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RHINOLOGY

Predictive role of nasal functionality tests
in the evaluation of patients before nocturnal
polysomnographic recording

Ruolo predittivo dei test di funzionalita nasale in pazienti da sottoporre
a polisonnografia
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SUMMARY

Obstructive sleep apnoea syndrome is a disease characterized by a collapse of the pharyngeal airway resulting in repeated episodes of air-
flow cessation, oxygen desaturation, and sleep disruption. It is a common disorder affecting at least 2-4% of the adult population. The role
of nasal resistance in the pathogenesis of sleep disordered breathing and sleep apnoea has not been completely clarified. Aim of the present
study was to establish whether nasal resistance and nasal volumes, measured by means of Active Anterior Rhinomanometry and Acou-
stic Rhinometry together with Muco-Ciliary Transport time play a positive predictive role in the evaluation of Obstructive sleep apnoea
syndrome patients before running a nocturnal polysomnographic recording. A retrospective study was performed analysing 223 patients
referred for suspected Obstructive sleep apnoea syndrome. All patients were submitted to complete otorhinolaryngological evaluation and
underwent nocturnal polysomnography. On the basis of polysomnographic data analysis, the apnoea-hypopnoea index and snoring index,
patients were classified into two groups: Group 1 (110/223 patients) with a diagnosis of mild-moderate Obstructive sleep apnoea syndrome
(apnoea-hypopnoea index < 30) and Group 2 (113/223 patients) affected by snoring without associated hypoxaemia/hypercapnia. A control
group of 76 subjects, not complaining of sleep disorders and free from nasal symptoms was also selected. The results showed, in all the
snoring and Obstructive sleep apnoea syndrome patients, total nasal resistance and increased Muco-Ciliary Transport time compared to
standard values. Furthermore, the apnoea-hypopnoea index was significantly higher in patients with higher nasal resistence and signifi-
cantly different between the groups. These results allow us to propose the simultaneous evaluation of nasal functions by Active Anterior
Rhinomanometry, Acoustic Rhinometry, and Muco-Ciliary Transport time in the selection of patients undergoing polysomnography.

KEY WORDS: Sleep respiratory disorders * Obstructive sleep apnoea syndrome ¢ Nasal functionality tests ¢ Polysomnography

RIASSUNTO

La sindrome delle apnee ostruttive del sonno, patologia che affligge circa il 2-4% degli adulti, é una malattia caratterizzata dal collasso
delle strutture faringee con conseguenti ripetuti episodi di desaturazione, pause respiratorie e risvegli notturni. Ipotizzando che lo studio
della funzionalita nasale possa avere un ruolo predittivo in questi pazienti prima di effettuare un esame polisonnografico abbiamo retro-
spettivamente analizzato le cartelle di 223 pazienti afferenti all’ambulatorio di Rinologia che riferivano disturbi del sonno. Tutti i pazienti
erano stati sottoposti a completa valutazione obbiettiva otorinolaringoiatrica, studio della funzionalita nasale mediante rinomanometria,
rinometria acustica, valutazione del tempo di trasporto mucociliare e polisonnografia. I pazienti sono stati suddivisi in due gruppi in base
ai valori di polisonnografia (Apnoea-Hypopnoea Index AHI/ Snoring index SI): Gruppo 1 (110/223 pazienti) affetti da OSAS (AHI < 30)
lieve e moderata; Gruppo 2 (113/223 pazienti) con diagnosi di russamento semplice senza segni di ipossiemia ed ipercapnia. I risultati
hanno evidenziato nei pazienti affetti da russamento semplice e OSAS, valori di resistenze nasali e di tempo di trasporto mucociliare piu
elevati rispetto al gruppo di controllo. All’analisi statistica lo AHI era significativamente elevato nei pazienti con elevate resistenze nasali
totali. Alla luce dei nostri risultati riteniamo utile la simultanea valutazione della funzionalita nasale mediante rinomanometria, rinome-
tria acustica e valutazione del tempo di trasporto mucociliare per indirizzare i pazienti verso un esame polisonnografico.

PAROLE CHIAVE: Disturbi respiratori del sonno ¢ Sindrome delle apnee ostruttive nel sonno * Prove di funzionalita nasale
Polisonnografia
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Introduction

Obstructive sleep apnoea syndrome (OSAS) is a patho-
logical condition characterized by a collapse of the pha-
ryngeal airway resulting in repeated episodes of airflow
cessation, oxygen desaturation, and sleep disruption. It is
a common disorder affecting at least 2-4% of the adult
population and it is increasingly recognized by the pub-
lic .

Clinically, OSAS is defined by the occurrence of day-
time sleepiness, loud snoring, witnessed breathing inter-
ruptions, or awakenings due to gasping or choking in the
presence of at least 5 obstructive respiratory events (ap-
noeas, hypopnoeas or respiratory effort-related arousals)
per hour of sleep ! . The presence of 15 or more obstruc-
tive respiratory events per hour of sleep, in the absence of
sleep-related symptoms, is also sufficient for the diagno-
sis of OSAS due to the greater association of this sever-
ity of obstruction with important consequences such as
increased cardiovascular disease risk °.

The relationship between obstructed nasal passages and
sleep-disordered breathing has been studied for over 30
years 3. It has been speculated that increased nasal resist-
ance (NR) may be associated with increases in snoring
activity and apnoic events during sleep “°. Some studies
have demonstrated a weak association between NR and
the severity of obstructive sleep apnoea ™'°. On the con-
trary, others did not show any correlation between the de-
gree of nasal obstruction and the severity of snoring or
sleep apnoea ' 12,

In the present study, by focusing on nasal functions,
measured by Active Anterior Rhinomanometry (AAR),
Acoustic Rhinometry (AR) and the evaluation of nasal
Muco-Ciliary Transport time (MCTt), a group of pa-
tients was examined suffering from OSAS and a group
of patient suffering from Primary Snoring (PS) i.e., snor-
ing without associated hypoxaemia, hypercapnia, sleep
disruption or daytime symptoms and these data were
then compared with those in a control group without
sleep disorders.

The aim was to establish whether the status of the nasal
passages has a significant predictive positive role in the
evaluation of these patients before running a nocturnal
polysomnographic recording.

Materials and methods

Patients

Inclusion criteria were age > 18 years, body mass index
(BMI) < 33, tonsil size Grades 1 and 2, elongated uvula,
all Mallampati grades, minimal collapse of the tongue
base (< 25%) as seen on the modified Miiller manoeu-
vre 3, Fujita (retro-palatal obstruction) Grade I, simple
snorers (apnoea-hypopnoea index AHI < 5), and patients
with mild-moderate OSA (AHI < 30).
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All patients had had a previous complete ENT evaluation,
including clinical examination, fiberoptic nasopharyngo-
scopy with modified Miiller manoeuvre; then all under-
went nasal functionality tests and more precisely: AAR,
AR and nasal MCTt determination. Nocturnal polysom-
nography was, thereafter, performed on all the patients.

Fiberoptic nasopharyngoscopy

The clinical evaluation included a complete traditional
ENT examination of the upper airways and an endoscopic
examination, with a flexible fibroscope (Olympus LF-DP,
Tokyo, Japan), of the nasal, nasopharyngeal, and hypo-
pharyngeal cavities. During this latter examination, a
modified Miiller manoeuvre was performed in the oropha-
ryngeal areas (retropalate region) '3 1413,
Otorhinolaryngologic findings of the upper airway were
graded as follows:

1) Tonsil size

Grade 1: tonsils are in tonsillar fossa, barely seen behind
the anterior pillars.

Grade 2: tonsils are visible behind the anterior pillars.
Grade 3: tonsils are extended three quarters of the way to
the mid-line.

Grade 4: tonsils are completely obstructing the airway.

2) Modified Mallampati grade (MMP)

Grade 1: tonsils, pillars and soft palate are clearly vis-
ible.

Grade 2: uvula, pillars and upper pole are visible.

Grade 3: soft palate is partly visible; while tonsils, pillars
and the uvula base are all invisible.

Grade 4: hard palate only is visible.

3) Fujita scale

Type 1: collapse of palato-pharyngeal arch only.

Type 2: collapse of palato-pharyngeal arch and retroglos-
sal space.

Type 3: collapse of retroglossal space only.

4) Retroglossal space

Grade 1: the retroglossal space is widely patent allowing
visualization of the oropharynx.

Grade 2: the retroglossal space hardly allows visualiza-
tion of the oropharynx but the opposite walls are not in
contact.

Grade 3: the retroglossal space is very narrow with the
barely contacting opposite walls.

Grade 4: the retroglossal space is in constant contact with
the opposite walls.

Sleep Study

Standard overnight polysomnography (Alice 3, Health-
dyne, Technologies, Ohio, USA) was performed in a con-
ventional manner to record sleep parameters and architec-
ture in every patient. The electro-encephalogram (EEG),
electrooculogram (EOG), electromyogram (EMG) and
electrocardiogram (ECG) were recorded continuously, and
respiration was monitored with oro-nasal thermistors and
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thoraco-abdominal piezo sensors. The parameters used in
this study were AHI, snoring index (SI) and minimal oxy-
gen saturation (MSAT). AHI was defined as the total num-
ber of apnea and hypopnea episodes per hour of sleep. An
apnea episode was defined as cessation of airflow lasting
longer than 10 seconds, whereas a hypopnea episode was
defined as a reduction of 50% or greater in combined oral
and nasal flow lasting longer than 10 seconds. SI was de-
fined as the number of spikes in sound intensity exceeding
50 dB per hour of sleep. MSAT was defined as the minimal
02 saturation detected during the polysomnographic test
period. The single technician who scored the polysomno-
graphic studies was blind to NR measurements '>17,

Nasal Airflow study

Rhinomanometry

Nasal resistance was measured by AAR (Ryno Zig Rhi-
nomanometer by Menfis Biomedica srl, BO, Italy) in the
daytime. Active rhinomanometry is a quick test that re-
quires subjects to generate airflow through the nose by
their own effort '81°, In accordance with the International
Committee on standardization of rhinomanometry, the
nasal airflow resistance was measured at standard pres-
sure (150 Pa), and the total nasal resistance was calculated
from the unilateral rhinomanometry recordings 2. The
measurements were not taken during the symptomatic pe-
riod for acute common cold or seasonal allergic rhinitis,
and patients in whom nasal resistance was not measurable
due to severe nasal obstruction were excluded from this
study. In contrast to other studies °, we measured total
nasal resistance only in the sitting position which allowed
us to determine a stable situation of the upper airways
(not influenced by wakefulness/sleep or sitting/supine
position) and its eventual influence on snoring or sleep
apnoea.

Acoustic rhinometry

Acoustic rhinometry (Rhinoklack-RK1000, Stimotron
Co., Wendelstein, Germany) was conducted while the
patient was breathing quietly after inserting a nocepiece
into the nostril. This technique evaluates nasal patency
by analysing reflections of a sound pulse introduced by
the nostril. By analysing the amplitude of sound reflected
from the nasal cavity, an estimate of cavity geometry can
be produced by PC-software as a plot of the cross sec-
tional area against the distance from the nostril. In this
graph, narrowing is seen as a peak and widening as a dip.
Minimal nasal cross-sectional areas, cross-sectional ar-
eas, at a defined distance from the nostril and volumes of
defined regions of nasal cavities, can be derived by further
manipulation of the data >, We added these values to
our analysis because, on the basis of our previous studies,
acoustic rhinometry is more specific and more sensitive
than rhinomanometry in diagnosing rhinopathies in pa-
tients with structural anomalies .

In this research, it was found that symptom scores, as ra-
ted by patients on a visual analogue scale frequently did
not correlate with objective measurements, as patients
often overestimated the severity of their obstruction. On
the contrary, for a few patients, a correlation between
symptom scores and MCTt could be observed. This is
why we performed also this test in all our patients.

Evaluation of Nasal Muco-Ciliary Transport time

All subjects underwent nasal MCTt determination using
a mixture of charcoal powder and 3% saccharin. Nasal
MCTt is calculated as being the time elapsing between
the moment in which the charcoal powder is placed on
the head of the inferior turbinate and the moment in
which a blackish colouring appears in the oro-pharynx,
as shown by direct pharyngoscopy; saccharin clearance,
on the other hand, is calculated at the moment in which
the subject being tested notices a sensation of sweet-
ness ».

Statistical analysis

All statistical analyses were made using the SPSS for Win-
dows. Continuous variables (age, height, body weight,
BMI) were compared with the independent t test.

The clinical data and PSG variables are expressed as mean
values + SD. The correlation between nasal resistance and
the parameters monitored during PSG were evaluated us-
ing the Mann-Whitney test.

Assuming nasal resistance as a reference value for the
severity of OSAS, the specificity, sensitivity, and posi-
tive and negative predictive values of nasal function
test were calculated using the standard technique to
obtain the Receiver Operator Characteristics (ROC)
curve. A p value < 0.05 was considered statistically
significant.

Results

This retrospective study was performed analyzing 223
patients (77 female, 145 male; age range 25 to 77 years,
mean age 53 + 14 SD) referred to the E.N.T. Clinic of
Siena for suspected OSAS, from January 2002 to De-
cember 2005. On the basis of polysomnographic data
(AHI and SI), patients were divided into two groups as
follows: Group 1 (110/223 patients) with a diagnosis of
mild-moderate OSAS (AHI < 30) and Group 2 (113/223
patients) affected by snoring without associated hypoxae-
mia, hyper-capnia, sleep disruption or daytime symptoms
(AHI < 5). These two patient groups were compared with
a control group (Group 3), comprising 76 adults (27 fe-
male, 49 male, age range 27 - 75 years, mean age 57 £+ 16
SD) free from nasal symptoms or upper respiratory infec-
tions for at least 2 weeks, and without sleep or snoring
complaints.
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Table I. Study population data.

Study Groups Control Group
Mean = SD Mean = SD
No. 223 76
(110 Group 1)
(113 Group 2)
Age (yrs) 53+14 57 +16
Body Mass Index 31.3+0.7 (Group 1) 20.4+0.3
27.4 + 0.5 (Group 2)
AHI 25.3 2.7 (Group 1) <1
( )

4,78 = 0.5 (Group 2

AHI: apnoea-hypopnoea index

Table Il. Results of nasal functionality tests in the three groups of patients.

Group 3 Group 2 Group 1
AAR 0.25+0.03 0.33+0.02 0.40 = 0.06
Pa/cc3/sec Pa/cc3/sec Pa/cc3/sec
AR 1.1 Cm2 0.83 Cm2 0.66 Cm2
MCTt 13+/- 2 Min. 16.9 +/- 2 Min. 17.55 +/- 2 Min.

No significant correlation between nasal resistance and  comparison revealed a significant difference in SI with the
other anthropometric parameters (patient age, height, higher NR group showing higher SI.

body weight, BMI) was observed (P > 0.05).

The results of AAR, AR and MCTt in the mild-moderate MCTt

OSAS group, in snoring group and in a control group are
shown in Table I.

Total Nasal Resistance correlated significantly, and
in the expected direction, with AHI (p = 0.006) (Fig.
1). The values of nasal MCTt were also significantly

correlated with AHI (p = 0.004) (Fig. 2). There was [EMCTt
no significant correlation between rhinomanometric
parameters and polysomnography. As far as concerns
the rhinometric parameters, a decrease of the minimal
cross-sectional areas was observed in all the patients, pe— p—— pre—
but no statistically significant correlation with AHI was
observed. Fig. 2. Muco-Ciliary Transport time (MCT?).
Total NR also correlated with SI (p = 0.02): inter-group
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Fig. 1. Nasal resistance value. Fig. 3. ROC curve of nasal resistance in detecting patients with mild-mod-
AAR: Active Anterior Rhinomanometry erate OSAS.
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Stepwise multiple regression models revealed that high
NR was predictive of AHI (p = 0.006).

The ROC curve of nasal resistance is shown in Figure 3,
without a specific cut-off point; the possibility to identify
patients with mild-moderate OSAS is greatly affected by
varying the threshold value along the curve.

Discussion

OSAS affects, at least, 2-4% of the adult population and is
increasingly recognized by the public '. The pathophysiol-
ogy of OSAS involves the development of pharyngeal air-
way narrowing. The pharyngeal airway may behave like
a Starling resistor due to decreased upper airway muscle
tone and phasic inspiratory activity during sleep.

The collapsibility of the compliant wall is further en-
hanced by the increased resistive load caused by obesity
which alters the physical characteristics of the wall.

The pharynx, connecting the nose to the larynx and act-
ing as a Starling resistor, is more vulnerable to changes in
airflow resistance. On the other hand, the nose has a rigid
framework to maintain constant resistance both in waking
and sleeping states 2. Thus, the role of NR in OSAS
remains controversial.

A large number of adult surveys have been conducted
in order to establish the presence or absence of OSAS
by means of parameters such as age, sex, snoring,
witnessed apnoea and daytime sleepiness, and giving
a score for each clinical feature suggestive of sleep
apnoea®-°,

Our results showed that in snoring and mild-moderate
OSAS patients the values of nasal resistance and MCTt
are increased with respect to standard values whereas
minimal cross-sectional areas are decreased.

Specifically, a nasal resistance of 0.40 + 0.06 Pa/cc3/sec,
a minimal cross sectional area of 0.66 cm? and a MCTt of
17.55 min could be predictors of AHI and SI (Table II).
In this study, SI was significantly higher in patients with
higher NR and significantly different in the three groups
(p =0.02).
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