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Abstract

Nasal congestion is the fourth most common minor ailment presented in primary care and as such, a method to
quantify the meaning of nasal congestion in order to enable evaluation of medicines catered to specific congestion
levels can prove important. The Airflow Perturbation Device (APD) is a noninvasive respiratory diagnostic device that
evaluates the respiratory resistance in humans. It measures the total respiratory resistance under normal breathing in
less than one minute. This study involved using the APD to determine the influence of nasal congestion on respiratory
resistance in a laboratory setting. A total of 25 volunteers volunteered for this study and it employed a standard
subjective categorical scale for nasal congestion (i.e. No Congestion, Mild Congestion, Moderate Congestion, and
Severe Congestion). The results show that resistance values increased with increased congestion levels. However,
resistance values of the groups of volunteers for the various congestion categories overlapped, and there were no
statistically significant values differentiating no congestion and mild congestion or moderate congestion and severe

congestion.
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Introduction

Nasal congestion is the fourth most common minor ailment
presented in primary care and as such, a method to quantify its
symptoms in order to enable evaluation of prescription medicines
catered to specific congestion levels could prove important. The APD
is a noninvasive respiratory diagnostic device that measures the total
respiratory resistance under normal breathing in less than one minute.
The APD works by periodically inserting an external resistance in
the breathing flow pathway [1-4]. A rotating wheel in the flow path
perturbs air flow and mouth pressure by a small amount (Figure 1).
When this happens, the respiratory flow is reduced and the mouth
pressure is increased. The APD senses these changes and is used to
compute respiratory resistance.

Respiratory resistance is normally measured through the mouth,
with a nose clip attached to the nose. An oronasal mask can be used to
obtain combined mouth and nose resistance, or only nose resistance,
if the mouth is closed. Data collected by the APD are analyzed in
real time and displayed as averages of the last few perturbations. The
APD separates the resistances during inhalation from those during
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Figure 1: Schematic diagram of the APD.

exhalation, which can be used as diagnostic information related to
specific respiratory diseases.

Methods and Materials
Subject recruitment

A total of 25 subjects were tested in this study. Because human
subjects were used in this study, approval came from the University
of Maryland’s Institutional Review Board (IRB). All subjects were
required to sign informed consent documents before participating. A
majority of the test subjects were undergraduate students known by the
investigator and studying at the University of Maryland. Prior to the
test, all subjects were given a brief introduction and a brief synopsis of
the research project and testing procedure. In addition, each subject was
asked brief questions regarding present and past health status. From this
questionnaire, it was determined that six of the volunteers had a history
of asthma and 13 had seasonal allergies (not necessarily active at the
time of testing). There were no exclusion criteria because each subject
was to rate nasal congestion according to subjective feeling. Likewise,
it was not determined if their nasal passages were clear before testing,
because, if they came to the lab with some preexisting nasal congestion,
they could begin the study without starting at the No Congestion level.
Each subject took about 45 minutes to an hour to complete the test.

Testing

The testing protocol consisted of four nasal congestion tests for
each of the following: 1) no congestion, 2) mild congestion, 3) moderate
congestion, and 4) severe congestion. Because the APD measures
total respiratory resistance from airway openings to the chest wall
surface, mouth only, nose only (N condition), and nose and mouth
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Mouth only with Nose Clip Nose only (N) Nose and Mouth (NM)
Mean Std Dev Range Mean Std Dev of all Range Mean Std Dev of all Range
measurements measurements

No congestion 4.21 1.15 1.61-6.52 4.89 1.04 1.54-6.24 4.63 0.95 1.78-6.62
Mild congestion 5.54 1.31 1.46-7.82 5.14 1.17 1.38-6.51
Moderate congestion 6.00 1.38 1.77-8.53 5.33 1.12 1.67-6.99
Severe congestion 6.47 1.35 1.66-7.91 5.58 1.1 1.49-6.83

Table 1: Average resistance values (Cm H,0/Lps) for different test conditions.
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Figure 2: Average resistance values with different levels of congestion. Error
bars represent standard error. Means with different letters are significantly
different (Tukey’s HSD, P<0.05).
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Figure 3: Inhalation resistance values with different levels of congestion. Error
bars represent standard error. Means with different letters are significantly
different (Tukey’s HSD, P<0.05).

(NM condition) together measurements were taken. Mouth only
measurements were taken as a control base to compare with previous
measurements, but did not add to nasal resistance evaluation. A nose
clip was used to collect mouth only measurements and an oronasal
mask was used to collect nose only and mouth and nose breathing
measurements. To conduct this study in a laboratory setting, subjects
were given commercially available nose cones to mimic congestion
(Sinus Cones by Sanostec; Beverly Farms, MA). They were asked to
insert cotton wads in the nose cones based on what they considered
mild, moderate or severe congestion. The no congestion condition was
measured with the nose cones inserted in the nostrils but without a

cotton wad. Each subject made the judgment about congestion levels
based on their own personal preferences. Five APD measurements
for each congestion level were made. A total of 50 measurements per
testing session were conducted.

Statistical Analysis

StatPlus:mac statistical analysis program was utilized to analyze the
results. ANOVA was used to determine statistical significance in the
group and Tukey’s HSD test [5] at p<.05 analysis was used to determine
which groups were significantly different.

Results

It was observed from the data in Table 1 that that the average
resistances generally increased with increased congestion levels
but there are hardly any statistically significant differences between
different congestion levels. N condition breathing for combined
averages showed that no congestion was the only level that showed a
statistically significant difference from other congestion levels (Table
1). For the NM condition, the only statistically significant different
group was severe congestion (Figure 2). For NM condition inhalation
values, no congestion showed a statistically significant difference from
moderate congestion and severe congestion but mild congestion was not
statistically significantly different from any of the other groups (Figure
3). For N condition exhalation values, no congestion was the only group
that showed a statistically significant difference from the other groups
(Figure 4). There existed no statistically significant difference between
any of the NM condition congestion levels.

Of the subjects for this study, 14 were males and 11 were females.
They ranged from 15 to 23 years old with a mean of 19.9 years. Statistical
analysis (ANOVA) showed that there was no significant difference
between resistances of males and females for the combined congestion
as well as for inhalation and exhalation resistances measured separately
(Supplementary Table of Appendix).

Discussion

Nasal congestion is the fourth most common minor ailment
presenting in primary care, with 5.3 million consultations per year. As
such, a method to quantify its symptoms in order to enable production
of medicines catered to more specific congestion levels can prove
important. In this study, we looked at the effects of varying levels of
nasal congestion on respiratory resistance, and, with the APD, were
able to observe a general trend between increased resistance values
and increased levels of congestion. However, the fact that there were
no clear (statistically significant) distinctions among congestion levels
is not a good sign for development of a quantitative approach to nasal
congestion drug evaluation. It is important to note that the subjects
tested had a wide range of resistance without congestion. This can
be due to the fact that nasal anatomy is characterized by a complex
geometry and significant individual variation [6]. It had previously
been reported that the least noticeable change in respiratory resistance
is a proportion of the resistance present before the change [3,7], and
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Figure 4: Exhalation resistance values with different levels of congestion.
Error bars represent standard error. Means with different letters are
significantly different (Tukey’s HSD, P<0.05).

generally conforms to Webers Law [8,9]. This would explain why
some people notice any level of congestion more than others. Another
difference may be due to the natural habits held by different individuals:
some may just naturally breather harder than normal simply because
they are thinking about their breathing. Other factors also include
whether or not the subjects smoke, what medication they were on,
allergies, if they had genetic respiratory illnesses, and even changes
in posture. Therefore, subjective determination of congestion level
probably reflects all of these individual differences.

The results of the experiment show that although there is an overall
statistical significance in the data, statistical differences among groups
vary. For example, for the average (inhalation and exhalation) nose only
breathing, no congestion and moderate congestion when compared to
each other, showed no statistically significant difference. However when
compared to moderate or severe congestion, they did show statistical
significance. This implies that pharmaceutical companies will have a
hard time delineating between those congestion levels when creating
quantitative evaluation of a congestion specific drug. Males and females
had comparable average resistances. There were only three smokers
tested in this study, and their resistance values were not significantly
different from resistance values, averaged over all subjects.

As expected exhalation resistance values were greater than
inhalation resistance values. This is because of the slightly narrowed
respiratory airways in the lung as exhalation pressures external to

the airways close them somewhat. Also as expected, resistances of
mouth and nose taken together were less than resistances of nose only
breathing because resistance of two parallel flow pathways is always less
than that of a single pathway.

If this study had successfully shown that nasal congestion values
could be quantified, then the results could have been of great interest
to pharmaceutical companies developing congestion-relief medicines.
Such results could also have been important for those prescribing
medicines. In both of these cases, the treatment of congestion would
have become much more precise. However, congestion levels are largely
determined by subjective evaluation, meaning that they do not translate
well from one individual to another. That is, then, the main conclusion
of this study. Clinical treatment of congestion will continue as it is
presently done.

Conclusion

The study was successful in demonstrating a trend between
congestion and resistance: Higher congestion yielded higher resistance
values, but subjective determinations of congestion levels did not
separate neatly into levels of respiratory resistance.
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