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ABSTRACT

A home screening device, LT-200, can record data on both breathing conditions and body positions
during sleep for up to 3 consecutive days in patients with obstructive sleep apnea (OSAS). We investigated
the usefulness of the LT-200 device for follow-up of OSAS.

Eighteen patients (age 51.0+10.8 years, mean+SD) were enrolled in this study. Standard polysomnography
(PSG) was performed on all patients. The number of apnea/hypopnea episodes per hour (apnea/hypopnea
index: AHI), the total time that nocturnal oxygen saturation was <90% (oxygen desaturation time: ODT),
and the minimum oxygen saturation during sleep (lowest Spo,) were calculated. We used the LT-200 and
PSG to evaluate any improvement in the data obtained after auto-continuous positive airway pressure
(auto-CPAP) therapy. AHI was also measured using the LT-200 in three sleep positions to evaluate the
efficacy of the lateral position.

AHI, ODT, and lowest Spo, values did not differ significantly between the PSG and LT-200 recordings
on the control and therapy nights. The LT-200 recordings showed that AHI, ODT, and lowest Spo, tended
to be better on the second night of auto-CPAP therapy than on the first. AHI was significantly lower in
the right and left lateral sleep positions than that in the supine position.

Our findings suggest that since the LT-200 device provides important information about the severity of
OSAS, the efficacy of auto-CPAP therapy, and body position under unattended conditions in the home. It
may prove to be a useful tool for following up patients.
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INTRODUCTION

Obstructive sleep apnea syndrome (OSAS) is characterized by repeated episodes of apnea or
hypopnea accompanied with arterial oxygen desaturation and arousal during sleep.” OSAS results
in excessive daytime sleepiness, which not only can impair the quality of life but also cause
serious accidents at work and in the home.*® Continuous positive airway pressure (CPAP) therapy
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has been accepted as the primary method of treating OSAS. Successful CPAP therapy dramati-
cally reduces excessive daytime sleepiness, thereby improving the quality of life in patients with
OSAS.* However, the rate of compliance with CPAP therapy is reported to be approximately
60-80%, and may be limited by complications such as mouth dryness, nasal obstruction, and air
leaking from the nasal mask.%” The compliance of CPAP therapy and outcomes can be improved
by a conscientious close follow-up.?

Diagnostic assessments of OSAS have been based on standard polysomnography (PSG) during
an overnight stay in a hospital,” and hence are time consuming and labor intensive. The long
waiting time for undergoing PSG contributes to the incidence of undiagnosed and untreated
OSAS. Although several more practical and less time- consuming devices have been validated
in the home under unattended conditions and have been accepted for OSAS screening, they have
exhibited limited only efficacy in diagnosing OSAS.'*!V However, the usefulness of the LT-200
device as a follow-up tool for therapy is unknown.

Accordingly, we examined the device, that can record data for up to 3 consecutive days, for
evaluating OSAS severity and for follow-up of therapy for OSAS patients an unattended in the
home.

METHODS

Fatients

We studied 18 male OSAS patients who were consecutively diagnosed by PSG (age 51.0+10.8
years, mean+SD; body mass index 25.1+3.7 kg/m?). Fifteen of the 18 underwent auto-CPAP
therapy (Virtuoso LX, Respironics, Murrysville, PA, USA) while the other 3 slept in the lateral
position. All patients were screened at home with the LT-200 (Fukudadenshi, Tokyo, Japan) for
2 nights: a control night and a therapy night after being diagnosed by PSG as OSAS. Two
examinations were performed within 1 week. Three months after initiating therapy, the patients
underwent home screening with the LT-200 for 3 consecutive nights: control night (natural sleep),
and a first and second night of auto-CPAP therapy. This study was approved by the Ethics
Committee of Nagoya University. All subjects provided written informed consent prior to the
study after being informed of objectives and the conditions of the experiment.

Polysomnography

Standard PSG (ALICE3, Respironics, Murrysville, PA, USA) with pulse oximetry was
performed on all patients from 9:00 p.m. to 6:00 a.m. Electroencephalograms (C3-A2, C4-Al,
O1-A2, and O2-Al), electrooculograms, electromyograms (mentalis, legs, and intercostale), and
electrocardiograms (bipolar CM5 and standard V5 lead positions) were recorded, and respiration
was monitored with an oronasal thermistor and a thoracoabdominal piezo sensor on PSG. Sleep
stage was scored according to the criteria of Rechtshaffen and Kales by visual analysis,'” and
the percentages of stage 1, stage 2, stage 3+4, and REM (rapid eye movement) sleep were
calculated. Apnea was defined as the cessation of airflow through the mouth and nose for more
than 10 s, and hypopnea as a reduction in airflow associated with either an oxygen desaturation
of more than 3% or arousal from sleep, also for more than 10 s.” The number of apnea/hypopnea
episodes per hour (apnea/hypopnea index: AHI), the total time that nocturnal oxygen saturation
was less than 90% (oxygen desaturation time: ODT), and the minimum oxygen saturation during
sleep (Spo,) were also calculated. The patients with an AHI of >5/h were diagnosed as OSAS,
and those with an AHI of >20/h were given CPAP therapy in this study.”
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Home screening test

Patients in the present study were not receiving auto-CPAP therapy or other treatments prior
to the home screening, which was performed on 3 consecutive nights: the first night during
natural sleep (control night), and the second and third nights during therapy (the first and second
therapy nights, respectively). The starting time and duration of recording were set by a technician
at the hospital, and patients were sufficiently trained in the use of sensors by knowledgeable
technicians. The following parameters were monitored using the LT-200'® during sleep: oronasal
airflow (using a thermistor), thoracoabdominal movement (detected by an air-bag pressure sensor),
oxygen saturation (by pulse oximetry), snoring, and body position. AHI, lowest Spo,, and ODT as
determined by pulse oximetry were measured. We investigated the relations between the severity
of OSAS obtained by PSG and that obtained using the LT-200, and any improvement in OSAS
severity by treatment. Furthermore, AHI at each body position obtained using the LT-200 was
calculated to evaluate the efficacy of the lateral sleep position.

Statistical analysis

Paired -tests were used to compare AHI, ODT and lowest Spo, obtained using PSG between
the control and therapy nights, and to compare AHI, ODT, and lowest Spo, between PSG and
LT-200 recordings. We used two-way analysis of variance (ANOVA) with Scheffe’s test to
compare AHI and ODT data obtained using the LT-200 between the control night and the 2
nights of auto-CPAP therapy. In addition, ANOVA was used to compare AHI recordings obtained
using the LT-200 among sleep positions. AHI, ODT, and lowest Spo, values obtained by PSG
and the LT-200 were compared using Pearson correlation analysis and the method described by
Bland and Altman'¥; for each recordings we calculated the mean of the difference [bias, (AHI
on PSG - AHI on LT-200)/n and (lowest Spo, on PSG — lowest Spo, on LT-200)/n] and SD
of the differences [precision (n-1), SD of (AHI on PSG — AHI on LT-200) and SD of (lowest
Spo, on PSG — lowest Spo, on LT-200)] between PSG and LT-200 in AHI and lowest Spo,. A
probability value of p<0.05 was considered statistically significant.

RESULTS

AHI, ODT, and lowest Spo, did not differ significantly between PSG and the LT-200 on the
control and therapy nights (Table 1). The AHI and lowest Spo, obtained by LT-200 significantly
correlated with those obtained by PSG (AHL r=0.94, p<0.0001, lowest Spo,: r=0.69, p<0.005)
(Fig. 1b & d). The mean difference between the AHI values obtained by PSG and the LT-200
was 4.3/h, and ranged from —4.4/h to 13.1/h (Fig. la). The mean difference between the lowest
Spo, values obtained by PSG and the LT-200 was —0.7%, and ranged from -9.1% to 7.6% (Fig.
lc). Both mean differences on AHI and lowest Spo, were small, and the SD of the difference
was narrow. The correlation coefficient analysis and Bland and Altman plots of AHI and lowest
Spo, between PSG and LT-200 indicated good concordance.

In patients undergoing auto-CPAP therapy (n=15), the LT-200 gave a significantly lower AHI
on the first and second nights of auto-CPAP therapy than on the control night (control night:
29.5+£20.9/h; vs the first and second therapy nights: 11.8+11.2/h and 3.3%£3.7/h, respectively;
p<0.05) (Table 2). ODT with the LT-200 was significantly lower on the second night of therapy
night than on the control night (43.7+62.1 min vs 4.2+10.2 min, p<0.05) (Table 2). Although
there were no significant differences in lowest Spo, as measured with the LT-200 among the
control night and the first and second therapy nights, it tended to improve on therapy nights
compared with the control night (Table 2). AHI and ODT tended to be lower on the second
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Fig. 1 Comparison of AHI and lowest Spo2 between PSG and LT-200. (a, b) Graphic representation of PSG
versus LT-200 relationship for AHI (a) and lowest Spo, (b). Each data point plotted PSG — LT-200 differences
against arithmetic mean of the two measurements. Bold lines represent mean differences between PSG and LT-200
and dashed lines represent 95% confidence interval (bias+2SD). (a) The mean difference between AHI obtained
by PSG and LT-200 was 4.3/h, and ranged from —4.4/h to 13.1/h. (b) The mean difference between lowest Spo,
obtained by PSG and LT-200 was —0.7%, and ranged from -9.1% to 7.6%. (c, d) Graphic representation of
Pearson correlation between PSG and LT-200 for AHI (c) and lowest Spo, (d). Solid lines represent regression
lines for all data points. AHI: number of apnea/hypopnea episodes per hour (apnea/hypopnea index), lowest Spo,:

lowest oxygen desaturation, PSG polysomnography.

Table 1 Comparison of results between polysomnography (PSG) and LT-200.

Natural sleep Therapy night
n=18
PSG LT-200 p value PSG LT-200 p value
AHI (/h) 33.0£25.7 28.1+20.6 ns 8.4+7.6 9.5+8.0 ns
ODT (min) 50.1£95.6 40.5+56.9 ns 6.5£14.8 7.5+14.8 ns
lowest Spo, (%) 77.4+9.9 78.6£9.3 ns 86.5+9.9 84.3+8.8 ns

AHI, number of apnea/hypopnea episodes per hour (apnea/hypopnea index); ODT, the total time of 90% oxygen
desaturation (oxygen desaturation time); Spo,, oxygen saturation during sleep; ns, not significant. Paired -tests

compared to PSG.
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Table 2 Comparison of sleep disordered breathing indices among control night and first and second treatment
nights as measured with LT-200.

n=15 AHI (/h) ODT (min) lowest Spo, (%)
Natural sleep 29.5+20.9 43.7+£62.1 78.2+9.8
Auto-CPAP therapy night
first night 11.8+11.2% 16.1£23.4 81.1+9.6
second night 3.3+£3.7* 4.2+10.2% 86.0+8.1

CPAP, continuous positive airway pressure.
*: p<0.05. Analysis of variance with repeated measures compared to control night.

Table 3 Comparison of AHI among the supine, right, and left
lateral positions as measured with LT-200.

n=18 AHI (/h)
Supine position 34.2x15.0
Right lateral position 5.7£7.6%
Left lateral position 9.8+£9.4%

*: p<0.05. Analysis of variance with repeated measures com-
pared to supine position.

night of therapy than on the first.
AHI was lower in the lateral sleep position than in the supine position (right lateral position:
5.7£7.6/h, left lateral position: 9.8+9.4/h; vs supine position: 34.2+15.0/h, p<0.05) (Table 3).

DISCUSSION

AHI, ODT, and lowest Spo, values did not differ significantly between PSG and the LT-200
on the control and therapy nights. AHI, ODT, and lowest Spo, recorded with the LT-200 tended
to improve on the second night of therapy compared with the first night. AHI and lowest Spo,
values obtained using the LT-200 showed a high level of agreement with those obtained by
PSG. AHI values were significantly lower in the right and left lateral sleep positions than that
in the supine position. Our findings suggest that the LT-200 can be used to assess the severity
of OSAS as well as the efficacy of auto-CPAP therapy or body position.

In patients suspected of having sleep breathing disorders, previous studies have focused on
the screening method instead of the full PSG in sleep laboratories.'®!) The utility of home sleep
recording for the follow-up of CPAP therapy has not yet been systematically studied. Sleep
apnea recurs soon after the cessation of CPAP in many patients, indicating that CPAP does not
provide a cure. Among those patients who can be successfully weaned from CPAP, the most
likely reason is weight loss.'> Accordingly, it is important to reevaluate OSAS severity and the
efficacy of CPAP therapy during the follow-up. However, recording and analyzing PSG data
involve considerable time and expense, which limits the application of PSG. In this study, we
found that the LT-200 could be used to appraise the severity of OSAS and also the efficacy
of auto-CPAP therapy, and hence may prove clinically useful for both home screening and the
reassessment of OSAS severity during follow-up of CPAP therapy.
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Body position shifting during sleep is recognized as a simple treatment for OSAS,'®!” espe-
cially for nonobese sleep apnea patients.'® Additionally, body position shifting is effective for
patients with a narrow site or those with mild upper-airway obstruction.'® Body shifting during
sleep is an alternative treatment for patients who cannot tolerate CPAP. This study showed that
AHI was significantly lower in the right and left lateral positions than in the supine position.
We therefore suggest that evaluating the body position during sleep is important even after the
initiation of treatment in patients with OSAS.

The LT-200 has been recognized as a useful tool in the diagnosis of OSAS.'® In this study,
we did not simultaneously perform PSG and screening using the LT-200 on either the night of
the diagnosis or on the follow-up night, since this would have affected the quality of sleep and
the severity of OSAS due to the large number of attached electrodes.

Portable monitoring cannot provide information on total sleep time and sleep structure, which
results in an underestimation of AHL'® Furthermore, it is impossible to simultaneously evaluate
the use of auto-CPAP and respiratory events obtained by LT-200.

In summary, we found that the LT-200 provides reliable and important information about the
severity of OSAS as well as the efficacy of auto-CPAP therapy or body position during unat-
tended conditions in the home. The LT-200 may be of practical use for home screening and for
monitoring variations in OSAS severity during follow-up of CPAP therapy in OSAS patients.

REFERENCES

1) Sanders, M.H.: Sleep breathing disorders. In Principals and Practice of Sleep Medicine, edited by Kryger
M.H., Roth T., Dement W.C., pp. 969-1156 (2005), Elsevier Saunders, Philadelphia.

2) Veale, D., Poussin, G., Benes, F., Pepin, J.L. and Levy, P.: Identification of quality of life concerns of
patients with obstructive sleep apnoea at the time of initiation of continuous positive airway pressure: a
discourse analysis. Qual. Life Res., 11, 389-399 (2002).

3) Akashiba, T., Kawahara, S., Akahoshi, T., Omori, C., Saito, O., Majima, T. and Horie, T.: Relationship
between quality life and mood or depression in patients with severe obstructive sleep apnea syndrome.
Chest, 122, 861-865 (2002).

4) Sullivan, C.E., Issa, F.G., Berthon-Jones, M. and Eves, L.: Reversal of obstructive sleep apnoea by continu-
ous positive airway pressure applied through the nares. Lancet, 18, 862-865 (1981).

5) Jenkinson, C., Davies, R.J.O., Mullins, R. and Stradling, J.R.: Comparison of therapeutic and subtherapeutic
nasal continuous positive airway pressure for obstructive sleep apnoea: a randomised prospective parallel
trial. Lancet, 353, 2100-2105 (1999).

6) Sugiura, T., Noda, A., Nakata, S., Yasuda, Y., Soga, T., Miyata, S., Nakai, S. and Koike, Y.: Influence of
nasal resistance on initial acceptance of continuous positive airway pressure in treatment for obstructive
sleep apnea syndrome. Respiration, DOIL: 10.1159/000089836 in press (20006).

7) Nakata, S., Noda, A., Yagi, H., Yanagi, E., Mimura, T., Okada, T., Misawa, H. and Nakashima, T.: Nasal
resistance for determinant factor of nasal surgery in CPAP failure patients with obstructive sleep apnea
syndrome. Rhinology, 43, 296-299 (2005).

8) Hoy, C.J., Vennelle, M., Kingshott, R.N., Engleman, H.M. and Douglas, N.J.: Can intensive support improve
continuous positive airway pressure use in patients with the sleep apnea/hypopnea symdrome? Am. J. Respir.
Crit. Care Med., 159, 1096-1100 (1999).

9) Kushida, C.A., Littner, M.R., Morgenthaler, T., Alessi, C.A., Bailey, D., Coleman, Jr. J., Friedman, L.,
Hirshkowitz, M., Kapnen, S., Kramer, M., Lee-Chiong, T., Loube, D.L., Owens, J., Pancer, J.P. and Wise,
M.: Practice parameters for the indications for polysomnography and related procedures: An update for
2005. Sleep, 28, 499-521 (2005).

10) Whittle, A.T., Finch, S.P,, Mortimore, I.L., Mackay, T.W. and Douglas, N.J.: Use of home studies for
diagnosis of the sleep apnea/hypopnea syndrome. Thorax, 52, 1068-1073 (1997).

11) Coppola, M. and Lawee, M.: Management of obstructive sleep apnea syndrome in the home. Chest, 104,
19-25 (1993).

12) Rechtschaffen, A. and Kales, A.: A manual of standardized techniques and scoring system for sleep stages



13)

14)

15)

16)
17)

18)

43
PORTABLE DEVICE FOR FOLLOW-UP OF OSAS

of human subjects. Brain Information Service and Brain Research Institute, Los Angeles, CA (1968).
Konishi, M., Nagoh, T., Oohashi, M., Hiroyasu, K., Mizutani, M., Takemoto, S. and Hasegawa, A.: Simple
polysomnography measuring apnea hypopnea index in obstructive sleep apnea. Jpn. J. Oral Diagn. Oral
Med., 17, 32-37 (2004).

Bland, J.M. and Altman, D.G.: Statistical methods for assessing agreement between two methods of clinical
measurement. Lancet, 1, 307-310 (1986).

Noseda, A., Kempenaer, C., Kerkhofs, M., Houben, J.J. and Linkowski, P.: Sleep apnea after 1 year
domiciliary nasal-continuous positive airway pressure and attempted weight reduction: potential for weaning
from continuous positive airway pressure. Chest, 109, 138-43 (1996).

Cartwright, R.D.: Effect of sleep position on sleep apnea severity. Sleep, 7, 110-114 (1984).

Oksenberg, A., Silverberg, D.S., Arons, E. and Radwan, H.: The sleep supine position has a major effect
on optimal nasal continuous positive airway pressure: relationship with rapid eye movements and nonrapid
eye movements sleep, body mass index, respiratory disturbance index, and age. Chest, 116, 1000-1006
(1999).

Ninae, V., Art, G., Dachy, B. and Sergysels, R.: Polysomnography in the home (abstract). Am. J. Respir.
Crit. Care Med., 149, A52 (1994).



