Downloaded from jesm.aasm.org by 162.253.68.115 on March 25, 2022. For personal use only. No other uses without permission.

Copyright 2022 American Academy of Sleep Medicine. All rights reserved.

‘N‘ NEW RESEARCH

JCSM
Journal of Clinical

Sleep Medicine

Awake Measures of Nasal Resistance and Upper Airway
Resistance on CPAP during Sleep

Maria J. Masdeu, M.D."; Vijay Seelall, M.D.% Amit V. Patel, M.D.? Indu Ayappa, Ph.D.?, David M. Rapoport, M.D.2

!Pulmonary Department, Corporacio Sanitaria Parc Tauli, Universitat Autonoma de Barcelona, Sabadell, Barcelona, Spain;
’Pulmonary, Critical Care and Sleep Medicine, New York University School of Medicine, New York, NY

Study Objectives: Since on CPAP, the nose is the primary
determinant of upper airway resistance, we assess utility of
noninvasive measures of nasal resistance during wakefulness
as a predictor of directly assessed upper airway resistance on
CPAP during sleep in patients with obstructive sleep apnea/
hypopnea syndrome.

Methods: Patients with complaints of snoring and excessive
daytime sleepiness were recruited. 14 subjects underwent
daytime evaluations including clinical assessment, subjective
questionnaires to assess nasal symptoms and evaluation of
nasal resistance with acoustic rhinometry (AR) and active an-
terior rhinomanometry (RM) in the sitting and supine positions.
Patients underwent nocturnal polysomnography on optimal
CPAP with measurements of supraglottic pressure to evaluate
upper airway resistance. Comparisons were made between
nasal resistance using AR and RM during wakefulness, and
between AR and RM awake and upper airway resistance dur-
ing sleep.
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Results: Our study shows that measures of awake nasal re-
sistance using AR and RM had little or no correlation to each
other in the sitting position, whereas there was significant but
weak correlation in the supine position. Upper airway resis-
tance measured while on CPAP during sleep did not show sig-
nificant relationships to any of the awake measures of nasal
resistance (AR or RM).

Conclusion: Awake measurements of nasal resistance do not
seem to be predictive of upper airway resistance during sleep
on CPAP.
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Continuous positive airway pressure (CPAP) is the prima-
ry treatment for obstructive sleep apnea/hypopnea syn-
drome (OSAHS),'? and has been shown to normalize sleep
architecture,® reduce daytime sleepiness,* enhance daytime
function,*¢ reduce automobile accidents,” improve hyperten-
sion®’ and decrease cardiovascular events'™!! in a dose-related
fashion.'?

Despite the efficacy of CPAP treatment, 29% to 83% of pa-
tients use CPAP less than 4 hours per night'*'* with the most
common complaint of patients relating to problems with the
mask.'>'® However, nasal symptoms may account for 30% to
50% of CPAP intolerance" and the otolaryngology literature
suggests that, unrelated to sleep and to CPAP, a relationship
exists between nasal symptoms and an elevated nasal resis-
tance.''® Although some authors attribute only a minor role
of nasal symptoms on CPAP compliance,'*? “difficulty exhal-
ing” against positive pressure is frequently cited by patients
on CPAP, and may be increased by elevated nasal resistance.
Data directly addressing the relationship of assessments of na-
sal resistance measured noninvasively and CPAP use remain
inconclusive. Several small studies have suggested that initial
rejection of CPAP treatment correlates with measures of in-
creased nasal resistance,??? while others have failed to show
any correlation.” At least one study shows that reducing nasal
resistance by surgery improves CPAP use.?

BRIEF SUMMARY

Current Knowledge/Study Rationale: The role of nasal resistance
on CPAP use is not completely established. The aim of this study was
to identify a technique to measure the relevant nasal resistance during
daytime that could predict the upper airway resistance during sleep and
subsequently to test whether this could be used as a predictor of CPAP
compliance.

Study Impact: Neither of the awake measurements of nasal resistance
was predictive of upper airway resistance during sleep on CPAP, sug-
gesting that differences in upper airway pathophysiology in patients with
OSAHS may affect awake and sleep nasal resistances in complex ways.

While the expiratory pressure of CPAP may contribute to
“difficulty exhaling,” it also dilates the velopharynx, reducing
the contribution of this area to overall upper airway resistance,
leaving the nose and related structures as the predominant de-
terminants of resistance.”® Unlike the velopharyngeal resis-
tance, nasal resistance has been shown to be unaffected by sleep
state,’*?” and CPAP has been shown to produce only a 15% to
25% drop in nasal resistance.”* There has been no comparison
of awake noninvasive measures of nasal resistance and total up-
per airway resistance on CPAP (which, as pointed out above, is
assumed to reflect primarily nasal factors).

Two potential noninvasive techniques for measuring awake
physiology of the nasal cavity are thinomanometry (RM), which
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directly assesses resistance of the nose,” and acoustic rhinometry
(AR),*® which measures cross-sectional area (CSA). It is generally
assumed that the minimal cross-sectional area (mCSA) bears a
monotonic relationship to the resistance of the upper airway (UA).

Prior to studying the relationship of nasal resistance to CPAP
use, in the present study we examine the relationship between
awake noninvasive measures of nasal resistance (AR and RM)
and directly assessed UA resistance while on CPAP during sleep.

METHODS

Twenty-seven adult patients with complaints of snoring and
excessive daytime sleepiness, presenting to the New York Uni-
versity Sleep Disorders Center for evaluation of OSAHS were
recruited. All patients underwent nocturnal polysomnography
(NPSG) to confirm the diagnosis of OSAHS. A nasal cannula
pressure transducer system (Protech PTAF2) was used to mea-
sure airflow and an oral thermistor to detect mouth breathing
and calculate apnea-hypopnea index 4% (AHI 4%) and respira-
tory disturbance index (RDI) by American Academy of Sleep
Medicine criteria.’! If CPAP treatment was clinically indicated,
the patients were referred for CPAP titration during which su-
praglottic pressure (SGP) measurements were performed dur-
ing the NPSG. Patients were excluded if they had a medically
unstable condition (i.e., recent myocardial infarction, conges-
tive heart failure) or if they were unable to sleep with CPAP.

All subjects included in the study underwent daytime evalu-
ation including clinical assessment, subjective questionnaires
to assess nasal symptoms and evaluation of NR with AR and
anterior RM in the sitting and supine positions. Nighttime tests
performed were in-laboratory CPAP titration NPSG with mea-
surements of SGP on optimal CPAP.

Clinical Assessment

We recorded demographic and clinical variables: age, gen-
der, body mass index, medical history, physical examination,
and menopausal status. Subjective daytime sleepiness was mea-
sured using the Epworth Sleepiness Scale.*

Subjective Questionnaires of Nasal Symptoms

The assessment of subjective nasal symptoms was made with
the nasal obstruction symptom evaluation (NOSE) instrument.
The NOSE questionnaire is a validated tool in the subjective
assessment of nasal obstruction.*** It consists of 5 assessments
of nasal obstruction-related symptoms scored using a 5-point
Likert scale (not a problem, very mild problem, moderate prob-
lem, fairly bad problem, severe problem). Patients are asked to
rate their symptoms as perceived over the past month. Higher
scoring on the test implies more severe nasal obstruction.

Acoustic Rhinometry

AR measures nasal CSA at different distances from the nasal
inlet using acoustic reflections. It has been validated as repro-
ducible, accurate, and noninvasive method.?® Three areas of con-
striction are identified: CSA1 represents the internal nasal valve
at the junction of the upper lateral cartilage and septum (rela-
tively constant in a given patients, independent of congestion);
CSA2 represents the head of the inferior turbinate; and CSA3
is bounded by the head of the middle turbinate and the anterior
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portion of the inferior turbinate. CSA2 and CSA3 are highly
variable due to erectile mucovascular tissue. Measurements
were performed using the RhinoScan instrument (Rhinometrics
A/S, Lynge, Denmark) using standard techniques.?®***” This
AR device displays the mCSA in 2 sections of the nose, CSA1
with distance range 0-2.20 cm and CSA2 with distance range
2.20-5.40 cm. Before each use the AR device was calibrated us-
ing a standardized probe. Sterile surgical lubricant was applied
to the nosepiece to create an acoustic seal. The wand was held
to each nostril without causing any distortion of the anatomy,
and the patient was asked to hold his breath until a stable read-
ing emerged. Three measurements were obtained at each nostril
and accepted as normal when they had a coefficient of variation
<2%. We collected daytime data in the sitting position after 30
min of acclimatization to the laboratory environment and in su-
pine position after 15 min of recumbency. Measurements were
repeated in a separate session on the night of the CPAP titration
NPSG study prior to sleep. From the awake daytime and night
measurements, mean CSA1 and CSA2 were calculated for each
visit and position by pooling the data from left and right nos-
trils. Minimal CSA for each patient was defined as the lowest of
CSAT1 and CSA2. In order to obtain a value proportional to NR,
we assumed resistance (NR) was proportional to 1/CSA?, where
CSA was the minimum of CSA1 and CSA2 for each nostril, and
that the 2 resistances acted in parallel during normal breathing
l/total NR = I/NR,  + I/NR .
Rhinomanometry

Rhinomanometry assesses the nasal airway by simultane-
ously recording transnasal pressure and airflow during occlu-
sion of one nostril. Measurements were performed using a
commercialized rhinomanometer instrument (RhinoStream,
Rhinometrics A/S, Lynge, Denmark). We obtained direct
measurement of NR by the active anterior technique in accor-
dance with the standard set by the International Committee on
Standardization of thinomanometry.” The RM was performed
during wakefulness in both sitting and supine positions on 2
occasions, on the day of the recruitment and again at night
prior to the CPAP titration NPSG.

For each nostril, flow resistance for inspiration and expiration
was separately measured at 75 Pa of pressure using the aver-
age of three measurements with a maximum deviation between
measurements of 10%. Total NR was calculated separately in
inspiration and expiration by combining the parallel NR from
the 2 nostrils using the formula: 1/total NR = 1/NR  + l/NRrigm.
Nocturnal Polysomnography

The diagnostic and CPAP titration NPSGs were performed
in the New York University Sleep Disorders Center as per
American Academy of Sleep Medicine recommended clinical
guidelines.* Pressure was directly measured at the CPAP mask
using a pressure transducer (Ultima Dual Airflow Pressure Sen-
sor, Braebon 0585, Ontario, Canada). Airflow to the mask was
recorded from the output of a Respironics BiPAP Auto M Se-
ries device in CPAP mode. CPAP was titrated manually during
the first hour of the study to a level that eliminated all sleep
disordered breathing events including obstructive apneas, hy-
popneas, and runs of flow limitation. The optimal pressure was
defined as the minimum pressure at which flow limitation dis-
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appeared. The minimal therapeutic pressure was confirmed by
performing step-down measures dropping the pressure every 2
min by 1 cm H,O until the appearance of flow limitation; this
established the minimum therapeutic pressure.

In addition to standard monitoring, SGP was measured using
a pressure transducer-tipped catheter (Millar MPC 500, Millar
Instruments, Houston, TX, USA). The nose was anesthetized
using atomized lidocaine 5% and lidocaine 2% jelly for the
throat. The Millar catheter was introduced transnasally, and the
tip of the catheter was placed just below the uvula. The catheter
position was confirmed visually through the mouth. The cath-
eter was taped to the nose to secure its position throughout the
study. The nasal CPAP mask was then applied and leak at the
exit site of the catheter was minimized. The output of the Millar
catheter was amplified and recorded at 64 Hz.

To verify that the supraglottic catheter tip was placed just
below the collapsible segment of the upper airway, the behav-
ior of difference between the supraglottic and CPAP inspiratory
pressures after the patient fell asleep was inspected during a
brief “step-down” of CPAP pressure. Correct positioning of the
catheter tip required that the delta pressure between the mask
and the supraglottic area increases substantially during inspi-
ration simultaneously with the appearance of inspiratory flow
limitation. If this increase in delta pressure was not observed
as CPAP was reduced, it was assumed the catheter position was
too high and the catheter was advanced.

We analyzed 5 min segments of pressures recording obtained
during at least 2 separate periods of stable stage N2 sleep in the
same position for each patient, during which there was no evi-
dence of any sleep disordered breathing event. Mask pressure
(MP) and SGP were averaged over 3 breaths. UA resistance
was calculated for each inspiration and expiration using the rel-
evant peak flow and the difference between SGP and MP for
that breath, then averaged for the 3 breaths.

Measurements of pressure and resistance were repeated both
over short periods (< 10 min) and at longer intervals (> 1 h) to
assess the stability of the UA resistance across the night. We
assessed reproducibility/stability of the UA resistance measure-
ment in three different situations: short-term sleep (in stage N2
sleep and within 10 min), long-term sleep, and long-term awake
(measurements in the same position in stage N2 sleep or wake
but > 1 h apart). In each of these situations we compared 3
measurements of UA resistance for inspiration and expiration.

All the subjects signed a consent form approved by the In-
stitutional Review Board at the New York University School of
Medicine.

STATISTICS

For each variable, comparisons between positions (sitting
versus supine) and between daytime, nighttime wake and sleep
were made using paired z-test with p < 0.05 as significant. Cor-
relations between variables were evaluated using Pearson cor-
relation coefficient with p < 0.05 as significant.

RESULTS

Of the 27 subjects recruited, 14 patients (10 male/4 female)
completed the study. Five subjects dropped out, 8 were excluded

Measures of Nasal and Upper Airway Resistance

Figure 1A—Positional change of CSA1 from sitting to supine
position during wakefulness in both sessions, daytime and
nighttime
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The 'Y axis shows the percentage of change of CSA1 from sitting to supine
position. Each line represents a subject (n = 14) and the first point of the
line shows the change of CSA1 from sitting to supine position during the
daytime session. Second point of the line represents the change of CSA1
from sitting to supine position during the nighttime session.

due to insufficient sleep (2), excessive mask leak (2), poor su-
praglottic catheter signal quality (1) and poor AR and RM signal
quality (3). The mean age was 47.8 + 11.7 years, mean body mass
index 35.3 + 10.4 kg/m?, mean AHI 62.8 + 34.4/h, mean RDI 66.6
+ 33.5/h, mean Epworth Sleepiness Scale 12.7 + 5.6, mean CPAP
level 9.8 + 3.1 cm H,O. On the NOSE questionnaire, 9 subjects
showed no or mild symptoms of nasal obstruction (NOSE scores
< 8 of 20) and 5 subjects showed moderate-severe symptoms
(NOSE score 11-18). No subject had a NOSE score > 18.

Acoustic Rhinometry

Within each subject and for each position, CSA1 (awake day
vs. awake night, p = 0.15 [sitting], p = 0.07 [supine]) and CSA2
(awake day vs. awake night, p = 0.37 [sitting], p = 0.16 [supine])
were reproducible across sessions. CSA1 and CSA2 showed
changes from sitting to supine position that tended to stay constant
across sessions in each individual. However both increases and
decreases in CSA occurred with equal frequency and averaged to
zero for the group (Figure 1A, B). Of note, decreases/increases
did not always occur in the same subjects for CSA1 and CSA2.
Table 1 shows the group mean data for CSA1 and CSA2 by posi-
tion. In each patient, a single value of CSA1 and CSA2 was cal-
culated using the average of daytime and nighttime awake data.

Similar to the results for CSA itself, NR as calculated from
CSA did not show any change across sessions or a consistent
position effect for the group (Table 1).

Active Anterior Rhinomanometry
Similar to the data for CSA, measurements of NR by anterior
RM did not vary across sessions (day vs. night). Changes of NR
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Figure 1B—Positional change of CSA2 from sitting to supine
position during wakefulness in both sessions, daytime and
nighttime
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The Y axis shows the percentage of change of CSA2 from sitting to supine
position. Each line represents a subject (n = 14) and the first point of the
line shows the change of CSA2 from sitting to supine position during the
daytime session. Second point of the line represents the change of CSA2
from sitting to supine position during the nighttime session.
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Figure 2A—Positional change of inspiratory nasal
resistance by rhinomanometry from sitting to supine position
during wakefulness in both sessions, daytime and nighttime
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The Y axis shows the percentage of change of inspiratory nasal resistance
from sitting to supine position. Each line represents a subject (n = 12) and
the first point of the line shows the change of inspiratory nasal resistance
from sitting to supine position during the daytime session. Second point of
the line represents the change of inspiratory nasal resistance from sitting
to supine position during the nighttime session.
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Table 1—Awake acoustic rhinometry - Values of CSA and
nasal resistance (n = 14)*

Mean (SD) Range

CSA1 (cm?)
Sitting 0.58+0.10 0.40-0.77
Supine 0.56+0.09 0.38-0.76
CSA2 (cm?)
Sitting 053+0.12 0.29-0.72
Supine 050+0.15 0.31-0.83
Minimal CSA (cm?)f
Sitting 050+0.11 0.29-0.70
Supine 047+012 0.31-0.76
Nasal Resistance (arbitrary units)
Sitting 246+£132  1.1-6.27
Supine 266+1.31 0.87-5.21

CSA refers to cross-sectional area; ™inimal CSA, minimal cross-
sectional area between CSA1 and CSA2; SD, standard deviation. *Values
for CSA1, CSA2 and nasal resistance were obtained for each patient by
averaging daytime and nighttime measurements. Values in the table are
the mean values for all subjects.

from sitting to supine during inspiration and expiration also did
not show a statistically significant variation across sessions (Fig-
ure 2A, B). In view of this, for each patient a single value of NR
was calculated for each position from the average of daytime and
nighttime awake measurements and is shown in Table 2.

Our patients had a wide range of NR by rhinomanometry,
with 8 having normal values and 6 having high values. This is
similar to other published rhinomanometry data in OSAHS.*
By anterior RM, 6/14 patients showed a sitting NR (average
of inspiration and expiration) > 0.25 Pa s/cm?, which has been
suggested as the upper limit of normal by Cole et al.** In the
group with NR (8/14) < 0.25 Pa s/cm?®, 6 patients showed an
increase of NR in supine position; one of these patients had a
change > 30%. An increase of 30% of NR with position has
been suggested by Altissimi et al.*' as being clinically signifi-
cant. In the group with high NR by anterior RM, although 4
subjects showed a decrease of NR from sitting to supine posi-
tion, only one of these patients had a change > 30%.

Upper Airway Resistance

Pressure in the mask remained within 0.5 cm H,O of set
pressure at the machine. As expected from the UA resistive be-
havior, mean SGP fell during inspiration and rose during ex-
piration from that set at the mask/machine. Overall, the mean
value of the difference between set pressure and SGP during
wakefulness across subjects was 2.63 +2.18 cm H,O in inspira-
tion (range from 0.6 to 7.7 cm H,0) and 1.66 = 1.42 cm H,0
in expiration (range from 0.3 to 6.1 cm H,0). During sleep,
the mean value of the difference between set pressure and SGP
across subjects was 3.02 & 2.62 cm H,O in inspiration (range
from 0.6 to 9.2 cm H,0) and 1.56 + 1.27 cm H,0O in expiration
(range from 0.4 to 2.8 cm H,O).

Table 3 shows the results of the resistances calculated for the
UA, derived from peak flow and the peak pressure drop from
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Measures of Nasal and Upper Airway Resistance

Figure 2B—Positional change of expiratory nasal resistance
by rhinomanometry from sitting to supine position during
wakefulness in both sessions, daytime and nighttime
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The 'Y axis shows the percentage of change of expiratory nasal resistance
from sitting to supine position. Each line represents a subject (n = 12), and
the first point of the line shows the change of expiratory nasal resistance
from sitting to supine position during the daytime session. Second point of
the line represents the change of expiratory nasal resistance from sitting
to supine position during the nighttime session.

mask to supraglottic area. In 11/14 subjects, inspiratory UA re-
sistance was similar to expiratory UA resistance. However, in
3 subjects inspiratory UA resistance was much higher than ex-
piratory UA resistance, suggesting suboptimal CPAP may have
been present. Inspiratory and expiratory resistances were larger
during sleep than during wakefulness on CPAP, although the
difference did not reach statistical significance.

Measurement of UA resistances within a single patient re-
mained stable between repeated measures both short term
(within 10 min with multiple measures) and across the night
(measurements 1 h apart in the same position in stage 2 sleep or
wake) at a statistical significance of 0.05 (Figure 3).

Relationship Between Techniques

Table 4 shows the correlation coefficients between measure-
ments from the AR and RM. No strong relationships could be
shown between the 2 techniques in the sitting position, but there
was significant correlation in the supine position. Figure 4 shows
the correlation between NR by AR and anterior RM. Table 5
shows the correlation coefficients between UA resistance and
NR by AR and RM. Although correlation coefficients were sta-
tistically significant they do not seem physiologically plausible,
as patients with lower CSA awake have lower UA resistance
during sleep on CPAP. In addition, we found no relationship be-
tween direct measurement of UA resistance and awake RM.

No significant relationships were found between measures
of nasal resistance (AR and RM) or UA resistance and RDI,
NOSE questionnaire, and CPAP level. The correlation coeffi-

Table 2—Awake rhinomanometry - Values of nasal
resistance (n = 14)*

Mean (SD) Range
Pas/cm® Pa s/cm?
Inspiration
Sitting 0.24+0.08 0.15-0.44
Supine 024+0.09 0.13-042
Expiration
Sitting 0.23+0.08 0.13-0.43
Supine 0.23+0.07 0.14-0.43
Mean Nasal Resistance
Sitting 0.23+0.07 0.14-0.44
Supine 0.23+0.08 0.14-0.43

SD refers to standard deviation. *Values for inspiratory and expiratory
nasal resistance are the combined measurements for each patient from
daytime and nighttime measurements. Values for mean nasal resistance
are the combined data during inspiration and expiration for each position.

Table 3—Sleep upper airway resistance by supraglottic
catheter (n = 14)

Mean (SD) Range
cm H,0/L/min cm H,0/L/min

Wakefulness

Inspiration 0.09 £0.06 0.03-0.21

Expiration 0.09 £ 0.06 0.04-0.22
Sleep

Inspiration 0.12+0.08 0.02-0.27

Expiration 0.10£0.09 0.01-0.26
Wakefulness

(Inspiration & Expiration) 0.09+0.06  0.03-0.22
Sleep

(Inspiration & Expiration) 0.11+0.08  0.01-0.26

SD refers to standard deviation.

cients were all near zero (< 0.12), and p values of these correla-
tions were all > 0.6.

We could not show any association between positional
change in RDI from supine to lateral and supine to sitting mea-
surement of resistance in the 7 patients with all measurements.
Only 3 patients had positional changes in AHI > 50%.

DISCUSSION

The data in our study show that measures of nasal resistance
made in the sitting position while subjects were awake (AR and
RM) had little or no correlation to each other. An exception
was the significant, if weak, relationship between AR and RM
measurements of resistance in the supine position. However,
this finding was driven largely by one data point. This lack of
agreement between nasal resistance measurements in the sitting
and supine positions suggests that the two techniques may mea-
sure different aspects of nasal physiology. In addition, as oth-
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ers have previously shown, we did not find a clear relationship (AR and RM). Upper airway resistance measured during sleep
between severity of OSAHS** and either reported subjective  did not show significant relationships to any of the awake mea-
nasal symptoms*® or the measures of awake nasal function sures of nasal resistance (AR or RM).

Figure 3A, B—Reproducibility of the upper airway resistance in short-term sleep (within 10 min of stage N2 sleep)
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Panel A represents inspiration. Panel B represents expiration. X axis represents 3 points in time within a period of 10 min of stable stage N2 sleep. Y axis is
the value of upper airway resistance measured by supraglottic catheter. Each line represents a subject (n = 8).

Figure 3C, D—Reproducibility of the upper airway resistance in long-term sleep (measurements at 1 h apart in the same position

in stage N2 sleep)
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Panel C represents inspiration. Panel D represents expiration. X axis represents 3 points in time across the night of stable stage N2 sleep and separated by
=1 hour. Y axis is the value of upper airway resistance measured by supraglottic catheter. Each line represents a subject (n = 14).

Figure 3E, F—Reproducibility of the upper airway resistance in long-term awake (measurements at 1 h apart in the same
position awake)
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Panel E represents inspiration. Panel F represents expiration. X axis represents 3 points in time across the night of stable breathing during wakefulness
and separated at least by 1 hour. Y axis is the value of upper airway resistance measured by supraglottic catheter. Each line represents a subject (n = 14).
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Our measures of the effect of position on awake nasal func-
tion merit further comment. First, for both AR and RM, repeated
measurements (made on two occasions, daytime and nighttime)
were consistent within a single patient, suggesting that the values
obtained have physiological meaning. In addition, intra-patient

Table 4—Correlation coefficients between acoustic
rhinometry and rhinomanometry (n = 14)
Acoustic Rhinometry
Minimal Nasal
CSA1 CSA2 CSA  Resistance
Rhinomanometry sitting sitting sitting sitting
Nasal Resistance (sitting)
Inspiration -0.16 -0.26 -0.27 0.18
Expiration -0.17 -0.34 -0.32 0.23
Mean? -0.17 -0.30 -0.29 0.20
Minimal Nasal
CSA1 CSA2 CSA  Resistance
supine supine supine supine
Nasal Resistance (supine)
Inspiration -0.13 -0.52 -0.52 0.59*
Expiration -0.08 -0.44 -0.41 0.47
Mean' -0.11 -0.51 -0.49 0.56*

CSA refers to cross-sectional area. 'Values for mean nasal resistance
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are the combined data during inspiration and expiration for each position.
*Statistically significant (p < 0.05)

Figure 4—Correlation between nasal resistance by acoustic
rhinometry (X axis) and nasal resistance by rhinomanometry
(Y axis)
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Each point represents a subject (n = 14). Black dots represents measures
of nasal resistance in sitting position, and open dots are measures of
nasal resistance in supine position. Values for mean nasal resistance by
rhinomanometry are the combined data during inspiration and expiration
for each position.

Measures of Nasal and Upper Airway Resistance

changes in the measurements of both AR and RM from sitting
to supine were also consistent on repeat testing. Despite this,
across patients we did not find consistent changes in AR or RM
with change to the supine position. In healthy subjects a con-
sistent increase in nasal resistance and a decrease of CSA has
been has been reported when subjects go from sitting to supine
position.*”* However, similar to our data, studies in patients
with OSAHS*%3! report variable changes in nasal resistance
and CSA with positional change, suggesting that OSAHS pa-
tients may respond differently from normal subjects to positional
changes. One can speculate that the increased vascular volume
frequently associated with obesity, may have caused nasal mu-
cosal edema that saturated mechanisms for postural changes in
resistance. However, our data did not include these measures.
Other possible mechanisms that could explain the “atypical” re-
sponse to change in position in patients with OSAHS are altered
neurovascular control of the nasal mucosa in supine position,
perhaps due to increased sympathetic neurovascular activity with
a consequent reduction of the influx of blood through the vessels

Table 5—Correlation coefficients between directly assessed
upper airway resistance and nasal resistance by acoustic
rhinometry and rhinomanometry (n = 14)

Directly Assessed Upper Airway
Resistance (sleep)

UA UA UA
Resistance Resistance Resistance
Inspiration  Expiration Mean
Acoustic Rhinometry (awake)
CSA1
Sitting -0.15 0.45 -0.54
Supine 0.37 0.54* 0.50
CSA2
Sitting 0.44 0.37 0.45
Supine 0.64* 0.69* 0.73*
Minimal CSA
Sitting 0.14 0.20 0.19
Supine 0.59* 0.64* 0.68*
Nasal Resistance
Sitting -0.21 0.16 -0.20
Supine -0.51 -0.54* -0.58
Rhinomanometry (awake)
Nasal Resistance Inspiration
Sitting -0.12 — —
Supine -0.47 — —
Nasal Resistance Expiration
Sitting — 0.22 —
Supine — -0.03 —
Mean Nasal Resistance
Sitting — — 0.64
Supine — — -0.30

UA refers to upper airway; CSA, cross-sectional area. *Statistically
significant (p < 0.05)
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or to increased levels of inflammatory activity that could affect
the nose via circulating adrenalin and noradrenalin or inflamma-
tory cytokines, as these have been reported in OSAHS >

The purpose of the present study was to obtain a daytime/wake
noninvasive measurement predictive of nighttime/sleep physiol-
ogy that might have implications for patients with OSAHS on
CPAP. High upstream (nasal) resistance in the Starling resistor
model of the upper airway implies that increased UA resistance
increases the collapsing force at the (downstream) collapsible seg-
ment, but this is not relevant to the condition of sleep on optimum
nasal CPAP (titrated to prevent collapse). Thus, on CPAP, behav-
ior of the upper airway should be similar to the awake condition,
where there is rigidity of the upper airway at the collapsible area.
In contrast to the collapsible behavior of the velopharynx during
sleep, nasal behavior is most closely approximated by a single rig-
id constriction (i.e., a non Starling constant resistance) and is not
affected by sleep.?® This conceptualization leads us to predict that
high nasal resistance should be perceived by the patient even on
CPAP and might contribute to intolerance. Our aim was to identi-
fy the best technique to measure the relevant nasal resistance prior
to the sleep study (and subsequently to test whether this can be
used to anticipate CPAP non-compliance). However, our data do
not demonstrate any relationship between awake nasal resistance
by AR or RM and upper airway resistance during sleep.

It seems unlikely that the lack of relationship between awake
AR and RM with direct measurement of UA resistance dur-
ing sleep was due to deficiencies in our technique of obtaining
AR and RM. We used standard techniques and equipment with
multiple measurements, as recommended by standards,?-¢
and our data show reproducible measurements within a single
position and on separate occasions within each patient.

To examine the relationship between AR and RM, we con-
verted both to a form conceptually related to “resistance.” For
RM resistance is directly obtained for each measurement and
we chose to combine the nostrils as parallel resistors.”” For AR,
the measurement is of cross-sectional area, which did not itself
show a statistical relationship to RM in our dataset. To use this
as a “resistance” analog, we made the simplest assumption that
flow was turbulent and proportional to 1/R* or 1/(cross sectional
area)’. While this assumption may be simplistic, one would ex-
pect at least a monotonic relationship using this approach, and
we did not find this to be present.

The lack of correlation between AR and RM we found is
similar to what is reported in the literature. AR assesses a local
minimal cross sectional area at a specific site, whereas airflow
resistance by RM is a dynamic parameter that assesses all the
serial components of the nasal cavity.>’

There are several limitations in our study. First, lack of cor-
relations may have been due to the small number of unselected
patients. However, we studied patients with a wide range of na-
sal resistances and OSAHS, and this should have maximized our
ability to find relationships. A power calculation suggests we can
reject the hypothesis of a high correlation (> 0.8) between our
variables with a power of 80% to 85% and a of 0.025 with the
14 subjects we studied. While a significant lower correlation be-
tween our variables could have existed and become evident with
a larger sample size, a lower correlation would not have satisfied
the primary goal of our study, which was to find a noninvasive
daytime test highly correlated to (and therefore predictive of)

Journal of Clinical Sleep Medicine, Vol. 7, No. 1, 2011

the nocturnal directly measured resistance. Second, it can be ar-
gued that there was no reason to expect correlations between
measurements made during wakefulness and those made during
sleep. However, we wished to test this directly as it is generally
assumed that sleep does not affect the nose in the same way as it
affects the collapsible segment of the nasopharynx responsible
for OSAHS.? In addition, it is difficult to make AR and RM
measurements during sleep without disturbing normal sleep.
Furthermore, our purpose was to examine potential predictors
of nocturnal physiology that could be easily obtained during the
daytime. An additional criticism is that we did not obtain a sub-
jective patient report of CPAP “comfort.” However this was not
the purpose of the present study, as we felt that the first night of
CPAP titration was not the optimal time to assess comfort (as it
was the patient’s first exposure to CPAP).

CONCLUSION

While acoustic rthinometry and rhinomanometry as often ob-
tained (sitting) were not consistently related to each other they,
were correlated in the supine position. However neither of these
awake measurements of nasal resistance was predictive of up-
per airway resistance during sleep on CPAP, suggesting that
differences in upper airway pathophysiology in patients with
OSAHS may affect awake and sleep nasal resistances in com-
plex ways. It remains possible that we did not find the predicted
relationship between awake and sleep measures of nasal resis-
tance because of the small sample size or because patients were
not selected specifically for their nasal symptoms.

ABBREVIATIONS

CPAP, Continuous positive airway pressure
OSAHS, Obstructive sleep apnea/hypopnea syndrome
NR, Nasal resistance

AR, Acoustic rhinometry

RM, Rhinomanometry

CSA, Cross-sectional area

mCSA, Minimal cross-sectional area

UA, Upper airway

NPSG, Nocturnal polysomnography

AHI, Apnea/hypopnea index

RDI, Respiratory disturbance index

SGP, Supraglottic pressure

NOSE, Nasal obstruction symptom evaluation
MP, Mask pressure
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