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1. Introduction

Obstructive sleep apnoea (OSA) is characterised by
repetitive collapses of the pharynx during sleep with
consequential development of intermittent hypoxia and
arousals. The disorder is highly prevalent, moderate or
severe OSA affects 13% of male and 6% of female
population between 30 and 70 years of age. Without
effective therapy patients’ quality of life and survival can
be significantly impaired due to consequential daytime
sleepiness, cognitive dysfunction and higher risk of
metabolic and cardio- or cerebrovascular disorders.

The root cause of consequential symptoms and disorders
most likely to be the repetitive hypoxia and sleep
fragmentation which generate systemic and airway
oxidative stress and inflammation cascades.

Intrathoracal airways play significant role in OSA
pathomechanism due to local inflammation and volume
changes.

It was confirmed by several studies that elevated levels of
citokines and markers of oxidative and nitrozative stress
can be detected in exhaled breath samples confirming
intensified inflammation processes in the airways.
Volatile organic compounds (VOCs) are important
markers of the inflammative and metabolic processes of
the airways. The electronic nose is a potential technique
to study exhaled volatile compounds. These devices can
distinguish different gas composites based on their
molecule pattern. Similarly to biological olfactory
receptors, the inbuild sensors are not selective to
individual ligands, but upon activation by an odour the



sensor array gives a signal pattern. Data reduction with
principal component analysis must be performed for
further statistical analysis of detected signal patterns.
Beside the inflammatory processes in the airways, lung
volumes may also play role in the pathomechanism of
OSA. It has been recognized that reduced lung volumes
are related to increased OSA severity, regardless of
whether the patients have airway or parenchymal lung
disease. In particular, negative relationships were
reported between the severity of OSA, determined using
the apnoea/ hypopnea index (AHI) or respiratory
disturbance index, and expiratory reserve volume,
functional residual capacity, forced expiratory volume in
one second (FEV1), and forced vital capacity (FVC). In
line with this, a significant association between lung
function loss and all-cause mortality was reported in
patients with OSA. The association between lung
volumes and OSA can be explained by the longitudinal
stretch of airways which can modify the collapsibility of
pharyngeal airway. Furthermore, larger lung volumes are
associated with higher buffer-capacity.

The hereby presented research was dedicated to study the
effects of various methodological factors on exhaled
volatile compounds pattern and on the discrimination
capabilities of electronic nose device. Furthermore we
investigated the diurnal changes of exhaled volatile
compounds pattern and lung functions in obstructive
sleep apnoea patients.



2. Objectives

1.

Examine the effects of methodological factors which
may modify exhaled breath volatile compound pattern.

To study the changes of exhaled breath volatile
compounds pattern occur during sleep in patients
suffering from symptoms of sleep related breathing
disorders.

To study the diurnal changes of lung volumes in OSA
patients.



3. Methods

3.1.  Study subjects

In total, 241 volunteers participated in the studies.

The subjects suffering from sleep related breathing
disorders or lung cancer were recruited at the sleep
laboratory and at oncology ward of the Department of
Pulmonology, Semmelweis University respectively.

The healthy controls were recruited among students and
workers of Semmelweis University.

All subjects enrolled signed an informed consent prior to
the experiments.

3.2.  Study designs

37 healthy individuals and 27 lung cancer patients
participated in the study for analysing the effects of
various breath collection methods on exhaled volatile
compounds pattern. Exhaled volatile compounds pattern
was measured with Cyranose 320 electronic nose with 4
different breath collection procedures in every patients.
Sampling methods differed in expiratory flow rate, time
of breath hold and inclusion of anatomic dead space.

The effect of sleep on exhaled breath volatile compounds
pattern was studied with participation of 26 patients
suffering from symptoms of sleep related breathing
disorders and 36 control subjects. Sleep related breathing
disorder was confirmed or excluded with attended
polysomnography (Somnoscreen PSG, Somnomedics
GmbH, Germany). Exhaled breath samples were
collected in the evening before sleep and in the morning
after polysomnography. Exhaled breath volatile



compounds pattern was detected with Cyranose 320
electronic nose.

The effect of sleep on lung volumes was studied with
participation of 42 OSA patients and 73 non-OSA
subjects. Sleep related breathing disorder was confirmed
or excluded with attended polysomnography. FVC and
FEV1 values were measured with spirometry in the
evening and in the morning after polysomnography in all
patients.

3.3. Exhaled breath tests

Participants inhaled VOC-filtered room air with a deep
inspiratory capacity manoeuvre then exhaled at a
controlled flow rate (50 ml/sec) assessed with a flow-
meter and, to close the soft palate, against resistance (15—
20 cmH20). The first 500 mL of exhaled air representing
anatomic dead space was discarded using a small-
resistance T-valve and the remaining air representing
alveolar space was collected in a Teflon-coated Mylar
bag.

To study the effect of expiratory flow rate, breath hold
and dead space the procedure was altered. Assessing the
effect of expiratory flow rate subjects exhaled at 75
ml/sec which was compared to breath samples obtained
at 50 ml/sec. To study the effect of breath hold, after
deep inhalation through a VOC-filter, subjects held their
breath at total lung capacity for 10 seconds and exhaled
at 50 ml/sec. Finally, subjects performed an expiratory
manoeuvre similar to the first one, but this time the dead
space air was not discarded and mixed air was collected.



3.4. Detection of exhaled breath volatile
compounds pattern

The Cyranose 320 electronic nose (Smiths Detection,
Pasadena, USA) was used for exhaled volatile compound
analysis. The confounding effect of water vapour was
eliminated after exclusion of 4 water-sensitive sensors
(5,6,23,31). The 28 sensor data were generated by the
ratio of samples responses and the background (VOC-
filtered room air in our measurements). Data reduction
was performed using the principal component analysis
(PCA).

3.5.  Sleep studies

In the studies attended polysomnography (Somnoscreen
Plus Tele PSG, Somnomedics GMBH Germany) was
performed for evaluation of sleep related breathing
disorders and sleep characteristics. Electroencephalogram
(EEG), electrooculogram (EOG) and electromyogram
(EMG) were recorded according to guidelines.
Furthermore, thoracic and abdominal respiratory
excursions, breath sounds, nasal pressure,
electrocardiogram (ECG) and oxygen saturation were
recorded. Sleep stages, movements and cardiopulmonary
events were scored manually according to the American
Academy of Sleep Medicine (AASM) guideline.
Hypnogram, the number of microarousals, apnoea-
hypopnoea index (AHI), respiratory disturbance index
(RDI) and oxygen desaturation index (ODI) were
evaluated.

3.6.  Spirometry

Spirometry was performed with the Otthon device (Thor
Medical Systems, Budapest, Hungary) according to the
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European Respiratory Society guidelines. At least three
technically acceptable lung function measurements

were performed (the difference between the two highest
values for forced vital capacity (FVC) or forced
expiratory volume in one second (FEV1) was\0.150 L).
The highest values of FEV1 and FVVC were recorded.

3.7.  Statistical analysis

We used commercially available statistical programs
(Statistica 8.0, SPSS 15, Graph Pad Prism 5.03) for
statistical analyses.

In electronic nose studies the sensor responses underwent
data reduction (principal component analysis), principal
components (PCs) were ordered by their initial Eigen
values, and the highest three PCs (PC1, PC2 and PC3)
were used for further analysis. To classify cases into
categorical divisions, linear canonical discriminant
analysis was used following a stepwise approach, where
Mahalanobis-distance was applied to exclude outliers.
Leave-one-out cross validation was also performed with
Mahalanobis distance followed by linear canonical
discriminant analysis.

Pearson correlation, multivariate linear and logistic
regression analyses were performed to detect
relationships between clinical data and PCs.

Repeated-measures ANOVA on principal components
followed by the Dunnett’s post hoc test was applied to
analyse this aim in two groups with 4 subsequent
measurements in our methodological study.

In our study on lung volumes the data distribution was
assessed with Kolmogorov—Smirnov test.

Unpaired t test, Mann—Whitney and v2 tests were used to
compare clinical variables between OSA and control
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groups. Evening-to-morning changes in lung function
were evaluated with Wilcoxon test and were expressed as
D = morning - evening value. The relationships between
lung function values and clinical variables were assessed
with Spearman’s test. Multiple logistic regression was
applied to analyse the effect of potential covariates for
the relationship between lung function indices and OSA
severity.



4. Results

4.1. Effects of methodological factors

Expiratory flow rate, breath hold and dead space
significantly altered exhaled VOCs pattern only in
healthy individuals (p < 0.05) but not in patients with
lung cancer (p > 0.05, Figure 1).

Figure 1.
The effect of expiratory flow, breath hold and dead
space on principal components
(*-p <0.05, **-p < 0.01, ***-p < 0.001)
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We found a significant difference between exhaled
VOC:s pattern in healthy subjects and patients with lung
cancer when the previously standardised collection setup
(50 ml/sec, no breath hold and the exclusion of dead
space) was used (p = 0.02, Figure 2).
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Figure 2.
Two dimensional PCA plot between healthy subjects
(squares) and patients with lung cancer (circles).

PC2

PC1

4.2.  Effect of sleep on exhaled volatile compounds
pattern

Exhaled volatile compound patterns were significantly
different before and after night in the SDB group (N=26,
PC1, p<0.01). However, the morning and evening breath
patterns could be discriminated only in patients with
OSA (N=17,

PC1, p=0.01, Fig. 3) but not in the non-OSA subgroup
(N=9, p=0.49). In control volunteers,

there was no change in exhaled volatile pattern after
night (p=0.23).
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Figure 3.
Evening and morning differences in exhaled
volatile compound pattern in OSA
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The morning breath pattern significantly differed in the
SDB group compared with control subjects (p<0.001,
Figure 4A). The morning breath pattern was also
different in the OSA subgroup versus control volunteers
(p<0.001). The electronic nose could also discriminate
morning exhaled pattern in the non-OSA SDB subgroup
from that of control subjects (p<0.001, Figure 4B).
Figure4. A, B
Comparison of exhaled volatile compound patterns
between healthy (squares) and SDB (A: circles; B:
OSA-open circles, non-OSA-filled circles), patients in
the morning.
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4.3. Effect of sleep on lung volumes in OSA

Evening FVC (% predicted) was associated significantly
with AHI (p =0.04, r =-0.31; Figure 5.), ODI (p = 0.04,
r =-0.31) and RDI (p\0.01, r =-0.39).

Figure 5.

Relationship between forced vital capacity (FVC) and
apnoea-hypopnea index in OSA
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In OSA, there was a significant increase in FEV1 from
the evening to the morning (p = 0.02), while no
difference in FVC (p = 0.19) or FEV1/FVC (p = 0.78)
was noted. Morning and evening FEV1 (p = 0.74), FVC
(p = 0.97) or FEV1/FVC (p = 0.54) were not different in
the control group.

There was a tendency for a positive correlation between
overnight increase of FEV1 and RDI (p = 0.05, r = 0.30).
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5. Conclusions

5.1

5.2.

5.3.

Effects of methodological factors

the expiratory flow rate, time of breath hold and
the exclusion of air originated from the anatomic
dead space can may significantly influence the
exhaled breath volatile compounds pattern.

The methodological factors of sample collection
also influence the classification accuracy of
electronic nose to separate disorders from health.

Effect of sleep on exhaled volatile compounds
pattern

the exhaled volatile compounds pattern changes
during sleep in obstructive sleep apnoea patients
which may refers to an alteration of airway
inflammation.

Exhaled breath analysis with electronic nose
should only be used to identify OSA if sample is
taken during the hours after sleep.

Effect of sleep on lung volumes in OSA

FEV: increases significantly from evening to
morning in OSA patients

the rate of FEV: increase is in a tendentious
relationship with the severity of the disorder
(RDI)

This change should be taken into consideration
when timing and assessing spirometric results in —
most importantly in case of severe disorder —
sleep apnoeic patients
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