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B ABSTRACT

Digital polysomnography was developed to overcome the limitations of Rechtschaffen and Kales rule and to compensate the
shortcomings of paper polysomnography. It enables easy access to and secure preservation of sleep records, and provides various
displays of sleep data to enhance efficiency of visual scoring of sleep records. Rechtschaffen and Kales rule had been criticized for
its ambiguity and lack of considerations in spatial information of EEG. As sleep records are acquired and processed in digital mode,
they can be analyzed at microscopic and macroscopic levels. Digital analysis of sleep records provides the basis for development
of new sleep measures. Sleep staging in digital polysomnography is based on the various analyses of EEG. Sleep apnea, hypo-
pnea and periodic limb movement are detected automatically by digital analysis of respiratory signals and leg EMG. Digital poly-
somnography plays a complementary role to visual scoring and compensates the limitations of paper polysomnography. Digital
polysomnography, including acquisition, processing and analysis of sleep records in digital mode, can be a great help in the de-
velopment of sleep medicine, enabling the development of new sleep measures and the exchange of sleep records between sleep
laboratories. Sleep Medicine and Psychophysiology 2004 ; 11(2) : 73-79
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Y. 7154 35A14 WE71E7] (Respiratory induc-

tive plethysmography, RIP)

el A F A4S 24 BaE BAE T2
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Aol Al We] 33 Bt AR SEAH WEAE 20%
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AEEL 50% o1 35 /)5 AAS A At
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0% ol 271 7157k e = Zlolnt. spAnt A

(Cahbratlon)ﬂzl R ATE o] g A S
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2) 7718 A 5%

F71 AR 5ol st = 7158 s HE S (Ame-
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A e s AN FEF S H A 59T & 3l
th33). BA" IS 148 sk 84 33

&3} REES TRY 5 IThE).
(1) 9% A2 R
57k 1409 4% oV HAEAL, 2 9§ 0.1%

A gastel 2% o) Aastls W, Atk Zshe dash
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2aL olgst rEs AT Vs A A e Stk
FHTAF (sleep stage shift) o] EH?_P ARE A Aol
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A7t (total sleep time), 2+ 4

TH7152 "A" #40] R & K A3l
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+ (artifact) ol 2J5t 7]159] e 5 ol 7HA 74 A
7F A = olerg i V150 Abs A Ak 51
T AE7PF AASH HEs 5 AREojof gtk
AL, 2|29 AE B4 A|AES woet 2
ARl FEE = Qlvks Als 7RIy 2o QIzE
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Z R & K 139 AR 552 5 9l AR
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st AEE TR 5 Qo] olgdt Ao E=ge] & Ao
2 7]djgt},

8 B O g V1EY - AsA - e
AL

REererRENCES

1. Rechtschaffen A, Kales A. Manua of Standard Terminology, Te-
chnique and Scoring System for Sleep Stages of Human Subjects
Los Angeles: Brain Information Service/Brain Research Ingtitute,
UCLA;1968.

. Kemp B. A proposal for computer-based deep/wake analysis. J Sleep
Res1993;2:179-185

. Kubicki S, Herrmann WM. The future of computer-assisted investi-
gation of the polysomnogram: deep microstructure. J Clin Neuro-
physiol 1996;13:285-294

. Smith JR. Automated EEG analysis with microcomputers. Med In-
strum 1980;14:319-321

. Bailey JJ, Berson AS, Garson A, Jr., Horan LG, Macfarlane, PW,
Mortara DW, Zywietz C. Recommendations for standardization and
specifications in automated el ectrocardiography: bandwidth and di-
gital Sgnal processing. A report for health professionals by an ad hoc
writing group of the Committee on Electrocardiography and Cardiac
Electrophysiology of the Council on Clinical Cardiology, American
Heart Association. Circulation 1990;81:730-739

. Hasan J. Past and future of computer-ass sted deep analysis and dro-
wsiness assessment. J Clin Neurophysiol 1996;13:295-313

. Kemp B, Varri A, Rosa AC, Nidsen KD, Gade J. A smple format for
exchange of digitized polygraphic recordings. Electroencephalogr
Clin Neurophysiol 1992;82:391-393

. American Electroencephal ographic Sodiety. Guidelines for polygraphic
assessment of deep-related disorders (polysomnography) . J Clin Neu-
rophysiol 1992;9:88-96

. Holler L, Riemer H. Comparison of visual analysis and automatic

deep stage scoring (Oxford Medilog 9000 System) . Eur Neurol 1986;

25 Suppl 2:36-45

Jeong DU. Staging of deep apneics's deep: a comparison of com-

puterized analysis with human scoring. Seoul J med 1993;34:295-

300

Sforza E, Vandi S. Automatic Oxford-Medilog 9200 deep staging

scoring: comparison with visual analysis. J Clin Neurophysiol 1996;

13:227-233

Penzel T, Petzold J. A new method for the classification of subvigil

stages, using the Fourier transform, and its application to deep apnea.

Comput Biol Med 1989;19:7-34

Geering BA, Achermann P, Eggimann F, Borbely AA. Period-am-

plitude analysis and power spectral analysis: a comparison based on

all-night deep EEG recordings. J Sleep Res 1993;2:121-129

Shin HB, Han JH, Jeong DU, Park KS. Automatic detection of stage

1 deep utilizing Smultaneous analyses of EEG spectrum and dow

eye movement. Sleep Med Psychophysiol 2003;10:52-60

10.

11.

12.

13.

14.

20.

21.

22.

23.

24.

26.

27.

28.

29.

30.

31.

32.

33.

34.

79

. Praetorius HM, Bodengtein G, Creutzfeldt OD. Adaptive segmenta-

tion of EEG records: a new approach to automatic EEG analysis.
Electroencephalogr Clin Neurophysiol 1977;42:84-94

. Hasan J, Hirvonen K, Varri A, Hakkinen V, Loula P. Validation of

computer analysed polygraphic patterns during drowsiness and deep
onset. Electroencephalogr Clin Neurophysiol 1993;87:117-127

. Halasz P, Pal |, Rajna P. K-complex formation of the EEG in deep. A

survey and new examinations. Acta Physiol Hung 1985;65:3-35

. Jobert M, Tismer C, Poiseau E, Schulz H. Waveets-a new toal in

deep biosgnal analysis. J Sleep Res 1994;3:223-232

. Jankd WR, Niedermeyer E. Seep spindies J Clin Neurophysol 1985;

2:1-35

Robert C, Guilpin C, Limoge A. Review of neural network applica-
tionsin deep research. J Neurosci Methods 1998;79:187-193
Schaltenbrand N, Lengelle R, Macher JP. Neural network model:
application to automatic analysis of human deep. Comput Biomed
Res1993;26:157-171

Schaltenbrand N, Lengelle R, Toussaint M, Luthringer R, Cardli G,
Jacgmin A, Lainey E, Muzet A, Macher JP. Sleep stage scoring using
the neural network model: comparison between visual and automatic
analysisin normal subjectsand patients. Sleep 1996;19:26-35

Hasan J. Automatic analysis of deep recordings: a critical review.
Ann Clin Res 1985;17:280-287

Martin WB, Johnson LC, Viglione SS, Naitoh P, Joseph RD, Moses
JD. Pattern recognition of EEG-EOG as a technique for al-night
deep stage scoring. Electroencephalogr Clin Neurophysiol 1972;32:
417-427

. Himanen SL, Hasan J. Limitations of Rechtschaffen and Kales. Seep

Med Rev 2000;4:149-167

Hjorth B. EEG analysis based on time domain properties. Electroen-
cephalogr Clin Neurophysiol 1970;29:306-310

Haustein W, Pilcher J, Klink J, Schulz H. Automatic analysis over-
comes limitations of sleep stage scoring. Electroencephalogr Clin
Neurophysiol 1986;64:364-374

Pardey J, Roberts S, Tarassenko L, Stradling J. A new approach to
the analysis of the human deep/wakefulness continuum. J Sleep Res
1996;5:201-210

Korten JB, Haddad GG. Respiratory waveform pattern recognition
using digital techniques. Comput Biol Med 1989;19:207-217
TahaBH, Dempsey JA, Weber SM, Badr MS, Skatrud JB, Young TB,
Jacques AJ, Seow KC. Automated detection and classfication of
deep-disordered breathing from conventional polysomnography data.
Sleep 1997;20:991-1001

Redline S, Sanders M. Hypopnea, a floating metric: implications for
prevalence, morbidity estimates, and case finding. Sleep 1997;20:
1209-1217

The Atlas Task Force. Recording and scoring leg movements. Sleep
1993;16:748-759

Penzel T, Amend G, Meinzer K, Peter JH, von Wichert R MESAM: a
heart rate and snoring recorder for detection of obstructive deep
apnea. Sleep 1990;13:175-182

Raetz SL, Richard CA, Garfinkel A, Harper RM. Dynamic charac-
terigtics of cardiac R-R intervals during deep and waking states. Seep
1991;14:526-533

. American Thoracic Society. Indications and standards for cardiopul-

monary deep studies. Am Rev Respir Dis 1989;139:559-568

Olor
0E
0



