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ABSTRACT

Diagnosis of Sleep apnea is currently performed by a full night
polysomnography study at sleep laboratories. The majority of
apnea patients are treated by constant positive airway pressure
(CPAP) device. In this paper, we aim to find a correlation
between airflow and oxygen saturation (SaO,) in sleep apnea
events. The apnea can be broadly classified into three types:
obstructive sleep apnea (OSA), central sleep apnea (CSA) and
mixed sleep apnea (MSA). During OSA, the airway is blocked
while respiratory efforts continue. During CSA the airway is
open, however there are no respiratory efforts. There is an
efficient correlation between airflow and SaO, in sleep apnea
events. In this paper, it is aimed to find the correlation degree
between airflow and oxygen saturation in sleep apnea events.
In the future studies the correlation will help to detect the sleep
apnea such as an intelligent system.
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I. INTRODUCTION
Sleep apnea syndrome (SAS) is characterized by repeated
temporary cessation of breathing to the lungs during sleep,
which is known as periods of apnea [1]. Clinically, apnea is
defined as complete cessation of breathing for more than 10
seconds in adults [2]. Normally, when a person is awake, the
upper airway remains open, permitting airflow to the lungs,
except for momentary closures during swallowing and
speech [3]. In some periods, however, the throat lumen may
become obstructed during sleep [4]. It can be broadly
classified into three types: Obstructive sleep apnea (OSA),
Central sleep apnea (CSA) and Mixed sleep apnea (MSA).
During OSA the airway is blocked while respiratory efforts
continue. During CSA the airway is open, but there are no
respiratory efforts. However, the mechanisms underlying
these different types of sleep apnea are likely to overlap [5].
The prevalence of sleep-disordered breathing s
approximately 2% in women and 4% in men who are
between 30 and 60 years of age [6]. The majority of patients
with SAS are diagnosed with OSA, the most common form
of sleep apnea. Physical obstruction of the airway can result
from a variety or combination of anatomical factors [7] such
as enlarged tonsils [8], enlarged uvula [9], increased tongue
size [10] and abnormal craniofacial morphology [11].
Genetics have also been found to be a factor [12-14]. In
individuals with OSA, numerous sleep-related obstructive
breathing events can occur throughout the night. In mild

cases, there can be 5-15 episodes per hour and in severe
cases more than 30 episodes per hour [15]. These respiratory
disturbances may lead to hypoxia and hypercapnia, which
can trigger arousal from sleep by increasing ventilatory
drive [16-18]. As a result of such sleep disruption, excessive
daytime sleepiness is the most common presenting
complaint [19]. Other symptoms of sleep apnea may include
loud snoring, not feeling well-rested in the morning, chronic
fatigue [20], falling asleep at inappropriate times of day,
morning headaches, recent weight gain, limited attention
span, memory loss, poor judgment, personality changes, and
lethargy [21]. These symptoms can significantly decrease
quality of life and increase the risk of accidents [22, 23].

Unfortunately, sleep apnea may go undiagnosed for years
[24, 25]. This is most likely because the people themselves
may not remember the events of apnea. For this reason, it is
often the patient’s spouse, roommate or family member who
may witness the periods of apnea, alternating with arousals
and accompanied by loud snoring [26, 27]. However, it is
important to note that although snoring is the most common
complaint associated with sleep apnea, most patients who
snore do not have sleep apnea [26, 28]. Therefore, patients
reporting symptoms of SAS should be referred to a sleep
center for an overnight sleep study. SAS is usually
diagnosed by overnight  polysomnography, including
simultaneous electroencephalography (EEG),
electromyography (EMG), electrocardiography (ECG),
electro-oculogram (EOG), oximetry, airflow through the
mouth and nose, thoracic and abdominal respiration by
plethysmography [29]. From the overnight sleep study, the
number of obstructive breathing events per hour can be
determined. This calculation is commonly called the
respiratory disturbance index (RDI) or more specifically, the
apnea-hyponea index (AHI), which represents the sum total
of apneas, hypopneas and respiratory arousals per hour of
sleep [30]. The RDI value is used to diagnose and grade the
severity of the sleep apnea [15]. AHI has been used
frequently to assess the severity of apnea, according to the
Chicago criteria: AHI < 5 (normal), AHI = 5-15 (mild),
AHI = 15-30 (moderate), and AHI > 30 (severe) [31]. Risk
factors for SAS include upper airway abnormalities [7],
male gender [32-34], alcohol use [35-37], snoring [26],
obesity [38] (especially of the upper body), and a neck
circumference of more than 17 inch in men or 16 inch in



women [39, 40]. Treatment of SAS can range from
conservative methods such as oral appliances [41], to
moderate intervention such as continuous positive airway
pressure (CPAP) [42], to more radical approaches, including
surgical removal of anatomic obstructions [43]. Since SAS
is treatable, early recognition of the symptoms of this sleep
disorder is very important.

Il. METHODOLOGY
Data Collection
The data used in this study are obtained at Dicle University,
Sleep Laboratory, Faculty of Medicine in Diyarbakir. In this
study, two continuous polysomnographic (PSG) recordings
have been obtained simultaneously with the channels
connected as follows: Nasal airflow through a thermometer
and oxygen saturation SaO, using a fingertip pulse
oximeter. The airflow signals are digitized as 256 samples
per second and SaO, signals are digitized as 1 sample per
second. In this study 160 recordings from 10 subjects were
selected for the database. The number of recordings per
subject varied between 9 to 20 segments, depending on
signal quality. Each recording segment is 100 seconds long.
All PSG recordings were evaluated by a certified sleep
specialist manually.
The overall structure of the proposed system is illustrated in
Figure 1.
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Figure 1. System overview.

Airflow Signal Processing

From the continuous PSG recordings, the airflow signals are
digitized as 256 samples in 1-second frame. Most of the
airflow signal power content falls between 0.1Hz and 1Hz
[44]. Therefore, band pass filtering with the cutoff
frequencies of 0.05 and 3Hz is performed at first to reduce
the high frequency noise and the baseline drifts. From the

filtered signal, the average A and standard deviation

airflow

Oirflow &€ calculated for each consecutive 1-second frame
as follows:

1 m*M+M -1 .
Aairflow (m) =1 Z abS(X airflow ( J)) (l)
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here M is the number of samples in a 1-second frame.

The airflow signal is specific to the applied sensor and can
change during long-term measurements because of sensor
and patient movements. Therefore, adaptive signal
normalization should be employed before features are fed
into the correlation. The normalization factor is determined

by,

I:norm (m) = mm{(l_ 77) I:norm (m _1) + ﬂ'Aairrow (m), Flim } (3)

where 77 is the forgetting factor and set to 0.05. F;,, is the

limit value specific to the sensor, since very small values
can be the result of sensor failure. Then the normalized
features are obtained by dividing each value with the
normalization factor:

Xairflow(m) (4)
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norm (

Sa0, Signal Processing

Clinical experience indicates that an apneic event is
associated with a decrease in the SaO, signal (desaturation)
as well as a compensatory hyperventilatory response
(resaturation) causing a rapid increase in this signal.

The tanh-normalization introduced by Hampel et al. [45] is
robust and highly efficient. The normalization is given by

N, () = tanh{T1 X s (m)j ©)

$a0,

where Tg,q, is set to 4% [46].

Correlation of SaO, with Airflow
The correlation between airflow and SaO, is calculated with
the following formula:

Cm) = > Neo, ()N ( + M) ®)

j=0
where m=1,...,100.

111 EXPERIMENTAL STUDY
In this study 7-hour night sleeping for ten patients have
recorded. The data divided in 100-second segmens for each
patient. For each segment, the apneic events and normal
events are seperated by an expert manually.
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Figure 2. Steps involved in the processing procedure for a
person with (a) apneic sleep and (b) normal sleep.
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Figure 3. Steps involved in the processing procedure for a
person with (a) apneic sleep and (b) normal sleep.

To take a close look at the overall processing procedure,
Figure 2(a)-(b) and Figure 3(a)-(b) show a 100 seconds long
segments from a PSG recording for sleep apnea and normal
sleep. For each figure, the panels are organized as follows
(from top to bottom): The original airflow signal, the
original SaO, signal, normalized airflow averages,
normalized saturation level and the correlation of airflow
and SaO,. The results of 30 segments are shown in Table 1.

DATA EVENT COR.(RMS)
1 Apnea 7.68
2 Apnea 8.60
3 Apnea 7.95
4 Apnea 9.25
5 Apnea 10.54
6 Apnea 6.76
7 Apnea 8.56
8 Apnea 7.12
9 Apnea 9.05

10 Apnea 9.70
11 Apnea 10.36
12 Apnea 8.21
13 Apnea 9.18
14 Apnea 7.44
15 Apnea 6.98
16 Normal 32.83
17 Normal 30.15
18 Normal 28.80
19 Normal 34.54
20 Normal 33.85
21 Normal 29.85
22 Normal 31.70
23 Normal 28.90
24 Normal 30.45
25 Normal 28.14
26 Normal 32.78




27 Normal 33.50
28 Normal 30.71
29 Normal 29.74
30 Normal 28.13

Table 1. Test results for 30 data segments

In this study, 160 data segments were tested. In Table 1, the
test results for only 30 data segments are shown. The mean
value and standart deviation for all 160 tested results are
shown in Table 2.

Total Standart
Event Number of Mean .
Deviation
Test
Sleep 82 8.56 1.27
Apnea
Normal 78 30.85 2.23
Sleep

Table 2. The mean and standart deviation for 82 sleep apnea
and 78 normal sleep data segments.

IV. CONCLUSION

In this study, it is shown that there is a high correlation
between the airflow and oxygen saturation. In sleep apnea
events the correlation is low, whereas in normal sleep it is
high. We have tested 160 data segments (82 apneic and 78
normal events). The results present that in sleep apnea the
mean and standart deviation are 8.56 and 1.27, respectively
while in normal sleep the mean and standart deviation are
30.85 and 2.23, respectively.

For sleep apnea diagnosis, many attempts adopting various
signals other than airflow and SaO, are also performed.
Those signals include snore [47], PWTT (pulse wave transit
time) [48], EEG [49], and ECG [50]. Our future research
will focus on the incorporation of some of those signals,
which may result in a more robust detection system. In the
future studies we also aim to support a software programme
to the CPAP device so that it will be able to apply pressure
automatically.

REFERENCES

[1] Guilleminault C, van den Hoed J, Mitler M. “Clinical overview of the
sleep apnea syndromes,” In: Guilleminault C, Dement W, editors.
Sleep apnea syndromes. New York: Alan R. Liss; 1978. p. 1-11. H.
Abdal et al. / Sleep Medicine 7, 107-115 113, 2006.

[2] American Academy of Sleep Medicine. “Sleep related breathing
disorders in adults: recommendations for syndrome definition and
measurement techniques in clinical research,” Sleep;22:667-89, 1999.

[3] Shelton Jr RL, Bosma JF. “Maintenance of the pharyngeal airway,” J
Appl Physiol, 17:209-14, 1962.

[4] Remmers JE, deGroot WJ, Sauderland EK, Anch AM. “Pathogenesis
of upper airway occlusion during sleep,” J Appl Physiol, 44:

931-8, 1978.

[5] White DP. “Central sleep apnea,” In: Kryger MH, Roth T, Dement
WC, editors. Principles and practice of sleep medicine. Philadelphia,
PA: W.B. Saunders, pp. 827, 2000.

[6] Young T, Palta M, Dempsey J, et al. “The occurrence of sleep
disordered breathing among middle-aged adults,” N Engl J Med,
328:1230-5, 1993.

[7] Schwab RJ, Pasirstein M, Pierson R, et al. “Identification of upper

airway anatomic risk factors for obstructive sleep apnea with
volumetric magnetic resonance imaging,” Am J Respir Crit Care Med,
168:522-30, 2003.

[8] Shintani T, Asakura K, Kataura A. “Adenotonsillar hypertrophy and
skeletal morphology of children with obstructive sleep apnea
syndrome,” Acta Otolaryngol Suppl, 523:222-4, 1996.

[9] Hamans EP, Van Marck EA, De Backer WA, et al. “Morphometric
analysis of the uvula in patients with sleep-related breathing
disorders,” Eur Arch Otorhinolaryngol, 257:232-6, 2000.

[10] Do KL, Ferreyra H, Healy JF, Davidson TM. “Does tongue size
differ between patients with and without sleep-disordered breathing?”

Laryngoscope, 110:1552-5, 2000.

[11] Cakirer B, Hans MG, Graham G, et al. “The relationship between
craniofacial morphology and obstructive sleep apnea in whites and
in African—Americans,” Am J Respir Crit Care Med, 163:947-50,
2001.

[12] Guilleminault C, Partinen M, Hollman K, et al. “Familial aggregates
in obstructive sleep apnea syndrome,” Chest, 107:1545-51, 1995.

[13] Mathur R, Douglas NJ. “Family studies in patients with the sleep
apnea—hypopnea syndrome,” Ann Intern Med; 122:174-8, 1995.

[14] Redline S, Tishler PV, Tosteson TD, et al. “The familial aggregation
of obstructive sleep apnea,” Am J Respir Crit Care Med, 151:682-7,
1995.

[15] Kryger MH. “Management of obstructive sleep apnea—hypopnea
syndrome: overview,” In: Kryger MH, Roth T, Dement WC, editors.
Principles and practice of sleep medicine. Philadelphia, PA: W.B.
Saunders, pp. 940-54, 2000.

[16] Gleeson K, Zwillich CW, White DP. “The influence of increasing
ventilatory effort on arousal from sleep,” Am Rev Respir Dis, 142:
295-300, 1990.

[17] Benlloch E, Cordero P, Morales P, et al. “Ventilatory pattern at rest
and response to hypercapnic stimulation in patients with obstructive
sleep apnea syndrome,” Respiration, 62:4-9, 1995.

[18] Ayas NT, Brown R, Shea SA. Hypercapnia can induce arousal from
sleep in the absence of altered respiratory mechanoreception. AmJ

Respir Crit Care Med, 162:1004-8, 2000.

[19] Dement WC, Carskadon MA, Richardson G. “Excessive daytime
sleepiness in the sleep apnea syndrome,” In: Dement WC,
Guilleminault CG, editors. Sleep apnea syndrome. New York: Alan
R. Liss; 1978.

[20] Kales A, Cadieux RJ, Bixler EO, et al. “Severe obstructive sleep
apnea,” I: onset, clinical course, and characteristics. J Chronic Dis,
38:419-25, 1985.

[21] Bassiri AG, Guilleminault CG. “Clinical features and evaluation of
obstructive sleep apnea—hypopnea syndrome,” In: Kryger MH, Roth
T, Dement CG, editors. Principles and practice of sleep medicine.
Philadelphia, PA: W.B. Saunders, pp. 870-1, 2000.

[22] George CF, Nickerson PW, Hanly PJ, et al. “Sleep apnea patients
have more automobile accidents,” Lancet, 2:447, 1987.

[23] Findley LJ, Unverzadt M, Suratt P. “Automobile accidents in
patients with obstructive sleep apnea,” Am Rev Respir Dis, 138:337-

40, 1988.

[24] Kryger MH, Roos L, Delaive K, et al. “Utilization of health care
services in patients with severe obstructive sleep apnea,” Sleep,
19(9 Suppl.):S111-S6, 1996.

[25] Ball EM, Simon Jr RD, Tall AA, et al. “Diagnosis and treatment of
sleep apnea within the community,” The Walla Walla Project. Arch

Intern Med, 157:419-24, 1997.

[26] Hoffstein V. “Snoring,” In: Kryger MH, Roth T, Dement WC, editors.
Principles and practice of sleep medicine. Philadelphia, PA: W.B.
Saunders, pp. 813-26, 2000.

[27] Stradling JR, Crosby JH. “Relation between systemic hypertension and
sleep hypoxemia and snoring: analysis in 748 men drawn from general
practice,” Br Med J, 300:75-8, 1990.

[28] Bearpark H, Elliott L, Grunstein R, et al. “Snoring and sleep apnea: a
population study in Australian men,” Am J Respir Crit Care Med,
151:1459-65, 1995.

[29] Kryger MH. “Monitoring respiratory and cardiac function,” In: Kryger
MH, Roth T, Dement WC, editors. Principles and practice of sleep
medicine. Philadelphia, PA: W.B. Saunders, pp. 1217-30, 2000.

[30] Chervin RD. “Use of clinical tools and tests in sleep medicine,” In:



Kryger MH, Roth T, Dement WC, editors. Principles and practice of
sleep medicine. Philadelphia, PA: W.B. Saunders, pp. 538, 2000.

[31] The Report of an American Academy of Sleep Medicine Task Force.
“Sleep-related breathing disorders in adults: recommendations for
syndrome definition and measurement techniques in clinical research,”
Sleep, 22(5): 667-89, 1999.

[32] Pillar G, Malhotra A, Fogel R, et al. “Airway mechanics and
ventilation in response to resistive loading during sleep: influence of
gender,” Am J Respir Crit Care Med, 162:1627-32, 2000.

[33] Mohsenin V. “Gender differences in the expression of sleep-
disordered breathing: role of upper airway dimensions,” Chest,
120:1442-7, 2001.

[34] Malhotra A, Huang Y, Fogel RB, et al. “The male predisposition to
pharyngeal collapse: importance of airway length,” Am J Respir Crit
Care Med, 166:1388-95, 2002.

[35] Issa FG, Sullivan CE. “Alcohol, snoring, and sleep apnea,” J Neurol
Neurosurg Psychiatry, 45:353-9, 1982.

[36] Scrima L, Broudy M, Nay K, Cohn MA. “Increased severity of
obstructive sleep apnea after bedtime alcohol ingestion: diagnostic
potential and proposed mechanism of actions,” Sleep, 5:318-28, 1982.

[37] Taasan VC, Block AJ, Boysen PG, Wynne JW. “Alcohol increases
sleep apnea and oxygen desaturation in asymptomatic men,” AmJ
Med, 71:240-5, 1981.

[38] Strobel RJ, Rosen RC. “Obesity and weight loss in obstructive sleep
apnea: a critical review,” Sleep, 19:104-15, 1996.

[39] Davies RJ, Ali NJ, Stradling JR. “Neck circumference and other
clinical features in the diagnosis of the obstructive sleep apnoea
syndrome,” Thorax, 47:101-5, 1992.

[40] Mortimore IL, Marshall I, Wraith PK, et al. “Neck and total body fat
deposition in non-obese and obese patients with sleep apnea compared
with that in control subjects,” Am J Respir Crit Care Med,157:
280-3, 1998.

[41] Lowe AA. “Oral appliances for sleep breathing disorders,” In: Kryger
MH, Roth T, Dement WC, editors. Principles and practice of sleep
medicine. Philadelphia, PA: W.B. Saunders, pp. 929-39, 2000.

[42] Grunstein R, Sullivan C. “Continuous positive airway pressure for
sleep breathing disorders. In: Kryger MH, Roth T, Dement WC,
editors. Principles and practice of sleep medicine. Philadelphia, PA:
W.B. Saunders, pp. 894-912, 2000.

[43] Riley RW, Powell NB, Li KK, Guilleminault C. “Surgical therapy for
obstructive sleep apnea—hypopnea syndrome,” In: Kryger MH, Roth T,
Dement WC, editors. Principles and practice of sleep medicine.
Philadelphia, PA: W.B. Saunders, pp. 913-28, 2000.

[44] A. Bartolo, B. D. Clymer, R.C. Burgess, and J.P. Turnbull,
“Automatic on-line detection of apneas and hypopneas,” in Proc. 19th
Annual EMBS Int. Conf., Chicago, pp. 1066-1069, 1997.

[45] F.R. Hampel, P.J. Rousseeuw, E.M. Ronchetti, W.A. Stahel,

“Robust Statistics: The Approach Basedon Influence Functions,”
Wiley, New York, 1986.

[46] J.Y. Tian, J.Q. Liu, “Apnea Detection Based on Time Delay Neural
Network”, Engineering in Medicine and Biology 27th Annual
Conference Shanghai, China, 1-4, September 2005

[47] Udantha R. Abeyratne, C.K.K. Patabandi and K.Puvanendran,
“Pitch-jitter analysis of snoring sounds for the diagnosis of sleep
apnea,” in Proc. 23th Annual EMBS Int. Conf., Istanbul, Turkey,
pp. 2072-2075, 2001.

[48] J Pagani, MP Villa, G Calcagnini, E Lombardozzi, F Censi, S
Poli, P Bartolili and R Ronchetti, “Detection of central and
obstructive sleep apnea in children using pulse transit time,”
computers in cardiology 2002, vol. 29, pp. 529-532.

[49] D. K. Siegwart, L. Tarassenko, S. J. Roberts, J. R. Stradling and
J. Partlett, “Sleep apnoea analysis from neural network post-
processing,” in Proc. 4th Int. Conf. Artificial Neural Networks,
Cambridge, pp. 427-432, June 1995.

[50] Philips de Chazal, Conor Heneghan, Elaine Sheridan, Richard
Reilly, Philip Nolan and Mark O’Malley, “Automatic processing
of the single-lead electrocardiogram for the detection of
obstructive sleep apnea,” IEEE Trans. Biomed. Eng., vol. 50,
no. 6, pp. 686-696, June 2003.



