.
The relationships between NAR, height, weight, BMI, sex, and allergic rhinitis were
evaluated by regression analyses. Descriptive statistics were used to evaluate para-
doxical reactions. Test-retest and repeatability characteristics were evaluated with
intra-class coefficients (ICC), Cronbach's «, and standard error of measurement
Results: No statistically significant differences were found between genders or nasal
cavity sides. NAR was statistically significantly related to height. Short- and long-term
test-retest characteristics were good with ICC and Cronbach's a > .75. The minimal
significant difference in NAR Log10V2 values between the two measurements was
0.11 and 0.09 (long- and short-term). Paradoxical reactions to pharmacological
decongestion were rare, mostly weak, and not evidently reproducible.

Conclusion: In this study, we report reference data for healthy subjects, test-retest
capabilities, and the minimal relevant difference between two measurements for the
Rhino-Comp® AAR, information that is vital and necessary for the appropriate use of
AAR in clinical practice. An effective method for pharmacological decongestion is
described and recommended for future studies and clinical practice. Paradoxical reac-
tions to pharmacological decongestants exist but maybe without clinical significance.
Level of Evidence: NA.
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1 | INTRODUCTION

Anterior active rhinomanometry (AAR) is a method to measure nasal
airway resistance (NAR) in research and clinical practice.! The 2019
European position paper on diagnostic tools in rhinology states that
pre- and post-decongestive AAR measurements can be used to select
patients for surgical procedures, but it does not provide details on the
indication and interpretation of AAR! and we do not know of any
other report that provides robust evidence-based guidelines on how
to use AAR in clinical practice. This indicates that even though AAR
has been available for decades, a definite and clear role of the method
in routine rhinology clinical practice and research has yet to be
established.

Despite this, AAR seems to be commonly used in Swedish routine
rhinology clinical practice. Data from the National Septoplasty Regis-
ter in Sweden showed that 63% (6683/10608) of the registered sep-
toplasties 2014-2022 were preceded by an AAR.? This data was
supported by the results of a national survey® performed in 2021-
2022 by the Swedish Rhinologic Research Alliance which showed that
a majority (77%) of Swedish ENT clinics performing septoplasty used
AAR in the selection process for septoplasty. The vast majority of
units (80%) used the Rhino-Comp® AAR (IBBAB, Kungsbacka, Swe-
den). The survey also showed that all centers used pharmacological
decongestion and that standardized procedures including the type
and mode of administration of decongestive pharmacological drug
and the time interval before testing of the decongested nose were
lacking. There was nevertheless a clear consensus that AAR was of
great value in the preoperative assessment of septal deviation and
many clinics also reported that AAR was used to assess the outcome
of septoplasty.

The Rhino-Comp® measures NAR according to the Broms model*
which is one of the AAR techniques accepted by the 2005 European
Consensus report on AAR.> The results are presented in a standard-
ized report together with reference data for NAR obtained after
decongestion in healthy subjects. The present reference data is prob-
lematic as it comes from a study® published in 1982 where deconges-
tion was obtained by physical exercise, a decongestion method that is
no longer in use in Sweden. Another limitation with the Rhino-Comp®
AAR, especially if it is to be used to follow up the outcome of surgery,
is that studies with a clinically relevant design on the test-retest char-
acteristics are lacking. Another feature of AAR that needs to be fur-
ther studied is the phenomenon of the paradoxical reaction to
pharmacological decongestants. Many clinicians have noted subjects
with an increased NAR after pharmacological decongestion but to our
knowledge, there is only one study on this topic” using AAR, and a
better understanding of the prevalence and impact of paradoxical
reactions is therefore needed.

The aims of this study were to evaluate NAR values obtained
with and without pharmacological decongestion in healthy volun-
teers, to investigate paradoxical reactions to pharmacological
decongestion, and to assess the test-retest characteristics of the
Rhino-Comp® AAR.

2 | MATERIALS AND METHODS

21 | Study design, population, and data collection

This was a prospective longitudinal study with repeated AAR mea-
surements. Sixty volunteers, 30 women, and 30 men, all non-
smokers without known nasal problems were recruited for the
study. All subjects were either health care personnel or medical stu-
dents at the Ryhov County Hospital in Jonkoping, Sweden. Eligible
subjects had to be 218 years old, have a self-assessed bilateral nor-
mal nasal breathing, and no history of previous nasal surgery. Sub-
jects with allergic rhinitis were included as long as the data
collection was performed outside the allergic season or without

recent exposure to the allergen.

2.2 | Active anterior rhinomanometry (AAR)
AAR was performed with the Rhino-Comp® device. The Rhino-
Comp® is based on the Broms model®®? with the R2 and V2 values
(Figure 1) for the left and the right sides of the nose as the main out-
come measures.

The AARs were performed after at least 5 min of sitting rest. We
ensured that all subjects came to the measurements from quiet activi-
ties. All baseline and follow-up measurements were carried out by the

Flow (cm3/second) A 300

Radius 2

FIGURE 1 Polar coordinate flow-pressure curve from the Rhino-
Comp® AAR. V2 is the angle between the flow axis (y-axis) and a line
(the dotted line in the figure) drawn from the origin to the point
where the flow-pressure curve crosses radius 200. The R-value is
pressure (Pa)/flow (cm®/s) measured from the point where the curve
crosses radius 200 (line “a” for pressure and line “b” for flow). The V2
and the R2 are thus related as tanV2 = R2. In the original model by
Broms, different scales on the y- and x-axes were used. The Rhino-
Comp® results are still given as V2 and R2 values which correspond
to V200 and R200, respectively, in this chart.
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first author and were performed in the same room, with the same
equipment, and at normal room temperature.

AARs were performed with and without pharmacological decon-
gestion as illustrated in Figure 2. Nasal decongestion was obtained by
two sprays of oxymetazoline hydrochloride 0.5 mg/mL (Nezeril®) in
each nostril, followed by a waiting period of 15 min, then another two
sprays in each nostril, and a final waiting period of 5 min. Each spray
dose contained 0.025 mg of oxymetazoline hydrochloride, giving a
total amount of 0.1 mg in each nasal cavity. At follow-up, two mea-
surements were taken after decongestion, immediately after one
another.

Transparent silicone full nasal masks were used and attention was
paid to ensure that the mask did not deform the nose, especially the
side where flow was measured. A rounded adhesive patch was cut to
fit the nostril and to create an airtight seal for the side where pressure
was measured.

Follow-up measurements (test-retest) were conducted 6 months

or more from baseline.

2.3 | Questionnaires and visual analog scales

At baseline, and before the AARs, all subjects completed the Swedish
versions of the Nasal Outcome Symptom Evaluation scale (S-NOSE)*°
and the Sino-Nasal Outcome Test-22 (SNOT-22).1' Nasal patency
visual analog scale (VAS) scores (graded from 1 to 10, 1 = total
obstruction and 10 = total free flow) during calm and resting breath-
ing were collected before and after decongestion (mouth closed) for
both nostrils and for the left and right nostrils separately. When asses-
sing unilateral nasal patency VAS the contralateral nostril was
occluded by the tip of the thumb without deforming the nostril that
was tested.

24 | Paradoxical reaction to pharmacological
decongestion

There is no generally accepted definition of a paradoxical reaction. As
Swoboda et al. defined an increase of 220% in NAR after deconges-
tion as a paradoxical reaction” we chose to use the same definition in
our study. In the present study NAR values before and after decon-
gestion from measurements |-1ll were used to evaluate the preva-
lence and reproducibility of paradoxical reactions. For the follow-up
measurements, one measurement before decongestion was made,

and two measurements were made after decongestion.

26 sl
months minute

eBefore
decongestion
e After decongestion

eBefore
decongestion
e After decongestion

3 | STATISTICS
Statistical analyses were performed in IBM Statistical Package for the
Social Sciences version 27.'2 Parametric and nonparametric tests
were used depending on scale level and distribution.*>'* Due to the
non-normal distribution of the V2 values they were transformed using
Log10. The correlation among variables before regression analysis was
assessed using Pearson's r and Spearman's rho.® To assess the V2 values
before and after decongestion and to assess differences between the left
and the right nostril, paired samples t-tests were performed. The effect
sizes were estimated using Cohen's d. Differences among females and
males were controlled by independent t-tests where the sex was used as
a grouping variable.®*1> Multiple regression and stepwise hierarchical
regression were performed to explore the relationship between height
and other possible variables affecting the V2 values and to control for
height, weight, BMI, sex, and allergic rhinitis. 1316

To assess differences between measurements, repeated ANOVA
was performed except for the pre-tests (before decongestion) where
a paired sample t-test was used (two points of measurement).*>¢ To
explore repeatability, intra-class coefficients (ICC) were calculated
(two-way mixed model with absolute agreement, confidence interval
of 95% with test value 0). The average value was then reported. In
addition to the ICC Cronbach's alpha was calculated to estimate the
internal consistency.’®"*® The standard error of measurement (SEM)
was used to establish the minimal difference between two measure-
ments that with confidence signifies a true change [MD].}” Based on

p-values, statistical significance was set at a < .05.

4 | ETHICS

This study was approved by the Swedish Ethical Review Authority
(2019-06015 with amendments 2022-0534-02 and 2022-05938-02).
All subjects gave their signed informed consent. The study was con-

ducted in accordance with the principles of the Helsinki Declaration.

5 | RESULTS
5.1 | General characteristics of the studied
population

The baseline characteristics of the studied population are presented in
Table 1. Males were taller than females and had a higher body weight.

There were no statistically significant differences between men and

e After decongestion

only (subjects already
had a decongested
mucosa)

FIGURE 2 A presentation of the
different NAR measurements in the
study.
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TABLE 1 Baseline characteristics of the studied
population, n = 60.
Age, mean (SD) 34.1(10.29)
Sex, number (%)
Female 30 (50)
Male 30(50)
Height, mean (SD) 174.0 (10.3)
Female 166.6 (6.5)
Male 181.3 (8.0
Weight?, mean (SD) 71.7 (13.1)
Female 64.2 (13.4)
Male 78.4 (8.6)
BMI?, mean (SD) 23.6 (3.7)
Female 23.3 (4.6)
Male 24.0(2.7)

S-NOSE, mean (SD)/median (min-max)
SNOT-22, mean (SD)/median (min-max)

Nasal patency VAS®,
mean (SD)/median (min-max)

3.5(5.6)/0 (0-25)
3.5(3.5)/3 (0-14)

Bilateral 9.4 (0.8)/10 (7-10)

Left side 8.7 (1.5)/9 (5-10)

Right side 8.8(1.3)/9 (5-10)
Allergic rhinitis, number (%)

Yes© 16 (26.7)

No 44 (73.3)

Abbreviations: SD, standard deviation; min, minimum; max, maximum.
®n = 55 (missing data for one male and four females).

PNasal patency VAS scores were scored before decongestion.

“Pollen n = 13, pollen and dognh = 2, catn = 1.

women regarding S-NOSE score, SNOT-22 sum, or nasal patency VAS
scores at baseline.

5.2 | Nasal airway resistance

There were no statistically significant differences between the left-
and the right-side NAR values before or after decongestion in any of
the three measurements. Furthermore, we found no statistically sig-
nificant differences between NAR values for men and women in any
of the measurements (all p > .05). Height was found to be the stron-
gest predictor for NAR values, followed by weight. Sex, BMI, and aller-
gic rhinitis did not reach statistically significant unique contributions.
In Figure 3, a scatter plot with a regression line for left- and right-side
NAR versus height is presented. Cases were weighted (1 —
(0.5 x explained variance)) to compensate for each case contributing
with two values for Log10 V2 and only one for height. The equation
for the regression line was y = 2.26 — 0.00784 x body height. To
illustrate estimated reference intervals in healthy subjects, both 95%
confidence intervals and 95% prediction limits are provided in

Figure 3.

5.3 | Objective and subjective paradoxical
reactions to decongestion

In a clear majority of measurements, the subjects reacted as expected
to decongestion with unchanged or improved NAR values (Figures 4
and 5) and nasal patency VAS scores (Table 2). NAR values before and
after decongestion differed statistically significantly, with large statis-
tically significant effect sizes for all measurements for both the left
and the right sides. The differences in nasal patency VAS scores were
small, with a mean improvement of less than one step on the VAS
scale for both the right and left sides of the nose.

As shown by the distribution of dots in relation to the solid and
dotted lines in Figures 4 and 5, the prevalence of paradoxical reac-
tions was dependent on the definition. When using a 2 20% increase
in NAR as the definition of a paradoxical reaction such a reaction was
observed in five measurements (4.2%) for the baseline measurement |,
in one measurement (1.8%) for follow-up measurement Il, and in no
measurement at measurement Ill. With a wider definition, that is, any
increase in NAR, the prevalence was higher, 12 (10.1%) measurements
in measurement I, nine (16.1%) measurements in measurement Il, and
nine (16.1%) measurements in measurement lll. The paradoxical reac-
tions to decongestant measured by NAR were not reflected in wors-
ened nasal patency VAS scores.

As shown by the scatterplots (Figures 4 and 5) and data in
Table 3, paradoxical reactions do not seem to be either bilateral or
reproducible in either the long or short term, if the definition 220%
increase in NAR is used as no subject would qualify. If any increase in
NAR is regarded as a paradoxical reaction, one subject (3.6%) showed
a long-term- and seven subjects (25%)a short-term reproducible para-
doxical reaction. At baseline, the proportion of self-reported allergic
rhinitis was lower, 18% (2/11), among subjects with paradoxical reac-
tions to pharmacological decongestant compared to subjects without
paradoxical reactions, 29% (14/49).

54 | Test-retest measurements and repeatability
At the time the follow-up measurements were conducted, 50 of the
60 subjects that participated in the baseline measurements had a
follow-up time of 26 months. Of these 50, 30 still worked or studied
at the hospital. Two subjects did not respond to the invitation and
28 subjects participated in the follow-up. The mean follow-up time
was 12 months (SD 5), and the median follow-up time was 10 months
(min-max 7-20).

No statistically significant differences (p >.05) were found
between NAR values, for any of the sides, collected before deconges-
tion at baseline (I) and at follow-up (I1). Similarly, no statistically signifi-
cant differences were found between ipsilateral NAR values collected
after decongestion at baseline (1), at the first measurement at follow-
up (Il), or at the second measurement at follow-up (lll) for any of the
sides. The ICC and Cronbach's a were all >.75, except for the first and
second NAR measurements on the right side before decongestion
(Table 4).
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Nasal airway resistance, Log10 V2 values

155 160 165 170 175

180 185 190 195 200

Body height (cm)

Cases weighted by 1-(0.5*explained variance)

FIGURE 3 Nasal airway resistance (Log10V2) at baseline for the left- and right nasal cavity (n = 120) correlated to height. The regression line
(solid line), 95% confidence intervals (dashed lines) and 95% prediction limits (dotted lines) are presented.

To establish the minimal difference between two measurements that
with confidence signifies a true change, the SEMs for NAR values
obtained after decongestion were calculated. The NAR SEM for long- and
short-term repeatability was 0.11 and 0.09 in Logl0 V2 values
respectively.

6 | DISCUSSION

6.1 | NAR values before and after decongestion

No statistically significant differences in NAR results were found
between the right and the left sides of the nose or between males
and females. This result applied to NAR values obtained both before
and after decongestion and means that NAR values for the right and
left sides and for males and females do not need to be analyzed sepa-
rately in clinical practice and research. A finding from previous studies
that we could corroborate was that NAR values obtained after decon-
gestion were statistically significantly correlated to height.®? How-
ever, the correlation to height (i.e., a stronger slope of the regression
line) in our study was stronger than the correlations previously
reported by both Broms et al. and Jessen et al. (Figure 6).

If AAR should be used to evaluate anatomical stenosis caused by
deviated cartilage or bone it seems desirable to measure NAR on a
maximally decongested nasal mucosa. As shown in the National
Swedish survey (see “Introduction” section), a plethora of different

methods for pharmacological decongestion is used in Swedish

septoplasty operating units. We do not agree with the statement
made by the Committee on standardization of AAR in 1984 that each
rhinomanometrist should choose the way of decongestion that
they prefer (i.e., imidazoline, adrenaline, exercise, etc.) as long as
they mention it on the graph.? If each center uses its own mode for
decongestion, comparison between centers is impossible. It is also
likely that different types of decongestant, modes of administration,
and the time given to achieve maximum effect yield different degrees
of decongestion. In 1982, Broms et al. studied NAR with the Rhino-
Comp® AAR and reported that physical exercise (bicycle ergometer to
a pulse of 150 bpm) was more effective for decongesting the nasal
mucosa than nose drops (oxymethazoline chloride, Nezeril®, 3 drops,
0,09 mL/0,045 mg in each cavity). This finding was contradicted by
Jessen and Malm in 1988 who also studied NAR with the Rhino-
Comp® AARY? using a combination of physical exercise and pharma-
cological decongestion with the conclusion that pharmacologic decon-
gestion was more effective than physical exercise. A comparison of
the efficacy of the three modes of decongestion used in the Broms
et al. study, the Jessen et al. study, and our study is shown in Figure 6.
The regression line based on the NAR measurements of our study is
lower, that is, stronger decongestion, than the regression lines
reported both by Broms et al. and Jessen et al. We, therefore, suggest
that decongestion in NAR measurements with the Rhino-Comp® AAR
should be obtained with the following procedure: two sprays of oxy-
metazoline hydrochloride 0.5 mg/mL in each nostril, a 15-min wait,
another two sprays of oxymetazoline hydrochloride in each nostril,

and a final wait of 5 min before measurement.



SUNNERGREN ET AL.

Laryngoscope

1141

FIGURE 4 (A)and (B). Scatter plot with pre- and post-
decongestion NAR values from measurement |. Left side

n = 59 (A) and right side n = 60 (B). A dot below the solid line
indicates an increased NAR after decongestion and a dot
below the dotted line indicates a > 20% increased NAR. For
subjects with paradoxical reactions, subject numbers are
presented to facilitate identification and comparisons
between the left and right sides.

Left side before decongestion, measurement |

Right side before decongestion, measurement |

6.2 | Paradoxical reactions to pharmacological
decongestion

The phenomenon of paradoxical reactions to pharmacological decon-
gestion is well known to the clinician. It is, therefore, surprising that,
to our knowledge, there is only one publication on the topic.” In the
study by Swoboda et al. the Rhino-Comp® AAR was used and they

6 7 8 9 10 11 12 13 14 15 16 17

Left side after decongestion, measurement |

,6

J 8 9 10 11 12 13 14 15 16 17

Right side after decongestion, measurement |

chose to define a paradoxical reaction as an increase in NAR 220%
based on the assumption that smaller increases were unreliable with
normal or near normal NAR values. We agree with this assumption
but a proportional definition such as the 220% definition is problem-
atic as the requirements for what should count as a paradoxical reac-
tion increase with increasing NAR values. The phenomenon is clearly

shown in Figures 3 and 4 where the 20% line deviates more and more
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Left side before decongestion, measurement |l

FIGURE 5 A and B. Scatter plot with pre- and post-
decongestion NAR values from measurements Il and Ill. Left
side (A) and right side (B). A dot below the solid line indicates
an increased NAR after decongestion and a dot below the
dotted line indicates a 2 20% increased NAR. For subjects
with paradoxical reactions, subject numbers are presented to
facilitate identification and comparison between the left and
right sides and between measurements Il and Il1.

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

(A) Left side after decongestion, measurements Il (black dots) and Il (open dots)

Right side before decongestion, measurement ||

1.6

1,7

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1,7

(B) Right side after decongestion, measurements Il (black dots) and Ill (open dots)

from the zero change line as the NAR values get higher. With the
220% definition subjects with low NAR (e.g., tall subjects) are at a
higher risk of having a NAR that will be classified as a paradoxical
reaction.

Naturally, the prevalence of paradoxical reactions will be depen-
dent on the definition. With the 220% definition, the prevalence was

low (4.2%, 1.6%, and 0% in measurements |, Il, and Ill, respectively)

but fairly comparable to the findings of Swoboda et al. who reported
a prevalence of 4.7%. With a wider definition (i.e., any increase in
NAR) the prevalence was higher: 8.4% in measurement | and 16.1%
in both measurements Il and Il1.

When Swoboda et al. reassessed 36 of the subjects with a para-
doxical reaction (220%) more than a decade from the first measure-

ment, 33% had a same-sided paradoxical reaction. This is in contrast
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TABLE 2 Characteristics of the decongestive effect of xylometazoline, that is, differences between Log10 V2 NAR values and nasal patency

VAS scores obtained before and after decongestion.

NAR left side

NAR right side

VAS left side VAS right side

Measurement no

Measurement no

Measurement no Measurement no

Number of subjects 592 28 28 60
Mean —0.24 —0.25 —0.23 —0.22
SD 0.30 0.28 0.29 0.22
Median -0.23 -0.16 -0.13 -0.20
Minimum —0.98 -0.93 —0.88 -1.0
Maximum 0.68 0.15 0.15 0.30

28 28 60 28 60 28
—0.28 -0.29 0.85 0.75 0.71 0.96
0.30 0.28 11 0.0 1.0 0.5
-0.32 —0.28 0.5 0 1 0.5
-12 -1.0 -1 -2 -1 0
0.39 0.19 4 4 4 6

Note: NAR obtained before decongestion are the same for measurements Il and III.
2Due to a technical error the recording of the measurement before decongestion was lost.

TABLE 3 The difference in NAR obtained with and without
decongestion, in subjects (n = 17) that had evidence of a paradoxical
reaction to decongestion in any of the three measurements.

Left side Right side
Measurement no Measurement no

S”?oed ol | TR

1 0.01 0.14

2 0.68* | 0.06

5 0.04 0.04

6 0.07 0.04

7 0.08

8 0.21*

9 0.15 0.12 | 0.05

11 0.51%*

13 0.03| 0.01

16 0.11]0.15 0.12

17 0.15

20 0.14 0.39*% 0.19

23 0.09

24 0.30*

25 0.18*

26 0.09 0.09

27 0.17 0.04

Note: To facilitate interpretation, gray marking indicates a same-sided repeated
increased NAR, while boxing indicates subjects with a bilateral increased NAR
at the same measurement. Differences of 220% are marked with *.

to our study, where none of the subjects (0%) had a same-sided paradox-
ical reaction either at measurements | and Il (long-term) or measurements
Il and Ill (short-term) with the >20% definition. If any increase in NAR
should count as a paradoxical reaction, one subject (3.6%) had a repro-

ducible long-term paradoxical reaction while seven (25%) subjects had a

short-term same-sided reproducible paradoxical reaction. An interesting
observation in our results was that bilateral paradoxical reactions were
virtually absent since there was not a single case and only three cases
with the 220% and the “any” increase definitions, respectively. We have
no explanation for why the few subjects in our healthy population with
mainly symmetrical NAR that showed signs of paradoxical reactions only
showed the reaction on one side. All in all and at this point, we advise
against using a proportional criterion such as 220% to define a paradoxi-
cal reaction. We suggest instead a fixed increase in NAR, but more stud-
ies on both healthy and obstructed noses are needed to decide the
appropriate fixed value. However, it is possible that paradoxical reactions
to pharmacological decongestants may lack clinical significance. We base
this opinion on what we consider to be a low prevalence, a small magni-
tude of reaction, and a low reproducibility of paradoxical reactions to
pharmacological decongestants in this study.

Furthermore, the presence of allergic rhinitis did not seem to be
related to paradoxical reactions as the prevalence of allergic rhinitis in
the group with paradoxical reactions was lower than in the group

without paradoxical reactions.

6.3 | Repeatability and test-retest reliability
An often overlooked aspect of medical tests is repeatability, that is,
the minimal change between two measurements that with confidence
signifies a true change. This is especially important for AAR if it is to
be used to evaluate the effect of septoplasty. The present study is the
first to evaluate this aspect of the Rhino-Comp® AAR NAR values
with a clinically relevant design and an appropriate statistical test. We
found that the minimal change in NAR (Log10V2 values) that with
confidence signifies a true change was 0.11 if minutes separated two
measurements, and 0.09 if 26 months separated two measurements.
There are at least two previous publications where the Rhino-
Comp® AAR has been used to evaluate reproducibility. In 1982,
Broms® studied the reproducibility with the Rhino-Comp®AAR
(1 week between measurements, decongestion with both pharmaco-

logical and physical exercise) with the conclusion that the
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X . TABLE 4 Intra class coefficients (r)
NAR variables Confidence intervals and Cronbach's a (measurements | vs. |l
r Lower Upper Cronbach's « n = 56, measurements Il vs. lll n = 28).
Before decongestion
Measurements |-l Left side 0.753 0471 0.885 0.753
Measurements |-l Right side 0.609 0.174 0.817 0.616
After decongestion
Measurements |-l Left side 0.803 0.579 0.909 0.814
Measurements II-11I Left side 0.921 0.831 0.963 0.920
Measurements I-1I-11I Left side 0.890 0.795 0.945 0.893
Measurements |- Right side 0.791 0.552 0.903 0.790
Measurements II-l11 Right side 0.917 0.820 0.961 0.914
Measurements I-1I-11l Right side 0.887 0.789 0.944 0.886

Note: Average measures reported.

Nasal airway resistance, Log10V2 values

180 190 200

Body height (cm)

FIGURE 6 A comparison of NAR versus height regression lines from different studies using the Rhino-Comp® AAR. (A) The regression line
from this study, y = 2.26 — 0.00784 x body height. (B) The regression line reported by Broms,® y = 2.054 — 0.0061 x body height. (C) The
regression line reported by Jessen and Malm,'? y = 1.608 — 0.003 x body height.

reproducibility was good. Thulesius et al. used a mean coefficient of
variation to evaluate short-term (10 tests within an hour, five partici-
pants) and long-term reproducibility (10-15 measurements every 2-
3 weeks, nine participants) with the conclusion that short-term vari-

t.2° However,

ability was acceptable while long-term variability was no
due to different designs and statistical tests the results from these

two studies cannot be meaningfully compared to our results.

6.4 | Strengths and limitations
The single center/single measurer design can be both a strength and a lim-
itation. The strength would be that all measurements were made in the

same way with the same equipment. A limitation could be that the results

are not generalizable. Another limitation was that we did not perform rhi-
noscopy. This means that some of the subjects might have had a non-
symptomatic septal deviation or nasal polyposis even though the results
on the S-NOSE, SNOT-22, and Nasal patency VAS scores strongly
oppose this.

It must also be remembered that different types of AAR have dif-
ferent characteristics and our results may not be transferable to other
devices, that is, other AAR devices than the Rhino-Comp®.

6.5 | Future studies

Our findings need to be corroborated in a multi-center study with a

larger population including both healthy subjects and subjects with
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different degrees of nasal septum deviations. Furthermore, intra- and
inter-rater studies of Rhino-Comp® AAR measurements are needed.
Paradoxical reactions to pharmacologic decongestion also need to be
further studied so that an appropriate characterization and definition
of the reaction can be established. Correlations between subjective
assessments of nasal function and AAR data both before and after
surgery in septoplasty patients, as well as the effect of septoplasty on
AAR results, need to be studied before any evidence-based guidelines

for the use of AAR in clinical practice can be made.

6.6 | Conclusion

AAR NAR values were related to height but not to not sex or side,
findings that must be taken into consideration when AAR is used in
clinical practice. Our method of pharmacological decongestion seems
to be superior to methods used in previous studies and we recom-
mend that our method should be used in future studies as well as clin-
ical practice. For the first time, the minimal difference between two
measurements that with confidence signifies a true change was estab-
lished, a finding with great importance for the evaluation of the out-
come of septal surgery. Paradoxical reactions to pharmacological
decongestion exist but the best definition remains to be decided and
the clinical significance of paradoxical reactions needs to be further
studied, especially in subjects with nasal stenosis.
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