The importance of nasal resistance
in obstructive sleep apnea syndrome
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Obstructive sleep apnea syndrome
(OSAS) is caused by inspiratory col-
lapse of the upper airway during sleep.
Collapse generally occurs somewhere
in the pharynx, but the precise region
and mechanism of collapse varies from
patient to patient. The three factors
thought to be involved in the pathogen-
esis of airway collapse in OSAS are
narrowing of the airway at the site of
obstruction, hypotonicity of the pharyn-
geal musculature, and increased nega-
tive intrapharyngeal pressure'.

The nasal passages can theoreticaily
influence upper airway collapse via
several different mechanisms. The most
likely involves increasing negative in-
trapharyngeal pressure by contributing
t0 inspiratory airway resistance up-
stream to the region of collapse. Con-
trol of pharyngeal muscles may be in-
fluenced by nasal airflow receptors
which both regulate respiration and
alter airway tone through undefined
pathways. The presence and role of
these receptors are matters of
conjecture??. Finally, total or near to-
tal nasal obstruction forces a patient to
rely on the transoral route of breathing
which has been shown to be of greater
resistance and may be prone to collapse
during sleep*.

Many studies indicate an association
between nasal obstruction and apnea.
However, the precise nature of this
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Abstract. The importance of nasal airflow resistance in the pathogenesis of obstructive
sleep apnea syndrome (OSAS) remains contentious. We performed formal aocturnal poly-
somnography (PSG) on OSAS patients uuder conditions of baseline and reduced nasal
resistance 10 answer two main questions. First, to what degree does baseline nasal air-
flow resistance influence upper airway collapse in OSAS patients? Second, in what propor-
tion of the OSAS population is baseline nasal resistance contributing to the pathogenesis
of upper airway collapse? Our study group consisted of 10 patients with a wide range
of OSAS severity. Six of thess patients had symptoms and clinical evidence of chronic
nasai obstruction which, in some, was associated with markedly elevated nasal resistance.
A placebo (normal saline) was instilled in the nose of each patient on the night of baseline
data coliection. On the treatment night of the stmdy, nasal resistance was reduced by
application of topical vasoconstrictor and insertion of vestibuiar stents designed to dilate
the area of the nasal vaive. Posterior rhinomanometry was used to measure resistagce
to nasal airflow immediately before and after each PSG study. Although treatment was
associated with a subjective improvement in sleep quality and mezn drop in nasal resistance
of 73% (P < 0.001), there was po significant improvement in sleep architecture, noctur-
nal oxygenation, or the amount of apnea experienced by patients. The most significant
improvement was a reduced number of arousals/hour from 52.4 + 12 4 on placebo o
43.7 + 10.2 ontreatment (P < 0.04). We conclude that baseline nasal airflow resistance
is of minor impornance in the pathogenesis of upper airway collapse in OSAS patients,
including most of those with symptoms and signs of chronic nasal obstruction. Reduced
nasal resistance is associated with fewer arousals which may account for the subjective
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improvement in sleep guality noted on traarment.

relationship is far from clear and the im-
portance of resistance to nasal airflow
in the pathogenesis of airway collapse
in OSAS patients remains contentious.
We performed formal nocturnal poly-
somnography (PSG) on a group of
OSAS patients under conditions of
baseline and reduced nasal resistance in
an attempt t0 answer two main ques-
tions. First, to what degree does base-
line nasal airflow resistance influence
upper airway collapse in OSAS pa-
tients? Second, in what proportion of
the OSAS population is baseline nasal
resistance contributing to the pathogen-
esis of upper airway collapse? The an-
swers to these questions e¢nable one to
better determine how aggressively nasal
abnormalities should be treated in these
patients and what sort of results can be
expected.

METHODS

Ten OSAS patients both with and
without symproms of chronic nasal ob-
struction were included in the study.
Each subject provided a full medical
history with emphasis on sleep and
nasal respiration. The upper airway was
carefully assessed with emphasis on the
nasal passages. Each patient underwent
three consecutive nights of polyscmno-
graphic study. Night 1 was considered
an orientation night for acclimatization
to the lab environment. No data from
Night 1 were included in the results.
Placebo and treatment were applied in
random order on Nights 2 and 3 (ex-
perimental nights). The placebo night
involved instillation of normal saline
(NS) into both nasal passages followed
by baseline PSG data acquisition. On
the treatment night, nasal resistance was
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reduced by application of a topical nasal
vasoconstrictor (.05% oxymetazalone)
and insertion of vestibular stents
designed to dilate the area of the nasal
valve. On both the experimental nights,
posierior rhinomanometry was used to
measure resistance to nasai airflow im-
mediately before and after each PSG
study.

'The patients filled out questionnaires
on quality of sieep, ease of nasal respi-
ration, and excessive daytime sleepiness
after both the treatment and placebo
nights to determine the degree of sub-
jective improvement associated with
decreased nasal airflow resistance. The
patients also performed digit symbol
substitution and symbol copying tests
immediately after awakening from both
experimental nights. These two brief
(three-minute) tests are measures of
concentration and were used to ascer-
tain whether there was any obvious cog-
nitive improvement after treatment.

A paired t-test was used to test
statistical differences between placebo
and treatment measures.

" Details of PSG instrumentation

Each night of the study invoived eight
hours of overnight monitoring using
standard polysomnographic technicues.
During the sleep studies, surface elec-
trodes were applied-to obtain an elec-
troencephalogram, electrooculogram,
electromyogram, electrocardiogram,
and recording of the heart rate. Arter-
- ial oxy;gen saturation (SaQ0,) was
recorded with a pulse oximeter (Biox
3700; Biox Inc., Boulder, Colo.) set on
‘its fastest response. Respiration was
measured using inductance plethysmo-
graphy (Respitrace; Ambulatory
Monitering, Ardsley, N.Y.) and air-
flow was inferred from expired CO,
(Datex 223 CO, analyzer; Datex In-
strumentarium, Finland). Patient posi-
tion was monitored either by continu-
ous videotaping or by Vitalog sleeping
position sensor. A polygraph (Model
78D; Grass Instruments, Quincy,
Mass.) was used to record all the above
variables on paper. End tidal CO,,
Sa0,, heart rate and plethysmography

data were also stored on floppy disk via .

an [BM-compatible computer.

The complete polygraphic record was
scored manually for slesp stage and
arousals according to established
criteria’. The manualily acquired sleep
stage and arousal data were then added
to the records of cardiorespiratory vari-
ables on the mass storage medium. All
subsequent record analyses were com-
puterized. Apneas and hypopueas were
identified and quantified by computer-
based analysis of oxygen satwration®.
The obstructive nature of the apreas
was verified by visual inspection of
each chart.

The main cardiorespiratory para-
meters analyzed were the apnea hypop-
nea index (AHI = number of apneas
and hypopneas per hour of sleep),
proportion of time spent apaeic, propor-
tion of time with SaQ, less than 50%,
mean overnight Sa0,, mean SaQ, at
nadir of desaturation episodes, and
mean gvernight heart rate. Arousal in-
dex (number of arousals per heur),
sleep efficiency (proportion of time
spent asleep during monitoring), and
time spent in each stage of sleep were
the parameters of sleep architecture in-
cluded in the analysis.

Details of rhinomanomerry

A posterior thinomanometer was used
to measure nasal resistance. Airflow
was monitored using a pneumotacho-
meter capable of maintaining laminar
flow at rates up to 12 L/second aitached
to a Respironics nasal continuous posi-
tive airway pressure (NCPAP) mask.
Nasal inlet pressure was monitored with
a probe attached to one of the poris on
the NCPAP mask. Nasal outlet pressure
was measured using a probe that was
held in the subject’s mouth. Both flow
and pressure probes were linked to
Celesco CD 10D pressure transducers
which in murn were patched directly into
the analog to digital conversion (ADC)
board of our IBM microcomputer. Both
transnasal pressure and flow were
simulianeousiy recorded at a rate of 40
samples/second. The flow and pressure
datz were ultimately displayed on an

XY co-ordinate system similar to those
described by other authors’. Nasal
resistance was defined as pressure/flow
(as recommended by the Committee
Report on Standardization of
Rhinomanometry) and calculated at a
flow rate of .4 L/second?.
Rhinomanometry was performed
within cne hour of the start and end of
polysomnographic studies done on ex-
perimental nights. Measurements were
made in a controlled environment at
least 15 minutes after application of
placebo or treatment and 15 minutes af-

_ ter the patient assumed the supine po-

sition. Subjects were told to refrain
from exertion prior to each study. The
patients were not allowed to use any
medications of their own that could
potentially alter nasal resistance while
they were taking part in this study.

The nasal resistance values docu-
mented in this report represent an aver-
age of the pre- and post- PSG rhino-
manometry results. They are thought to
be a good estimate of mean overnight
resistance. We found little variation in
the pre- and post-PSG measurements on
bath the placebo and treatment nights.
Nasal resistance only rose an average
of 0.4 cm H,0/L/s over the treatment
night as the vasoconstrictor effect wore
off. Continuous monitoring of noctur-
nal nasal airway resistance using a
transnasal pressure probe was consi-
dered. However, it was felt that this sort
of instrumentation would alter
resistance significantly. Therefore,
these techniques were not employed.

RESULTS

All 10 OSAS patients included in this
study were males. The age range of the
patients was 29 1o 68 years with a mean
age of 51 years. The body mass (BMI)
in these patients ranged from 25.9 to
38.9 with a mean of 32.0 kg/m?. All-
patients presented to the sleep labora-
tory with snoring, apntea and/or exces-
sive daytime sleepiness. Six of the 10
patients had signs and symptoms of
chronic nasal obstruction on the basis
if a deviated nasal septum, narrow nasal
valve region, mucosal swelling, or a
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combination of these factors. All of
these six patients were considered can-
didates for medical or surgical treat-
ment of their nasal pathology, Two
were undergoing a trial of intranasal
medication as treatment for their sym-
ptoms of nasal obstruction and two were
being considered for nasal surgery at
the time they were referred to the sleep
lab.

Table I is data from the question-
naires completed by the patients after
each experimental night. The majority
of patients found nasal respiration to be
easier and sleep quality to be better
while on treatment.

Figures ! and 2 show the nasal
resistance and apnea hypopnea index
during placebo and treatment nights for
each patient. In all subjects there was
a drop in nasal resistance while on treat-

Table 1. Subjective Effects of Lowered Nasal Resistance on
Sleep and Nasal Respiration in 10 Patients

ment. The drop in nasal resistance rela-"

tive to baseline for individual patients
ranged from 22 to 94%. The average
drop in nasal resistance for the entire
group was 73% (P < .001). Despirte
this marked reduction in resistance to
nasal airflow, patients did not ex-
perience a significant improvement in
the number of obstructive apneas and
hypopneas/hour of sleep. Only one pa-
tient demonstrated a drop in AHI that
could be considered clinically signifi-
cant. His AHI on placebo was 33 and
on treatment was 13. However, when
the AHI for this patient was normalized
for body position, the improvement in
his condition was much less evident.
While lying on his back, he had an AHI
of 39 on placebo and 34 on treatment.
While lying in any other position, he
had an AHI of 2 on placebo and 4 on

treatment. Another patient experienced
an unexplained rise in AHI from 35 on
placebo to 54 on treatment, This differ-
ence was still evident even after nor-
malization for position.

Tables 2 and 3 summarize the effects
of lowered nasal airway resistance on
other cardiorespiratory parameters and
sleep architecture. Average heart rate
was the only cardiorespiratory para-
meter that demonstrated a statistically
significant change dropping from 66.0
+ 3.1 beats/minute to 62.8 + 2.8
beats/minute on treatment (P < 0.01).
Sleep architecture in general improved
minimally and only the decrease in

_arousal index from 52.4 + 12.4 on

placebo 10 43.7 + 10.2 on treatment at-
tained statistical significance (P <
0.04).

An identical analysis of sleep ar-

Table 2. The Effect of Lowered Nasal Resistance on Other
Cardiorespiratory Parameters During Sleep

Number of patients with subjective

Parameter

Mean for all patients (+ SE)

improvement while on Placebo Treatment
Flacebo Treaiment Time apneic (%) 45.8 £ 10.6 42.9 + 111

Nasal respiration i 8 Time with 5202 < %0%
Sleep quality 2 6 (%) 211 £ 56 219 £ 63
Excessive daytime *8a02 (%) 920 £ 10 9.1 + 0.9
sleepiness t 2 *8a02 at nadir (%) 846 + 1.9 B4.6 + 1.6
*Heart rate (BPM) 66.0 + 3.1 62.8 + 2.8

P < 01

14,4

NASAL RESISTANCE AND TREATMENT

* Values arc overnight means.
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Fig. 1. Treatment effectively reduced nasat resistance in alf patients. Solid
markers represent subjects with ciironic nasal abstruction. Open markers
represent subjects without compiaints of nasal obstruction (*measured at-
a flow tate of 0.4 Lis).

Fig. 2. Treatment did not significandy affect apnea hypopnea index. Soiid
markers represent subjects with chronic nasal obstruction. Open markers
represent subjects withiout complaints of nasal obstruction,
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Table 3. The Effect of Lowered Nasal Resistance on Sleep

Architecture

Parameter Mean for all patients {+ SE)
Placebo Treatment

Sleep efficacy (%) 800+ 1.8 92,4 + 4

Time in REM sieep (%) 2001 £ 2.3 223 1+ 1.4

Time in slow wave sleep

(%) 53 +£2.6 7.0 £ 2.4

Arousals per hour 524 4 2.4 43,7 + 10.27

*P < 0.04.

Tabte 4, The Effect of Treatment on Nasal Resistance and Apnea Hypopnea Index

in Different Patient Groups

Nasal Resistance*

Apnea Hypopnea Index

(Mean + SE) (Mean + SE)
Group No. of Patients Placebo Treatment Placebo Treatment
Patients with chronic
nasal obstruction 6 7.2x18 1.0£0.2%* 64.9+13.4 63.2%14.4
Patients who noted
better sleep quality while
on treatment -] 4.8+09 0.9+£0.1*** 5294147 53.5+14.7

* in cm H20/L/SEC at a flow rate of 0.4 L/sec.

“* P < 0.0003.
et P < 0.004.

chitecture, apnea hypopnea index, and
other cardiorespiratory parameters was
performed on two sub-groups of our
subjects. One sub-group was composed
of the six patients who had symptoms
of chronic nasal obstruction and the
other included the six patients who
reported that their sleep quality had sub-
jectively improved on treatment. Treat-
ment successfully lowered nasal airflow
resistance in both groups but did not
significantly alter AHI (Table 4). The
amount of tume spent in rapid eye move-
ment (REM) sleep increased slightly
from 15.8% + 2.6% on placebo to
18.6% + 2.6% (P < 0.01) on treat-
ment in the sub-group of patients com-
plaining of chronic nasal obstruction.
Heart rate also dropped significantly in
this group from 66.8 1 5 bears/minute
on placebo 10 62.1 + 4.4 beats/minute
(P < 0.006) on treatment. No other
parameter improved significantly in
either sub-group while on treatment
despite the significant drop in nasal
resistance.

Comparison of digit symbol substi-
tution and symbol copying scores failed

to reveal a significant difference be-
tween tests performed after placebo
nights and those performed after treat-
ment nights.

DISCUSSION

We found that substantially reducing
nasal resistance had no effect on apnea
hypopnea index even in patients with
very high baseline resistances.
Although many previous studies indi-
cate an association between nasal ob-
struction and sleep apnea, the precise
nature of this relationship is far from
clear and the imporance of nasal air-
flow resistance in the pathogenesis of
OSAS remains contentious,

The nasal passages can theoretically
influence upper airway collapse in the
OSAS population by three different
mechanisms. First, total or near total
nasal obstruction forces a patient to rely
on the transoral route of breathing
which may be less stable and prone to
collapse during sleep. This degree of
nasal obstruction is rare and therefore
is unlikely to be of pathogenic impor-
tance in the majority of OSAS patients.

In addition, studies attempting to veri-
fy this theory have yielded conflicting
results. Several authors have reported
increased amounts of sleep apnea ex-
perienced by non-OSAS adult subjects
during periods of acute artificially-
induced total nasal obstruction*9-12,
However, there is disagreement regard-
ing the predominant nature of apnea in-
duced (i.e., central or obstructive) and
the clinical significance of the effects
are unclear. The increases in central ap-
nea observed in some studies suggest
that the nose may play a bigger role in
control of breathing than in determin-
ing airway patency.

A second theory relating the nasal air-
way to OSAS is based on the possible
presence of recepiors sensitive ta nasal
airflow that maintain pharyngeal muscle
tone through undefined reflex path-
ways. Twao studies have failed to clearly
verify this hypothesis. Both White, er
al and McNicholas, er al smdied
healthy, nen-OSAS adults polysomno-
graphically after blocking nasal airflow
sensation with topical anesthetic. Both
of these studies demonstrated smail in-
creases in the number of nocturnal dis-
ordered breathing events during periods
of nasal anesthesia. However, these ab-
normal breathing episotles included
both central and obstructive events, and
the increase in obstructive apnea was
not statistically significant in either
study?4,

The third mechanism by which the
nose could influence airway collapse in
OSAS relates to its contribution to air-
way resistance upstream to the region
of collapse. Elevated upstream airway
resistance (i.e., nasal obstruction) could
result in lower intrapharyngeal pressure
and a predisposition to collapse. Studies
in non-OSAS subjects with partial nasal
occlusion have again failed to clearly
support this theory. Lavie, er al moni-
tored aduits with artificiaily-induced
unilateral nasal obstruction during sleep
and found only mildly disordered
breathing that was of central origin’®,
In a study by McNicholas, er al patients
who suffered from allergic rhinitis were
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