T-700 DESCRIPTION Title of Invention DEVICE FOR CALCULATI NG RESPI RATORY
VAVEFORM | NFORVATI ON AND MEDI CAL | NSTRUMENT USI NG RESPI RATORY WAVEFORM

| NFORMATI ON [ Techni cal Fi el d] The present invention relates to a

device for calculating respiratory waveforminformati on, a device which

eval uates confort level including a quality of sleep, a device for

cal cul ati ng physi ol ogi cal data, a conputer program for calculafpgﬁousing
the respiratory waveforminformation, a conputer programfor eval uating

confort |evel including the#%#ﬁ%é#&f Eqsleep of a subject, a respiratory
assi sting device, a device iﬁ@ chronic cardi ac di seases, a device

for inspection to be used in titration, a bl ood-pressure testing device, a
conmput er program for bl ood pressure test, a pol ysomography testing device
and the like and particularly provides a configuration which enabl es
reliable evaluation of confort [lehedfnmeitioni ng a quality of sleep of a
subject without requiring inpatient tests in a nedical institution by

si mpl i f yDEYIGRFORCALCELATING RESPARATOR YCOWAMBROTNMI INFOHNSAT KON ANID Art ]

MEDICAL INSTRUMENT USING RESPIRATORY WAVEFORM INFORMATION

[ Technical Field]

The present invention relates to a device for calculating respiratory waveform
information, a device which evaluates comfort level including a quality of sleep, a
device for calculating physiological data, a computer program for calculation using the
respiratory waveform information, a computgr program for evaluating comfort level
including the quality of sleep of a subject, a respiratory assisting device, a device for
curing chronic cardiac diseases, a device for inspection to be used in titration, a
blood-pressure testing device, a computer program for blood pressure test, a
polysomnography testing device and the like and particularly provides a configuration
which enables reliable evaluation of comfort level including a quality of sleep of a
subject without requiring inpatient tests in a medical institution by simplifying and

facilitating a prior-art configuration.

[Background Art]

Evaluation of a quality of sleep, which is one of comfort levels of a subject, is
important in diagnosis and medical treatment of various diseases.

Including a period of being awake, sleep of a human includes six stages, that is,

an arousal period, a REM period (Rapid Eye Movement: sleep period during which eye



Eval uation of a quality of sleep, which is one of confort |levels of a
subject, is inportant in diagnosis and nedical treatnent of various

di seases. I ncl udi ng a period of being awake, sleep of a hunan

i ncludes six stages, that is, an arousal period, a REM period (Rapid Eye
Movenent : sl eep period during which eye novenent is found), a NREM
(non-REM period, first stage (inclined sleep initial stage), a NREM
period, second stage (inclined sleep stage), a NREM period, third stage
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general, called a sleep cycle tradian rhythm), and each cycl e includes
a part ofmegeraeslegp stage), W@R&é‘@@?ﬁf%d‘m@ﬂhﬁ%&e pen HeEPREICher i od and t he
NREM period, in which the depth of sleep cyclically (periodically) changes
in each cycl e branehwbsletravgss enicringa deendote fromfangresabpdripde tramsgiomg f r om
a deep sleep state in the sleep initial stage to a light sleep in the

whol e sl efp dleepostetenis ghpeated three cdiey af one nigeedcveicleobei @ Hondinutéc! udi ng
the quality of sleep is evaluated on the basis of whether the cycle of
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whet her cycllc sl eep stage transition is clear ound in each cycle or
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sl eep stage is not found in the sle%gglnltlal stage but to the contrary,
the deep®¥led! dsagingeniih phendsacpleradingly, chapging karmpt deep sleep stateriger e ar e
various di seases that cause obstruction in a good-quality sleep, and in
OSAS ( Oodersipep invibalstagefo apigbisleapnid torreholefstrep exempdight. a t ongue part of a
patient during sleep lowers by a gravitational force and physically bl ocks
an ai rway, whiTlerefosd, nthelesel e8mbii Diohai thaupebtyasfodlspl is anglupied\eant s
entry to a deep sl eep stage.
the basis of whether the cycle of sleep repeated in this ultradian rhythm is clearly found
or in each cycle, whether cyclic sleep stage transition is clearly found in each cycle or
whether the depth of sleep gradually changes from the sleep initial stage to a light end
stage in the whole sleep in one night.
In a sleep with a non-favorable quality, the ultradian rhythm is not clear in the
transition of the sleep state, and there can be a case in which a deep sleep stage is not
found in the sleep initial stage but to the contrary, the deep sleep stage comes in the end
stage, for example.
There are various diseases that cause obstruction in a good-quality sleep, and in
OSAS (Obstructive sleep apnea syndrome), for example, a tongue part of a patient

during sleep lowers by a gravitational force and physically blocks an airway, which

obstructs respiration and causes arousal and prevents entry to a deep sleep stage.



Al so, CSR (Cheyne- Stokes Respiration) considered to be found in

approxi mately 40% of CHF (congestive heart failure) patients al so causes a
drop in the confort level including the quality of sleep. The CSR
is respiration in which after a tidal volune gradually increases from
small respiration, the tidal volume gradually decreases, and respiratory
arrest (apnea for approxinmately 10 to 20 seconds) occurs and then, the
simlar cycle is repeated. A factor to cause occurrence of CSRin the CHF

patients is ungdelst tqry (ge t he
brai n executes reép??gtq$§ 2ﬁ ?wﬁ?SbRﬁﬁ%?ﬁIFF Eﬁﬁﬁ%%g'q rg%aﬂ%gées£ure in
bl ood in_a nor atlent in sensitivity to the
co2 part PRET ’b‘f’g?esl Q%\?ﬁ (I]’]gﬁtf%(?rfg& AT d% “rlegpﬁg[}?ngg aﬂ CRtP O st ate.
However, during sl eep,. thls sensitivity is somewhat recovered and | owered,
and thusCOQHhﬂeg§etqﬂ¥l heuality offesBsure in bl ood rises higher than in
arousal (that is, apnea), respiration is not started, and the

above- descri be@h€ERRos c@ﬂpisration in whichhteCladydab vSnokesadalpiinatison froynpt om
is often observed in the CHF and is acconpani ed by sl eep di sorder caused

by a noctmslhedspiyia il ikdabiveluardrad@liyalecredste, abdatspinedry BupaXbpnestiet e and
arousal cause an increase in a pulnonary artery pressure and synpathetic

nerve achhptbkinffely 10V séedRdH loeSurk @h& IIRACH: Sl 1a¢ 8l Q& isoréﬁéa%éi prognosi s.
A factor to cause occurrence of CSR in the CHF patients is understood as
follows.
The respiratory center of the brain executes respiratory control by detecting a
CO; partial pressure in blood in a normal time. The CHF patient has high brain
sensitivity to the CO, partial pressure while being awake and is in a hyperventilation
state,
However, during sleep, this sensitivity is somewhat recovered and lowered, and
thus, unless the CO, partial pressure in blood rises higher than in arousal (that is, apnea),
respiration is not started, and the above-described CSR occurs.

The Cheyne-Stokes Respiration symptom 1s often observed in the CHF and is
accompanied by sleep disorder caused by a nocturnal hypoxia state and arousal. The
nocturnal hypoxia state and arousal cause an increase in a pulmonary artery pressure
and sympathetic nerve activities, lowers exercise tolerance and deteriorates prognosis.

As described above, since the comfort fevel including the quality of sleep is
lowered due to various diseases, it is necessary to evaluate the comfort level including
the quality of sleep of a subject and to utilize the result for diagnosis and treatment.

First, a prior-art method of evaluating the comfort level including the quality of

sleep will be described.



As descri bed above, since the confort level including the quality of sleep
is lowered due to various diseases, it is necessary to evaluate the
confort level including the quality of sleep of a subject and to utilize

the result for diagnosis and treatnent. First, a prior-art method
of evaluating the confort level including the quality of sleep will be
descri bed. In the past, in order to evaluate the confort |evel

including the quality of sleep, the followi ng sleep test using a devi ce

called PSG (PO r% rﬂg&%ﬁﬂ@é’ Gto %Oﬁgﬁ'}??ﬁg Eo%fortltlg{feﬁ. 11?0'11%@185 {hgsq;\ {tgsotcf% eg d " PSG’

or "PSG test") een conducte enera Whi ch a

medi cal st itativel al uat th of sle sl e t age),
fr agmont BeoloSpedesdes ke glcsfcaﬁ?%[i5§| G STt St Gy
measur i ngl r espi rato fl ows, snoring sound, oxygen saturation in blood
(Sp02), Blee Wswmélée ‘B 910 MpSyjieatirs hasen pendiiviss n geperehe TheBSGober a

sl eep period of a subject. The nedical staff identifies the sleep
cyclic pasi odwhichmm mcdiaingaffiguantitetivalgicnamates tlar dapth of slex@igitap, stagi)ng t he
measurenent result of the PSG and nmakes eval uations by neans of a nethod

such as &h%xﬁémtﬁiid}ﬁtdfoﬂeép@tpw@ﬂcé he Rolpefeh@iibnandhdt iR NREN D &fdagedidfar om t he
presence of eye novenent and surface el ectronyography. These PSGs are
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exanpl e Al'so, though it fferent fromth Pat ent Docunent
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respiratory suc  RrEsibieck eep stage of

a subject are ted . PSG and the c rrent

sl eep stage i s%ﬁ 1031 ‘$ﬂ ?Yéglﬁg’!:’é? AL F"ldnttkﬁe A8k i on
data in a test not using the PSG Executl on of the PSG is needed for
creat i ngwawferal ferategamble, i usingt ithy caeasyremenhdeepelernti fhiec #8Comndcmaketcy i s
an inportant issue in the work of identification of the sleep stage from
t he neasewvadumgions dgtacans of a methodNexch as disgriinonatiantbetvesehtind BEM pedfiat amlg t o
observation and detection of the Cheyne- Stokesrespiration wll be

descri beghe NREM petiidil frb e tpessbh@noOéyet mevEhay nad Shakascie@fophyoatdpbi, the
above-descri bed PSG has been used in general. That is, the brain waves,

eye noVeqRak pIRSHE dRER5Y fd @¥Sellowing Patent Document 1 and Patent Document 2,
for example.

Also, though it is different from the PSG, Patent Document 3 describes a
method, as indicated in the paragraph 0023, in which respiratory data and motion data
such as roll-over in each sleep stage of a subject are accumulated in advance by using
the PSG and the current sleep stage is identitied only from the respiratory data and the
motion data in a test not using the PSG.  Execution of the PSG is needed for creating
mitial data for identification, and identification accuracy is an important issue in the
work of identification of the sleep stage from the measurement data...

Next, a prior-art technology relating to observation and detection of the
Cheyne-Stokes respiration will be -described.

In the detection of the Chéyne—Stokes respiration, the above-described PSG has

been used in general. That is, the brain waves, eye movement, respiratory flows,



ventilation notion by thoracoabdom nal novenent, arterial oxygen
saturation, electrocardiogram (including heart rate) and the |ike are
measured during the sleep period at night using PSG and if gradual

i ncrease and gradual decrease of respiratory flows and respiratory efforts
are found to occur repeatedly during the NREMsleep 1 to 2 (light sleep)
fromthe neasurenent result report, the nedical staff makes a di agnosis

t hat occurrence of the Cheyne- St okes respi ration i s suspect ed or the Ilike.

\év{; h nfa h gt %Eﬁﬁ%%emggm Sl%mlofaclf.%ol i er_lrn% Ve ﬁaﬁeﬁeﬁ%\ﬁgé% dﬁtm‘% o gi cal

es respiration imte
|nformat| on noni.torin Vi C t h whi rredl cal st n observe the
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measurenent result of an autonomc nerve alternation state on the basis of
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flows and respiratory efforts (ventilation notion), and the configuration
i s di scl fewdandreBpaoty dibcismenfoudd to occur rdﬂamdbrrd,uringﬁsad\m]il\/bsleml fo
techni cal configurations for detecting the Cheyne-Stokes respiration are
al | used2 glgh stebg} fréhehdBeasutdmai aéulabset, Viesm@liya saloghlesla dainasiand
detects the Cheyne-Stokes respiration. That is, though the Cheyne- Stokes
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Pat ent Docunent cUrrent apanese

respiration, Teijin Limited has proposed a biological information monitoring device
with which a medical staff can observe the Cheyne-Stokes respiration symptom from an
analysis result of the measurement result of an autonomic nerve alternation state on the
basis of heart-rate alternation analysis and the measurement results of respiratory flows
and respiratory efforts (ventilation motion), and the configuration is disclosed in Patent
Document 4.

However, these prior-art technical configurations for detecting the
Cheyne-Stokes respiration are all used such that the medical staff observes
physiological data and detects the Cheyne-Stokes respiration. That is, though the
Cheyne-Stokes respiration is recognized as an important risk factor in chronic heart
failure, a configuration of automatically detecting occurrence of the Cheyne-Stokes

respiration has not been proposed up to now.

{ Citation List]
Patent Document

Patent Document 1: Japanese Patent No. 2950038



Pat ent Docunent 2: Japanese Unexam ned Patent Application Publication No.
2004- 305258 Pat ent Docunent 3: Japanese Unexam ned Patent
Application Publication No. 2008-301951 Pat ent Docunent 4: Japanese
Unexam ned Patent Application Publication No. 2004-283194 [ Summary of

I nvention] [Technical Problem Since the PSG descri bed above

requi res neasurenent of brain waves, the size of a device for PSGin use
is large and needs to be installed in a nedical institution and al so,

since high-lev éte%é&l'ﬁlle% GO ixglgl%eidrl’ g‘ntt %&)h ﬁgqq}onq;ub%gat?olneﬁg rode
na 1

op . is. r
for detecting brain maves{?bﬂ?aéﬁ%jec , o a pr5$e55|8 engineer perforns
t he attﬁgggFgggﬁgrk and the subject to which the el ectrode was attached
cannot “easrPy. Thus, to take the PSG a subject needs to be
hospitalized in a dedicated nedical institution or a dedi cated test
facility cal | eBatentdaprument di {apaness dfrestamencdfPatont dwplieationdtdlicyigpoiNght s
(the first night for PSG test and the second night for determ nation of
prescri po@3fixsitreatnent) and take tests in such nedical institutions in
many cases. The PSG which is a test requiring overni ght stay, needs

hospi t al i zat i opat3RADEERAL Al Jpansk @mam@&@ﬁm@?mtmmmc@tm K8S
including a brain wave testing division and mani pul ati on by professional

engi neer gp0L20gk lius, a probl em of increasing testing cost cannot be

sol ved. Al'so, with the technol ogy disclosed in Patent Docunent 3,
execution of the PSGis required for creating initial data for
identification, and the work in which the

[Summary of Invention]
[Technical Problem]

Since the PSG described above requires measurement of brain waves, the size
of a device for PSG in use is large and needs to be installed in a medical institution and
also, since high-level manipulation is required in attachment of an electrode for
detecting brain waves to a subject, a professional engineer performs the attachment
work and the subject to which the electrode was attached cannot move easily.

Thus, to take the PSG a subject needs to be hospitalized in a dedicated medical
institution or a dedicated test facility called sleep lab with a schedule of three days and
two nights (the first night for PSG test and the second night for determination of
prescription for treatment) and take tests in such medical institutions in many cases.
The PSG, which is a test requiring overnight stay, needs hospitalization and preparation
of sophisticated/complicated devices including a brain wave testing division and
manipulation by professional engineers, and thus, a problem of increasing testing cost
cannot be solved.

Also, with the technology disclosed in Patent Document 3, execution of the

PSG is required for creating initial data for identification, and the work in which the



device automatically executes identification of the sleep stage fromthe
nmeasurenent data has a problemof validity and accuracy of the

identification algorithm Moreover, if arrhythma that is
frequently found in CHF patients is included in the data, accurate
evaluation is difficult. Furthernore, there has been a technica

problemthat a work of identifying a peak from observation of an
el ectrocardi ogram wavef orm by a professional engineer is needed and
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a nmedical institution [s necessary. ., AL.so,.in th rior-art

t echnol offit® ?S%PE%EW?@tW%QFBﬁm$W3 9¥Wﬁ¥@ﬂ%WQ§hﬁ@?§¥?“ observe a
confort level including the quality of sle%p and occurrence of the Cheyne-
St okes respi r aMiosae vl ﬁgmhwhmw thiids Fagpentlyriopn wi GHE grdeits rivelndes! ionl vy
fromthe respiratory flow waveforns, which is inportant physiol ogical data
of a subfheciata, accaltaepvadratengodiffigui at i on of automatic eval uati on or
automatic extraction of themis not disclosed at all. The present

i nvention was FatRribrey IRYe Bhis boa aRRURIcE! FobIEL AAC B SvARGfhidmti@inghj ect to
provide a device to be used for evaluating the confort |evel including the

quality péaklsﬂcﬁﬁ Rbk& ARl afﬁrgiecﬂowmyog%ﬂl%&fo&ﬁ%y a|§ %ﬂﬁ‘eési&ﬁélt ér%'ﬂ{eelt gsts and

by using only the respiratory waveforns and for calculating the

respirator veaf inforpatign to be used in det i ng the eyne- St okes
L?eeﬁecy\ga/arzrl% t %{a%melgeo an S(I;tgode ol}aﬁ'xle%s&r? en? (%rcrghgr e?t]é({?éx{qf am o ng

respiration’s M a devl ce eva € Cco
the quality, of sleep, gﬁ ice for cal cul ati ng physiol ogi cal data, a
conput er’ ?'/’6%% é?ﬁufa(‘}g’ %“gl ﬁ%t?"(ﬁ‘nﬁ’ﬂﬁ’ fi&q Wh@grae %‘i“}gaf’%‘g‘g‘)e %@e‘?ﬂﬁ‘?‘ﬁ?l
information, a conmputer programfor evaluating the confort |evel including
t he qual MeWtUEEN L neeessal. t he subj ect, a respiratory assisting device, a
device for treating chronic cardiac diseases, a testing device used for a
titrati on wor kAlse, inltbodripr®@s sachaologiss, i angpnfiguiatien imwbohpuhatica) stadl am f or
conducting a blood pressure test, and a pol ysommography testing devi ce.

observe a comfort level including the quality of sleep and occurrence of the

Cheyne-Stokes respiration directly on the basis of physiological grounds only from the

respiratory flow waveforms, which is important physiological data of a subject in sleep

or a configuration of automatic evaluation or automatic extraction of them is not

disclosed at all.

The present invention was made in view of the above circumstances and has an

object to provide a device to be used for evaluating the comfort level including the

quality of sleep reliably and simply without requiring inpatient tests and by using only

the respiratory waveforms and for calculating the respiratory waveform information to

be used in detecting the Cheyne-Stokes respiration symptom, a device for evaluating the

comfort level including the quality of sleep, a device for calculating physiological data,

a computer program for calculation by using the respiratory waveform information, a

computer program for evaluating the comfort level including the quality of sleep of the

subject, a respiratory assisting device, a device for treating chronic cardiac diseases, a



[ Solution to Problem The present invention provides, in order to
sol ve the above problens, a device for calculating respiratory waveform
information described in 1) to 42) below, a device for evaluating the
confort level including the quality of sleep, a device for calculating
physi ol ogi cal data, a conmputer programfor calculation by using the
respiratory waveforminformati on, a conputer program for evaluating the
confort level including the quality of sleep of the subject, a respiratory
assistin evi evice.for tr in roni.c c ja¢. di sea

fosti ng B0 B ks ol 30 yirtiont PERE D PSOI  sa R leike B8 ey ce.
a conputer program for, conducting a bl ood pressure test, and.a.

pol ysomﬂgsgﬁaﬁ%rtc@g%}%ga cprosture test, ang) £ polyeprnograpBy testipe dres ng
respiratory waveforminformation, conprising (1) neasuring means which
measures a change in a respiratory flow of a subject for a predeterm ned
measur enment period including sleep; (2) calculating nmeans which perforns
cal cul at iSefutionab Pdibdgm} he foll owing steps Ato Cwith respect to the
wavef orm of the respiratory flow neasured by the neasuring neans; and (3)
out put means Vihhehre@xne tiveaSoprdvaRs] indiilerab sBVEGRSSH0VE pabbleths Rl @ice
printing or sending to the outside the device of information of a

cal cul at fPr,LaRHhE re%?ir&tklh%v@%f?ﬁfn ’hﬁ@nﬁzﬁi&fﬁeﬁéﬁiﬂéﬁ iH‘iZ)E}?i%)qbelow,_ a ?ﬁ&p A A

step of creating a frequency spectrum at each tine uent’i a

executing w ndow Fourier. transtorm.wt.h a dis ced start .point gt a

o edot er fr AR P Coflat |ERT RIS U Rafbidt 680 et P iingd or
wavef orns; . ) Step B:. A step of creating an index indicatin

regul ar i REysirogical odgir at E@rymef% PEOERMY R gasljﬂ@ Q0 {5y P#BE FHEr e8P AP dow
time at the respective tines; and Step C. A step of creating the
wavef or nWeysfermriniporationd h camphtsr pregapdenevatmgahe romfst loveleinckdinghe
information of the calculation result. 2) A device for calculating
respi r at the yquabiwed fosleapi off the rsabject) 2 respitorgiasgjstiilk) davikas ardemge rfeatrsatidyi ch
measures a change in a respiratory flow of a subject for a predeterm ned

measur eng@itbnip&atdist disédse§ad €dgtind idagicomsas fvhd eikafiel Hornt BRbE Pradsien
including the following steps Ato Cwith respect to the waveform of the
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whi ch execut'es at | east any of processing of display, printing or sending

to the %gg%%%%Fﬁgﬂ%lﬁégﬁg?ggmgf information of a calculation result

cal cul at cu 'ng ‘mans.

1) A device for calculating respiratory waveform information, comprising (1)
measuring means which measures a change in a respiratory flow of a subject for a
predetermined measurement period including sleep; (2) calculating means which
performs calculation including the following steps A to C with respect to the waveform
of the respiratory flow measured by the measuring means; and (3) output means which
executes at least any of processing of display, printing or sending to the outside the
device of information of a calculation result calculated by the calculating means:

Step A: A step of creating a frequency spectrum at each time by sequentially
executing window Fourier transform with a displaced start point at a predetennjned

displacement time interval with respect to the respiratory waveforms;



Step A© A step of creating a frequency spectrum at each tine by
sequentially executing wi ndow Fourier transformwth a displaced start
point at a predeterm ned displacenent tine interval with respect to the

respiratory wavef or ns; Step B: A step of creating an index
indicating regularity of a respiratory cycle of the subject in the Fourier
w ndow tine at the respective tines; and Step C. A step of

creating the waveforminfornmation indicating a tenporal change of the

for cal cul at! g Sop Pt 8F v R FE il B Pk SR ity o agpiraly 8 5 ©°

for calculating respir waverormin 2),
wh int i ndex .i pdicat.i ng.th | arit f th i rat le i
cont i gurdesihs i B TRAHFT Y EHES BROBRT FoleRe dnEe ditlar d devt at fon of

respiratory frequency variation in a certain period. . 4) The device
for cal cul ati nyep é:spgrséﬁtlib?@cwa‘%}@& sheananelorraniosmades ddigdiag inteamerdf 1) to
3), further conprising a step of creating at |east any of information of
(a) a weshehge of tha dideatas thy iaformapon af the lsakeglatiof tgsule naxi num val ue; (c) an
average value; and (d) tinme fromstart of sleep to tinme when the maxi num
val ue i s reachydA devichdomesi@rlatiiy tekpirackyawavdiyrinh infbimedtiad e cormpridide (MWavef or m
i ndi cating tenporal change of the index indicating regularity of the

respi rat QENuEUE | feam® WIERHIBREIRS aOfhaBied G5 YW fesPifatdifenoR| dTul 48R for a 5)
A device for calculating respiratory waveform information, wherein an
operatio I I i I i y of 1)

to sy | SsBahd el b RS RAS, 1) IE AR, e i BLGRE Llullbon”
operati an rfo d by. the cal cul ating nmeans i.n (2) .and e out.put means
"Pel5) | daeBieale e Terty A b iRt B HEavElian b SR vaver or m
anal yzi ng device on the basis of the waveformrecorded in the respiratory
wavef or nil¢we deagineg bydhe measuring meg)s; apd (Hetutpd mesns odiduexeenisy at B8y rat ory
wavef orminformation described in 5), wherein the information of the

respi r atanyy ofvgvafesying o obspday prmtingeor ssplingtiorthe wasatfeooithe devide mg net er
is transmtted to the respiratory waveform anal yzi ng device via a

r ecor di ngforediiooDi cacwlaigniglatilanatedbl the calculating mans:

Step A: A step of creating a frequency spectrum at each time by sequentially
executing window Fourier transform with a displaced start point at a predetermined
displacement time interval with respect to the respiratory waveforms;

Step B: A step of creating an index indicating regularity of a respiratory cycle
of the subject in the Fourier window time at the respective times; and

Step C. A step of creating the waveform information indicating a temporal
change of the index as the information of the calculation result.

3) The device for calculating respiratory waveform information described in 1)
or 2), wherein the index indicating the regularity of the respiratory cycle is configured
as a value in inverse proportion to a standard deviation of respiratory frequency
variation in a certain period.

4) The device for calculating respiratory waveform information described in

any of 1) to 3), further comprising a step of creating at least any of information of (a) a



7) A device for evaluating a confort level including the quality of sleep,
conprising (1) neasuring neans whi ch nmeasures a change in a respiratory
flow of a subject for a predeterm ned nmeasurenent period including sleep;
(2) calculating neans which perforns cal culation including the foll ow ng
steps Ato Cwth respect to the waveformof the respiratory fl ow neasured
by the neasuring neans; and (3) evaluating neans whi ch makes eval uati on of
the confort level including the quality of sleep on the basis of the size

of a nu . f [ - an
aver age VAot iRl 1nBRH A ETD) Bimpfhuh RIS Tl Buttie (Rl

maxi num v Ls reached o ower .of ultradian rhythmincluded ip the
et o MRhG % T AT ShBnTo LR e oL, TR Ha S SPCRG PEY ar i ¢y
of the respiratory cycle obtained by the cal culating nmeans: Step A
A step oPowereftulingdizn fh@ﬂéﬁ‘é@@p’@dﬁ@ witveform dedicatingdemporgbefipage ohthoy
executing wi ndow Fourier transformwth a displaced start point at a

pr edet er mdere dndi¢asimgaregniernity of e raspeatosi cydlt las neepeationt of thresulespilrat ory
wavef or s; Step B: A step of creating an index indicating

regul ari galcuddtiocn. respiratory cycle of the subject in the Fourier w ndow
tinme at the respective tines; and Step C. A step of creating the

wavef orm i nf or gyl QevitghC hlciErife trléétﬂi}‘a{(ﬁ‘& &Mﬂg@ HotRBionNdeerds dahe

information of 'the calculation result. A device’ for eval uating

a conforf |evel includi,ng.th lity of sl wherein an erajy on
perfor mép%él%%h%er%gggr?ﬁﬁhengg%? A %ﬁn‘sd‘%s@ﬂag%célblgn 19)“?3“3& {Oo‘?'frr%asd by a
respirator vvaﬁ)formr.ecordin ter, and an operation t;é)erformed t?%the
cal cul at P‘?Té“??&é Y § FESPIBYIOnY, aYH{Rrm Seqoringniates pif fpPeiaden PHEmed is

performed by a respiratory waveform anal yzi ng device on the basis of the
wavef or mhesalsplabiag opeaps & z?és?\pﬁrthﬁ @W%@@@f%ﬂ%ﬂ easeribfdng amptadrl) to 4) is 9)
The device for evaluating a confort level including the quality of sleep
descr i beperfamg)l ,bywh eespiratorh evaiveioon remalyamgodevideeorr tephasit afi the wearefoomm
recorded in the respiratory waveformrecording neter is transmtted to the

r espi r at geyrded wethe respaariny #lanefofa YeediMg eeterr €cor di ng medi um or a
comuni cati on path 10) A device for cal cul ati ng physi ol ogi cal

data, conpri Si@grlﬁ%%i&aiMdﬁﬁﬁ&g%&ﬁf&t&f?%&ﬁ%mﬁﬂ%%&ﬁ&ﬂ&é@@t‘ibe@%3),°f a
subj ect for a predeterm ned neasurenent period; creating neans which

a ¢ period; creating means u
eacur oo Fe Tt RS ERME SRR okt RiBed Akl Bionta ana

creates data of at oral .change. of the i ndex during the asut enent
wavelorm recording meter is transhitted to the respiratory waveform analyzing device

via a recording medium or a communication path.

'7) A device for evaluating a comfort level including the quality of sleep,
comprising (1) measuring means which measures a change in a respiratory flow of a
subject for a predetermined measurement period including sleep; (2) Calculating means
which performs calculation including the following steps A to C with respect to the
waveform of the respiratory flow measured by the measuring means; and (3) evaluating
means which makes evaluation of the comfort level including the quality of sleep on the
basis of the size of a numeral value of at least any one of (a) a maximum value; (b) an
average value; and (c) time from start of the sleep to time when the maximum value is

reached of power of ultradian rhythm included in the waveform indicating the temporal
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peri od; and output neans whi ch executes output processing of at |east any
one of display, printing or sending to the outside of the device of the
created data. 11) A device for cal cul ati ng physi ol ogi cal data,
wherein that an operation performed by the measuring neans described in
10) is perfornmed by a physiol ogical data recording neter and an operation
performed by the creating neans and the output neans described in 10) is
performed by a physiol ogi cal data anal yzi ng device on the basis of the
wavef or r i h SO i - ' ; 12)
The dev irr%::ﬁea%%gr&ﬁ%f cu(ileé{t ?1%&%‘% slllegﬁfdaglﬁ}c gg%hgtrés%%g{soc {%ggeg)ﬁtraﬁ? ,byv\/}l%er ein
the information of the physiological data recorded in the physiol ogical
dat a recﬁﬂ%ﬂﬂﬂﬁh@?ﬂp'is transmitted to the physiol ogical data anal yzi ng
device via a recording nmediumor a _conmuni cation path. . 13) A

devi ce for cal @GP d¥ihgtapeafpireaingrd figaueaey spectifoatneach dine by pesticsiially at

| east (1) neasuring neans which nmeasures a change in a respiratory flow of
a subj ecexecoting windsdre ttennen dnsfes wridne ntispleed cohri peintidi agpredetapyindd?)

cal cul ati ng neans which perfornms cal culation including the follow ng steps
A and B wisplacdresit giaic ihriad evithecegicor 1 ta¢ rdspieato§Spdveirmisy fl ow neasured by

t he nmeasuring neans; and (3) output neans which executes at |east any of

out put processggg ipfA desRirdYoatilf hRtiH G iﬁ&ic§t‘ﬁ{édtie§?laﬁ87 (smreggih?hgﬁcyaie the

device of infornmation of a calculation result calcul"ated b

cal oul 2t} e 108G o the Fourt S (s bR ALagLRALLRG, i T cdUency spectrum

at each tIme Sequentially executrng W ndow Fourier transformwith a

di spl aced star oint at a_predeterm ned_di splacement, tine interval wth
respect to theéthsdfyi ‘%‘a%t‘ajr §F \fErERg the WayRfprm informatipn indicatinesy dempgral
extracting and creating a specific frequency domai n power waveform of the
r espi r at efapge Phihevadexras thg nfgrimapion of the\calcolativa sesaltof t he power in a

8} A device for evaluating a comfort level including the quality of sleep,
wherein an operation performed by the measuring means in (1) described in 7) is
performed by a respiratory waveform recording meter, and an operation performed by
the calculating means in (2) and the output means in (3) described in 7} is performed by
a respiratory waveform analyzing device on the basis of the waveform recorded in the
respiratory waveform recording meter.

9) The device for evaluating a comfort level including the quality of sleep
described in 8), wherein the information of the respiratory waveform recorded in the
respiratory waveform recording meter is transmitted to the respiratory waveform
analyzing device via a recording medium or a communication path.

10) A device for calculating physiological data, comprising measuring means
which measures physiological data of a subject for a predetermined measurement
period; creating means which creates an index at each measurement time indicating
stability of the measured value at each measurement time during the measurement

period and creates data of a temporal change of the index during the measurement

11



specific frequency domai n changing over time, froma frequency spectrum at
each tinme obtained in the Step A as information of the calculation result.
14) The device for calculating respiratory waveform i nfornmati on descri bed
in 13), wherein the specific frequency domain includes a respiratory
frequency of a human body 15) The device for cal cul ating
respiratory waveforminformati on described in 13) or 14), wherein the
speci fic frequency region includes an occurrence frequency of the

Cheyne- S spi.ratory s 0 - 6).  The Vi ce
for caIch%é%?ﬁ%ﬁrﬁg%?hg?%¥§xﬁg%e€%¥ﬁ¥$ﬁﬂggﬁ I?%%Mﬁ%é%Fﬁggﬁ%fﬁyéﬁ§ g 13 to
15), wherein the calculatin ans. further creates and outputs a waveform
obtainedd59ﬂ¥%FF5@gPﬁée uHB%éEEBWﬁﬂBHQHF yice o thspreptetsdatnent perf or med
by the neasuring neans fromthe waveformof the respiratory flow.

17) The devi celg)of\ desticeu fart eaeplpténgp Phytiolpgicoladaitomhetent dhatedni eperalédcr i bed
in any one of 13) to 16), further conprising nmeans for selecting arbitrary
tinme in pédormedshy theemeaspeng aotahis desaibspeacilD) o perégmeddy dphwsiolopoakr
wavef orm subj ected to the out put processing; and neans for further

cr eat i ngd{tAresvadial dfioter i AmNE ek Ao nVWer obmed bﬁ&l@e@eéth% HaRIaht ghd b@GUENCY
domai n power waveformin a neighboring region including the selected tine

and/ or ( ReahdiQEABL 9{11@;‘ iﬁ?@@f(ﬁﬁa&ﬂ%?%ﬂh}%ﬂﬁ&éﬁﬂ {a{lﬁfaﬂﬁz' C&eﬁh&o&ﬁ% region

i ncluding the sel ected as the information o e ‘calculation result.

18) A deyjce I l.cul ating . i ratory .wavief orm i.nf ormati on, wherein an
oper at i oﬁésgseorétg? Wéget%i;mﬁéc%%p i]ﬁgﬂe hﬁlsowc:gel(\é\égpfl%égcc’lréfn%wtecgf 13) to 17) is

performed by a i rator vef orm recqrdi mefer, gnd an qperation
performed by t F@eﬁ% @F@tfgﬁ\é\ﬁﬂﬁ%‘% B! p Cﬁ%@ﬁtﬁesmﬁsmd&meb%ﬂ then any
of 13) to 17) is perfornmed by a respirator wavef orm anal yzi ng devi ce on
t he basi Bfgrmatie ofdhearhysinlagicad daledesardedhia thephysicdesiea) damvetadmemager di ng

et er.
1s transmitted to the physiological data analyzing device via a recording medium or a

communication path.

13) A device for calculating respiratory waveform information, comprising at
least (1) measuring means which measures a change in a respiratory flow of a subject
for a predetermined measurement period including sleep; (2) calculating means which
performs calculation including the following steps A and B with respect to the
waveform of the respiratory flow measured by the measuring means; and (3) output
means which executes at least any of output processing of display, printing or sending to
the outside of the device of information of a calculation result calculated by the
calculating mans:

Step A: A step of creating a frequency spectrum at each time by sequentially
executing window Fourier transform with a displaced start point at a predetermined
displacement time interval with respect to the respiratory waveforms; and

Step B: A step of extracting and creating a specific frequency domain power

waveform of the respiratory flow waveform, which is waveform data of the power in a

12



19) The device for calculating respiratory waveforminformation descri bed
in 18), wherein the information of the respiratory waveformrecorded in
the respiratory waveformrecording nmeter is transmtted to the respiratory
wavef orm anal yzi ng device via a recording nediumor a comuni cati on path.
20) A conputer programfor performng cal culation using respiratory
waveforminformation, conprising (1) a neasurenent step in which nmeasuring
means measures a in a respiratory flow of a subject for a predeterm ned

measur e - DEE | ' ' - _—{ |Gyl at i ' [

cai oul at Vg b ARaby G WBaRUE Bor b iRy LB e Ot
Cwth respect .tq the veformof the respiratory flow neasured by the
neasuren@%@m§%§b&m§£ﬂl¥%§“gﬂﬂﬁﬁpﬁﬁgg@%%guﬂﬁxﬁﬁP -out put means executes at
| east any of processing of display, printing or sending to the outside of
the device of ihfGhhdevigniosfealgulasing ypwiiatry Meyealformdafosmpteredessiibec i

cal cul ati ng mans. Step A: A step of creating a frequency spectrum
at each {13 pwevhoseis dguspadifialfiequaxg domangineiud doavrdspuatoer fréquamsf aranmwiarh a

di spl aced start point at a predeterm ned displacenent tine interval with
respect bedyt he respiratory waveforns; and Step B: A step of
creating an index indicating regularity of a respiratory cycle of the

subject int helﬁ%‘l&é 8&vidd A QMR %srptiﬂaﬁ)q SIRERHNViRokinIES) déRfbed in
Step C. A step of creating the mav%fo minformation indicating a tenporal

change of,{ he j\ndex as..the i.aformation of t.h alculation result.
1) e S3nat o Py e Por s ABheS s Blow SR S0 Gt ellebay of
wavef orm i

in orna%i%E descri bed in 20), .wher ia t he cal cul ati on step
exeout e HEHeYas-SIAKSE FRIPGr SRR BABERGODY st op of or eat i ng
information of at |east any one of (a) a waveformindicating a tenporal
change; (b) a hexThadswed {os;calcelating respietoge waxeioem igfogmadon deseabed 8in st art
of the sleep to tinme when the maxi num value is reached of power of
ul tr adi amny bf/thto 1Hcivbeeh the chleelating efcansriurther cmbtien gnd ngpots mpeaaliforehange
of an index indicating regularity of the respiratory cycle.
obtained by extracting a noise component caused by measurement performed by the
measuring means from the waveform of the respiratory flow.
17) The device for calculating respiratory waveform information described in
any onc of 13) to 16), further comprising means for selecting arbitrary time in the
measurement period from a specific frequency domain power waveform subjected to
the output processing; and means for further creating (A) waveform information which
enlarges the specific frequency domain power waveform in a neighboring region
including the selected time and/or (B) information of the frequency spectrum in the
neighboring region including the selected time as the information of the calculation
result.
18) A device for calculating respiratory waveform information, wherein an
operation performed by measuring means described in any of 13) to 17) is performed by

a respiratory waveform recording meter, and an operation performed by the calculating

means and the output means described in any of 13) to 17) is performed by a respiratory

13



22) A conputer programto be executed for evaluating a confort |evel
including the quality of sleep of a subject, conprising (1) a neasurenent
step in which neasuring nmeans neasures a change in a respiratory fl ow of

t he subject for a predeterm ned nmeasurenment period including sleep; (2) a
calculation step in which cal cul ati ng neans perforns cal cul ati on incl uding
the following steps Ato Cwith respect to the waveform of the respiratory
fl ow measured i n neasurenent step; and (3) an evaluation step in which
eval uati l.uat | | 4. i
quality g/g V%@%Wﬁeﬁﬁgg i@} %@%aﬁ% cgsfiht;lgc‘\g ngrhquEng¥a dv@ﬁ%%%gﬁﬁg@&eeast
any of (%) maxi mum val ue; (b) an average value; and (c) tinme fromstart
of the s @@%b?BI?W SHEHTt he maxi mum val ue i s reached of power of
ultradian rhythmincluded in the waveformindi cating the tenporal change
of an index ind)chig dryiceepulcalcnlajing respiratore swveiarripfosgation dseepetetd by t he
cal cul ati ng step: Step A: A step of creating a frequency spectrum
at each 13yevheyeis débpierdoimadtion @xibe utspagtony meoyefoEmurccerded nanisf maspacatbtyh a

di spl aced start point at a predeterm ned displacenent tine interval with
respect wavdfben r&pdih@ oty Wara@éaitidl to the respirdtb§PwBicfAnsipyzife ddveat i ng an
index indicating regularity of a respiratory cycle of the subject in the
Fouri er whndewdingBndfind e a'cBRRERidaYiSn phtRES: and Step C A step of
creating the waverorminformation indicating a tenporal change of the

i ndex as the ixgfor ion.of the calculation.res . . 2 A
conput er progrfaﬁ f%?éop rq‘t%r rﬁr%%ra%‘alfﬁﬁlpfﬁog%mﬁsicﬁg:h}ag%i P%]{l%rg/es é%/tg orm

i nformation,_ co ising at least (1) a neasurenent step in which nmeasuring
means. meYSHHRET FHRH iCHmaﬂﬁlegrﬁh %WWW)& Bp gfﬁﬁﬁémaswg geans
predet erm ned neasurenent period including sleep; (2) a calculation step

i n whi chmERTUESH &t ithd I9spHEreT B W o FesubisEeior atnresistermaneddneaguiement peiashi ng
steps A and B with respect to the waveformof the respiratory fl ow

measur edinoinditgesleapa$2i @ velonlagoepiep damevhicd) cakoulaingputans tpeforms edbéuddticaut put
means executes at |east any of output processing of display, printing or
sendi ng elvdig 0Kt Bildwingf stefeAdew eathofeshdte té HicowaRifban oPfibarssphauhat i on
result cal cul ated by the cal cul ati ng nans: Step A: A step of

creat i ngngy  hERHRADY BOSdaliiindht &85 hnd '(gﬁxpé/ut?ﬁ%ﬁﬂﬁ' Rhitl ofHEE Hehid

w ndow Fourier transformwth a displaced start point at a predeterm ned
di spl ace i I Y/ it r . he I \ief ; and
Stop o Reapiy ab east i o hrallstie ol HREEY, bitadiiCol SRRl S HMUEL T
power waveform.of the respiratory flqw ef which is waveform data of
D ooy S BB LtlaHesn T eS Y s BlCl B A of t he
followng (A or (B), and/or the extracted waveformof the follow ng (O
froma frequend¥p et shamizreamegr Feqrensy satcHam aneash diseby sequenéaliyat i on

of the calculation result:
executing window Fourier transform with a displaced start point at a predetermined

displacement time interval with respect to the respiratory waveforms; and

Step B: A step of creating an index indicating regularity of a respiratory cycle
of the subject in the Fourier window time at the respective times; and

Step C: A step of creating the waveform information indicating a temporal
change of the index as the information of the calculation result.

21) The computer program for performing calculation using respiratory
waveform information described in 20), wherein the calculation step executes the

calculation, further comprising a step of creating information of at least any one of (a) a
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(A) A frequency band including a respiratory frequency of a body;
(B) A frequency band including a generation frequency of the Cheyne- St okes

respiration of a human body; (© A waveform obtained by extracting
a noi se conponent caused by neasurenent executed in the neasurenent step
fromthe respiratory waveform 24) A respiratory assisting device,

conprising conpressed air feeding neans configured to feed out conpressed
air with a pressure higher than the atnospheric pressure and capabl e of

changi ng F:Ng- ou X 0 1 j ng- out
o1 de of “PRUSHEEIMERIE L SRR e IR TR EOUNGE €5 ah 3ubBe LBREND, C
ot her end t .of 1he duct ans and .attached to a patient .for treaftnent
Por - suppfs B i faisican Featlper B (iRe R O mouDT S8 fGrbrahi ot i ng
devi ce continuously supplying the conpressed air to the patient in a sleep
stat e t hpeweheh Heagian khyrmnigciuded inHae vagplormsindigating the temporyl ¢hapgoef cal

i nformati on obtai ni ng neans whi ch continuously obtains biol ogical

i nf or mat ewmdek ndeatipgtrewrdrity of Weorspitaerg opgde.essed air is supplied; and (2)
control neans which changes and controls the feeding-out pressure of the

conpressed ai r2feedichgpiRansoAnd t6li e ekécfed dorl BRIGM gt Recanmtioldvel evel
including the quality of sleep of the patient by using the biological

i nf or mat iﬂema?{g %Qﬁglit?%f%ﬁ%%ﬁ%f AMIB1e8l RofPRsiRl: o1 OeRdurd iR B lih Whidts

information relati'ng To the respiratory waveform of the patient, and the

control neans. ex es change a control_of th eedi,ng- out, . ure on
Chal bosi HRBMRRE BN InilfRE S, WO 2 ieBlrabP oSe e oot R ©

Cont | nuolHlieHBiEd eesurenent pege) ETGUDE SEepoik haRVHGOBTnAL S ac

di seases, conprising conpressed air feeding neans configured to feed out
conpr essé#cypting)imagny p@gm calchlagine ringlndingt the fllewinsheters Hitedsoritr and
capabl e of changi ng the feeding-out pressure; duct nmeans connected to the
f eedi ng- caspeds ital theokavelimnt ofide aspadtcay flofvemdisngednie ansisumnennetel; amd 40

provi ded on the other end part of the duct neans and attached to a patient
for treaieRiluit@in Suph YWHich thduaipphessetakds evafuatibe ofakd esbfort keedevi ce

bei ng configured to continuously supply the conpressed air to the patient
in a sl egRRiR felgRLRNUT sidep JFRBK bIBADE the sWeldTS mEMFRY Vathd WK at least any
of (a) a maximum value; (b) an average value; and (c) time from start of the sleep to
time when the maximum value is reached of power of ultradian rhythm included in the
waveform indicating the temporal change of an index indicating regularity of the
respiratory cycle obtained by the calculating step:

Step A: A step of creating a frequency spectrum at each time by sequentially
executing window Fourier transform with a displaced start point at a predetermined
displacement time interval with respect to the respiratory waveforms;

Step B: A step of creating an index indicating regularity of a respiratory cycle
of the subject in the Fourier window time at the respective times; and

Step C: A step of creating the waveform information indicating a temporal

change of the index as the information of the calculation result.
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(1) biological information obtaining neans whi ch continuously obtains

bi ol ogi cal information of the patient to whomthe conpressed air is
suppl i ed; and (2) control nmeans which changes and controls the

f eedi ng-out pressure of the conpressed air feeding means to a direction to
i nprove the confort level including the quality of sleep of the patient by
using the biological information obtained as above, in which the

bi ol ogical information is information relating to the respiratory waveform

f th i . - h
of the patientp3ang thepGeNtiBhaPaRs FERHEHESS &J&%ﬁh%naglgmgg?%shgetggt the

f eedi ng-out pressure on the basis of a tenporal change

i ndi cati l.agk ] . respir ry cle of the subject, the . W
respirat g’% yéig%llgfoﬁ%%ﬁuﬁ% Cgrengﬁg@% r?? irle(r%ﬁto 1§ I%ym%aﬁ?rgfrﬁgg?’tep Which Wﬂrﬁ%
devi ce described in 24) or 25), wherein the c npr%sse% air feeding ans
i s confi GIFARY RGSYEE SribdTEEl Py 2 CRSGEOEnBO W otk 7 oTubiek ‘?reécﬁ’rﬁgfitﬁ‘ﬁﬂm essure
so that the pulnmonary ventilation of the treatment patient and/or a
respi r at Blepsireaepiarreipd gpclpdiag slespy (28 it calrarationtstepeinswhich selculating owansai n
guantity set in advance. 27) A device wherein the operation
per f or megdetiyrnish ealbilatioyi inadhding f the nfulloenng Istaps nAngndBanstlofrespidt deshy | bed
in any one of 24) to 26) is perforned by a respiratory waveformrecordi ng
et er andaviforapaiind teppirddSyf wraafiited B tikOMEAsQteniBR®BSp Odnd((3) adl8apat bed in
any one of 24) to 26) is perfornmed by a device for changing/controlling a
f eedi ng- or r bas) f.ct e i

Qb AT GARHT Ut fbnsPBRIC(COfar LIBRL R Jgg@{rjﬁgﬁgg@ggeaggg@raybe din

respiratory waveformtecordi ng neter.

27), wherein the information.of the respirtataor veform recarded in the
Fexpi rat B OCsBlB R A o B8 a7 ER LT BhSrPRN & {SASHREE,
changi ng/ contrql li f eedi ng- out pressure through a recordi ng nedi um or
a connunF%%HF@abﬁéﬂ%@ﬁdﬂmuglngﬁg) A testing device used in a titration
work, conprising a respiratory assisting device provided with conpressed
air feedi ng nedi§d AhAckDf dedeatingta Hoaymnes speFtain aigach ting by seamestiflygher
than the atnospheric pressure, duct means connected to the feeding-out

si de of elwutogprisdeedoaricr freadomy withaa slispdaved resk poinans appreddtcladnan t he
ot her end part of the duct neans and attached to a treatnent patient for
suppl yi ndisblceaeitpinesiativaivith r@sgcbetoniié t@piratoty\Wave@SRist Mdry assisting
devi ce being configured to continuously supply the conpressed air to the

patient thr Ougg‘tehhﬁ %g,g%@ eSS cAe &&e&aﬁﬁgé ﬁfﬁﬁiﬁgﬁ“gﬁﬁ"y’m ?9\%'% a

pressure, wherei cal staff” determ one o

D oot ey OSBRSS Akcch bR R U £) Lo
; 3?? ih;?t %? I%i if%&%o@er%\éisggcslﬁcs %ec?&elfc? dgl%a]%u(i) t g lfcgallJ\a(f)hI;g t(jgfog (rB ?Em 31:[ ’
the extracted waveform of the following (C) from a frequency spectrum at each time
obtained in Step A as information of the calculation result:
(A) A frequency band including a respiratory frequency of a body;
(B) A frequency band including a generation frequency of the Cheyne-Stokes
respiration of a human body;
(C) A waveform obtained by extracting a noise component caused by
measurement executed in the measurement step from the respiratory waveform.

24) A respiratory assisting device, comprising compressed air feeding means

configured to feed out compressed air with a pressure higher than the atmospheric
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detecting neans which continuously detects the respiratory waveform
information of the treatnent patient; cal cul ati ng nmeans whi ch cal cul at es
an index indicating regularity of the respiratory cycle of the patient
fromthe respiratory information; and output neans which perforns at | east
any one of display, printing, and output to the outside so that a tenporal
change of the pressure of the conpressed air and a tenporal change of the
index indicating the regularity of the respiratory cycle can be observed

si mul t aneousl y, 0) A.testi .device used.in a titrati rk,
wher ei n PRSSISS A ePaRie st Aatkibg My B R RRG bl b ebBer B T o) i s
per f or med gy a respiratory waveformrecording ter, and the,qgeration-
per f or metfeBipera sg of Hegdmgesred Al fegting meansy aplimasemsansgaeridphap then 29)
is perforned by a respiratory waveform anal yzi ng device on the basis of

t he wav eﬁ@lﬁmmém? efstie ductmhrans ewbittashed tp W\wi@ﬂbﬁ%nﬂt@mnﬂfon guprdying the

31) The testing device used in a titration work described in 30), wherein
t he i nf ocompresyed ofir toheher@sipht; ahoregpirauaf assinting devide dontindonelyr sapplyiat or y
waveformrecording nmeter is transmtted to the respiratory waveform

anal yzi Nghed@ythsiBssbd a@UEN tiR pARAE Gh RO sEBS istald BrodelC ERNHALE ldafs) Mahé:

32) A bl ood-pressure detecting device, conprising (1) respiratory fl ow
neasurin%nﬁﬁﬁﬂﬁ.mhich nmeasures a change of the respiratory flow of a

subj ect for a Tr st predet er mi ned neasurenent period; (2) calculating

means whi ch peyfo cal cul.ation including the foll.ow ng steps to Cwith
Teapect ot hethabiisehl oiigtatPas B ated Smeiti THelt featniyShhe bl
respiratory flow measuring neans and outputs the result as jnfornation;

(3) bl oo@ﬂé}%& mfewﬁmeofg@awiﬂﬁlﬁgmm thehrerAPTREssd @irels sapRlisdh drdI2)change
of a blood pressure value of the subject for a second predeterm ned

measur enmertirgd endaps] whaeh chgngespandi auitnols ihh deedmg-butt presshiier off thp cenhptessadi ned
period; and (4) output nmeans which perforns at |east any of processing of
di spl ay, aipresdingngemis tvendiragiohaotiiprowt the dendsrt Idvel delidie gk quatty of
information of the outputted calculation result and the information of the

trend of siteormepdtied By vat: MeassiuiRBaVAldialitn ShIARME a5 ABSR!, viRfeit agoar i son
wi th each other: Step A© A'step of creating a frequency spectrum

at each {.i QY e HR AL I i i iLLh a
displace%bg&%%¥ p0|nﬁﬁgﬁégﬁ%re g?%@ﬁ?ﬁ%ﬁ“@?g%%ﬁ@gﬁéﬁéw%ﬁﬁgéf%%g%g% >with
respect to, 1.he respirator vef or ns; t : A step of creating
P ndexehiRcabRRE R TRy Shftel odsonpat of P dbedtie r hRBul of S | 1
the Fourjer window tine at the respective tines; and . Step C A
step of BERt mi§TPRE GRRnee O an e TRACHEE Tegpattatigespikaians sy ele ot Hgnge of
the index as the information of the cal culation result.
subject, the respiratory cycle having been continuously obtamed.

25) A device for treating chronic cardiac diseases, comprising compressed air
feeding means configured to feed out compressed air with a pressure higher than the
atmospheric pressure and capable of changing the feeding-out pressure; duct means
connected to the feeding-out side of the compressed air feeding means; and mask means
provided on the other end part of the duct means and attached to a patient for treatment
for supplying the compressed air to the patient, the device being configured to
continuously supply the compressed air to the patient in a sleep state through the mask

means, further comprising:
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33) The bl ood-pressure testing device described in 32), wherein the first
predet er m ned neasurenent period and/or the second predeterm ned
measurenent period is configured so as to include a period during sleep of
t he subj ect. 34) A bl ood-pressure testing device, wherein the
operation perfornmed by the respiratory flow nmeasuring neans described in
32) or 33) is perforned by a respiratory waveformrecordi ng neter, and/or
t he operation performed by the bl ood-pressure val ue neasuring nmeans is
performed by a . bl pod-pressure val ue, recording nmeter, and the operation

er formed by Ha Bifenieh: Piytaiahe Suih gt p e R0 tussch BBl 52)

or 33) is perfornmed by an anal yzing device on the hasis of the waveform

r ecor dedbipipgigabinfransition 0 e RABCETte MrAonbths camirEessrshady is swplisd; akk val ue
recorded in the bl ood-pressure val ue recording neter. 35) The

bl ood- pr essur e2) estiroignehey ivlgcld ebangepend contB4y thevibedingout peessuné of thet i on of
the respiratory waveformrecorded in the respiratory waveformrecording
met er anelimyredsbé al¥l foatingp freasdifoen Midddtien e tapaee theconffdrtibad drahidiss thee val ue
recording neter is transmtted to the anal yzing device through a recording
medi Um oy fitF MY S8k thifBﬁtb@'-using the biol3ftalAnBHAALPSIRSRL & iRkl Y

devi ce, conprising (1) bl ood-pressure value neasuring neans whi ch neasures
and obt aj ps . VL SUbj - ' | n

obt ai ot hn bR ASHEG R iRl g o WD AGRICRARMANER ¢
tenporal ,change of .the respiratory flow of the subject; cal.culating .
s wHHEPERs GrHiethE AOCHDLUROR® FACIU N ERGS nGw NG 16 dScling o8 C i th
respect to the waveform of the respirator¥ fl ow nmeasured by the

respi r at Beue oW the dusisi olgantsengral phange pl gnt ndemanficativgnigadlasiie af iang
means whi ch creates the obtainnment command if an index indicating

regul ar i teypicdtory cpalpi ofatler subjpet], ethdemspirdteny cyrle Havingl bowi regntmeysly
included in the information cal cul ated by the cal cul ati ng neans exceeds a
t hr eshol gbtyiatdie set in advance: Step A° A step of creating a
frequency spectrum at each tinme by sequentially executing w ndow Fouri er

transformw t @ TS AGLGeseliBéd iP2UNbr 85), avIRFEHhELIMPREA! AP Fapigent
time interval wth respect to the respiratory wavef or ns;

means is configured to automatically change and control the feeding-out pressure so that

the pulmonary ventilation of the treatment patient and/or a respiratory frequency of the
treatment patient gets close to a certain quantity set in advance.

27) A device wherein the operation performed by the biological information
obtaining means of (1) described in any one of 24) to 26) is performed by a respiratory
waveform recording meter and the operation performed by the control means of (2)
described in any one of 24) to 26) is performed by a device for changing/controlling a
feeding-out pressure on the basis of the waveform recorded in the respiratory waveform
recording meter.

28) The device described in 27), wherein the information of the respiratory
waveform recorded in the respiratory waveform recording meter is transmitted to the
device for changing/controlling a feeding-out pressure through a recording medium or a

communication path.
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Step B: A step of creating an index indicating regularity of a respiratory
cycle of the subject in the Fourier window tinme at the respective tines;

and Step C. A step of creating the waveforminformation indicating
a tenporal change of the index as the information of the calculation
result. 37) The bl ood-pressure testing device described in any of

32) to 36), wherein the index indicating the regularity of the respiratory
cycle is configured as a value in inverse proportion to a standard
deviation of respiratory frequency variatign in a certain period..

38) A comput er Brbrurs Saic e di mliFia bt s frBuis patirlefr sihies ng
(1) a step.in which respiratory flow nmeasuring, neans.  neasures a change in
a respi révieyPrsigd orith campessad #ip feed g F@enspwéggt%?dﬁ %‘E&%@%ﬁ?‘gﬁ%nt
period; (2) a step in which calculating neans perforns cal cul ation

i ncl udi nyith e pfesturowighgr $hap sheAatmwsphexict pressusg edict meeanh eomesgtddoiontbef t he
respiratory flow neasured by the respiratory flow neasuring neans; (3) a
step i n fabdiag-oat sige optirsDuiptestBh S ftcdingnmedns, melasiwkateasghavidal af the bl ood
pressure val ue of the subject for a second predeterm ned nmeasurenent

peri od h@llﬁ&“éhd%d?%fﬂﬁ dRt Ghask Whd Rudched td h SeatdicRfl pheiMIfheshppBAdOthe and

(4) a step in i ch output neans perforns at |east any of processing of

di spl ay, Lo . ; ' ; . Che. .
"t or o s BB hilo RNt e BepBbE) diltng) dRASULEE Rhaklifd b
t he chaqgﬁlof t

e neasured bl ood pr.essure val i n de capabl e, of
conpari s tW?‘W?yeé‘('ﬂ??%tt fo Fompressed” air E{Be Ratic y?ﬁ“@ﬁg@ftﬂegp@g? iM% 2 Aequency
spectrum at each tine by sequentially executing w ndow Fourier transform
with a diosslaacRgssert a Byiakle presaire vdwese aisiicl gialglciramsiat {2y nt er val
with respect to the respiratory wavef orns, Step B: A step of
cr eat i ngorenefi (ldlexpressuiecatiangf the golaprésssd oif; @) nebphgeapadieyn of/theegressurehe
subject in the Fourier window tine at the respective tinmes; and

value of the compressed air; and (3) selection from plurality of the respiratory assisting
devices so as to be suitable for the treatment, further comprising:

detecting means which continuously detects the respiratory waveform
information of the treatment patient; calculating means which calculates an index
indicating regularity of the respiratory cycle of the patient from the respiratory
infoi‘mation; and output means which performs at least any one of display, printing, and
output to the outside so that a temporal change of the pressure of the compressed air and
a temporal change of the index indicating the regularity of the respiratory cycle can be
observed simultancously.

30) A testing device used in a titration work, wherein the operation performed
by the detecting means described in 29) is performed by a respiratory waveform
recording meter, and the operation performed by the calculating means and the output

means described in 29) is performed by a respiratory waveform analyzing device on the

basis of the waveform recorded in the respiratory waveform recording meter.
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Step C. A step of creating the waveforminformation indicating a tenporal
change of the index as the information of the calculation result.

39) A conputer programfor performng a blood pressure test of 38),
wherein the index indicating the regularity of the respiratory cycle is
configured as a value in inverse proportion to a standard devi ati on of
respiratory frequency variation in a certain period. 40) A

pol ysomogr aphy testing device conprising neasuring nmeans whi ch neasures a
bl ood pressure ue of a.su ssyre.t stlng
devi ce conpristh a%%ﬁss%%%gﬁ??% q%%&ﬁ%“&ﬂ?ﬁh“ﬂé% Bg(gugﬁ®n 31 “ingle
piece of or a plurality of phyS|oIog|caI data of a subject for a first

pr edet er HiorEpteR 9 theapinmatqrs Wayglormareridedindhe gpirgtony Wasedrm KEgigeans

whi ch conti nuously determ nes whether or not the subject is in a slow wave
sl eep st akteras trewhittad &s theawsritatoty veavsforhanabiasigsdecet theoyghyasicodmgige al

data neasured by the neasuring neans; (3) blood-pressure val ue neasuring
means whirghivfe@silc@smanieitasigeitof the bl ood pressure val ue of the subject
for a second predeternm ned nmeasurenent period having a period matched with

the first predgheranigldl prRasyE e&@éutmgeﬂeﬁ@b 8itdprishlg QU PrbpiFRAYS ki ch

perforns at Ieast any of proceSS|ng of display, printing or sénding to

the out Sin‘éﬁ o txﬁ@an@@%! iflf pia ﬁrQse al %ﬂ%eﬂ@f th%”reﬁzflragﬂg %) 6F 11 %L-P{%rr .

and the 1n tron ange 0 neas Iood pressure value in
a node c able of coqfarlson Wi th ea(g @é L Q_A bl oqd- pressure
testing B REICEENBrd sPERFUrCRyCnt| B s talerlRting, dneans s P}Cﬁg whi ch

nmeasur es and obtains a bl ood pressure val ue of a subject in accordance
with an etedtinremehdinentsdollpwinenteriufitad- MEdngsaast %thee%\:ﬁferén af éfange of

a single piece of or a plurality of physiological data of the subject; (3)
det er nmi niaspiratean fowhinedsusdnby o tsspiratdet Epwi messunhg trhesms @nldrmltpltthehesubj ect
is in a slowwave sleep state at each neasurenent tinme on the basis of the
physi ol ogisaldlasdiatoamatas U3 hidyd-preesuie aatill ihgasiEiag Ihcadl dvhidh odisaiennient
command creating neans which creates the obtai nnent command if the

determ nte?@om%ngﬁbfea BldRBprchdte Vile DFRhE Gibjdct fbMa kB nd! 4% insl eep
state. An oxygen supply deV|ce fof suppl yi ng oxygen gas for

suction R{eaﬂ%%rﬁ rp%%&%%hgt m rﬂaﬁis eé%ﬁh'tﬁé‘fusb@%%fe{eﬂglﬂ%fi dp]e}loﬁj o0t cal

i nformation nean COI’] I NUOuUsS al ns cal

i nformat | f a targe atient t mth as is s ] i.ed; (2
controf - {BaHP W PERTCR LIS dRer GRS b0 R0y T By e o SF P hr RS T
di rection to i nprove the confort |evel of the:patlent QY using the

obt ai nedsedEmedgiteaoutside of thaidewige of the information of the outputte calculatlon result

and the information of the trend of the measured blood pressure value in a mode capable
of comparison with each other:

Step A: A step of creating a frequency spectrum at each time by sequentially
executing window Fourier transform with a displaced start point at a predetermined
displacement time interval with respect to the respiratory waveforms;

Step B: A step of creating an index indicating regularity of a respiratory cycle
of the subject in the Fourier window time at the respective times; and

Step C: A step of creating the waveform information indicating a temporal

change of the index as the information of the calculation result.
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44) The oxygen supply device described in 43), wherein that the biol ogical
information is information relating to a respiratory waveform of the
patient, and the control neans executes control of the supply flow on the
basis of the information of respiratory cycle stability obtained fromthe
information relating to this respiratory waveform 45) The
oxygen supply device described in 44), further conprising respiratory
synchroni zati on neans whi ch executes control of supply of the gas in

oo oh erLaPe BSG Rt GyiRchenf ibiaPRE R, £, MuRpdhtbe HisE i ¢ e

air of the patient, wherein the control means gbtains the information
r el at i ngPEegeeREIMed SHFEFSHICESt vRRFIOto AR/O then seq9ad  Rred¢iermpiaed; | AgRsIreRENt he

sensor. _ 46) The oxygen supply device described in any one of 43)
to 45), wkaedisgonliguppsyasioundedod pertiel duingisteen oy thefsubjeet. f ol | owi ng (A) to
(D) provided inside or outside the device: (A) Means which

separ at es oxyges) Arblvdibpassuranchiiap elaties, whaemxthigepemoos geotbahelbyals:
(B) A high-pressure gas contai ner which conpresses and stores the oxygen

gas and @ispENBHORSWInheakbhtidl fehttadtGErittdtii 3@91 oPB®Y 8pk@Bimed by a resp{rg:br)A
| i qui d oxygen container which stores the |Iiquefied oxygen ‘gas and

ch SChar 98l 3o HAHE S add)o A ULIARGE oS V. AP B A0k hiuc

(D) Piping neans g oné en ecte pre ure gas

container aglucrimtghgle%shl%r peer?onne ﬁ}b g l:?lég %pesssulfg aYuedree\(/:ordemg meter, and the

operation performed by the calculating means and the output means described in 32) or
33) 1s performed by an analyzing device on the basis of the waveform recorded in the
respiratory waveform recording meter and/or the value recorded in the blood-pressure
value recording meter.

35) The blood-pressure testing device described in 34), wherein the
information of the respiratory waveform recorded in the respiratory waveform recording
meter and/or the blood pressure value recqrded in the blood-pressure value recording
meter is transmitted to the analyzing device through a recording mediufn or a
communication path.

36) A blood-pressure testing device, comprising (1) blood-pressure value
measuring means which measures and obtains a blood pressure value of a subject in
accordance with an obtainment command; (2) respiratory flow measuring means which
measures a temporal change of the respiratory flow of the subject; (3) calculating means
which performs calculation including the following steps A to C with respect to the
waveform of the respiratory flow measured by the respiratory flow measuring means;
and (4) obtainment command creating means which creates the obtainment command if

an index indicating regularity of a respiratory cycle described in the following step B
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47) A testing system conprising sensor neans which detects a state of
inspired air and/or expired air of a subject; first creating neans which
creates respiratory waveforminfornmation of the subject on the basis of an
out put signal of the sensor neans; and second creating nmeans which creates
information of respiratory cycle stability fromthe created respiratory
waveform i nformation. 48) A patient nonitoring system conprising
sensor nmeans which detects a state of inspired air and/or expired air of a

"t or et 158 1B Ll el ] BLERARERR O g L et censor

means; second creating nmeans which creates information of respiratory
cycle st %Hi¢ Fett)}nf“?‘@ﬁ??he created respiratory wavefol minformation; and
transm ssi on nmeans and reception nmeans which transmts/receives the
respiratory wabiepdkndisieporiraieating afrequancy eeckragpatr eich ek bequentadly ity

i nformati on through a comuni cati on path. 49) A nedi cal equi pnent
system exaepting wigdeaw Fediieatraedornp et a idiplabd ethri poiat patipeddtantice or a
medi cal institution; and a transm ssion term nal connected to or

i ncor por gisecdriedt Righe TR HRR Wi ROERL the tRFIrdtFWWdVcksihRN ternm nal obtai ni ng
information fromthe nmedi cal equi pnent and transmtting it to a reception
term nal instag

140 B SRBHAYAN ildR ThaibRiEEALG1dtinAo REFiR: Hoh a
conmmuni cati on mggi um St\?\%er efeﬁ the tra‘fnsrr?ltte [ %]?orlr}g%ﬁon nc?lé'lc}gse
respirato veform informati pn obtajphed by detecting the state of
i nspi redOQ%%ﬁ‘?Wd?méf&“PSBng Woﬁ"mFﬁtﬁlﬁé?sipéﬂlveéﬁnetsh asi s of an out put
signal of sensor neans incqrporated in of proyided separately fromthe
medi cal equi pmei§P En/ P PhCEAHAR itBH YEIveloBEpnormaHgn AYErR g & bFrpary!
obtained fromthe respiratory waveforminformation created as above.
50) The olsaige af thedudepras the njermaniod of theidelstilation agultwher ein the transnitted
information further includes operation information of the nedical
equi prent . 37) Theslslbodprdshae atming -ddere delaeihed dnbnyguf 32) wro)caherom
combi ned wi th each other as long as it does not depart fromthe gist for
the presgptinidy aiidaBie the bsankie@ 0s tef rekpitatdPVeBlel ®tbnfigured as a value in
inverse proportion to a standard deviation of respiratory frequency variation in a certain
period.
38) A computer program for performing a blood pressure test, comprising (1) a
step in which respiratory flow measuring means measures a change in a respiratory flow
of a subject for a first predetermined measurement period; (2) a step in which
calculating means performs calculation including the following steps A to C with
respect to the waveform of the respiratory flow measured by the respiratory flow
measuring means; (3) a step in which blood-pressure measuring means measures a
change of a blood pressure value of the subject for a second predetermined
measurement period having a period matched with the first predetermined period; and

(4) a step in which output means performs at least any of processing of display, printing

or sending to the outside of the device of the information of the calculated calculation
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The present invention with the above configuration exerts narked

advant ages of providing a device which cal cul ates respiratory waveform

i nformation used for evaluating a confort level including the quality of
sl eep and detecting the Cheyne-Stokes respiration synptons reliably and
sinply without requiring inpatient test and by using only the respiratory
wavefornms, a device which evaluates a confort level including the quality
of sleep, a device for cal cul ating physiol ogi cal data, a conputer program
for performn al.cul at i on Sin e respiratory waveform.i nformation,
2 omput B AR iR dsrh el PR nE UGS Pt Blor R Al Ry il £ty
of sleep of a subject, a respiratory assisting device, a device for

t r eat men¢arablec compariaritbeachiotissises, a testing device used in a
titration work, a blood-pressure testing device, a conputer programfor a
bl ood pressur eStepst:, A aied of qaitipg onfrogreaph ypactvm atgeadle Vinseby faguiaially

Description of the Draw ngs] Fig. 1 is a configuration diagram of
a sl eep exeltidd wamdosy Foereroftaddianbadihsa displaspistaat poiyt way girederadedr di ng
to the present invention. Fig. 2 is a schematic diagram

i Il ust r agigMdcandt: tiffel iRlef aVRaR tEQR S ThEFBspitatbiyGraveicR@kf or ms measur ement .
Fig. 3 is an exanple of a neasured waveform by using the systemin Fig. 1.

0413 o AT Bl 0 TRESH SH RGP RI<LuS e RBERORT o
PO © ! She el orm diagram Lo expl il 0.8, 07hod, of oreating a nofse
Step C: A step of creating the waveform information indicating a temporal
change of the index as the information of the calculation result.
39) A computer program for performing a blood pressure test of 38), wherein
the index indicating the regularity of the respiratory cycle is configured as a value in
inverse proportion to a standard deviation of respiratory frequency variation in a certain
period.
40) A polysomnography testing device comprising measuring means which
measures a blood pressure value of a subject.
41) A blood-pressure testing device comprising (1) measuring means which
measures a change of a single piece of or a plurality of physiological data of a subject
for a first predetermined measurement period including sleep; (2) determining means
which continuously determines whether or not the subject is in a slow-wave sleep state
at each measurement time on the basis of the physiological data measured by the
measuring means; (3) blood-pressure value measuring means which measures a change
of the blood pressure value of the subject for a second predetermined measurement
period having a period matched with the first predetermined measurement period; and

(4) output means which performs at least any of processing of display, printing or
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Fig. 7 is a waveformdiagramillustrating a tenporal change of a plurality
of indexes created by using the systemin Fig. 1. Fig. 8is a
schematic diagram for explaining a principle for calculating a variable

i ndex by using the systemin Fig. 1. Fig. 9 is a diagramfor

expl aining a typical exanple of good-quality sleep by using a brain-wave
SWA waveform and a tenporal change of a sleep stage. Fig. 10 is a
schemati c diagran1for expl aining a principle of calculating a standard

o 11 Tesdig o BR b GRERE ok BY g Ryl gﬁ?e@%““’gﬁéﬂlﬁ #a

selected tine donaln created by the systemin Fig. 1 Fi g. 5 gﬁgh
i ndex gr BisHnormation pkthe charge ¢fjthe megsyred blgad nrawER WiurpR 3011'10 e
case. Fig. 14 is each index graph of the first case. Fig. 15 is each index
gr aph of ofi dvenfairisen withsech ¢thgr,. 16 i s each i ndex graph of the first case.
Fig. 17 is each index graph of a second case. Fig. 18 is each index graph
of the second £Bs@. bbiod-prdfutes teded denitex cgmpribingf (19 Mdoskpradire aate Fi g.
20 is each index graph of the second case. Fig. 21 is each index graph of
the secopda G@RE mEind -wiiéh nfea®@ed ahd @6tid RBBoR préssliii ¥-0uL a6 8 subject in

accordance with an obtainment command; (2) measuring means which measures a

change of a single piece of or a plurality of physiological data of the subject; (3)

determining means which continuously determines whether or not the subject is in a

slow-wave sleep state at each measurement time on the basis of the physiological data

measured by the measuring means; and (4) obtainment command creating means which

creates the obtainment command if the determining means determines that the subject is

mn the slow-wave sleep state.

43) An oxygen supply device for supplying oxygen gas for suction or oxygen

concentrated gas for suction, comprising (1) biological information obtaining means

which continuously obtains biological information of a target patient to whom the gas is

supplied; and (2) control means which changes and controls a supply flow of the gas in

| a direction to improve the comfort level of the patient by using the obtained biological

information.

44) The oxygen supply device described in 43), wherein that the biological
information is information relating to a respiratory waveform of the patient, and the
control means executes control of the supply flow on the basis of the information of

respiraiory cycle stability obtained from the information relating to this respiratory

waveform.
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Fig. 23 is each index graph of the third case. Fig. 24 is each index graph
of the third case. Fig. 25 is each index graph of the third case. Fig. 26
is each index graph of the third case. Fig. 27 is each index graph of a
fourth case. Fig. 28 is each index graph of the fourth case. Fig. 29 is
each index graph of the fourth case. Fig. 30 is each index graph of the
fourth case. Fig. 31 is each index graph of the fourth case. Fig. 32 is
each index graph of a fifth case. Fig. 33 is each index graph of the fifth

o the presentimEAewaRr sinly e 4eetaud] EULAThReCrrmrute WBEHER of o
sl eep introduci ng device according to the present invention. )
synchronization means which executes control of supply of the gas in accordance with
inspired air of a user on the basis of a signal of a sensor which detects a state of at least
either of inspired air or expired air of the patient, wherein the control means obtains the
information relating to the respiratory waveform on the basis of th@ signal of the sensor.

46) The oxygen supply device described in any one of 43) to 45), wherem a
supply source of the gas is any of the following (A) to (D) provided inside or outside the
device:

(A) Means which separates oxygen in the air and creates the oxygen
concentrated gas;

(B) A high-pressure gas container which compresses and stores the oxygen gas
and discharges it in accordance with an operation;

(C) A liquid oxygen container which stores the liquefied oxygen gas and
discharges it as oxygen gas in accordance with the operation; and

(D) Piping means having one end connected to the high-pressure gas container
and the other end to the oxygen supply device.

47) A testing system, comprising sensor means which detects a state of inspired
air and/or expired air of a subject; first creating means which creates respiratory
waveform information of the subject on the basis of an output signal of the sensor
means; and second creating means which creates information of respiratory cycle
stability from the created respiratory waveform information.

48) A patient monitoring system, comprising sensor means which detects a

state of inspired air and/or expired air of a subject; first creating means which creates

respiratory waveform information of the subject on the basis of an output signal of the
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Fig. 36 is a configuration diagram of a massagi ng device according to the
present invention. Fig. 37 is a configuration diagramof a

bl ood- pressure nmeasurenent system according to the present invention. Fig.
38 is a schematic diagram of a graph outputted by the systemin Fig. 37.
Fig. 39 is an outline device configuration diagramexenplifying a
pressure-vari abl e adsorption type oxygen concentrating device, which is an
enbodi ment of the present i nventi on. Fig. 40 is a diagram

iIIustratin an_ex a nedi cal Wppo temin this enbodi

[Beat Moo ey AT Geptha BEfl il ﬁfates Shoion ot g8 e ir at  on
accordlng @ B.enbodlnen% of .the present ventlon which is a sleep

eval uat | APPSR B qrrated 8ipiatory ave ’é‘ Qif"?“% F?HSPHEF% R4ft%er al so

referred to as this systemor the sleep evaluation system), will be
descr i beandetceptidsy meghe whiehy tztausmllbﬁéreawea:ﬂ@dreaplmmrryrgwavefonn information

and/or the respiratory cycle stability information through a communication path.

49) A medical equipment system, comprising a medical equipment mstalled in
a patient’s home or a medical institution; and a transmission terminal connected to or
incorporated in the medical equipment, the transmission terminal obtaining information
from the medical equipment and transmitting it to a reception terminal installed i a
place away from the medical equipment through a communication medium, wherein the
transmitted information includes respiratory waveform information obtained by
detecting the state of inspired air and/or expired air of the patient on the basis of an
output signal of sensor means incorporated in or provided separately from the medical
equipment and/or information of respiratory cycle stability obtained from the
respiratory waveform information created as above.

50) The medical equipment system described in 49, wherein the transmitted
mformation further includes operation information of the medical equipment.

Each of the above-described configurations can be combined with each other as

long as it does not depart from the gist for the present invention.

[Advantages of the Invention]

The present invention with the above configuration exerts marked advantages
of providing a device which calculates respiratory waveform information used for
evaluating a comfort level including the qualty of sleep and detecting the

Cheyne-Stokes respiration symptoms reliably and simply without requiring inpatient
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A sl eep eval uating device of this enbodi nent has a nmain object to create
and out put waveforminformation on the basis of a respiratory waveform of
a subject so that a nmedical staff nakes a diagnosis on the basis of this
wavef orm i nf ormati on. Al'so, in the follow ng description,

i ncludi ng each variation, a sleep evaluating device as one enbodi nent
specialized in the purpose of analysis of the respiratory waveformis
focused, but technical features and advantages di scl osed here are not

limted [ MF@P#%]BQ %% \}p{he %lu)é% VPJVBI'O%‘H g %iEhE@tw%l% é’%ﬁ%ﬁe@ralr%o

possi bl e To us SIS h SIO|O Ica f a

human bogdy, art fr asure t he resplratory
tever o nier BB His T G PR &4V dOE SRER BTG TSRO biEah 8

enbodi mrent can be also applied to a cycle or anplltude and ot her neasured
val ues oforapuier pEraFamofasgperiimeg fal cvilifélogp‘éxcuwsmg tenfresgliniaty oryelrm hose
applied configurations can be sufficiently understood fromthe description
of this mfdositinen computer progeins for evhiubting thet doeafosiéved inchtdignthemuakiiych t he
physi ol ogi cal data of a subject during sleep is used is the nost inportant
when a spBilecpobf b hebipady refpiditdyhissisting evakis @r dfitebipr tShignt BE chronic
physi ol ogi cal data such as a respiratory waveform when the devi ce nakes

an aUtO”&&HﬁcQ&@%&%thQQmmﬂ!d@@&?u&xﬂ%ﬁhQ%hnﬁBUWBﬂpﬂ§bBBdt mh%N%mk@
automatical l'y controlled by u5|ng the result of the autonatic eval Uati on,

it is on é(f On%GC:();I(Ig) Glfl'l I‘)frl()éaél (3)§ a' &0 . II'GOSEEI'G%;%BOC“ rren SOIEﬁIO%apgi&r It Qe

phyS|oIog|c§} ect” I'n an arous nggdaytlne
or at night, the advantages specific to the present invention illustrated
in each $i¥he embodi ments bel ow can be shown. [ Configuration of sleep
eval uating device on the basis of respiratory wavefornj Thi s

sl eep evaluation system1 is, as illustrated in a configuration diagramin
Fig. 1, provided with a portable respiratory waveform recording neter 2
and a r efdpiafdlescryptiwancditor Pramiagsizi ng devi ce 3. The portable

respiratory waveformrecording neter 2 is a portable device which can
record a respiFigl 0y a\WeMBsaaidn diadrant of § sheplceilabtican §lim bhehddBasiscer | S
typically lent by a nedical institution to a subject so that the subject

can conthgﬁ@g St aREhHaRBINPIdhe pfRaR iR ygvef orm i n one night sleep at
honme and t the device iIs ransported to the nedical institution. For

exanple a bi g i b denark)
cxarpl e 2 DL kg0 37 yhaL TR TN By RN B Phgh gl
eqU|pnean§1thor|zat|on No. 21BOOBZY00123000 managenent medi cal eqU|pnent
cl ass TR SRFaeREBhance and management nedi cal equi prent) enpl oys a
pressure sensor (nasal cannula) for detection of an airflow snoring and
configured to ¥iged s aetxapplegiicmeasigdopreormphgusnbibe systermaig Fighil s

equi pnent may be used. It is needless to say that the recording of
t he respi r at orkigwhisefncaxampieyofrempasufedrwad form by weaf thalsystestin ¥ig lon and
data of the recorded waveform may be recorded in a recording nmedi um such
as a flash menpipys isan@&gnld 6f MinsisurcinvopRfiratby eiiskihanrdstémen Figke. and
transported or transmtted via a comruni cation path to a device which

conducts anal ygikS ¢ e waQBIeRl §ighia 8N ek 1diRek Ud aRiddeot E&fe%ﬁg% noise
communi cati on network, a dedicated communication |ine, a dial-up tel ephone

line andw%@e%o#rﬁ%?hsﬂ@?ﬁe s%/rstel mfﬁg.\/\f.red or wireless.

Fig. 7 is a waveform diagram illustrating a temporal change of a plurality of
indexes created by using the system in Fig. 1.
Fig. 8 is a schematic diagram for explaining a principle for calculating a

variable index by using the system in Fig. 1.
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In order to realize the above functions, the portable respiratory waveform
recording neter 2 has a respiratory airflow sensor 2-1 to be attached to
the skin surface in the vicinity of the nasal cavity of the subject, a
respiratory waveform detection anplification unit 2-2, an A/ D conversion
unit 2-3, a nenory unit 2-4 which records and holds the respiratory
waveformas a digital signal, and an output termnal 2-5 which outputs the
digital respiratory waveformdata fromthe nenory unit t 2-4 to the
out si de. . The_respir r irflo 21 er nal nsor
attached to g, Pdr i EREP bR Paloke EAGRE s bt Do bt Ter S
discrimnates the te ature of a respiratory ai aflowfromthe

e,

t enper at iR dPraiyEaye Bavdpyr and ¢ ferppgyra sleoll SHig&sur es and

detects the tenperature of the respirator airflow so as to neasure
presence and iFiged8iisye s¢hempmsicadipgragniisyexpdaping ;¢ peRcle phicslcelabpeet .

As a configuration for neasuring the respiratory airflow of a subject, a

r esi st angendahddgaatimet dfadciasadyeycld by asimgtthaosystein m g ri.p- shaped nenber due
to a respiratory airflow, a configuration of a wwnd-m || structure using

rotation by theigair sl :@vxanghld beedchkmveRAmiPeeque s Pebigdl dripnintaheldchar mal

sensor as long as presence and intensity of the respiratory airflow can be

det ect €diime domai Ld b Hleahh¥m iH§8: Of @ pressure-sensing respiratory
sensor prug\?i 8Ieng{mv&rtﬁ a %VB%S, pl& yvinylidene fluoride) piezoelectric film

is a prefer ablf1 nﬁje eaﬁ} adgr ess rog é}score whi ch detects respiration.
Mor eover, the T&spr PG ﬁ}l ’bglr'g i ﬁ%? eAtS 1 ati on noti on) of the subject

may be neasured apd. recorded no directly nmeasuring the respiratory
airflow but b 1&9&5@%“‘3@%5’(%&1‘%@% 8t $¥°-ext ensi on of a band wrapped

around the chest or stonmach of the subject by the respiratory notion or by
provi di ng a priégslst seaeniiday sephodihe firskeagat | ai d under the subject.

These various respiratory sensors are attached to a predeterm ned part of
a patient in dfigelsS iseacleindex gtdph of dsplirstadase.y ai rfl ow of the patient or
respiratory efforts (ventilation notion) of the patient, and the nedi cal
institution sl‘mg_lplsgieugl glub;dgﬁf,ﬁoqaﬂletmgt @kéachment nethod in advance to

the patient prior to the test. However, as
Fig. 17 1s each index graph of a second case.
Fig. 18 is each index graph of the second case.
Fig. 19 is each index graph of the second case.
Fig. 20 is each index graph of the second case.
Fig. 21 is each index graph of the second case.
Fig. 22 is each index graph of a third case.
Fig. 23 is each index graph of the third case.
Fig. 24 is each index graph of the third case.
Fig. 25 is each index graph of the third case.
Fig. 26 is each index graph of the third case.
Fig. 27 is each index graph of a fourth case.

Fig. 28 is each index graph of the fourth case.

Fig. 29 is each index graph of the fourth case.
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conpared with attachnment of an el ectrode for neasurenent of

el ectrocardiogramat a specific position on the epiderm s on the chest of
the patient, allowance in the position, direction and the like to attach
the respiratory sensor is larger than the case of a sensor for

el ectrocardiogram and it is easy for a patient or the patient's famly to
attach the sensor in conpliance with the gui dance by the nedica
institution and to obtain a correct neasured val ue. Mor eover, in
recent years, jinstead of.detection.of.a.fespiratory operation by attaching
sonme sensi ng lghg?Fgaqlg@ﬁfggphﬁgﬂgg%ggﬁcﬁghy types of a non-contact
respiratory sensor. have been propgsed whjch emts el ectromagneti c waves to
the subject frid 15?@@&Hﬁ¢ﬁ8§?ﬁﬁ thefAutlEdsEct s the body motion or
respiratory operation of the subject by analyzing reflection waves.

For exanpl e, iMgaldscaskemdex Braphowavdthraaspi rat ory sensor for eval uation”,
which is posted on the World Wde Wb and can be accessed

(http://ww3. o€ig. deisicpchmintibp Lkapkiyod the[#i}h cage.non- cont act respiratory sensor
using mcrowave is disclosed, describing in its configuration, principle,
and advant agesrigs 34 WeakoRfiGir oy GiabriRHb 58 € PAPEdSBet 486k diny @ thepi@eht from a
hi gh-gain directional antenna. The m crowave inpul ses reflected on the
skin surface:9f the subject through the bedding and clothes are received
as a mcro-notion reflection signal by a highly sensitive receiver for a
gate time. By spegifyin det.ection space, by .sharp.antenna directivity
and a di ot ance Bar 1 & CARURGAUIOH, TRER DLASIEY JRFG TGt 450 26F Bl Pon
sensor can be realized wthout being affected by disturbance. A
denonst r BEPEFCHSHVIEORor eval uation has a detection distance of
approximately 2 mand a circle wwth a dianeter of approximtely 60 cm but
an oval det ectFign38us faacenfigurativncdiogram af bemasspging dsaiveascouing toetheby
antenna design.", "since this is a mcrowave m cro-notion sensor accepted
f or obt apimebeng invieatien.r adi 0 st andard not requiring qualification, there is
no problem of obtaining Iicense and the |ike for nerchandi zi ng. The

radi ation el ectipi g7fii @l &)ﬂﬁ?ﬁﬁ@i@htddagiﬁmtcﬁe‘a WloodQreReieOmBh sk QMY & yitSmn ot
nore than the electric field intensity of satellite broadcasting and does

no harm FRALLR 'g 5 Lact detection of the mcro-notion on the
?%ce 3gnq%eﬁﬁ§§£ d?%ﬂ

skin sur out being affected by beddi ngs or clothes,
and no burden s lied to.the subject. By usi ceilin terial such
r e ol aster | bbiEr IR RBerbdid SReR A bRt SR PR evi co
can be installed above the %&}Iin , .and n? psy.chol ogi cal burqen,is applied
to the subj ectFi8As3tolpaite LIRS VSIS lg‘t‘rﬂ\;‘én i REBRo EXURP I HEN c 2 on

met hod, higher sensitivity can be realized without being affected by the
di st ur baprsesuby varpbld ddsprpgionirpaietyger conredliraingritseicanghiches aeerabadimantr ange,
and no mutual interference occurs even if a plurality of devices are

i nst al | edlf the prsentiimvenyidn. Simlarly, Japanese Unexam ned Patent
Application Publication No. 2002-71825, which is a known docunent, and
titled as "hungig ppady desaat ilNgraAR HexEmbRo M GEAWVE \sBpporliyEtdnPERhisa hunan
body detecting device using mcrowave, using a mcrowave as a transm ssion
wave in Lif&isepnes such as in a toilet, a washroom a kitchen, a

bat hroom a shower room and the |ike, conprising a single antenna which
receives the m crowave, detecting nmeans which detects the m crowave

recei ved by the antenna, conparing nmeans whi ch conpares an out put of
change conponent detectin ans with a predeterm ned position, and neans
for det eldigshiylo Pé§é#€@m@¥8ﬁgﬁﬁéﬁﬂﬂ%ﬁﬁlbiological informati on of a human by
a signal fromthe conparing neans, the human body detecting device using a
m crowave deschppgtima isuyghion@cenrding telen emboditnentelnibe presprtdyastignwi t h a
Doppl er sensor which detects Doppler shift of a reflection wave to the

t ransm sehieh,is hiséeep wvahatiad yystah eattho bade vt 8 eespiatogy svaneformvhareindftacr i bed
above,

also referred to as this system or the sleep evaluation system), will be described below

by referring to the attached drawings.
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wherein the signals obtained by the detecting neans and the conparing
means are signals synchronized with pul ses of a human, and the human body
detecting device using a mcrowave descri bed above, wherein the signals
obtai ned by the detecting neans and the conparing neans are signals
synchroni zed with a respiratory operation of a human. Simlarly,
Japanese Unexam ned Patent Application Publication No. 2005-237569, which
is a known docunment and titled as "portabl e neasuring device, health
managenent system an | mna n hod:' . discloses that. "a
transm ssi on uEnxi Stlee%I eg/ac'fgﬁnaé %e‘g?%ﬁg\%ngﬂgdﬁg&eﬁreng%a SO by JFscltﬂscf?aéet%rﬁi in
Fig. 2 transmts a mcrowave to d.a user Pa (See Fig. 1). Here, the

r ansm sCHBRL WATHOT TaoRorLht hesit Wowwﬁ@m@fl aqueht 19haf t he
heart of the user Pa (See Fig. 1). The m crowave has properties being
transmi t e @edidel gaginakes & dingoesingn e, bagi ot this wayrdewn indorngatios] ot hes of the
user Pa (See Fig. 1) and reflected by the body surface and netal. A
recei vi ng uni t Aldairm the doMeging deedripgion] mnludigerackendatidnhe steep leeslhating wave
is the mcrowave reflected on the body surface in the vicinity of the
heart of dévige u§ Dhe Rintodagierdt! eciblizedNh BRPhirhbRAST MAIWN bf HrArdspRAbMES he

signal of the mcrowave fromthe transm ssion unit |Ila. The anplification

unit 15a i i - Lih i : L\ Ng
ani ¢ 122" Rars bifed, BCtechhicbl Rahle Rt bBRrlfE R dferd BEER

t he m crowave

and the signal qof the ref.lecti.on ve. . A cal culation unit recei ves a
Sl gnal BER b B isost R wB0lait B MR dimiRs R BV Pk ot Y possbi o e,
processing .unit 13a. Here, the signal relating to the mcrowave is a

si gnal og%‘é?fhé%r H}f‘?ﬁﬁﬁpr Pg}qeﬁgﬁwe%&cghéﬂtao?f @ﬁ@m%ncm%@ed appié TEP @ul at i on
unit 16a receives a signal relating to the reflection wave fromthe

anpl i fi ceehamedlve asa cyle of He jesmmeeryiwayeipnin in tinfolwting deshuptaing bl
relating to the reflection wave is a signal obtained by anplifying the

si gnal otonfiymratioafdfebis ieomodiment cihde abb appldd o cyrid orlfaplitade addadther change
information (See Fig. 7). The change information (See Fig. 7) is

i nf or mat ieAsur@l FhiuBg of LtRerChRRALoEEalt difa. S| THRabpec HlcAtdiTHukRiohh & T bdeect i ONn
wave with respect to the signal relating to the mcrowave. An extraction

unit l4a,laggi YE Bofd1206%d REACBRUY Ahdertfod 68m (e fd_ééwi?ﬁ&? drafpgyl ation
unit 16a Via the processing unit 13a.” The extraction unit 14a extracts

band inforﬁﬁﬁionton the basis of the change infornmation (See Fig. 7). The
band i nf 6FREITSAi s i nformation of a predet erm ned frequency band (See P1

to P4 in Fig. : anal ysis unit 17a receives the band. infqrmatjon (See
Pl to P4 in Fi QSO;?%%E%‘F\&O FHain %Wﬁﬁﬁtth%aymlagwed%@ stasy 16 uni t
13a. The analysis unit 17a analyzes micro body notion by heart rate of the
user Pa ¢(Gae Feep islysednistthe mesiimpertanthehanan dlate PSthmbpdn of Sembett iso P4 in
Fig. 7). As a result, the analysis part 17a analyzes heart rate

i nf or mat olserveSeley Biigg tBy phpsiblogidahdata safh tahen trapithtonf envafbtmnwhSeehePl t 0
P4 in Fig. 7). Here, the heart rate information (See Fig. 8) is

i nf or mat §encd lafiéd BY auoriatk! ERIGtBAIHE Whed LalcBlcAl BQlib@BnUBE thelfige isecei ves
the heart rate information (See Fig. 8) fromthe analysis unit 17a via the

pr ocessi i i i 1 1:0eS jty of
t he user&%gﬂ%%gggé%a#gg?igﬁa$%%H%gg#§Hg?q?%giﬁ§%ﬁ§gﬁg?%ﬂﬁhpgg%gﬁg%%g(See
Fig. 8. If t eterm nation unit. 18a detern nes .that e user . Pa. (See
Fo. 1) mernRaih i A OR kaRe i RyRi b A beEh Al oA i ot e
information (See Fig. 8) fromthe analysis unif 17a and_%elivers it to an
out put d&YEEsD Glate RusHHAWMe LAy Oftaﬁélgb‘h ANEEEPECIIg d0 fhefhsssent o o
storage device 40a, receives identification information 4la fromthe

st or age Heontian llpsiragediingerh oeths embedingait bl gen bashavmor nat i on 41a to the
out put device 20a. If the determnation unit 18a determ nes that the user
Pa (See Fig. 1)Coddigsrarioh ofisieep elmhmatimgldetige oh bie lasBod sspirgtomnivhvefSan]jdoes
not deliver any information to the output device 20a. A transm ssion

out put unit 2la of the output device 20a receives the heart rate
information (See Fig. 8) and the identification information 4l1la fromthe
m crowave Doppl er sensor 10a. The transm ssion output unit 2la transmts
the heart rate information (See Fig. 8) and the identification information
4la to a managenent center 60 via a wireless tel ephone Iine. The other

nmobi | e phones 50b, ... are simlar to3@ nobile phone 50a.", and the
respiration may be detected by a respiratory operation instead of the
heart rate operation by using this configuration. Simlarly,

Japanese Unexam ned Patent Application Publication No. 2005-270570, which
is a known docunent and titled as "biological information nonitoring



repeatedly generated and a half bandwi dth of the pulse is 33 psec or |ess,
the biological information nonitoring device described above, wherein the
tenporal fluctuation of positional displacenent at plural spots on the
living body is cal culated sinultaneously by neans which cal cul ates the
tenporal fluctuation of positional displacenent on the living body surface
by the el ectromagneti c waves and a state of propagation of the
characteristic anount calculated fromthe tenporal fluctuation through the
l'i vi ng body can, be detec biolo ical informati n|t0r| deV|ce
descri bed abovzhlf%?? L%ﬁﬂ% lﬂd'?tg?QEQHWQQH%a(VHﬁg%?

physi cal states of a living bodY are _determ ned by using th

char act efisst {.c PEN Withop dRPIfaRlea desRira@y Wy ekray SeqoRing tetc foad 7 n

whi ch an out put signal obtained fromthe means which cal cul ates the

bi ol ogi cadspiratooy wavdform asalyzing denicus! y stored, and an actual signal
outputted fromthe neans which cal cul ates biological information, the

bi ol ogi cal i nf Ghegloriable eRpitR6iyNYatkefsim aecadingi hedr dbav e, portablee devitd e
mental and physical states to be determ ned are a health state such as

bl ood pr @&sdHf @n r8édr8 Et'ré‘siplrﬁﬁjlr? v RrelesHder isaftefct B ﬂhhﬂﬂ%e bt padpitsgm t he
vi bration anaIyS|s of pulsation and the vibration ana yS|s of fespiration

and the t ) nd or
present ed by 3 st huf Ao S BlcbeR) i e SRR LPub BB L 3o-BF SR
nDnitorl deV|c esc bed above ereln t he nent nd sical states
o b dePEIH ietrial SedromRt ponaRbs e e td T e EVoR lﬁé@tsaa tress
degree, enmptions and the |ike obtalned by pul sation anal ysis of pul ses and
pul sat i off Bisapgdiral istitptions Fop egampkna bidegigdtisformatien Bwhies Meornhsus ed
back to a nmechani cal device or an electronic device so as to be used as a
control $iegistdredbfradamark) Brdetc émavkitng epbontation theddendehjanPlbaimadewiited, or t he
el ectroni c device, and the biological information nonitoring device

descri beehedkal esquigtidnei duthdrézabivel gl cCAIZ0VBLZRONEIZ000, Mtapa@némg nddicate i S
incorporated in a spot such as a washing basin, a toilet, a chair or the

l'i ke whepguipmB@EassSéaYSicd HaiRehBict ﬂh@nﬁﬁﬁéeﬁﬁn@ﬁe&bﬂ% ﬁﬂﬁ:tel%'t)% beAd
|nfornat|on is obtained renptely in a non-attached manner at the spot .

Thus, g s&Q@fgf}#g é%}Shp&ﬁ]ﬂqE? F alR&5n b5 h&Q/sﬁSnﬁéS?ncf%Qﬂﬁ eé@td ons

usi ng th non- ¢ resplr ofy Sensor in e scope sent

inventio the e . . spiratary waveform
anal yzi nﬁn%&\}i t‘@?@’“&? ylpaPli’fi? @Eﬂ%ﬁf’ﬁxtﬂﬁ‘&@ﬁﬂ%‘?&%ﬁ’a gb%t‘if’ ion system1
is realized by_a personal uter systentt cally including a display
screen or a prltnsdrcdlgs © g&@ %/E%‘t@ﬁl?‘@éoﬁynwﬁ Yoyt s f or
performng the operation, and the deV|ce is installed in a nedical

i nsti t ut peromeediihe hedieal mspityiiincind deda pbheabtaadedewpvafano maywevredarded
recording meter 2 for which obtainnment of the respiratory waveformfrom a
subj ect hes rdveating edsiheshchss aoffuzd ahathryt himagesiol diski an ypiia diskramidiad a i s
transmtted, and calculation using the respiratory waveformdata is

per f or megké rhnac'er%gaﬂe@ oM fedhsBIQER A4 @S cotthufiBatid pafhe tdl s asdikedutligt er -
Mor eover, the respiratory meveforns or a tenporal change (tenporal) of the

wavef or %OMC&h gj#a§¥sgg1 e 'f {nggjtél déalﬁgn %ﬁdc@ Np @Mk e PBSthuflcatidif

resp|ratory wav mis play screen In atine series or

printed b ter or the both are d.so i taff who
obser vesttR@E e dediatpd comipunicationdimg, § ﬁtﬂfl L e T

In order to realize these functions, the respiratory waveform anal yzi ng
devi ce 3MiigWFedor #8E8%-t h an i nput end 3-1 for taking in respiratory
waveformdigital data fromthe outside, a nenory unit 3-2 which
tenporarily reboouder gndrehlited thet heoveafumntions, dbet gortaic ansdinggiry warefors: 3

whi ch reads out the recorded data and perforns a cal cul ati on operation

usi ng t hadcordilg aletem2l Has heresiamedry badiolvadeasor 231 ¢ Sphttchethid thd-skini-fate

di splays time-series data, which is the result of calculation outputted

from thejapad YRiftyusf thednakal @ﬁ‘vx’é}h%f%é RhtF¥ctS ﬁr&%at@?rp&h\@f@rﬁn WBlebiicl O
which simlarly prlnts the out putted timé-series a, and a data

I
the out o BT RRa it 52 &7 ADARRRERT 8 00 3 by ACaa yibhag et 1

orm an
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Next, an operation of a respiratory waveform cal cul ati on performed by the
respiratory waveform anal yzi ng device 3, which is a characteristic
configuration of this system1 will be described. The anal ysi s
portion 3-3 provided in the respiratory waveform anal yzi ng device 3
extracts the respective frequency domains as follows, for exanple, froma
plurality of Fourier spectra at the tinme which becones a start point of
each Fourier w ndow period obtained by executing Fast Fourier Transform by
shifting_t flve econds, for. 5- te Fourjer w ndo d.fromthe
nput t oo t<b AR e gbPaRTE AT TIonS s Y S S R @qwﬁfﬁé ; Hiidhange
of a Waveformvmth the shift interval of 50 seconds

(cor r espBHBIEEhY @gttﬂée%em M?@Wﬂé&@%ﬁh%@ﬁ’&?r@@ﬂ? fléo @e@&tw
(corresponding to the Cheyne-Stokes respiratory frequency band) The
above oper at i oRhevidspirdserycedflomi ssmsbriJal deea Bictmalsaasor attdihgd toths yivamityt ¢lcal |y
illustrating the waveform anal yzed or generated by this system 1l in each
st age, tthe napgircacies skihe selsipitraat] eliserivanaéOthntémysdratdiens avespiusyfairiguwency
conponents are as illustrated in Fig. 2A, while the analysis unit 3-3 sets

wi ndow t 8B thE FdmpdrRitcfofSh@bihePQuttite 48, o ckdthy evxel\de&leismeean@ Raeekkieal 1y, a
transform wi ndow 2bl for 5 minutes, for exanple, and executes the fast

Fourier fd #@%& wg{?r%f(s A6 Tbsrfifor! o‘%“é fQra ﬂn@afshtédﬁx%séﬂae Laghéﬁ&ﬁ&h! Bt the The

wi ndow t I not imte m nut es ose roma w de

range from 30 second ’g\ nut es for exanple, as long as a tenporal
change ?)'?I)l‘f‘ﬁgytr%ﬁ%r& 0’??@ %?Ctband power in the sleep period of the

subj ect can be observed. As the result of the execution, a Fourier
spectrum 2cl of'SthEORAGEMITIMIPT mespurings dhg Gespiratogy cdrfley, of a subject, a

resistance change method based on deformation of a strip-shaped merber due to a
respiratory airflow, a configuration of a wind-mill structure using rotation by the airflow
and the like can be used other than the thermal sensor as long as presence and intensity
of the respiratory airflow can be detected.

Particularly, use of a pressure-sensing respiratory sensor provided with a PVDF
(polyvinylidene fluoride) piezoelectric film is a preferable mode as a pressure sensor
which detects respiration.

Moreover, the respiratory operation (ventilation motion) of the subject may be
measured and recorded not by directly measuring the respiratory airflow but by
measuring tension caused by extension of a band wrapped around the chest or stomach
of the subject by the respiratory motion or by providing a pressure-sensing sensor in a
mat laid under the subject.

These various respiratory sensors are attached to a predetermined part of a
patient in order to detect the respiratory airflow of the patient or respiratory efforts
(ventilation motion) of the patient, and the medical institution should give guidance on

the attachment method in advance to the patient prior to the test. However, as
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Next, the analysis unit 3-3 simlarly sets a Fourier transformw ndow 2b2
of the window tinme tFFT froma position shifted in the tinme forward
direction by shift tine ts or specifically by 50 seconds, for exanple,
fromthe start point 2a of the waveform and executes fast Fourier
transformagain and as a result, obtains a Fourier spectrum22c2 in this
section. Smlarly to the wwndow tine, the shift time ts is not
limted to 50 seconds but can be chosen froma w de range from 2 seconds

to 5 mnutes or..e oral ch in the tar

£ equenciPrilse &a%ﬁ%%ﬁmrwﬁi%%‘s%%f : B SR Realol D8 i o
Simlarly, a Fourier ectrumis created by executing fast Fourier

t r ansf or FEFHICROSItIOBOREE epidlerpiy rornéfle gheghet éfemawmdeﬁévaese 4) he@op¥ioshi f ti ng
the start point of the Fourier transformw ndow by the integral nultiple
of the stirdotionjang theslikentd dtachithasspirdtory sspsaras laogeruban thetchse @isepedmt  of
the Fourier transformw ndow reaches an end point 2d of the respiratory
wavef or nfor lefecancadiogadm,caldcii i tasynfod peragitntosy, the patiene S piardlyao yattaely €feor m i s
measured for a predeterm ned nmeasurenment period including sleep tinme for

one ni ghfen@dr theospRIREtwRE tBe RAWMaRce bPrtheXAdMEL, ingtGtid 8nd tt@rdbtAPiant 2a
of the waveform corresponds to the start tinme of the neasurenent period,

while th orresponds to the end tinme of the neasurenent
peri od. &nﬁﬁgnﬁﬁgﬁ% %ﬁﬁg analysrs unit 3-3 extracts 0.11 to 0.5 Ft

(correspondin 0 the .res atory. frequ and to 0.

Lcor respond! naMPBie Testehb oo rd S elelit of »ogambyY thafision i
exanpl e, or_ other frequency domains in the frequenC|es i ncl uded in each
Fouri er ¥HEBIEUIATRAG Fenging mrenﬁar%@arqbreyt @F 3bous.i BAN KEE 1 HHPRICABECHY t he
above operation and obtains a power changi ng waveform of a specific

f r equenciespigrteiyrsepiva ey nbéengropissd wheshermitsceleatroamgaglacwives t6 tegubeely
waveform 2e, which is a waveform obtained by plotting the power on the
time of frhe &tditantpmisitionoind B&tedte Ihe bbdy endtaur derespiratdonsperitivai of she a
waveformillustrating how the power of the specific extracted frequency

band chagggst b .AAGARE ATEBtIW Wivdshe tinme in the sleep. I'n
extracting the speC|f|c frequency waveform only any of the frequency

domai ns may bch?re%ov ) ”Pd@&ihﬁ ?t%c&rwa%*}g%ﬁai %Eﬂ&%afﬁf@?diﬁh? an be

used. Also, the a ustrate frequency n are exanpl €s and

o1 act i coVbRld g PG °pr'attfrpﬁrﬁﬂ5 Mgt TIRRETRE S TReliboral

change of the mevefornfof this specific frequency power is a waveform
i || ust r athttRg’ sB.0g4p/twIhpdealvp By, o napnGepadt EshpdABheensgr using
Cheyne- St okes resplratory frequency conponent or a frequency conponent of
a noi se mewpwaenis discosad, gsanbang e e wonbgaptian, meintpile, aand eadivartagesor t he
start tinme of the respiratory waveform neasurenent to the neasurenent end
time or Bwéukunierowoie igpalypd &re emitted to a subject from a high-gain directional antenna.

The microwave impulses reflected on the skin surface of the subject through the
bedding and clothes are received as a micro-motion reflection signal by a highly
sensitive receiver for a gate time. By specifying a detection space by sharp antenna
directivity and a distance gate reception, higher sensitivity of the micro-motion sensor
can be realized without being affected by disturbance. A demonstration device for
evaluation has a detection distance of approximately 2 m and a circle with a diameter of
approximately 60 cm, but an oval detection surface which covers a bed width can be

7 L

realized by antenna design.”, “since this is a microwave micro-motion sensor accepted
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Therefore, a nedical staff who will nake a diagnosis of the state during
sl eep of the subject can clearly observe a tenporal change of the
respiratory power during sleep, presence of the Cheyne-Stokes respiration
and a tenporal change of the power, and presence of a noi se conponent
caused by the neasurenent and a .tenporal change of the power on the basis
of direct and physiological grounds fromthe respiratory waveform dat a,
which is inportant physiological data directly linked to the state of

sl eep of .t he subject, by.observing, the.tenpor change of these specific

Fr equenclPr T BE i FEnir dBsRRu i B deal i IR 3 ab dSEREEan be
visual |y recognj zed. . Moreoyer, the ysi ol ogi cal .data required for
{he obsepttaniniceas wl berliedpemerpadieagn i ko sdevtricc sl e o
respiratory waveform and there is no cunbersome probl em of placing a

| ar ge nuebthe micretaste mudwavavatis neomozx thanj thé glectrigefield Hntensityaet sagellite

el ectrocardi ography or of a sensor unit required to be attached |li ke an

el ect r oderohycastimge dindaldosd afd Harth heasuriexest | Sonebahety eeyeci@s yof the As
aresult, instead of the inpatient testing nethod inposing a | arge burden
of cost Spahg-didtiR P tHeN& S YhitRetca M hil®: HRBHRIDEIBSafecthiObE beddihghor s PSG
or by conducting the test using this systemwth the purpose of a
screenin t ' ' est : o cri bed
above Ca%o%%igg??@ﬂ%ﬁ@éyﬁQqﬁﬁ&%ﬁ%@@%wﬁ%%.S? teﬁgﬁgéagggﬁgn .gﬁ%@ Q?o have
the follow ng, functions in addition.t,o the above functions. K We e
easur edS 8PP oV By dreRiR 85 P BT P AR b Sy D dit b8 aledc
respiratory frequency extracted waveformor the waveform from which the
Cheyne- Selsiedbe sealinm prg np Psyshologiqad Burdsn dhanpligd do Bl subiseldi &icogpared so as
to make various di agnoses, there can be a case in which data of a specific
measur enwith at Popplefetypé micngsimeten détection methad, highes seesivity groy hborgalizedt 0 be
enl arged and the nei ghboring region including the neighboring tine

t her eof , withaiit bedng dfietaiebe chcedistuitimcs be dsedifyirpethpaletaction distancobsdrtheed.
Thus, in this system 1, an operator first selects the tine to be displayed
in an enjacdrd Jﬁfﬁ%‘é}%dbﬂb FRVhA] Gnidr fBreh&O bedtis bR Ehas?iu?édityl Riftdedicds afe
readi ng out specific time fromthe printed-out waveformand inputting the

time by ﬁ@wﬁgiﬁgﬂggmﬁgyboard or the Ilike. The anal ysis unit 3-3 can
be configured to create a frequency spectrumof this respiratory waveform

el ahbor i ng  ogPUR S anY. t HaceErat chMene RGN o M EligitRnai Sar am of
each 2002-71825, which is a known document, and titled as “human body detecting device
using microwave”, discloses a human body detecting device using microwave, using a
microwave as a transmission wave in life scenes such as in a toilet, a washroom, a
kitchen, a bathroom, a shower room and the like, comprising a single antenna which
receives the microwave, detecting means which detects the microwave received by the
antenna, comparing means which compares an output of change component detecting
means with a predetermined position, and means for detecting presence of a human and
biological information of a human by a signal from the comparing means, the human
body detecting device using a microwave described above, wherein the detecting means

is provided with a Doppler sensor which detects Doppler shift of a reflection wave to

the transmission, the human body detecting device using a microwave described above,
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enl arged waveformwith a short tinme interval and the Iike and to simlarly

display, to print or to output it to the outside. [Case data] A
process of creating each band extracted waveform and each cal cul ati on
waveform fromoriginal nmeasured respiratory waveforms will be described

with exenplified waveform data. The follow ng nuneral values are only
exenplification, and execution with appropriate change is possible.
(a) Oiginal respiratory sensor output waveform O g Resp (Fig. 3A)

' nmeasur ement _and the unit

o hour - e, U RIS Arnde B i BEeFHE B T AES SRR oS e sane
applies to the following). The sanpling frequency of_ this original
r espi r at #8521 spacdrondzadotvithilses Gt s hypman, gand, the human bodypgetegting; deyrce
nmeasured respiratory waveform obtained by anra?ing four measurenents:
Resp4, Resing Bi gicr@8yve described above, wherein the signals obtained by the detecting
means and the comparing means are signals synchronized with a respiratory operation
of a human.
Similarly, Japanese Unexamined Patent Application Publication No.
2005-237569, which is a known document and titled as “portable measuring device,
health management system and health management method”, discloses that “a
transmission unit 11a of a microwave Doppler sensor 10a illustrated in Fig. 2 transmits
a microwave toward a user Pa (See Fig. 1). Here, the transmission unit 11a transmits
the microwave toward the vicinity of the heart of the user Pa (See Fig. 1). The
microwave has properties being fransmitted through cotton or nylon, which is material
of clothes of the user Pa (See Fig. 1) and reflected by the body surface and metal. A
receiving unit 12a receives a reflection wave. Here, the reflection wave is the
microwave reflected on the body surface in the vicinity of the heart of the user Pa (See
Fig. 1). An amplification unit 15a receives the signal of the microwave from the
transmission unit 11a. The amplification unit 15a receives the signal of the reflection
wave from the receiving unit 12a. The amplification unit 15a amplifies the signal of
the microwave and the signal of the reflection wave. A calculation unit 16a receives a
signal relating to the microwave from the amplification unit 15a via a processing unit
13a. Here, the signal relating to the microwave is a signal obtained by amplifying the
signal of the microwave. The calculation unit 16a receives a signal relating to the

reflection wave from the amplification unit 15a via the processing unit 13a. Here, the

signal relating to the reflection wave is a signal obtained by amplifying the signal of the
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In order to suppress unexpected noise involved in sanpling, past four
nmeasured data are averaged, and this 4Hz-waveformis used as an ori gi nal
wavef orm for the subsequent band extraction and data processing.

That is, this corresponds to an unprocessed respiratory waveformin Fig.
2A descri bed above. (c) Respiratory operation cycle waveform nean
| ung power (Fig. 30 This is a conmponent of 0.11 to 0.5 Hz, which
is a high frequency donain corresponding to the respiratory frequency band

fromthe_aqriginal me ureg respirat f or.m Resp. obt ai ned E er agi ng
four moaFEthtavs s i plalipang Rrsalgletepioes BlowmulSee ot 0 os ke
before and after the cycle of the maxi mum power thereof By trackjnq and
obser vi ngh¢ Beange Srapiomeregd ias 7} 1 eformpden Fekting tochrsbange ofiths gendln t he
size of a respiratory operation of the subject can be known. Thi s
r espi r at wilagingge ket icBectopcy avenwaile faspent tovtharsignaheglasiogde theamgrawevef oAlowi ng
normal i zed Cheyne- St okes respiratory power waveform CSR/ nean |ung power,
cor r espogdrdctiod Rit fdwatcatantt rjangydianatide (e Fige 75 foa theccdlcuwdgioancy
domain illustrated in Fig. 2B (d) Nornalized Cheyne- St okes
respi rat Qfiy 1 ROVER ihe ¥ 8dsQinPlunfeOSE MPRA cxttReioR QKRN 44 BtfhctsMahd information
" on the basis of the change information (See Fig. 7). The band information is

information of a predetermined frequency band (See P1 to P4 in Fig. 7). An analysis

unit 17a receives the band information (See P1 to P4 in Fig. 7) from the extraction unit

14a via the processing unit 13a. 'The analysis unit 17a analyzes micro body motion by

heart rate of the user Pa (See Fig. 1) on the basis of the band information (See P1 to P4

in Fig. 7). As a result, the analysis part 17a analyzes heart rate information (See Fig.

8) on the basis of the band information (See P1 to P4 in Fig. 7). Here, the heart rate

information (See Fig. 8) is information relating to a stress degree. A determination

unit 18a receives the heart rate information (See Fig. 8) from the analysis unit 17a via

the processing unit 13a. The determination unit 18a determines abnormality of the

user Pa (See Fig. 1) on the basis of the heart rate information (See Fig. 8). If the

determination unit 18a determines that the user Pa (See Fig. 1) has abnormality, the

processing unit 13a receives the heart rate information (See Fig. 8) from the analysis

unit 17a and delivers it to an output device 20a. Along with that, the processing unit

13a refers to a storage device 40a, receives identification information 41a from the

storage device 40a and delivers the identification information 41a to the output device

20a. If the determination unit 18a determines that the user Pa (See Fig. 1) does not

have abnormality, the processing unit 13a does not deliver any information to the output

device 20a. A fransmission output unit 21a of the output device 20a receives the heart
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This is a waveform obtai ned by extracting a range of 0.012 to 0.04 Hz
corresponding to the band of the CSR cycle fromthe original neasured
respiratory waveform Resp4 obtai ned by averagi ng four measurenents. The
waveformis divided by the power nean |ung power of the respiratory
operation cycle waveform and nornalized. (e) Cheyne- St okes
respiration generation evaluation grade: CS grade (Fig. 4E) The
above normali zed Cheyne- Stokes respiration power is classified into 6

grades fromQ to.5 or...ex l e, i ¢cardance w.th, t size of the

Aol ¢ ualte eteSeepn (it i BN B Ghe - RAEARIREFplicn 1 B B HE e N 1 26
noi se conponent power waveform Noise/ nmean |ung power (Fig. 4F)

This i s RORBIGEFSRIATdEect B BIAnSHIS QB oVEPWe 8B | Pid tamsupits gleeoﬁlya%emeor but
not caused by a respiratory airflow and illustrating a tenporal change of
t he noi stfenugsiondhee FighBkamnbihs adendwisatieninfomsnation déal thy nmnpgaigentroenton of
the subject, for exanple, and a tenporal change of the size of the body
noti on 060 tvire a Suibglesstielephdrzelines | €l @aer odbilaphdesdiber vede shiteaver, a
body notion sensor, a pressure sensing nmat, a body notion detecting band

or the | ikBil®th6hie SHAN LiE tHeERRbHAIR Ma§ PRSMiedtsd BPta RESRSAT ¥peration

mstead of the heart rate operation by using this configuration.

Similarly, Japanese Unexamined Patent Application Publication No.
2005-270570, which is a known document and titled as “biological information
monttoring device”, discloses “a device which monitors information of a living body by
obtaining of information of surface displacement of the living body in a non-contact
manner, comprising means which generates high-frequency electromagnetic waves and
radiates the same into the space, means which detects the electromagnetic waves
scattered on the surface of the living body, and means which calculates temporal
fluctuation of positional displacement on the living body surface from a propagation
state of the electromagnetic waves, further comprising means which calculates
characteristic amounts of vibration such as pulsation, respiration and the like from the
temporal fluctuation as biological information, the biological information monitoring
device described above, wherein the biological information is obtained from pulsation,
pulse wave, respiration, electrocardiographic wave, blood pressure or analysis of them,
the biological information monitoring device described above, wherein the
high-frequency electromagnetic waves are millimeter waves to terahertz band (30 Gliz
to 30 THz) and information on the living body surface is obtained through clothes made
of organic fibers or the like, the biological information monitoring device described in

any of the above, wherein the high-frequency electromagnetic waves are short pulses
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As a nmethod of creating this noise conponent waveform a specific
frequency may be extracted, but in this enbodinent, the respiratory

wavef orm Res4 is further subjected to noving average for snoot hing,

part further projecting fromthe snoothing waveformis detected for
creating the waveform This nmethod will be described by referring to

5 and 6

obt ai ned by averagi ng four

and a

Fi gs.

Fig. 5 illustrates the respiratory sensor output waveform

measurenents (Res4) and the snoot hi ng wavef orm

Tt aptoeto B el oop AR AR ATRI0 €5 abte UER FRIRERE ol cep

period is taken out and Il lustrated, Q whi ch the Iateralu§X|s | ndi cat es

el apsed

iiferenation cmonifpring dgvase, described abgyjey whergiy, the gmiarpl

of creating a noise conponent waveform (Noise), in which an envel ope
(bot t om) pestiarabdisplaeemenirat pfrak spoty e pher laviog %Oéte irsenlcudaied s:mnultevem@m
obt ai ned by averaging four neasurenents (Res4) is created first, and
snoot hi nhy wades erhioh( Siaoddthy thestesipbtal dhicadtibn @Impbki'tiSneﬂ)(n]ﬁﬁpdm‘pmamdoﬂ e resul t
is the noi se waveform (Noi se). That is, in the light of the

smoot hi nEviWEVt@(d rsﬁﬂrfa&’ﬂb?ttﬁé clRBtosRbh&E Wafest ﬁlﬁﬁg stite LR YréREMIdAbPIBE

P5tuates of et hod

t he

wavef orm e sensor put departing fromthis trend I'S extracted as a
noi se pOogdi-Qieristic amount EAIGula3h fidnh YR ﬁ%p%?ﬁ\b ? gGivai r‘g
normal i zed nol se conmponent power wave nean g power- in the

over At i Bougcl e i i 362@%?%? 63\3%'?%33 V(B

70

comprising storage means, wherein mental and physical states of a living body are
determined by using the characteristic amount stored in advance, the characteristic
amount in which an output signal obtained from the means which calculates the
biological information is continuously stored, and an actual signal outputted from the
means which calculates biological information, the biological information monitoring
device described above, wherein the mental and physical states to be determined are a
health state such as blood pressure, arterial sclerosis degree and the like obtained from
the vibration analysis of pulsation and the vibration analysis of respiration and the
determination result is directly displayed in letters or sound or presented on a terminal
via a network, the biological information monitoring device described above, wherein
the mental and physical states to be determined are an emotional state such as relaxation
degree, stress degree, emotions and the like obtained by pulsation analysis of pulses and
pulsation analysis of respiration, and the determination result is fed back to a
mechanical device or an electronic device so as to be used as a control signal of an
mterface which operates the mechanical device or the electronic device, and the
biological information monitoring device described above, wherein the biological

mformation monitoring device is incorporated in a spot such as a washing basin, a toilet,
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Next, the variation index, var, of the respiratory cycle to see a tenpora

change in the variation of the respiratory cycle of the subject wll be
described by referring to Fig. 8. In Fig. 8, first, the
above-descri bed respiratory operation cycle waveform nean |ung power, is
schematically illustrated. In accordance with the above definition, the
band is 0.11 to 0.50 Hz as illustrated. The lateral axis of Fig. 8

i ndicates a frequency and the vertical axis indicates power. Her e,

a peak freguency,fqund jn the nean, | u ower, that, is,. a central.
frequenc§ Cgflr (Hehy g]i(& ‘?!&?rg rayﬁ'é%IF R ?‘g{eg ﬁgga]ﬁsp%gd(?f%ﬂe fapgajd%lﬂgwl and
regi ons d%fined wth the wwdth of 0.08 Hz on the both sides of the HF are
def med a®f@tion s whingdetsnaiely (IB)2 nogratiached gnaswen at fhsgspobwdhus.r Bgtfenci es
than the central band region is defned as left side band region (A), while
a regi oncondiguragions ghasi be nsegdie nlaclwsion hefntheheondigniatiahs bsing the gooigoitecidef med
as a right side band region (C). Here, if variation of the

respi r at masyiraycl enafr i e ssofy eltihe prestraigention apgies spait theakadplagr am i n Fi g.
8, a quotient obtained by dividing the value obtained by integrating the

spectral power TR rdspRatbBf vaddien RANYzinE HeORde GAmAALly LhSstiit@! thil f&pPand
region (C), that is, the regions of A and Cwith respect to frequency by a

val ue obai ' ' t ' ; | % t.he
o e Sbkehgesty ki 13, DBy 5oL, SRTEAECh BB Sl
value is . called a variation index (var) of the respiratary cycle, .and a
{enpor at dihanaerap &ha Gl p eskinidr St o R B ebtwteag G
(h) Standard deviation of respiratory cycle; RespHzSD (Fig. 7 )
Next, twBCHOEENG hepertipaandr bedgricappptialed & medispkinstigin orethe like,
above-described variation index var of the respiratory cycle in order to
see a t etpwhigh thhperiablé respisatpnt warelofm réverdies pieteat2ofoy wiyahl ebtaiimenteofS ubj ect
wi |l be descri bed. The inventor has obtained the follow ng finding
i n maki ntheateiptoey ataveformnteth agnbjpeshdsdieen findshgd intcurhested) ftherspisatosi ng t he
respiratory waveform neasurenent information of the subject.

waveform data is transmitted, and calculation using the respiratory waveform data is

performed in accordance with procedures, which will be described later. Moreover,

the respiratory waveforms or a temporal change (temporal) of the waveform, which is

the result of the calculation on the basis of the respiratory waveform is displayed on a

display screen in a time series or printed by a printer or the both are performed so that a

medical staff who observes the screen display or the print result can evaluate the sleep.

In order to realize these functions, the respiratory waveform analyzing device 3

1s provided with an input end 3-1 for taking in respiratory waveform digital data from

the outside, a memory unit 3-2 which temporarily records and holds the taken-in data,

an analysis unit 3-3 which reads out the recorded data and performs a calculation

operation using that, which will be described later, a display unit 3-4 which displays

time-series data, which is the result of calculation outputted from the analysis unit 3-3,

on the display screen, a printer unit 3-5 which similarly prints the outputted time-series
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As described in the first place, one cycle nade of six types of sleep
stages is repeated approximately three tines in one night typically with
approximately a 90-m nute cycle in the sleep, and a change in the
physi ol ogi cal data in each cycle can be clearly observed by a sl ow wave
conponent (SWA: Sl ow Wave Activity) of brain waves as below. In the case
of a subject whose confort level including the quality of sleep has
deteriorated by some causes such as sleep apnea, it has been known by the
exam nati,on by, the inventaor th he.cycl e of the sl st ages b WA
br eaks il St ARG ol Fop SBicEifuufmts e Gud b IR GIAEa R,
rel ati onship between the sl ow wave conponent (SWA) of the brain waves and
the sl eefy $€889or the case of a subject having a good confort |evel
including the quality of sleep by using a typical pattern. The |ateral
axi s i ndi cat es[Onestionareenpimione wamefore pnalgeing detied whol e sl eep period for
one night (8 hours in the illustration). As clearly known fromFig. 9, the
t enpor al changNexitn ah hpesdtioapofSh agpiaye) iveskiomr epaditect pafeurdHrporttiezed
with a change in power of the SWA, and particularly the power of the SWA
becones tl3girdiBx WaBdrth ﬁna\%ﬁﬁl% déMcd B R s 4 DRursdt@eRiciconlifi8 e epess.

iC

The data in Figs. 3 to 7 has been descri bed above is created from

t he sane e r out put waveform of the same subject found to
have no gé%%?%gﬁﬁ%%ég%%@%&and a good confort level including the quality

of sl eep, but e data in Fig. is not the data of this subject but shows
one typ cal - exiipeands Sorion;a.3; abupt, e Faietom: St o bRiE
respiratory operation of the subject in sleep and has _found out that if
att ent i ofeiee papdasty the respectiveafigricngy dawapssysi lodewsy ftyepaprlpEmed by
measurenent or in other words, stability of the respiratory frequency or
regul ar i phradity ol dFondsipspestrarap thy dine, whishebogamenna irt tphing of|eeelp Foynére and
hence, evaluation of the confort |evel including the quality of sleep can
be made, wiidoshpdraagl dheainéd be @rpleingdrasoFolrive Traresant by shidirty e by five
Hereinafter, the phrase "regularity of a respiratory cycle" is used

i ncl udi NgcBRAPRT 5L AT Fhiutidr! WindBRNaiol frdh €hd Er%ﬁitécﬁ?@faﬁ‘at@%ﬁ&@ve%&%s
stability of the respiratory frequency. y using the system

descr i be%@é’;%%(t%s aftP o fp RN Ofl':n%hﬁl? of £ {ré{foﬁ%%ﬁﬁr %1% gl B4y
operation cycle waveform nean | ung power described above 1s extracted, for
exanple, fromthe respiratory waveform obtai ned by nmeasurenent. By
calculatﬁﬁﬁmg% average val ue (X bar) of the respiratory frequency first,
and further calculating the standard deviation (SD) of the respiratory
frequency by udith§ &> reipenfngite the 1RREYY feAwensy Pandi a change of the
respiratory cycle can be known. Moreover, by acquiring an inverse nunber
of the standar@Obevw &il4oHz (spyespandibg Ite the GhexnseStekespicpritagny fesguercycan be
expressed. Instead of using the average value (X bar) of the respiratory

f requencyanddt her i ndexes such as the respiratory cycle peak frequency (HF)
descri bed above nmay be used. The i nverse nunber of the standard

devi ation of (g HBRARUWRFatIBSRILl 8k Aelcribal Gh Qleflill Snd o4 €ig et séiemabicdRy
(Respiration Stability 1ndex) here. By graphlcafly illustrating the RSI so

that a t i I n o} i staff
can obserﬁl\ﬁgeétﬁlf glgg‘?%f@jé? 2%%?%%‘1 t%g'?&trﬂg@rsﬂ) etgl% Sr?{%% eqi ié){nt?:alcgar ! "

expressed . , ) .
P ufiprocessed respiratory waveform including various frequency components are as

illustrated in Fig. 2A, while the analysis unit 3-3 sets window time tFFT from a start
point 2a of this waveform or specifically, a transform window 2bl for 5 minutes, for
example, and executes the fast Fourier transform (FFT) for the waveform included in
this section. The window time tFFT is not limited to 5 minutes but can be chosen from

a wide range from 30 seconds to 30 minutes, for example, as long as a temporal change
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and the confort level including the quality of sleep is good, or clear
observation cannot be nade and the confort |evel including the quality of
sleep is poor, or automatic determ nation can be nmade by a di aghosi ng
device fromthe regularity. On the other hand, in a method of
recordi ng and observing a tenporal change of the respiratory rate or a
tenporal change of a heart rate while a subject is sleeping, for exanple,
which is a configuration different fromthat of this enbodi nent of the
present ipvention,. these wayeforns han es, do  not tch .t change of
Phe” br ai A W eted] Brstiics beRhBonEnD Pooksb P Phue SupEs Ghfie Snf Mo
that this nethod is not suitable for eval uation of the confort IeveI

i ncl udi n§sttheregelapf thy exgcusivaep Fourier spectrprydc! ofifhe wayefpaminthigsegten Bt i on of
t he present invention, as described above, froma plurality of Fourier
spectra afeatele tine mhich is a start point of each Fourier w ndow period
obt ai ned by executing fast Fourier transform (FFT) by shifting time by 5
seconds of theNEayite@halysis@aiy3p®kinaMrlyQets 2 Fouritit ®snstoranyindewi 2w tied
respiratory waveform a frequency domain of 0.11 to 0.50 Hz including 0.4

Hz, whi clil® itk REER hohﬁé Bbéxﬁé&%ﬂiﬂ%&"ﬁl ﬁllemeafOW%rﬂlf%@QNn bl Shieihe el ﬁd

|Vbl’ eover, In the syst em of “the variation of the present | nventl on

anal ysi s par t@i%a]?yﬁa% a8 AP D eI gﬁﬁ%&@ it PoRE) of

deV|at|oﬂ requénc fie resprrato requency band
for each FOUFI% w ndow obtained. with the e-des rlbed Shlft t erval

of 50 sef¥syiss fast Fouriergransiop again Qyd- g s t § FBW%ﬂr SpeRlinm %‘E?g}ny cycl e
standard devi ation RespHzSD of a subject. The above-described RSI, which

i s an i nthassestiunber of this SD, is calculated for each Fourier w ndow
period having the shift interval of 50 seconds, a graph indicating a

t enpor al chang8intfarlyite tRStvindowitimehthesbifpomve its fshet diofited 30 P stecads bnt t he
axis orthogonal to the tine axis is created, and this can be displ ayed,

printed gn bédeHopet fregh f WidehengfrShdesedsndsné Grivatiied oo éxantie, @a llerg #td on
result. By observing this RSI graph, stability of the sleep cycle and

hence, %ﬁ? @hhed ﬁvtﬁle thigel HeLREcY BEndpRbdrt K (RS sRESBRHGROS R &BRE Y
observed di agnosed.
can be observed.
Similarly, a Fourier spectrum is created by executing fast Fourier transform in
the respective Fourier transform windows obtained by shifting the start point of the
Fourier transform window by the integral multiple of the shift time ts and continues this
operation until the end point of the Fourier transform window reaches an end point 2d
of the respiratory waveform. In an actual calculation operation, the respiratory
waveform is measured for a predetermined measurement period including sleep time for
one night of the subject or 8 hours, for example, and the start point 2a of the waveform
corresponds to the start time of the measurement period, while the end point 2d
corresponds to the end time of the measurement period.
Next, the analysis unit 3-3 extracts 0.11 to 0.5 Hz (corresponding to the

respiratory frequency band), 0.012 to 0.04 Hz (corresponding to the Cheyne-Stokes

respiratory frequency band), for example, or other frequency domains in the frequencies
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Fig. 71 simlarly illustrates the conventional respiratory cycle standard

devi ati on RespHzSD of a subject. The neani ng of the observation of
t he above-described RSI will be qualitatively described from another point
of view. In Fig. 10 schematically illustrating a frequency spectrum

of the respiratory operation cycle waveform nmean | ung power, for exanple,
which is a frequency spectrum after extraction of the respiratory
frequency, the frequency spectrumin a state in which sleep is deep,

respiration of.a suhject iIs slo | spl.acepent..of .the freqguency.is |ess,
ind o rolfhad if R doBEs ibefuRdr gl BRAGR Bty Rl HEREL P Soa.
such that, the width of shape of the enve| ope around the frequency average
val ue fxBRVEsOReEatiGhapRd RN RePUYAneAREINGe VREEIP R qfh%rS@@ﬁlﬁ"exqu%g%fd as
fSDs is considered to be also small. ] On the other hand, in a state
i n whi chdepaiep herinafigr labaeicferredetor assgrcedicolgquepes savelorpe donwdichdpiad, t he
respiratory frequency shifts to a higher frequency average val ue fxbar-r,
and t he Wwhugforabbamedfbytiietting siss pataron the egquearfale sthis poine obthesedpactiver and
thus, the width of the envel ope shape is w dened, and the standard

devi at i ORokrRl- WindBwk NitBat Sk 2the wal PR EifRfRSink Ah&@ 'the power ofl RN §lcRifR, as
descri bed above, by exam ning a tenporal change of RSI, which is an

i nverse i.atd ﬁgﬁ# ki (graph 10a) and
an irreg%ﬁggﬁgég%%%gﬁgﬁggggﬁﬁ%é§§¥%gﬁkﬁﬁ%§?Pgte ?%”gﬁék%%o can be
visual |y obseryved and di agnosed easily. The above-descri bed

o | cal vl s CUPIRG. BEPRanc (PSS A I PO ARY P BRTPRES: | ons
and capabl e of executjon at other val ues as appropriate, and regarding the
above- deS¥PRiBeBaPeRsIgCsH 2pd exicded wgotbﬁé?r%spn%fwwwni bvsed e “h{ﬁ%er of
the standard devi ation, an index obtained by other cal cul ati ng nethods

i ndi cat i thy eleyetilustiajedo fregqigncy edqrnging ery adly exaanplem apé cahsle gbangedaard t hey
are also a part of the present invention. Also, as illustrated in
Fi g. 10, apgropringe frepstoing ahd poueetdntdmibn titte (shyticRShndathd dbbee Hescapasme is

cal cul ated by using only the data fromthe peak to 95% of the respiratory
frequencyotdimiphegand the data of the lowest 5%is elimnated so as to
suppress the in%luence of noi ses.

The temporal change of the waveform of this specific frequency power is a
waveform illustrating changes of the respiratory frequency component, a Cheyne-Stokes
respiratory frequency component or a frequency component of a noise component
caused by measurement over time for a period from the start time of the respiratory
waveform measurement to the measurement end time or 8 hours, for example.

Therefore, a medical staff who will make a diagnosis of the state during sleep
of the subject can clearly observe a temporal change of the respiratory power during
sleep, presence of the Cheyne-Stokes respiration and a temporal change of the power,
and presence of a noise component caused by the measurement and a temporal change
of the power on the basis of direct and physiological grounds from the respiratory
waveform data, which i1s important physiological data directly linked to the state of
sleep of the subject, by observing the temporal change of these specific frequency

waveforms which is displayed on a screen or printed and can be visually recognized.
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Mor eover, as described above, in addition to display of each graph
waveform over the entire sleep period for one night of a subject, it may
be so configured that a nmedical staff specifies a time domain in which the
staff wants the graph waveforns to be particularly enlarged and observed
and can nmake the waveform of each graph in the tinme domain and a frequency
distribution (spectrogram of each waveformin the tine domain displayed.
Fig. 11 is an exanple thereof; and since a nedical staff observes each

wavef or m over | & regi I . selects a AN jon with
par i cularly | MetHE T, BhyRRIcRcat, BEF, RSP B B0 oBRERIEHIAERST
graph in the. selected region for .300 seconds.and as illustrated in Fig:
Shy " astBichiy aPlaticd: CEuSh o eRBReholre PSSR Berdars e BEaFCan be
di spl ayed. According to Fig, 11, it can be visually recognized easily that
the spectyaberpine proflemard placingr gdame gmngber ofrrleatipdes fHe ©BRCHEPEr m
cyclically repeats increase/decrease from (2). That is, the CSRis found
in the sdbpdutertns tihelsctragidingraphy or of a Sinscreutitwequiost focher ataciud ldfe an
selecting a specific tinme domain by using operating neans and di splaying a
spect r ogeRoirédichyea pewiesl sty duo mdhduierhbratis redgively easy. descri bed above can be
easily realized froma known technol ogy, detailed description thereof wll

be omtted in @ALdgeailO AYQUDIGHIRPLEMMBRHE mdMBY §hedsinPla¥® Slrden of
Next, in the generated waveformon the basis of the respiratory waveform

descri be Ve, - Qf I: 1 nat. i f S .
part 1 cur Sy HEime o8 Ybie AP RIaP s Rt AR 30 B p 8B e
Prior to tge descrjption, in the analyiis t ar get veformlike RSI, a
wavel et HIfAFSS0E HRISIHOTMSVED HiZHERIEIOL 215CHERHS desb P IRECHCA A&y 2i ng
how t he Fomer of a specific frequency conponent such as ultradian rhythm
or a basHe geafatwnsagcs desceihed abaye can depbiadsdr oxi matel y 90 ni nutes) changes
with time will be described as preparation. As a traditiona
anal ysi s net hodlsbothisasysienr mgybactyligwed forhave shesfojoaingfysdtems imalditdimg a
bi ol ogi cal signal, Fourier analysis has been well known.

to the above functions. When the measured respiratory waveform displayed on the

display part 3-4, the respiratory frequency extracted waveform or the waveform from

which the Cheyne-Stokes frequency is extracted is observed by a medical staff so as to

make various diagnosés, there can be a case in which data of a specific measurement

time domain instead of the total measurement period is to be enlarged and the

neighboring region including the neighboring time thereof, that is, the selected time

needs to be particularly observed.

Thus, in this system 1, an operator first selects the time to be displayed in an

enlarped manner by moving a cursor on the display unit 3-4 or reading out specific time

from the printed-out waveform and inputting the time by an attached keyboard or the

like.

The analysis unit 3-3 can be configured to create a frequency spectrum of this

respiratory waveform as above at the selected time or the vicinity thereof, that is, in the

neighboring region icluding the selected time and an enlarged diagram of each
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The Fourier analysis is, as disclosed in detail in the foll ow ng known
docunent 1, for exanple, an analysis in which a nethod of Fourier-series
expansion of a function having a cycle is further expanded to a
non-periodic function so as to express an arbitrary irregular continuous
signal series by superposition including infinite order of a functional
wavef orm having a periodicity of a sinusoidal waveform and

sel f - sinilarity Known document 1. "Introduction to Digital Signal

vir uz oy CrareS ETRRE il SrRoe el ) SRLpkiBR RS e APk By ™

infinite interval on ting axis as a variable and a functlon X(f)

havi ng apﬁméﬁﬁ%ﬁwyu?“ﬁ}@@éﬁﬁ“kn an infinite interval on a frequency axis
as a variable can be selected so that the follow ng expression 1 and
expression 2 hiéiags daiall t hese two expressions in this case are referred to
as a Fourier transformpair, and X(f) is referred to as Foul er transform
of x(t). [ NuneAimatesexyr @sstirgneddh band extracted waveform and each calculation

waveform from original measured respiratory waveforms will be described with
exemplified waveform data. The following numeral values are only exemplification,
and execution with appropriate change is possible.

(a) Original respiratory sensor output waveform: Org Resp (Fig. 3A)

The lateral axis indicates time from start of the measurement and the unit is
hour. The vertical axis indicates the size of measured power (The same applies to the
following).

The sampling frequency of this original respiratory sensor output waveforms is
16 Hz.

(b) Original measured respiratory waveform obtamed by averaging four
measurements: Resp4, Res (Fig. 3B)

In order to suppress unexpected noise involved in sampling, past four measured
data are averaged, and this 4Hz-waveform is used as an original waveform for the
subsequent band extraction and data processing.

That is, this corresponds to an unprocessed respiratory waveform in Fig. 2A
described above.

(c) Respiratory operation cycle waveform: mean lung power (Fig. 3C)

This 18 a component of 0.11 to 0.5 Hz, which is a high frequency domain
corresponding to the respiratory frequency band from the original measured respiratory

waveform Resp obtained by averaging four measurements is extracted and average
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[ Nurmeri cal expression 2] =1 X( xp( 2di That is, the Fourier
transformpair indicates a relationship between x(t) and X(t) when the
wavef orm x(t), which is a function of the tine t, is expressed as a
col l ection of conplex exponential functions exp(JZaft) of a conpl ex
anplitude X(f), which is a function of the frequency f (here, since the
frequency domain is a conplex region, the conplex exponential function is
used instead of a real sine function or a real cosine function). The

Fourier transf di [ €SS to.acqguir
frequencé/ ?Jrnocfﬁil:légir)\a %éﬁﬁz blefor %ﬂn‘% Efrgﬁle aﬁgc ?%tlhg’ ﬂ‘%nlllé]g ploﬂvvre%hs‘?geo{
transfor |nd cate n the expressio 0 acquire the ti unction
fromt he i&’é‘ﬁ é’ Pb??é’tﬂpé fhe termpergl §Plaiigf?é3ﬂ‘t VoY T Rad |t"r{’a3°cfi’°ﬂg’%ﬂ1$1eemdonai n
as a varlable region is converted to a function having the tinme domain as
a vari abthe sizegif eiespjratnEn ABeration WhF@thﬁé can balsrdvar. m The Fouri er
anal ysis, which is an analysis nethod using the above-descri bed Fouri er
transform is Tlisnakeirdtonquencyionanaycs i waweforth) eneamn clihg npavearefandmtes an

following normalized Cheyne-Stokes respiratory power waveform, CSR/mean lung
power, correspond to the power changing waveform 2e of the specific frequency
domain illustrated in Fig. 2B.

(d) Normalized Cheyne-Stokes respiratory power waveform: CDSR/mean lung
power (Fig. 4D)

This is a waveform obtained by extracting a range of 0.012 to 0.04 Hz
corresponding to the band of the CSR cycle from the original measured respiratory
waveform Resp4 obtained by averaging four measurements. The waveform is divided
by the power mean lung power of the respiratory operation cycle waveform and
normalized.

{e) Cheyne-Stokes respiration generation evaluation grade: CS grade (Fig. 4E)

The above normalized Cheyne-Stokes respiration power is classified into 6
grades from 0 to 5, for example, in accordance with the size of the amplitude, and a
temporal change of the grade is displayed.

{f) Normalized noise component power waveform: Noise/mean lung power
(Fig. 4F)

This is a waveform detected by the above-described respiratory sensor but not
caused by a respiratory airflow and illustrating a temporal change of the noise
component. This noise component is caused by a body motion of the subject, for

example, and a temporal change of the size of the body motion of the subject in the
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analysis target in the entire variable region thereof, and thus, it is
extrenely effective in an analysis of a discontinuous signal, with which a
tendency of localization on the tinme axis is not a problem but as
illustrated in the follow ng known docunent 2, if it is used for an

anal ysis of a discontinuous signal having a specific characteristic, there
is a problemhard to be solved, and the wavel et anal ysis has been recently

proposed as neans of anal yzing them Known document 2: "V\hat is
Wavel et Transf or chi mada cal Science"
1992, - pptCAAPT G raEn P SUSEHL s DR er by MORoh sSon, 2 ORSHFR Sersibt R above

known document 2, the Fourier spectrum which is information in. the
frequency tedamationdsteseng typndtqur therliker aeT dpan theatespisdeny HmSPTTY B
relating to tinme, and thus, it is difficult to find a correspondence

r el ati onsduepsabet ween the spectrum and the | ocal phenonenon. For
exanpl e, even if the frequency increases with tinme nonotonically, it is

i npossi bl e to dewahsthdd® of beatignthinsyisotompencht egusony, Liprode fesfugndy om t he
spectrum Also, even if a clear power |aw of the spectrum appears only in

the dat anfa?vdengxtpdcﬁear buOGAHIS bAbb@iddny, BE 8@ty Wavelo@l RéS isl firthbe
vicinity of the respective times, if time with different simlarity is

m xed in %be 41 be
xpoct eatiatd B aRSHE Tkl o) SRloBRAChu AL e MRERLGHTHERT B
characteristics of rjt the. shape of the spectrum Such
di sadvanf‘ﬁ‘@;‘?—)t iR @%3@*@8@%01‘??%@%}“’%? Rrmaused since it is a
functi on whose integral kernel exp(jaft) .is unifoin y expanded.
Thus, a net hodThis wil b dasembndmyoplaring ta igs-trandth ansf orm target data
to a local portion on the time axis (w ndow Fourier transform mght be
used, but due Fig. thidustrats thaicnpiyateryiseosoploutiot wageloine obtuedyhyi aeragig e is a
pr obl em t hat accur acy cannot be
four measurements (Res4) and the smoothing waveform subjected to moving average of
the past 5 seconds of this Resd (Smooth) in a juxtaposed manner. A part of the
measured waveform over the entire sleep period is taken out and illustrated, in which
the lateral axis indicates elapsed tume (Sec, 104 scale).
Fig. 6 further illustrates a method of creating a noise component waveform
(Noise), in which an envelope (bottom) on the lower part of the respiratory sensor
output waveform obtained by averaging four measurements (Res4) is created first, and
the smoothing waveform (Smooth) is subtracted from this bottom, and the result is the
noise waveform (Noise).
That is, in the light of the smoothing waveform (Smooth) indicating the trend
of the respiratory waveform, the sensor output departing from this trend is extracted as a
noise portion.
Fig. 4F illustrates a temporal change of the normalized noise component power

waveform Noise/mean lung power in the sleep period obtained by being divided by the

above-described mean lung power and normalized.
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i nproved at the sane tinme for tinme and frequency. That is, the w ndow
Fourier transform corresponds to a situation in which periodicity and
simlarity are both partly destroyed and | ocali zed. On the ot her
hand, in the Wavelet transform Fourier transformis localized with sone
break-down of periodicity while the simlarity is strictly maintained.
Thi s wavel et transform does not have high frequency resolution but is
extrenely suitable for analysis of local simlarity of data fromthe

locality and sim]arity of the kernel functien. e wavel et anal ysis can
be considered(gyb%%gKﬂHP@ﬁf?@Bﬂﬁ@%ﬁyﬁgg?dﬁ?éf%y7¢ﬂ the Fourier analysis by
| ocality. Speci fi ¢ praocedures of the wavel et analysis wi|l further
be described iNedcsraEmin Rleh V@ﬁ@%%@?ﬂ]ﬁ@‘?lﬁﬁyﬂﬁ 9 Fiee %Fymmwa&ﬁn%@m 2,
and in a case of one dinension, one function 9(0 is selected, and this is
cal | ed aimahg rhangionaelethe respiratony hetle whthel sbjectwall be desoribed by eefepinigon of
condi ti ons which should be satisfied by this p(t) is "a function which

attenuatkig. §ar and sufficiently fast". As a specific exanple of the
anal yzi ng wavel ets, a plurality of wavel ets including Mexican Hat function

have been propespg adidCtHaldbvela@eribdll 2EPIrkRir -operation cyBY WaTdTSrnb,hi S
anal yzi ng wavel et, a function system (collection consisting of a |arge

number of, ﬂ;@g&@g%{ .iﬂc%@np%ﬁ%ll&é@%%eﬂr [S,{}gﬁcéopda&p@wﬁtﬁ'tﬂeomowg dgljﬁﬂfi&ESi on 3

is create IS'1IS Ca nNeri cal expression

Four i o1 FaeRory. b o s e, B Tl R Ld uboBiears @

frequency) but b is a paraneter_ of tinme and there is no correspondi ng one
in Fouri %@qqep@hgq(bqhﬁlvertlcal axis indicates power.

Here, a peak frequency found in the mean lung power, that is, a central
frequency of the respiratory cycle is defined as HF (high frequency), and regions
defined with the width of 0.08 Hz on the both sides of the HF are defined as central
band regions (B). And a region having lower frequencies than the central band region
is defined as left side band region (A), while a region having higher frequencies than the
central band region is defined as a right side band region (C).

Here, if variation of the respiratory cycle of the subject is large, in the spectral
diagram in Fig. 8, a quotient obtained by dividing the value obtained by integrating the
spectral power of the left side band region (A) and the right side band region (C), that is,
the regions of A and C with respect to frequency by a value obtained by integrating the
entire spectral power, that is, the regions of A, B, and C with respect to frequency
should be larger. This value is called a variation index {var) of the respiratory cycle,
and a temporal change of an actually measured value is illustrated in Fig. 7G.

(h) Standard deviation of respiratory cycle: RespHzSD (Fig. 7H)
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Conti nuous wavel et transformin the case where the paraneters a and b are
conti nuous can be considered to have used the above anal yzi ng wavel et
(Expression 3) as the integral kernel exp(j2aft) in Fourier transform and
forward transformand inverse transformare present simlarly to Fourier
transform which are expressed by the follow ng expressions 4 and 5,
respectively: [Nunerical expression 4] (The sign * indicates a conpl ex
conj ugate nunber) [Nunerical expression 5]

Next, two indexes selected from an approach different from the
above-described variation index var of the respiratory cycle in order to see a temporal
change in variation of the respiratory cycle of the subject will be described.

The inventor has obtained the following finding in making sleep evaluation
diagnoses for a large number of cases using the respiratory waveform measurement
information of the subject.

As described in the first place, one cycle made of six types of sleep stages is
repeated approximately three times in one night typically with approximately a
90-minute cycle in the sleep, and a change in the physiological data in each cycle can be
clearly observed by a slow wave component (SWA: Slow Wave Activity) of brain waves
as below. In the case of a subject whose comfort level including the quality of sleep
has deteriorated by some causes such as sleep apnea, it has been known by the
examination by the inventor that the cycle of the sleep stages by SWA breaks down and
cannot be clearly observed.

Fig. 9 explains a relationship between the slow wave component (SWA) of the
brain waves and the sleep stage for the case of a subject having a good comfort level
including the quality of sleep by using a typical pattern. The lateral axis indicates
measurement time and represents the whole sleep period for one night (8 hours in the
illustration). As clearly known from Fig. 9, the temporal change in the sleep stage
cyclically repeated is synchronized with a change in power of the SWA, and particularly
the power of the SWA becomes the maximum in a stage IV in which the sleep is the
deepest.

The data in Figs. 3 to 7 which has been described above is created from the

same respiratory sensor output waveform of the same subject found to have no cardiac
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T a,b (a,b), (t IL cp ,da db a2 [Nunerical expression 6]

diseases and a good comfort level including the quality of sleep, but the data in Fig. 9 is
not the data of this subject but shows one typical example.

The inventor has paid attention to the respiratory operation of the subject in
sleep and has found out that if attention is paid to little change in the respiratory cycle
obtained by measurement or in other words, stability of the respiratory frequency or
regularity of the respiratory cycle, observation of this sleep cycle and hence, evaluation
of the comfort level includiﬁg the quality of sleep can be made, which has led to
completion of the present invention. Hereinafter, the phrase “regularity of a
respiratory cycle” is used including properties of little change in the respiratory cycle
and stability of the respiratory frequency.

By using the system described above, as a band of the respiratory cycle, the
respiratory operation cycle waveform mean lung power described above is extracted, for
example, from the respiratory waveform obtained by measurement. By calculating an
average value (X bar) of the respiratory frequency first, and further calculating the
standard deviation (SD) of the respiratory frequency by using a known statistical
method, the size of a change of the respiratory cycle can be known. Moreover, by
acquiring an inverse number of the standard deviation (SD), stability of the respiratory
cycle can be expressed. Instead of using the average value (X bar) of the respiratory
frequency, other indexes such as the respiratory cycle peak frequency (HF) described
above may be used.

The inverse number of the standard deviation of the measured respiratory
waveform is referred to as RSI (Respiration Stability Index) here. By graphically
illustrating the RSI so that a temporal change of sleep in one night can be known, a

medical staff can observe and easily determine that the sleep cycle is clearly expressed,
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Here, T(a,b) is called a (continuous) wavel et transformof the target
function for analysis f(t), and also called "wavel et coefficient” in the
fol | owi ng. In the continuous wavel et transform an expression
simlar to the relationship of Parseval in Fourier analysis holds, and the
followng isonetric form that is, the follow ng expression 7, which is a
rel ati onal expression of the "equipartition |aw of energy" hol ds:
[ Nureri cal expression 7] Jj Thi 2 dadba2 Fromthis expression 7, it
IS possible . to du%?Pss t he act ics of a defini ng

C

that T ne SRS K LBrBRED B kA PR Dty T Re v R RO T o,
b)12. Al so, such _a use can be considered that 1T(a, b)12 (this is referred
to as "peElads and the coMHYE Jevrl ppludmethe iality of plesr)is pegie oA col or
pl ot, for exanple, and various phenonena included in the tine series can
be cl assddtérdndsipnigei hg npele byranbagnosing dehiee diom the regularity.
On the other hand, in a method of recording and observing a temporal change
of the respiratory rate or a temporal change of a heart rate while a subject is sleeping,
for example, which is a configuration different from that of this embodiment of the
present invention, these waveforms of changes do not match the change of the
brain-wave slow wave component (SWA), and thus, it is already known that this method
is not suitable for evaluation of the comfort level including the quality of sleep.
Thus, in a system of a variation of the present invention, as described above,
from a plurality of Fourier spectra at the time which is a start point of each Fourier
window period obtained by executing fast Fourier transform (FEFT) by shifting time by 5
seconds of the Fourier window period for 5 minutes from the inputted respiratory
waveform, a frequency domain of 0.11 to 0.50 Hz including 0.4 Hz, which is a typical
respiratory cycle of a human body, is extracted.
Moreover, in the system of the variation of the present invention, the analysis
part 3-3 calculates an average value (X bar) and a standard deviation (SD) of the
frequency included in the respiratory frequency band for each Fourier window obtained
with the above-described shift interval of 50 seconds.
Fig. 7H illustrates a conventional respiratory cycle standard deviation
RespHzSD of a subject. The above-described RSI, which is an inverse number of this
SD, is calculated for each Fourier window period having the shift interval of 50 seconds,

a graph indicating a temporal change of the RSI in which the power thereof is plotted on

the axis orthogonal to the time axis is created, and this can be displayed, printed or

50



That is, by applying the wavelet transformto the waveformto be anal yzed,
wavel et coefficients corresponding to the respective points in two

vari abl e spaces, which are the frequency 1/a and the tine b, are

cal cul ated, and by using these wavel et coefficients, power can be

cal cul ated as an index of energy wth respect to each frequency 1/a and
the tinme b. Al'so, in the follow ng known docunent 3, an application
of the wavel et analysis or particularly a discontinuous signal detection
function is cunent. 3: et Ana

Bi'rt bl DoPWPUHERhBFrE a1 Ny SRCe iRl ER R PR BERS op. 22
to 25 and 131 tq 133 élssued on June 5, 1997, Kyoritsu Shuppan Co., Ltd.)
Consi der giaghatiabifity afche sleep 6¥cle pad fiencst the comips devs! inclding ql’l%B‘inQfant

function is detection of a discontinuous signal. Discontinuous signals

f ound i nsleext eandie ephibnahservad anéd deghosedel y snmal | and noreover, covered by
noi ses. The wavel et transformhas a capability to detect this

di sconti nuity B STigR@mhifrlyTHilgsitasesb @igausavaimiondls eéspiretoval aieleofstdnliardwavel et
coefficient at a discontinuous point on the tinme axis is larger than the

ot her pojdfisionatdpliReDdraGapinuous point can be detected. As
descri bed above, Fhe wavel et” analysis is considered to act effectively for

anal yses of coppl & “?ggog}tlﬁgw&b%eﬁag&% ?fv\@}\(eefa%r dleél ?Si’a\{dlp%

frequency conponen Super i npose h a Ioc 'Zat1on endency, and

t he |nvent ai t nt|o to.thi oi nt and reached the finding
descrlbeﬂP Shas eﬁ?ﬂﬁg Wﬁ%’ [ Cases]

In Fig. 10 schematically illustrating a frequency spectrum of the respiratory
operation cycle waveform mean lung power, for example, which is a frequency
spectram after extraction of the respiratory frequency, the frequency spectrum in a state
in which sleep is deep, respiration of a subject is slow, displacement of the frequency is
less, and a respiratory operation is stable is, as illustrated in a graph 10a, such that the
width of shape of the envelope around the frequency average value fxbar-s is small, and
the standard deviation thereof expressed as fSDs is considered to be also small.

On the other hand, in a state in which sleep is shallower, the respiratory
operation becomes rapid, the respiratory frequency shifts to a higher frequency average
value fxbar-t, and the fluctuation of the respiratory frequency also becomes larger and
thus, the width of the envelope shape is widened, and the standard deviation fSD-r in
this state also becomes larger.

Therefore, as described above, by examining a temporai change of RSI, which
is an inverse number of the standard deviation, a regular period (graph 10a) and an
irregular period (a graph 10b) as illustrated in Fig. 10 can be visually observed and

diagnosed easily.
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Resul ts of conparison using RSI and ul tradi an rhyt hm power changi ng
wavefornms and ot her analysis results for two case groups or four cases in
total will be described below. The two case groups are as follows: Case
group | (healthy group) Nunber of cases: 1 (first case, Figs. 12 to 16)
Car di ac di seases: None Renmarkable CSR. None Quality of sleep: Favorable Ca
mu Il cg_pdiseau_pise group)

The above-described numerical values of the Fourier window periods are only
exemplifications and capable of execution at other values as appropriate, and regarding
the above-described method of calculating the RSI using the inverse number of the
standard deviation, an index obtained by other calculating methods indicating regularity
of the respiratory cycle can be also used, and they are also a part of the present
invention.

Also, as illustrated in Fig. 10, it may be so configured that the SD, RSI and the
like are calculated by using only the data from the peak to 95% of the respiratory
frequency graph and the data of the lowest 5% is eliminated so as to suppress the
mfluence of noises.

Moreover, as described above, in addition to display of each graph waveform
over the entire sleep period for one night of a subject, it may be so configured that a
medical staff specifies a time domain in which the staff wants the graph waveforms to
be particularly enlarged and observed and can make the waveform of each graph in the
time domain and a frequency distribution (spectrogram} of each waveform in the time
domain displayed.

Fig. 11 is an example thereof, and since a medical staff observes each
waveform over the whole region of sleep and selects a specific region with particularly
large CSR, as illustrated in Fig. 11(2) in each waveform graph in the selected region for
300 seconds and as illustrated in Fig. 11(1), a spectrogram of each waveform in this
selected time domain can be displayed. According to Fig. 11, it can be visually
recognized easily that the spectral power of CSR is large from (1) and that the CSR
waveform cyclically repeats increase/decrease from (2). That is, the CSR is found in

the subject in this region.

52



Nunber of cases: 3 (second case, Figs. 17 to 21, third case, Figs. 22 to
26, and fourth case, Figs. 27 to 31) Cardiac di seases: Chronic heart
failure Renmarkable CSR Yes Quality of sleep: Unfavorable The pathosis of

the cases included in the case group Il (disease group) is as follows:
Second case: NYHA Class |, BNP = 47 pg/m Third case: NYHA Class Il, BNP =
115 pg/m

Since the configuration of selecting a specific time domain by using operating
means and displaying a spectrogram and a power waveform in that region as described
above can be easily realized from a known technology, detailed description thereof will
be omitted in order to avoid cumbersomeness.

[Wavelet analysis]

Next, in the generated waveform on the basis of the respiratory waveform
described above, a result of comparison and examination of cases particularly using RSI
(Respiration Stability Index) will be described.

Prior to the description, in the analysis target waveform like RSI, a wavelet
analysis, which is a mathematical method of accurately analyzing how the power of a
specific frequency component such as ultradian rhythm or a basic physiological cycle of
sleep (approximately 90 minutes) changes with time will be described as preparation.

As a traditional analysis method for an irregularly continuous signal system
including a biological signal, Fourier analysis has been well known.

The Fourier analysis is, as disclosed in detail in the following known document
1, for example, an analysis in which a method of Fourier-series expansion of a function
having a cycle is further expanded to a non-periodic function so as to express an
arbitrary irregular continuous signal series by superposition including infinite order of a
functional waveform having a periodicity of a sinusoidal waveform and self-similarity.

Known document 1: “Introduction to Digital Signal Processing” by Kennichi
Kido, pp. 13 to 15, (issued on July 20, 1985, by Maruzen)

That is, a function x(t) having time t present in an infinite interval on the time
axis as a variable and a function X(f) having a frequency f present in an infinite interval

on a frequency axis as a variable can be selected so that the following expression 1 and
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Fourth case: NYHA Class 111, BNP = 1000 pg/ml Here, NYHA is
classification of the degree of a heart failure synptom determ ned by New
York Heart Association (NYHA), and the severity of heart failure is
classified into four classes as follows: NYHA Class I: No synptons and no
limtation in ordinary daily life. NYHA Cass Il: Slight to nmedium
limtation in daily life. No synptons at rest but
fatiguel/ pal pitation/shortness of breath and/or angina occurs in usual
behaviors. NYHA Class |11 rked limtatign in daily life. No.s tonms at
est but RSB Skl dhesh bt R rese it e 4Rt B o £y OLERL “ae
wal king on a flatland. NYHA Class |V: Sone synptons even in extrenely

|i ght actpnsfany pais, ¢pd S48 inreleresdite ap Fowigr Bansifonel ¥ght occur even at rest.
Al so, the BNP test (brain natriuretic peptide) is a test for neasuring an
anount ofNtgrimehexmessiontldd fromthe heart (mainly fromthe ventricl es)
into blood if a burden is applied to the heart, and the higher this BNP
value is, the larger burden is considered to be applied to the heart.
Clinically, this test is useful®for diagnosis/prognostication of cardiac

infarcti om%%ggétw jén tgg(ggle&ijefijé%atf%:?atneasure cardi ac

di seases

[Numerical expression 2]

EX3

X(t)=?’-1[X(f)] = | X(Dexp(j2m ft)df

That is, the Fourier transform pair indicates a relationship between x(t) and
X(f) when the waveform x(t), which is a function of the time t, is expressed as a
collection of complex exponential functions exp(j2znft) of a complex amplitude X(f),
which is a function of the frequency f (here, since the frequency domain is a complex
region, the complex exponential function is used instead of a real sine function or a real
cosine function). The Fourier transform indicated in the expression 1 is to acquire the
frequency function from the time function and the Fourier inverse transform indicated in
the expression 2 is to acquire the time function from the frequency function. That is,
the function having the time domain as a variable region is converted to a function
having the time domain as a variable region by means of the Fourier transform.

The Fourier analysis, which is an analysis method using the above-described

Fourier transform, is to make frequency analysis of the function waveform as an
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Ascertai nment of heart di sease pathosis using the BNP test value is as
follows: 18.4 pg/m or less: Wthin a standard range. 18.5 ph/nm or nore:
Exceedi ng the standard range. The value rises in accordance with

deterioration of the pathosis. Also, in Figs. 12 to 31 for
expl ai ni ng each case, the follow ng graphs explaining the characteristics
of the present invention are illustrated in conmmon to each case: (i)

Brain wave SWA trend: A trend graph of data obtained by calculating the
m.t he brain wa fes, an eatedly

above-descri bed S rom. s _f.or m n by.re
execut | rgysr grach gy 3 BeRb i Pe R 3o il Al SRR el RERCRL
sanpling frequenc f this graph_is 50 seconds each (0,02 Hz). Ji)

Respi r at 8t %fy QR%FCQW@H%‘%S saenal.awigh gmgw t?pgﬁ&m?éﬂ?@hm@a dgythe ;}F@ul ati ng
t he above-described RSI fromthe respiratory curve for 5 mnutes and by

r epeat eddsps sxwd atoreljeint bufmstidnsgratasuinghéy {ollominig knyvibdocsesie2,dhiigs used
Therefore, the sanpling frequency of this graph is 50 seconds each (0.02
Hz) . for an anafysieof el dip@nahi@isnggndyhavidgt e rshadfic karaeteastivr nhirs iadded to
both (i) and (ii) so that the rhythmof the wavefoun trend can be easily
seen. (ihloblehl RatdERCYe dbRtd, &idt HHRNwaTelBT AlalysaNR 5380 REhtiesPpbatoiy cycle

RSI
means of analyzing them.

Known document 2: “What is Wavelet Transform” by Michio Yamada,

(“Mathematical Science”, December 1992, pp. 11 to 14, Saiensu-sha Co., Ltd.)

According to the above known document 2, the Fourier spectrum, which is
information in the frequency domain obtained by Fourier transform, has lost
information relating to time, and thus, it is difficult to find a correspondence
relationship between the spectrum and the local phenomenon.

For example, even if the frequency increases with time monotonically, it is
impossible to determine the tendency of the frequency change only from the spectrum.
Also, even if a clear power law of the spectrum appears only in the data having clear
local similarity at each time, that is, in the vicinity of the respective times, if time with
different similarity is mixed in the time series, the clear power law of the spectrum
cannot be expected, and it is substantially impossible to determine the characteristics of
similarity by the shape of the -spectrum

Such disadvantageous pature of Fourier transform is caused since it is a
function whose integral kernel exp(j2znft) is uniformly expanded.

Thus, a method of Fourier transform by limiting the transform target data to a

local portion on the time axis (window Fourier transform) might be used, but due to the

uncertainty principle of Fourier analysis, there is a problem that accuracy cannot be

55



Frequency anal ysis by MEM (Maxi num Entropy Method) is applied to the data
of SWA and RSI (0.02 Hz) for approximately 8 hours, and nmajor vibration
conponents included in these tinme-series signals are extracted Enphasis is
pl aced on grasping of the frequency domain, which is normalized by the

respective maxi mrumpower in illustration. (iv) Brain wave SWA
autocorrelation function The autocorrelation function of the above
SWA waveform that is, a change of the correlation coefficient by shifted
conpari son between SWA waveforns.is illustrate Presence.of an, i nportant
" hyt hm | SRRAYS] AT ¢he G GPBR riPT STE B8 KRNt Dk 15 e mbislona daprit

In order to clarify description by omtting duplicated illustrations, (xi)

and (xi i raepfenpeqreespendsiio tahwtuption tn which pesi@dicity pod senilagly arecbashrippitd i n
the second to fourth cases. (v) Respiratory cycle RS autocorrelation

f unct i ondestroyed arfi loedlmedl,y, t he autocorrel ation function of the RS
waveform that is, a change of the correlation coefficient by shifted

conpari son of ORehKSthewdsd OmNhel Waldlbtughdsfdratl Folyie) tdbiifoiad i€ @ehkkadt | ONn
functions of brain wave SWA and respiratory cycle RSI A change of

}ng corr ghlb B bRARIdowe! cﬁ?kri@éﬁcﬁ Wi R dh& QREFiHSIO B Rily gy Wavef or m and
wavefornms is illustrated. This i1s a graph which statistically
demonstrates Wagkher QL NRAAAS &' R RS WRGlerdelCrR8Tuloh Sudl' &M
extremely suitable for analysis of local similarity of data from the locality and similarity
of the kernel function. The wavelet analysis can be considered a tool which replaces
periodicity in the Fourier analysis by locality.

Specific procedures of the wavelet analysis will further ‘be described in
accordance with the description in the known document 2, and in a case of one
dimension, one function ¢(t} is selected, and this is called analyzing wavelet or mother
wavelet. Qualitative description of conditions which should be satisfied by this ¢(t) is
“a function which attenuates far and sufficiently fast”. As a specific example of the
analyzing wavelets, a plurality of wavelets including Mexican Hat function have been
proposed and actually used in analysis.

By using this analyzing wavelet, a function system (collection consisting of a
large number of functions) with two parameters as in the following expression 3 is

created and this is called wavelet:

[Numerical expression 3]

'f'f'_b (a,beR, a%0)
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(vii) Brain wave SWA trend The waveformin (i) is nmade into a continuous
waveform (viii) Change of ultradian power included in brain wave SWA
trend A change of the ultradian rhythm power included in the
waveformof (vii) is illustrated in a graph using the above-descri bed
wavel et anal ysis nethod. That is, an average val ue of power at 0.0001 to
0.0003 Hz (90-m nute cycle) is tracked, and a change of the depth of sleep
is illustrated. (ix) Respiratory cycle RSI trend The waveformin (ii) is

made into a copfl gHoUS: WAKEOL bl SHAISP a8l RN BMBHed Wihuded Tn

respiratory cyc

Fourier transform, a has a role in a period (an inverse number of frequency) but b is a
parameter of time and there is no corresponding one in Fourier transform.

Continuous wavelet transform in the case where the parameters a and b are
continuous can be considered to bave used the above analyzing wavelet (Expression 3)
as the integral kernel exp(j2=nft) in Fourier transform, and forward transform and inverse
transform are present similarly to Fourier transform, which are expressed by the
following expressions 4 and 5, respectively:

[Numerical expression 4]

T(a,b‘)f;% o™ )" £f(6) dt

] > Yoo

(The sign * indicates a complex conjugate number)

[Numerical expression 5]

T(ab) ¢ (1) dadb

o

[Numerical expression 6]
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A change of the brain wave SWA ultradi an rhythm power included in the
waveformof (ix) is illustrated in a graph using the above-described
wavel et anal ysis nethod. That is, an average val ue of power at 0.0001 to
0.0003 Hz (90-minute cycle) is tracked, and a change of the depth of sleep

is illustrated. (xi) Change of ultradian power included in brain wave SWA
trend The sanme as (viii). (xii) Change of ultradian power included in
respiratory cycle RSI trend The sanme as (Xx). From each of the

graphs (i) to (xii) relating to the first to fourth cases, the foll ow ng
poi nts are found: B 2 i fr Ei) and (ii), it is clearly seen that
the tine phases of the brail ﬁé ;-n trend and the respiratory cycle RS
trend match eagh othe Si m Zr gEE oht is understood that
respiration i s T&gular y“st‘b'lf—gﬁ en an depth of sleep is
obt ai ned, and the regUr&rit) g#jf:spt ation is constant (the regularity
has reached the upper limt) even if the sleep gets deeper. It is
predicted that there is an t hreshol d

( @ @n D= expt-jizx sy(t)dt )

Here, T(a,b) is called a (continuous) wavelet transform of the target finction
for analysis f{t), and also called “wavelet coefficient” in the following.

In the continuous wavelet transform, an expression similar to the relationship
of Parseval in Fourier analysis holds, and the following isometric form, that is, the
following expression 7, which is a relational expression of the “equipartition law of
energy” holds:

[Numerical expression 7]

FOl

IT(a,b) i:”? d:’?

From this expression 7, it is possible to discuss the characteristics of a time
series by defining that the “energy of a component of the frequency 1/a at time b” is | T(a,
b)’.  Also, such a use can be considered that [T(a, b)?* (this is referred to as “power”) is
displayed on an ab plane as a bird’s eye view or a color plot, for example, and various
phenomena included in the time series can be classified by using patterns found therein.

That is, by applying the wavelet transform to the waveform to be analyzed,

wavelet coefficients corresponding to the respective points in two variable spaces,
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value for RSI to becone regular during sleep. That is because the RSI does
not react when the rightnost SWA peak appears in the first case.
Subsequently, fromthe ultradian rhythm of 0.0001 to 0.0003 Hz
(approximately 90 to 100 m nute cycle) is clearly found in both of the
brain wave SWA trend and the respiratory cycle RSI trend. Al so,
from(w, (v), and (vi), it is found that in the autocorrelation function,
both the brain wave SWA trend and the respiratory cycle RSI trend have

peri odi cj nd..t h clg.is.: [ QXxi l.v,90 .t.0 100 pinutes.fromthe
peak intg%%gﬁm%pmgﬁéméﬁﬁbg%FPgﬁ%?P%%H%uﬁ%gﬁéﬁm§%ve gpﬁ#%#ﬁH%% grggaihe
ultradi an rhythm The maxi mum correl ation of the both .in the nutual

correl at ?Qﬂﬁ%ﬁﬁ%t POHeTs eacailﬁug‘ﬁe‘\%éllsl@ drdex oy eRErRa ey 1spect hER neans
that the both are closely related to each other. The nost inportant
poi nt t ofrermienex b apd theridme bhe periodicities of the ultradian rhythm
included in the brain wave SWA trend and the respiratory cycle RSI trend
are larger in Aka) iihyhe dolidveingnidhdvwratdoasnét e3, NMfHApgliaasion prfotheedsvadetd t he
cardi ac di sease becomes nore serious, expression of the periodicity

becones siiBsis or PAsicutedly D@sdoreMbols @mapdstbdtioarfengpniindésoabs&d. ze of a peak
found in the autocorrelation function of the respective trend waveformns.

Al so, if the %Mﬁo&lnﬁht‘”rﬁ%gk‘Wa%fe?%gfﬁﬁﬂsaﬁ ﬂﬁb&xﬁ:ﬁg@ﬁ%@%&ﬂpﬁicﬁ% d wth

the data of a patient w hear t re (secon cases), the

respectiye .f.eaf yres . of t brain wa angd,.t.h spi r.at y RS
e’ founbiiSiA e sBinb Xamgiif aBSET 1 wROP I Parp SRRl Brlfe &/ P07,

under st ogd: . The hrain wave SWA increases its power in accordance
with theRyeFenSBIPREPédy I8t the respiratory cycle RSl is expected to have
sonmething like a threshold value at which regularity in the sleep at the
dept h not | essCensideriag ¢eeppliqation wé thepeevshas 9nalysia the most important function

1s detection of a discontinuous signal.  Discontinuous signals found in natural
phenomena are extremely small and moreover, covered by noises. The wavelet
transfoﬁn has a capability to detect this discontinuity of signals. This is because an
absolute value of the wavelet coefficient at a discontinuous point on the time axis is
larger than the other points, and the discontinuous point can be detected.

As described above, the wavelet analysis is considered to act effectively for
analyses of complex discontinuous signal waveforms in which various frequency
components are superimposed with a localization tendency, and the inventor has paid
attention to this point and reached the finding described below and the present
invention.

[Cases]

Results of comparison using RSI and ultradian rhytbm power changing
waveforms and other analysis results for two case groups or four cases in total will be
described below. The two case groups are as follows:

Case group 1 (healthy sroup)
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This is because the respiratory cycle RSI becones suddenly regular at sone
degree of sleep and cannot be nore regular than that (regularity has an
upper limt value). Therefore, since the size of the peak in the
respiratory cycle RSI becones constant at sonme degree or nore, it is

| i kely that the maxi num val ue cannot be found easily with the wavel et
analysis as in the brain wave SWA Particularly in the case of deep
sl eep throughout the night as in a healthy person, the wavel et of the
respiratgr C RSl i nsg.der t.o, easily show the ultradi an power
like a mﬁgém%¥§%é%§ig(%%Fg%Fﬁ%ggé?go18) Rat her, the respiratory cycle
RSI is c8nslde,ed to, _easily show a peak, matching deep sl eep sonetines

found i nC&IEE4INAKSYNPIG patient with sleep disorder (second and third
cases). From the above, the respiratory cycle RSI is considered to
shar pl y Rempikeblededy Nangep at a certain level or nore (non-REM sl eep,
requiring conparison with the depth). The above consi derati on was
made bas@dalam ofislegmparomble bet ween the brain wave SWA trend and t he
respiratory cycle RSI trend of each case as a main viewpoint. Next ,
attenti ofadeSre@t O (HiResRe e of the respiratory cycle RSI trend of each

case and the ultradian rhythm power included therein, and a difference

bet | .
et ween Nﬁﬁb&aéﬁcaggs%p(séco@aﬁgkéf h*PX%ser‘?l{Q)zlﬁﬂﬂrdCc%é fq%sglr%gatlr) ezgg g%cggﬁﬁ%ngr oup)

wi |l be considere ese two groups are t he
Vi ewpoi nt of.th3 %hg e inthe illustrated RSI and ultradian rhythm power,
t he foll%ﬁﬁﬁag%igf% ces between the groups are marked. Therefore, by
usi ng tq% RSI, . .a chan&g in the ultradian rhythm waveformor both, it is
possi bl e-agiditeasesi GREoRIq Phe "group without chronic heart failure
or marked CSR and with a favorable quality of sleep"” and the "group with
chroni ¢ Rempkablgi(GSk:&eand narked CSR and a unfavorable quality of sleep"
by di agnosi s.

Quality of sleep: Unfavorable

The pathosis of the cases included in the case group II (disease group) is as

follows:

Second case: NYHA Class I, BNP =47 pg/ml

Third case: NYHA Class II, BNP = 115 pg/ml

Fourth case: NYHA Class III, BNP = 1000 pg/ml

Here, NYHA is classification of the degree of a heart failure symptom

determined by New York Heart Association (NYHA), and the severity of heart failure is

classified into four classes as follows:

NYHA Class I: No symptoms and no limitation in ordinary daily life.

NYHA Class II: Slight to medium limitation in daily life. No symptoms at rest but

fatigue/palpitation/shortness of breath and/or angina occurs in usual behaviors.

NYHA Class III: Marked limitation in daily life. No symptoms at rest but symptom

occurs even during less-than-ordinary activity such as walking on a flatland.
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Particularly clear differences are as follows: [Table 1] D fference Case
group | Case group Il Position of RSI peak Clear in the first half of
sleep. A peak is found in 1.5- to 2-hour cycle, and 3 to 4 peaks are found
during the sleep Only irregular peaks are found. Not synchronized with the
cycle of typical good-quality sleep at all.

NYHA Class IV: Some symptoms even in extremely light activity. Symptoms of heart
failure/angina might occur even at rest.

Also, the BNP test (brain natriuretic peptide) is a test for measuring an amount
of hormone secreted from the heart (mainly from the ventricles) into blood if a burden is
applied to the heart, and the higher this BNP value 1s, the larger burden is considered to
be applied to the heart. Clinically, this test is useful for diagnosis/prognostication of
cardiac infarction or heart failure and the only test that can measure cardiac diseases by
blood test.

Ascertainment of heart disease pathosis using the BNP test value is as follows:
18.4 pg/ml or less: Within a standard range.

18.5 ph/nﬂ or more: Exceeding the standard range. The value rises in accordance with
deterioration of the pathosis.

Also, in Figs. 12 to 31 for explaining each case, the following graphs
explaining the characteristics of the present invention are illustrated in common to each
case:

(1) Brain wave SWA trend: A trend graph of data obtained by calculating the
above-described SWA from the brain waves for 5 minutes and by repeatedljr executing
it up to 8 hours by shifting by 50 seconds. Therefore, the sampling frequency of this
graph is 50 seconds each (0.02 Hz).

(i) Respiratory cycle RSI trend: A trend graph of data obtained by calculating the
above-described RSI from the respiratory curve for 5 minutes and by repeatedly
executing it up to 8§ hours by shifting by 50 seconds. Therefore, the sampling

frequency of this graph is 50 seconds each (0.02 Hz).
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Size of RSI The value of a peak is large. Atinme integral value is also

| arge. A peak is snall and a tinme integral value is also small
Particularly in the fourth case, both are markedly small. Peak position of
ul tradi an rhyt hm power Continuous peak is found in the first half of

sl eep. Therei snoconti nuous peak and there are even cases w thout clear

- peaks

An envelope obtained by filtering the waveform is added to both (i) and (i) so
that the rhythm of the waveform trend can be easily seen.
(iii) Frequency distribution of brain wave SWA and respiratory cycle RSI

Frequency analysis by MEM (Maximum Entropy Method) is applied to the
data of SWA and RSI (0.02 Hz) for approximately 8 hours, and major vibration
components included in these time-series signals are extracted. Emphasis is placed on
grasping of the frequency domain, which is nommalized by the respective maximum
power in illustration.
(iv) Brain wave SWA autocorrelation function

The autocorrelation function of the above SWA waveform, that is, a change of
the correlation coefficient by shifted comparison between SWA waveforms is illustrated.
Presence of an important rhythm Iatent in the waveform is to be statistically
demonstrated.

In order to clarify description by omitting duplicated illustrations, (xi) and (xii)
are omitted in the first case and (ix) and (x) are omitted in the second to fourth cases.
(v) Respiratory cycle RS autocorrelation function

Similarly, the autocorrelation function of the RSI waveform, that is, a change
of the correlation coefficient by shifted comparison of the RSI waveforms is illustrated.
(vi) Mutual correlation functions of brain wave SWA and respiratory cycle RSI

A change of the correlation coefficient by shifted comparison of the SWA
waveform and RSI waveforms is illustrated. This is a graph which statistically
demonstrates whether or not the correlation between the both is high.
(vii) Brain wave SWA trend

The waveform in (i) is made into a continuous waveform.
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Size of ultradian rhythm power Relatively large. Relatively small.

[ Change of index by adm nistration of oxygen] At the end of the
description using the cases, the fifth case will be described using Figs.
32 and 33.

(viii) Change of ultradian power included in brain wave SWA trend

A change of the ultradian rhythm power mcluded in the waveform of (vii) is
illustrated in a graph using the above-described wavelet analysis method. That is, an
average value of power at 0.0001 to 0.0003 Hz (90-minute cycle) is tracked, and a
change of the depth of sleep is illustrated.
(ix) Respiratory cycle RSI trend

The waveform in (ii) is made into a continuous waveform.
(x) Change of ultradian power included in respiratory cycle RSI trend

A change of the brain wave SWA ultradian rhythm power included in the |
waveform of (ix) is illustrated in a grabh using the above-described wavelet analysis
method. That is, an average value of power at 0.0001 to 0.0003 Hz (90-minute cycle)
is tracked, and a change of the depth of sleep is illustrated.
(xi) Change of ultradian power included in brain wave SWA trend

The same as (viii).
(xii) Change of ultradian power included in respiratory cycle RSI trend

The same as (x).

From each of the graphs (i) to (xii) relating to the first to fourth cases, the
following points are found:

First, from (1) and (i1), it is clearly seen that the time phases of the brain wave
SWA trend and the respiratory cycle RSI trend match each other.  Similarly, from this
data, it is understood.that respiration is regularly stabilized when a certain depth of sleep
is obtained, and the regularity of respiration is constant (the regularity has reached the

upper limit) even if the sleep gets deeper. It is predicted that there is an SWA threshold
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This fifth case is affected with a chronic heart failure, marked Cheyne-

St okesrespiration is found, and the quality of sleep is poor. Fig.
32 illustrates a change during the sleep of the RSI and the ultradi an
rhythmof this fifth case patient before adm nistration of an oxygen
treat ment. Fig. 33 also illustrates a change during the sleep of

RSI and the ultradian rhythmof the fifth case patient after the oxygen
treatment is started in which 90% oxygen is continuously adm ni stered.

By conparingFigs...32. .an it | ear u f he
oxygen a i 955 tofePRe sifunryrlod sEeeBal honcf PRSP AR A Xoe b Feat OO
time domajn in which t value of RS| is markedly large, that is, atinme
domain i i %fhéﬁlﬂhﬁgoﬁé%xpﬁﬁlﬁﬁ‘@e@%‘? thedirstRREC-natient is stable and the
sleep is deep is expanded as conpared with that before the adm nistration.
Mor eover, si mi Pespquenilyc digparing thheulbedianf thythasof k0004 i dEPEBo s t hat
the size of the ultradian power increased than that before the

adm ni st (approximatalyd?d to 1) minste et istleoty fouadin hoth qishabrafrasve $WAqual ity
of sleep of the patient has inproved by the oxygen adm nistration.

[ Vari at i @8nd\Nend the respRRoHEAIIORSE Qerdde! emedi ci ne] In putting the

present invention into practice, there can be various variations other

than the abovesREPRGHER, (v), and (vi), it is found that in the autocorrelation function,
both the brain wave SWA trend and the respiratory cycle RSI trend have periodicity and
that the cycle is approximately 90 to 100 minutes from the peak i_nterval of the
autocorrelation function waveform and matches the ultradian rhythm. The maximum
correlation of the both in the mutual correlation function shows a high value of
approximately 0.9, which means that the both are closely related to each other.

The most important point to be noted is that the periodicities of the uitradian
rhythm included in the brain wave SWA trend and the respiratory cycle RSI trend are
larger m healthy people and that as the NYHA class proceeds and the cardiac disease
becomes more serious, expression of the periodicity becomes small. That can be
known from a difference in the size of a peak found in the autocorrelation function of
the respective trend waveforms.

Also, if the data of a healthy person asleep {first case) is compared with the
data of a pat_ient with a heart failure (second to fourth cases), the respective features of
the brain wave SWA and the respiratory cycle RSI are found, and the following
interesting characteristics can be understood:

The brain wave SWA increases its power in accordance with the depth of sleep,

but the respiratory cycle RSI is expected to have something like a threshold value at

which regularity in the sleep at the depth not less than a certain level becomes clear.
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For exanple, instead of the configuration in which a respiratory waveform
is measured and recorded by a portable respiratory wavef orm nmeasuri ng

devi ce and then conveyed to a nedical institution, the present invention
can be put into practice in a telenedicine systemin which the respiratory
waveformis directly transmtted to an anal yzi ng device via a

communi cation path or by a configuration in which not only a change of
each frequency conponent in the respiratory waveformis displayed but

aut omat | ‘f’{n“g\{g gc%hgeoﬁlelrgs rfl%goe (ch&\éﬁyﬁrbecgﬂ;ﬂ& eﬁilI a}g%ﬂ?' a Ioﬁler%d eeb(yf a

medi cal staf in a scré@nlﬁa EANer 111 accordance R nurber’ si ze,
clarity qr position of peaks. [Variatjon No.. 2 - D spl.ay o hange of

Fespi r at BFP PN radis peitiryian that (regiiqsty hasan gnef Bwta‘faifh&i having a
particular inportance as a variation of the systemin the present

i nvention wil | Theaeltes sincgede size of theTpraki invidatresrititay ok R&B beepanes
follow ng finding in maki ng sl eep eval uati on di agnoses of a | arge nunber
of casescdngtans bngnicedqpirecado mprayal Bflikety tieatereaemion vdlos natnoo be ddurgubj ect s
as above. As descri bed above, in the sleep, 6 types of sleep stages

are typi gally withaRe daedletvinalysas 280n febiia wavelssvAhree tines for one night,
and a change in the physiological data in each cycle can be clearly

observed by the,fUfdSip hoRi& AFbi by Alrob ARHUPIA! RighRUE ifiSe holigrgws. 1t

is known that, 1n the case of a subject ose confort 1evel inc 'ng the

quality of sl has, | owered due to so use_such gs apnea, ,the.cycle in
the si ecisiadiE wavRleh SRR srRlnerd X B R asansteisd oy By e B e
Thus, a respiratory operajion of a_subject during sleep is focused, and by
payi ng atf@ BHWF@WW%We?Wd?ﬁ@t F#5&hi ratory cycle obtained by
measurenment or_particularly in the stability of the respiratory cycle, it
i s likely thatRabeethgaesramtay cyele RS livemsispraddo gasilyndawes peskamatshingn of
the confort level including the quality of sleep can be perforned.

deep sleep sometimes found in a seriously-ill patient with sleep disorder (second and

third cases).

From the above, the respiratory cycle RSI is considered to sharply reflect deep
sleep at a certain level or more (non-REM sleep, requiring comparison with the depth).

The above consideration was made based on a comparison between the brain
wave SWA trend and the respiratory cycle RSI trend of each case as a main viewpoint.

Next, attention is paid to a change of the respiratory cycle RSI trend of each
case and the ultradian rhythm power included therein, and a difference between the case
group I (healthy group) and case group II {disease group) will be considered.

If these two groups are compared based on the viewpoint of the change in the
illustrated RSI and ultradian rhythm power, the following differences between the
groups are marked. Therefore, by using the RSI, a change in the ultradian rhythm
waveform or both, it is possible to discriminate between the “group without chronic
heart failure or marked CSR and with a favorable quality of sleep” and the “group with

chronic heart failure and marked CSR and a unfavorable quality of sleep” by diagnosis.
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The stability of the respiratory cycle can be indicated in the follow ng
manner a band of a respiratory cycle is extracted fromthe respiratory

wavef or m obt ai ned by neasurenent;
respiratory frequency is cal cul at ed,;

first,

an average value (X bar) of the
second, a standard deviation (Sd) of

the respiratory frequency is calculated by using a known statistical

met hod;

cal cul at ed.

i nverse nunber_of th t andar
is called RSI K ﬁiﬁF%ﬁﬂﬁﬁ
this RSI so that a tenporal

and an inverse nunber of this standard deviation (Sd)
Simlarly to the above-descri bed enbodi nent,
pﬁ of measured respiratory waveform
RAeXY here. By forming a graph from
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Peak position of ultradian

rhythm power

Continuous peak is found

in the first half of sleep.

There 1S no continuous
peak and there are even

cases without clear peaks.

Size of ultradian rhythm

Relatively large.

power

Relatively small.

[Change of index by administration of oxygen]

At the end of the description using the cases, the fifth case will be described

using Figs. 32 and 33.

This fifth case is affected with a chronic heart faiture, marked Cheyne-Stokes

respiration is found, and the quality of sleep is poor.
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[Variation No. 3 - Device which automatically evaluates confort |evel
including quality of sleep] The above-described variation is a

met hod in which the index RSI indicating the regularity of the respiratory
cycle is calculated froman inverse nunber of the standard devi ati on of
the respiratory frequency and a |i ke and a tenporal change of this RSI is
di spl ayed so that a nedical staff observes and di agnoses it.

However, since a trend graph of the RSI in the case where the confort

| evel includi the.qual.it f sl.eep ;S @00d.an e e yele
clearly exhibﬁﬁ%dgfgﬂﬁ%%ﬁ%¥cﬁ¥%Fg“ﬂ@%@? %gppgﬁgﬂ$§%gpﬁ%% ]?g%éggg%éne t he
confort Iezgl i.ncl udi ng %h quality of s|eep fromthe obtained SRl trend
graph.  ofthis fifdyease paticat 9{‘3@ mishapiopel IHEYEED BePMmeRt- neak of the RS
graph, an area held by the graph with the tinme axis, that is, a tine

i ntegral val ueFigf 38 rdsor8lusgaigpt, clmnadidiriag thsislecp cofdRF aph the gitragiani ne,
that is, deviation fromthe start tinme of a respiratory stability period,
a fi gur athyehrs pifahe it caaequatient afben the gegpet ticatadenn inetartedlin wdlicke 96%om t he
RSI graph in the case where the confort |evel including the ideal quality

of sl eepogfpeh hecondbh@fsly Mmiisegager al subject is good and the |ike. Qhers
may be al so used. From t hese approaches, by using the configuration

of automat o eyouaprEle DI TR S REh e D e ng RIS = o

of automatic ev rt lev I nc Ing the of

sl eep can, be.easily reac nd i.l ed description of the specific
cont | gur SHTGisTAE I fiuiine of Rt inerste S aifd: RlwR, okl FORBP ¢ e
present invention, an exanple in which the sleep eyal uating techno|ogy on
the basi thegpluerd Rl v miagked it lapgse thab pp AR VBT Nﬁ%ﬁélP%P@ qygle
specifically applied to a treatnment device used for a treatnent of a
patient of the patendas stablgeand the sleep is deep is expanded as compared with that before

the administration.

Moreover, similarly by comparing the both figures, it is understood that the
size of the ultradian power increased than that before the administration, and it is also
understood from this point that the quality of sleep of the patient has improved by the
oxygen administration.

[ Variation No. 1 — Application to telemedicine]

In putting the present invention into practice, there can be various variations
other than the above embodiment.

For example, instead of the configuration in which a respiratory waveform is
measured and recorded by a portable respiratory waveform measuring device and then
conveyed to a medical institution, the present invention can be put into practice in a
telemedicine system in which the respiratory waveform is directly transmitted to an
analyzing device via a communication path or by a configuration in which not only a

change of each frequency component in the respiratory waveform is displayed but
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[ Variation No. 4 - Enbodinment of the invention relating to airway
positive-pressure respiratory assisting device] First, an

enbodi ment in which the present invention is applied to an airway
positive-pressure respiratory assisting device, which is a treatnent
device for sleep apnea syndrome (hereinafter SAS) caused by airway
obstruction (hereinafter also referred to as "CPAP device" or "respiratory
assisting device"), will be described. In the exanple relating to
the CPAP device which will .be descri.bed. bel ow . f.eeding-out .pr

cont ol 8itoies e % iy FefRVE WOl Bty CRATRLE HsgRar QM Bt uni
provi ded i nside the device. . Q conﬁigurat'qn in which _a device which
suppl i es2 &CTGHNNG BAR0GEAR pesRFdanRe WAhdhs PEBOSThTIEs ClER STORSTHORO T BEHIS! v
pressure are not forned integrally but provided separately has been

al ready i nt r odiMaeiatiomNe. 2 hdisdake chanmjgfre@nwaé@rytﬂﬁanertcmét%dﬁﬂ guration in
which a function unit which supplies a gas and a function unit which
execut es suppl Meqtr esennfeucviohr kdvigy @ partiadaaitpyorpincy iad ed varisiodeof He CPAP
device as will be described below, the supply control nay be executed by a

separ at egwt@iph Gfthe pReetiBvemOBh v balde@Ribei! | be described bel ow by al so
i ncluding such a variation in the range The CPAP device is an

ai rway positiv 3 - at Qry £Sti iL.Ce -l i

pressure of atﬁ%ﬁ%ﬁ%@%&q%§?$?%ﬁ og%t%g§§§%%%%?g ?%ateu§pgga%%%g%hgﬁh
supplied,to a nasal ,cavity,unit b ing. a nasal mask as a respiratory
211 ar §nndes D% 1Y bRl ok cptes, By 198 8RBT il meRBepRal teo
as one nethod of treatnment nmeans for sleep apnea syndronme, in which a
boost ed HiferIagion off syigcss 5bOVespi ratory ai rway t hrough the nasal - cavity
unit, the inside of the airway is maintained at a positive pressure and
t he respirat or s desowhgd pleoviendethesldepotytynes ofiglecn Heges aradypicallygrrrafed: o
prevent drop in oxygen concentration in the blood due to respiratory
arrest catthadbpimnistydcthrantingés fon@nainighayand midhangspieahd pleysedodicaguiatt | on of
t he CPAP device is disclosed in Japanese Patent Laid-Qpen No. 7-275362,
for exanpl &ch cycle can be clearly observed by the SWA (Slow Wave Activity) of the brain

wave as follows. It is known that, in the case of a subject whose comfort level
including the quality of sleep has lowered due to some cause such as apnea, the cycle in
the sleep stages in the SWA breaks down and cannot be clearly observed.

Thus, a respiratory operation of a subject during sleep is focused, and by
paying attention to variation in the respiratory cycle obtained by measurement or
particularly in the stability of the respiratory cycle, it is likely that observation of this
sleep cycle and hence, evaluation of the comfort level including the quality of sleep can
be performed.

The stability of the respiratory cycle can be indicated in the following manner:
a band of a respiratory cycle is extracted from the respiratory waveform obtained by
measurement; first, an average value (X bar) of the respiratory frequency is calculated;

second, a standard deviation (Sd) of the respiratory frequency is calculated by using a
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The sl eep apnea syndronme (SAS) is a collective name for a disease in which
apnea is intermttently repeated during sleep and as a result various
synptonms such as dayti me somnol ence are presented. The apnea is
defnmed as airway arrest for 10 seconds or nore, and regarding SAS, in the
case of apnea of 30 times or nore during sleep for 7 hours for one night,
if an apnea index Al (nunber of tines of apnea per 1 hour of sleep) is Al
S (times/hour) or in actual clinical use, apnea hypopnea index (AHI) in
whi C.h hyl@l%%vnegtah&lc%fign ghc;[do a2 na A gsﬁn eﬁ‘por}e 1sh§/t 4/1 51 SJI)E& nurrbe.r
of times Of apnea an ﬁ1 pnea a er per our OF eé. popnea:
a state in h ai rway |s not conpletely cl osed but made narrOM/and a
ventllat?%ﬂlﬁﬁgunt beconmes snall. Drop of ventilation by 50% or nore
acconpani ed by drop of oxygen saturation (Sp02) by 3% or nore. SAS
is classified Bl ©athsesbevstdssenhndr gebpdimony piic (iaverse mumber f the as
occlusive) (Cbstructive Sl eep apnea = OSA, upper airway is obstructed

duri ng séteejardnbiviabien aoff wepsursd arsmstey, vandormspi catedr RShofResmsatoh a
chest wall and an abdomi nal wall are found even during apnea, but a

par adoxi S@bilifPlider) héte WNB Hornkigg ﬁ?rhlﬂﬂﬁoﬁi@ismoﬁi thet 4 engRedl cBbMRY ini S
shown), center type (also referred to as central) (Central Sleep apnea =

CSA, d.uesléeg)r for Wnk i @P@@s didx sPaﬁ' tgId Eéﬁ’l!ylé% QA H%’f@r‘rﬁne ikdupal Us to

a respiratory nusc uring sleep mainly int EM peri od and

becones 1y f a the entr al
apnea. ar Sﬁ%@é@n i Hlsb%%epuca?le R AR B0 s el b e
ﬂ]'[eegpzlzgs N e S %ﬁpdasﬁ(égg%g% 3 %g]é%%:}ﬁ! F%ﬁ‘fqg& %léar yagll)s%p\;[e ang t}?eecc}mi%?tt ed by

level including the quality of sleep is poor.

Thus, in the system of the variation in the present invention, the configuration
in which, from the inputted respiratory waveform, a frequency band of 0.1 to 0.5 Hz
including 0.4 Hz, which is a typical respiratory cycle of a human body, is extracted from
a plurality of Fourier spectra at the time which becomes a start point of ecach Fourier
window period obtained by executing fast Fourier transform (FFT) by shifting time by 5
seconds in the Fourier window period of 5 minutes is the same as the above-described
configuration.

Moreover, in the system of the variation in the present invention, the analysis
part 3-3 calculates the average value (X bar) and the standard deviation (Sd) of the
frequency included in the respiratory frequency band for each Fourier window obtained
with the shift interval of 50 seconds, creates a graph indicating a temporal change of the
RSI in which the RSI, which is an inverse number of this Sd, is calculated for each
Fourter window period having this 50-second shift interval and plotted on the axis
orthogonal to the time axis and displays, prints or outputs this to the outside as

miformation of the calculation result.
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OSA devel ops since apnea or hypopnea occurs due to occlusion of an upper
ai rway. The causes of the occlusion are (A norphol ogical
abnormality (fat deposition on the airway due to obesity, swollen
anygdal a, macrogl ossia, deviation of the nasal septum adenoid,

m crognathia (jawis small) and the like) and (B) functional abnormality
(the force to maintain nuscles constituting the airway is | owered).

Deep sl eep (non-REM sl eep) is found at the beginning of the sleep pattern
of healthy peaple but ip.the OS tients..oxygen i.n blood decr s due
to apnea, theofg%fe’[?sgb‘i%ﬁléﬁ gtﬁp‘égf{}gg %E%ﬂg@eﬁg%%ﬂ@%?niﬁe%F es%%%acti on
occurs repeatedly during sleep, and deep %Ieep cannot be obtai ned, and

t hus, syﬁﬁﬂdﬁﬂ“@%&H“é%mgﬁyﬁﬁﬁﬁp§6ﬁﬁ6pﬁ%bé’é@@“b? pgnoged- For such
OSA patients, the CPAP device feeds air with a certain positive pressure
t hrough a nasdVarisigl afd &xpaBdvice hehighpartomaticadly ayrduses gomdeny| eyel
perfornms an operation of preventing apnea by solving the airway

obst r uctinohldingh@apryessiceg] t o expand the airway (hereinafter also referred
to as a "positive pressure”) differs depending on the patients. For

respiratory atfienilbaRscibed vadiafior isCd detfldeni it tld Mdéord ihdicstgci fic
di seases such as heart failure, other than CPAP which naintains a certain

Lgtvie'eng,ftshg [ESSUGE (PER fl:e'g[i\!isatgxﬁf?féfé 63 cRleubHIPEERSSH iRlckscPRRhbE o fhe! N

way,” auxi | Icial respiratory vi ces such as a

devi ce whic s.two different pregssures espectjvel f.or the iratory
bor | 0a s RrLd kRt (FRRe BT ra S TR § BonliortiFhabes o GER

Bi | evel - PAP) and such as a device which nonitors the respiratory state of
the pat i Bt isdiipbayedsethagp predigad stalfepseryeandiagnasid t he 1ike) all the time
and applies an optiml pressure while changing it every nonent (referred
to as servo-t yidewexerosedte © tiehd geapht ofothe dtblanxh¢ cascywhasn thd eamipn) lem¢lght be
used, and the optinal pressure is different depending on the patients or
synpt onmsincluding the quality of sleep is good and the sleep cycle is clearly exhibited is known,

it is possible to automatically determine the comfort level including the quality of sleep
from the obtained SRI trend graph.

Specifically, they include the size of a peak of the RSI graph, an area held by
the graph with the time axis, that is, a time integral value of the RSI graph, predicted
RSI trend graph rising time, that is, deviation from the start time of a respiratory
stability period, a figural displacement amount from a geometrical numerical value from
the RSI graph in the case where the comfort level including the ideal quality of sleep of
the subject or a general subject is good and the like. Others may be also used.

From these approaches, by using the configuration of the sleep evaluation
system 1 in the present invention, a configuration of automatic evaluation of the
comfort level including the quality of sleep can be ecasily reached, and detailed
description of the specific configuration will be omitted.

Next, as another variation of the present invention, an example in which the

sleep evaluating technology on the basis of the above-described respiratory waveform
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VWi chever the method is, the positive-pressure level is determ ned as
prescription on the basis of a doctor's findings. Such a configuration
that the confort |evel including the quality of sleep of the treatnent
target patient is directly evaluated and the optinmal positive-pressure
| evel is determined in order to keep favorable confort |evel including the
quality of sleep has not been known. In order to solve these
prior-art problens, a CPAP device 2la in this enbodi nent has, as

a CPAP

illustrated i.n.Fig.. t he. f.al | ow confi.qurati.on, Eirst.

devi oo VDB, TRHRL APHisti e BoAPeGETeat ABHPE oot BrP sl o of
the positive-pressure |l evel and has a bl ower 21b-1 which generates

conpr ess®dl b fesshbed eeds it out to the outside of the device and a CPAP
control unit 21b-2 which executes operation control of the CPAP device
mai n body 21b [Vatiatieh nyochhngeEobatdmaint opf t the prvesisan gclapbgi t4 varwavessur e
| evel ) of the conpressed air fed out by the bl ower 21b-1. The

conpr esspekidvd-pricpsusd ickpieatpryassistie; divide] f ed out of the CPAP device main
body 21b is supplied through a nmask 21f via a duct 21le into the airway of

the patient. First, an EBIboliAGent AN Blc! SBscl A RAHGCAPaivE a6 aRBdifvAody
21b, the already disclosed prior-art configuration can be used except the

charact e&%ﬁt&%egp%gﬁ}é gé'ny;)ﬁﬁﬂ.o?)p agsqs%ﬁlrgg B8l R is a treatment AVIGSRIY QT Y

sensor 2 e configuration mlar to the respiratory sensor in the
sl eep eval uati on system 1. A sl state anal ysis,.uni.t -21c.i s
provi deda@@ﬁa?}ﬁlrf‘l’éqlée f(ﬁ‘gﬁﬁnﬁﬁeﬁ ﬁ#@ér%@?ﬁ&ﬁg t ATY fre O@Rﬁmvﬁh&%ﬂ h Ay 210
and has a reigirator wavef orm det ection anpljification unit 21c-1 which
recei vesredgfee

9 AL deise oot HGQP%fOWﬁéﬂﬁtg'Eﬂe?’iéF’ar yilkesdsseribely. and AD
conversion unit 21c-2 which digitalizes the anal og output, a nmenory unit
21c- 3 whi ch acbuths exaewld rélgimgata the GPAP isvige gvhiel iwik devdesefilbndnbelew, as to
be made accessible, and a sleep state analysis unit 21c-4, which will be
descri begedlgamit pressure control of a gas to be supplied to a patient is executed by a control

unit provided inside the device.

A configuration in which a device which supplies a gas to a patient and a
device which controls the supply pressure are not formed integrally but provided
separately has been already introduced into the market. Thus, other than the
configuration in which a function unit which supplies a gas and a function unit which
executes supply pressure control are integrally provided inside the CPAP device as will
be described below, the supply control may be executed by a separate device, and the
configuration will be described below by also including such a variation in the range.

The CPAP device is an airway positive-pressure respiratory assisting device in
which the pressure of atmospheric air is boosted by approximately 30 cmH,O and
supplied to a nasal cavity unit by using a nasal mask as a respiratory auxiliary means.

In detail, this is a medical instrument provided as one method of treatment

means for sleep apnea syndrome, in which a boosted air is fed into the respiratory

airway through the nasal cavity unit, the inside of the airway is maintained at a positive
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The sl eep state analysis unit 21c-4 can obtain the digitalized signal of
the detected waveforminputted formthe respiratory sensor 21d as above,
sequentially execute Fourier transformin the Fourier w ndow period, and
create a tenporal change of an extracted signal of a respiratory frequency
band and of the RSI obtained therefromon a real-tine basis. The operation
principle of the CPAP device 2la of this enbodinent is as foll ows.

In the sleep, 6 types of sleep stages are typically repeated with a

90-m nute ¢ cle hryee tines for one night, .and.a c e.in the

physi ol obfecse da ahs ResBiER % EreY e E@W{F@&ﬁﬁ?ﬁ%é&% PSR (s ow
Wave Activity) of the brain wave as folloms is known that, in the case
of a subpiE¥enthier & @quenp%m@rﬂonﬂ%ﬁ%bh@dt% Q) ePirptppprrest éé‘ﬂﬁeﬁ

| ower ed due to some cause such as apnea during sleep, the cycle in the

sl eep st algetssiciion ohihe Sivaprueitk s Spemalic amaigeativot ofsbe EPAReyico bsdisclestd

Thus, a respiratory operation of a subject during sleep is focused, and by
payi ng airt lapiriced Phtentiadid-Dipe@Nd. T-215862 efopitaaipdey cycl e obt ai ned by
measurenent or particularly in the stability of the respiratory cycle, it

is likely that Tﬁ’é’§1@%ﬁ’§;§ﬂe@%yﬁ(§mh@ @Agﬁ)h@%pcoqaé&h% ek ia)%c(ﬁseagyai %&drpn of
the confort |evel cluding the quali'ty of sleep can be perforned

The st abééor{ae%s Rgerhﬂﬁerﬁ%%@é«%a%&)&%u? 5113&‘3 Sk §)§ r sﬂg @%ﬁ%&;téﬁ& ol 4o ng

manner a res ofy cyclei's extTac respiratory
wavef or m, obt ai ned measurenent; first, an average value (X bar) of the
respi r at GANIG SORNOIDGE A MefeRfdat ed: second,: a standard deviation (Sd) of
t he resplrator¥ frequency is calculated by using a known statisti cal
net hod, and anlherneads dafiprst avpiryay grsstalian P seepads gf imge,(ang) regarding
cal cul at ed.

SAS, in the case of apnea of 30 times or more during sleep for 7 hours for one night, if

an apnea index Al (number of times of apnea per 1 hour of sleep) is Al > 5 (times/hour)
or in actual clinical use, apnea hypopnea index (AHI) in which hypopnea is added to
apnea is used.

Apnea hypopnea index: the number of times of apnea and hypopnea added together per
hour of sleep.

Hypopnea: a state in which airway is not completely closed but made narrow and a
ventilation amount becomes small. Drop of ventilation by 50% or more accompanied
by drop of oxygen saturation {(SpO2) by 3% or more.

SAS is classified by the causes into obstruction type (also referred to as
occlusive) (Obstructive Sleep apnea = OSA, upper airway is obstructed during sleep and
the airway is arrested, and respiratory motions of a chést wall and an abdominal wall are
found even during apnea, but a paradoxical motion in which the motions are opposite to
each other is shown), center type (also referred to as central) (Central Sleep apnea =
CSA, due to functional abnormality of the respiratory center, stimulus to a respiratory

muscle is lost during sleep mainly in the REM period and becomes apnea), and a mixed
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Simlarly to the above-descri bed enbodi nent, the inverse nunber of the
standard devi ati on of neasured respiratory waveformis call ed RSI
(Respiration Stability Index) here. By forming a graph fromthis RSI so
that a tenporal change in sleep for one night is known, nedical staff
shoul d be able to easily determ ne through observation if the sleep cycle
is clearly exhibited and the confort |evel including the quality of sleep
is good or if the sleep cycle cannot be clearly observed and the confort

| evel includi t he lity of. sleep.i 0o0r nd at the sanme tine, by
contr ol 15m6 of hSAaL S Adstts it 6 Ptk bR aneBRvap BRI phd i
configuration of the above-described automatic eval uating device of the
confort thegedond helfuemagy caesdben ¢lyssiffedsascmg o gbstristHve #HWCHt aj ned t enpor al
change of the subject's RSI gets closer to the tenporal change in the
good- qual i ty shatiepts to be tpatsil biy vhe- QPAR denviec aineng themuapOiSéchationtshe pat i ent
under the optiml CPAP treatnent condition in accordance wth the

i ndi vi dual pat®sAtdvelops Bind€ aphchanchypiiphéa bbeirstad & ofchisimn dfiyn appdrhe
patient, and the optiml sleep state can be obtai ned. Thi s

posi tivezprassure level control is effective if feedback control is
executed. Regarding the sleep-state analysis unit 21c-4 and the CPAP

control unit 211113:_ éﬁs@sn(?f! tﬁéi %cluﬁglg algel @bgrp%lhgnlfggfcgleabgg | l%tyﬁfépgﬁazﬁﬂfo% I evel

may be perforne a single or a poi nt's du ep or the
control may be continued so that the optimal positive-pressu | evel is
obt ai ned®®He HEV#edie £9 AR XsOlsR d% if??gpﬁai%%ﬁ ﬁrﬁ‘ﬁﬁtﬁﬁlﬂ&{ﬁ’@ 5 ef orm
of the RSI all the tine. - Also, this positive-pressure |evel control
may be escotuneddesioidemisrageativet By isn sl haf{dhéhf‘cdllfﬁféllndi Blesterctiosdd onl y
as a test for determning the positive-pressure |level of the patient in

t hat casabronhylity(therfome e tdaodain mushics honshitntdgrihe aitwisisdoweoedled al | t he
time if the OSA patient is treated using this CPAP device 2la. As a
target patientDégy sl¥dpofhoh FERNVNGEED) iisS fodindd & iy bapsinigpe bhtheGRAP mdavincef 21a, a

patient with sleep apnea syndrone was described above simlarly to the
case whepg kel Gy e dS@yhzﬁQ:n{sb%x%dnoﬁr Blbbd GeatdsEy dat k@ BpMAas the
enpl oyed. On the other hand, the CPAP device 2la, with the
charact ey st in Lgur.atian i . i.ien t he
or esent - PlSRlcfRL bl SRCAERANRTATAEA! Rchfh brCRARAIS hurkle 07,
di seases or particularly to a patient with art failure i,n addition to
t he abov¥Ciatdtdnflesq tgl?eél@@ﬂ"tagﬁe%bt@‘% rﬁ%qﬁus’ SYmPLogs, Sugly ,ast%é'glfl}ﬁeat nent
usi ng Bilevel -PAP assisting a respiratory punp function for a patient with
chroni ¢ $fsanalenge gecapresengd. particularly for a patient with heart failure is
known to inprove henobd3mam cs

For such OSA patients, the CPAP device feeds air with a certain positive

pressure through a nasal mask and expands the upper airway and as a result, performs
an operation of preventing apnea by solving the airway obstruction. The pressure to
expand the airway (hereinafter also referred to as a “positive pressure”) differs
depending on the patients.

For respiratory attenuation such as CSA characteristically found i specific
diseases such as heart failure, other than CPAP which maintains a certain level of
pressure (positive pressure) of compressed air applied to the patient’s airway, auxiliary
artificial respiratory devices such as a device which has two different pressures,

respectively, for the expiratory period and the inspiratory period of the patient (referred
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However, the patients with chronic heart di seases have excessively

el evated synpathetic nerve activity due to the heart failure or the |ike,
that is, in an excited state, and nany of them have disorder of initiating
sl eep, and in such a situation, the Bi-PAP treatnent requiring attachnent
of a mask mght further deteriorate the confort |evel including the
quality of going to sleep, and | ong-termuse thereof has tended to be

avoi ded. In order to solve that situation, by using the CPAP

device 2la_of,.thi odinept, a.,esult.-of the r L r ef

anal ysi s Ocﬁsnggqul"?@% gba?éla Suﬁﬁcflst‘%ge‘ﬁ?ee ibc(rﬂe Iélg%rls e[gnéesﬁ{%oéf \éggeu?f;{h\%]avef orm
are adjusted so that night use is nade pqssible, there ealizin
Iong-terﬁﬂ?PEéFﬁ@Wﬁsa“howqﬁv ??Vlﬁmgﬂwgﬁﬁiégﬁﬁng?ng%ﬁ$%§§%?@3 al

respiratory assisting device of this enbodinent, unlike the CPAP device
whose pressure vdpll fleaging & pary amemen gelssedrip o serke-tyiel evtemafailyhavi ng
only two phases of pressure change, if it is configured on the basis of a
ser vo- t yasmt@lied makiliaryc earitilatiorg uright e yused nind| tht @ptifrAtl apisswre iSeliffaent
Ventilator: ASV) which executes automatic control so that both of or

ei ther ofgefdink B8 (RUDARBAIN sy@Pionksat i on and the respiratory frequency of a
patient gets closer to a predeterm ned anount set in advance by appl yi ng

an optimal pr e@%brhgvgrpglhet gﬁetgﬁ&mﬁ,t o iﬂ]%d%%tﬁ}'%— s ilévefmi? H&erﬁjﬁfd ng the

state of the reSpirati e patie presence, airflow | evel, 1 nterva

and the |like) all the time,. the advantage ©of.the present invention is

furt her PISSTEER ot BRrisipr p dpiofsdatingey Sishaugoretrition (el fic'oontort
respiration (8 to 15 tinmes a m nute%l, t he heart beat i_ncreafes 'in

i nspi r at le¥®l Brydaedhe geality;of slsepiafdhe gRatmsphageet patient ds giredborvpluatedus
arrhythm a (change in the heart beat caused by respiration) conpletely

di sappea#nd the phdmhlpositiveaprassureleve i detbimiprd i Grflerforkspp frevorable ¢agnfort
understood that the heart vagal activities are mainly invol ved. One
of the crusldsclfiag thdpaliagad sladptliag inbi een&newneakened i n synchroni zati on
with the inspiration phase is the central nechanismin which the heart

vagal activitigsofic® RURPIVESERSE RYiok-BitepioBleaRCer fOTHR tdaeicke3nl Rdt sy
center (Hamin RL, Smith CR, Snetzer DL. Sinus arrhythma in the dogs. Am

A0 kS i At SO o MR 5 7L

First, a CPAP device main body 21b is a device configured capable of variable

control of the positive-pressure level and ‘has a blower 21b-1 which generates

compressed air and feeds it out to the outside of the device and a CPAP control unit

21b-2 which executes operation control of the CPAP device main body 21b including

change control of the pressure (positive-pressure level) of the compressed air fed out by

the blower 21b-1.
The compressed air (positive-pressure air) fed out of the CPAP device main

body 21b is supplied through a mask 21f via a duct 21e into the airway of the patient.
For the configuration of the CPAP device main body 21b, the already disclosed

prior-art configuration can be used except the characteristic configuration described

below.
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This is based on the fact that the increase in the heart beat in

synchroni zation with the activities of the diaphragmatic nerve in
inspiration is found even if there is no notion in |lungs or thoracic cage.
On the other hand, as a peripheral node which causes the respiratory heart
beat fluctuation, gating effects are known in which the vagal nerve
activities are blocked in synchronization with the inspiration due to
afferent input fromstretch receptors of the lungs. In fact, in a patient
with lung inplant in whi SRl ' vagal
af f erent fron1"’i%ﬁéesp §W5%§%$%f%ﬁ%%§§ﬁ%°§ﬁﬁ§%£¥%6%%ﬂ%ﬁ§?h?h%ﬁgﬁgg%?%?%ry
heart beat fluctuation clearly weakens (Tam BH, Sinon PM Denpsey JA,

Skat rud Wghe $lgen eveluagigr sysieedr y sinus arrhythmia in humans: an obligatory
role for vagal feedback fromthe lungs. J Appl Physiol 1995; 78;

638- 645. ). A sleerr Hateamalysis vad 2de depropisgd sepatately ifipm peintgepplygeih the whi ch
executes control by using the respiratory pressure as an index, if a cycle
or a venCPARtdesive anainvodpf21h aresiksr atapiratopewardform oteation emphieatiopat i ent
is not constant but fluctuates in a sleep process, it mght affect a
change ofnit Dec-1 6Ll ddcefvés fah@ Gu§igs the output FHOME tedpiratony sér@os 21 ¥ candy pe
automatic control auxiliary ventilator, as described above, since the

control k$ @%ﬁgf&?ﬁguﬁ‘? 2ibat wheh r'Higiftalf%s et AloOBRpRf at MEmBHY tRIN21Y-3

ventilation respiratory frequency of the patient géts closer to a
predet er mi ned_amount set.in advance by. | i tJ r for

t he norre%}ucﬁhf“fc@méﬂ%?fginhfanm’tméln I%rr&t;lrf‘ii 15%91%9&{1,[ ﬂ’gvs q Egslgpg % htg E%Ztgi&%ati on
of the treatnent patient resence, airflqw.leyel, interval and the |ike)
al | the GRBIDIE.fan ﬁi%%éﬁ‘g@aiiﬁés ‘&H“tﬁ?ﬁ‘Li"@ﬂ?}bﬁiﬁbﬁl deseriRad BER¥vent il ator is
used, the control using the ventilator is nmade possjhble so that
fluctuation i nlhe sleepshteandysie yuite2 k-4 topa ghiapdhadieipdzed pignplont the t he
respiratory operation of the patient in sleep becones relatively snaller.
Ther ef or detedtéd twrefinmwmpuped ifoinv ¢he respsatoey sespi 2at asyataysj sequantiadbyvi ce of
t hi s enbodi nent havi ng the above-descri bed characteristics is configured
based oneldagtieTRiuver intRgoran iRt Foured Misddw petiod, aad Yreded idngiod!, chhmbye
control can be perforned by using an index indicating regularity of the
respirat gf &%ﬁhﬁ%d%f nh T PREHEAbryAFedubsoy IRAR AhRb f R IBALESfinddNBer@Bbm f OF
exanpl e, so that th§ confort levél including the quality of sleep can be

i nproved, Si@@ﬁ.tq$ control loop is fornmed only via the respiratory
frequenc?/ngfe %ppé?FEnt, the control is direct and response to the

control is inproved. As a result eval yati resul t..wi th. hi gher
accuracy is OBPQ?HB@QQWHFFW8W§6HFF@T%kéﬁﬁﬁmfﬁéﬂﬂﬁggHhmdaﬁhﬁgn?@%ﬁi ed,
thus the advantages specific to this enbodinent, that is, provision of

sl eep wifllopstter quality to a treatment patient can be further inproved
as conpared with the other types of CPAP devices (the types other than the
servo-type autbnteisteepphittypés alixlectp atagesvamttypialhyr yepeated with T98-minute
above-descri bed servo-type automatic control auxiliary ventilator has been
i ntroducegtlé hréd@meBfok @he Ryhi,eindiachhgy ierhé physicdegiviltdaid eagh ogblictamane of

"Aut oSet (Trade Mark) CS" in 2007.
be clearly observed by the SWA (Slow Wave Activity) of the brain wave as follows. It
is known that, in the case of a subject whose comfort level including the quality of sleep
has lowered due to some cause such as apnea during sleep, the cycle in the sleep stages
in the SWA breaks down and cannot be clearly observed.
Thus, a respiratory operation of a subject during sleep is focused, and by

paying attention to variation in the respiratory cycle obtained by measurement or

particularly in the stability of the respiratory cycle, it is likely that observation of this
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The above-descri bed "AutoSet (Trade Mark) CS" have the technical features
of the configuration thereof covered by patents, patent applications or
the like in countries cited bel ow by using abbreviations: AU 691200, AU
697652, AU 702820, AU 709279, AU 724589, AU 730844, AU 731800, AU 736723,
AU 734771, AU 750095, AU 750761, AU 756622, AU 761189, AU 2002306200, CA
2263126, EP 0661071, EP 1318307, JP 3635097, JP 3737698, Nz 527088, US
4944310, US 5199424, US 5245995, US 5522382, US 5704345, US 6029665, US
6138675, .US 61521 US 6240921 S 6279569, US 6363933, LS 6367474, US
6398739, SIE® ‘@’Eg‘s"&‘é@?‘?’n% %’%’6%%?“?1%"8 ¢l ‘Bé“g%lg%ﬂ‘;‘alg‘éogé%"ﬁﬁ’ﬂ us
6945248, US 6951217, US 7004908, US 7040317, US 7077132.

[ Embodi nhecrdirmele | nvention relating to a testing device used for
titration of respiratory assisting device] Next, an enbodi nent of
the invention Thd stability efotha respgniongcyide canebe nHicetediis thenfolayorti mamter:of t he
present invention described above and is effective in use for titration of
t he respi baidby aas§ititdrg e ydRvis e trated dihinn theGRRéRratdiyl whefeles oblabed by

The titration of the respiratory assisting device is a work perforned by a

medi cal  ghafuferhntIiseram ReraR vARRI(KPbdrRbLHBEDRUIRy GhhSatIBNtaRIsguUr €) Of
the respiratory assisting device such as CPAP, and detailed description is

made in {n iﬂ&h' : j - ",
accessi b%‘{(}g% ”aI(l: g{ on h?ﬁ ‘eﬂagg? ﬁ%%e 5@%9?#)%; i/}? (Iq%iln??g% f é@%ﬁ%ﬁgw %EBQ‘%
-"titratjon". .- There has been a net ho manua ifrat.ion Jranua
pressurek%HTh§?$@W?inFﬁE%£F¥H Qh“BﬁgFanﬁﬁﬂdgégguﬁém%¥&t ¥w$%%85@%F%ry
assisting device is started fromthe m ni num pressure while sl eep

pol ygr apflcwldst) test is being conducted throughout the night, the
operating pressure is adjusted while the respiration state is observed,
and the pressuSimilaslyntntlzd laboodhdesgebeds embhedimenhetheainyexs¢ | mwatree dofs thet hat
apnea, hypopnea and snoring are resolved each tinme apnea or hypoxia state

i s obser stegiardndtviabien No N imeHufRd e fSpitaost waltefohnt hve csllele RSIt (Re3p@dtionhe
patient becones favorable and respiratory disorder is resolved in the end

i's the opfabil®y Iﬁeﬁfﬁ&ée B8 At orBpIE FOHI Bls RINécStHARE Refhdrdl hali® th
requiring remnarkabl e | abof of observation throughout the night, and there

IS al 5o go Pkt HighR Y Radwh ALAiRA stdtr Wut'ud Be 1 WGy ARG mibe iREVRY BY

using an

observation if the sleep cycle is clearly exhibited and the comfort level including the
quality of sleep is good or if the sleep cycle cannot be clearly observed and the comfort
level including the quality of sleep is poor, and at the same time, by controlling the
pressure of the positive-pressure air using the configuration of the above-described
automatic evaluating device of the comfort level including the quality of sleep so that
the obtained temporal change of the subject’s RSI gets closer to the temporal change in
the good-quality sleep, the positive-pressure air is supplied to the patient under the
optimal CPAP treatment condition in accordance with the individual patients or in
accordance with the state of the day of the patient, and the optimal sleep state can be
obtained.

This positive-pressure level control 1s effective if feedback control is executed.

Regarding the sleep-state analysis unit 21¢-4 and the CPAP control unit 21b-2, analysis
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Aut o- CPAP device, that is, a device which automatically changes and
records the pressure. Al so, other than the nethods of performng
the titration work for a subject in sleep as a target as above, there is a
met hod in which a nedical equi pnent such as a respiratory assisting device
assunmed to be used is attached to a subject in arousal and adequat eness of
the nedi cal device for the subject or setting conditions are determ ned
through trial use for a short tine. In the foll owi ng description

not only the .titratjon rk for the subject in sl.e but al sg th

trerari omdisiensh T R@oRlis artoyeh K liaY PE heritlnioat d sitlesdh St By
referred to as "titration" and descri bed. The p{esent i nvention

r eal i zesPYIRSIBvBEEIED Phihs cOBTAEDaRPRICAIRC G that the eptigpl ROSEIVEIRIESTHICon wor k
more favorably adapted to the physiology of human bodies, and

speci fi clavélyis obteanedpar theimagl fime desis &y ghonitesing dhpiimgtabaysing sfayeiong efevi ce
supplied to a subject in sleep or arousal is manually or automatically

changed éw®HA alleabpamal change of the operating pressure is recorded, and
al so, the respiratory waveform of the subject is continuously recorded,

and a t enpor al AGHange RIiveRessiratall Bbakolte RhveutdestRirbed RPhod @

created and recorded. The operating pressure and the tenpora

change o I . i Shad; : §.C
T eratt oRnER TPl (PURRIAAY ofs B f6lerSniing MR ARl DBvel
wavef or ms. pay he r.ecorded or, the wavef orm be created | ater t he

bast s of OF (I PeBE B e U Fring Pregt 3t SanaBe EDEETR xS Eretevi ce,
printed by a Brinter device or transmtted to the outside. The
medi cal SPg#fthe Opgupationt ¥ dregisdising ibis SFdSdsvise 2hangi ng wavef or m and t he
RSI waveform whi ch can be sinultaneously observed and by changing the
operating As a target patient for whom treatment is given by using the CPAP device 21a,

a patient with sleep apnea syndrome was described above similarly to the case where
the CPAP device having the prior-art configuration was employed.

On the other hand, the CPAP device 21a, with the characteristics in the
configuration according to the embodiment of the present invention, can expand the
target to a patient with chronic heart diseases or particularly to a patient with heart
failure in addition to the above patient with sleep apnea syndrome.

That is, the treatment using Bilevel-PAP assisting a respiratory pump function
for a patient with chronic heart diseases or particularly for a patient with heart failure is
known to improve hemodynamics.

However, the patients with chronic heart discases have excessively elevated
sympathetic nerve activity due to the heart failure or the like, that is, in an excited state,
and many of them have disorder of initiating sleep, and in such a situation, the Bi-PAP
treatment requiring attachment of a mask might further deteriorate the comfort level
including the quality of going to sleep, and long-term use thereof has tended to be

avoided.
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pressure every 5 mnutes, for exanple, if the RSI waveform changing in
accordance wth that has the maxi num val ue, the nedical staff can
determ ne the operating pressure at that tine as the appropriate treatnent
pressure. This is because the behavior of a respiratory operation cycle of
a human body is directly governed by the brain center and there are few

di sturbance el enents, and the effect of pressure application by the
respiratory assisting device can be observed nore directly as conpared

wi th the obseryatipn of qgth physi.ol ogi cal. infor jopn or ar ate, for
exanpl o and Lot 8 st BBy Pt Rone bR SRviE, 2o bRy

In addition, the nedical staff can determ ne appropriate _devjce fqr the

t r eat mer@mpoditent ) et of e BIPirAPL RS apalvse cgn '@oﬁ?ﬂﬂ@g ethdathe: (2)
change pattern of the pressure val ue of conpressed air; and (3) selection
of a devpressufa lemelaang|the picssuye whvefeuparcadirsjedasoshaittighy udeisiroals possible, i s, a
CPAP device, a Bi-level PAP device, an ASV (servo-type automatic contro
auxi | i arthercbirédliaiogrpngodmiththédte descri bed above. Al so, since the
behavi or of the respiratory cycle is observed, appropriate titration can

be made al so byefEaRSaPfai@Rge YAtV Prediré NGsAf@t§ ahssRAhg Ovicel Bf Sthiep, and
titration can be conpleted in a short tine during outpatient treatnent

tration can | eted Tn e durir treat e
R e T s N

' ff.ect be i d The titration di th
or coont SRR GRAF Snifie GBRY GIS Rbtses Af graroie o Eniet BLE Rt Har f ous

respiratory assisting devices which feed out pressurized air_or _other

r espi r at RAsip ¢ esverhipsravigseticairaal awdigy rabiigler dAdamtepiarye Nentatort he
above-described titration using the prior-art technologies is effective
onl y forAf¥asthidnerscutes autontatiatcooimol saribiat both of hapigleer @oe wif $he pulmosaryy npt om
the patient needs to be hospitalized again, and the titration should be
per f or meekndigidion. and the respiratddyp fidimen@nbf arpatietiy ggerclogenmiong prédetdrinitedt i on
according to the enbodi nent of the present invention as described above,
the qual ihyuffseSihe@Pake KUPpYike he¥pHmaPReRardior @td myn@Mekbiad Sthneapd t hus,
the titration can be arbitrarily perforned by the sw tching operation
initiate i ent . i . ir [ S,: jn the
synpt om lﬁo Mo%%tq}ﬁltgtﬁg Sﬁ%%g’? te[ 1611% rg%t]rg g sg?gltEt h%ﬁnéeﬁg @%g&gga?rp e, qg%él’t hat an
opti ma

dit) ding to th t be found and autommtical |
set. [ EnBoarat BF e o hieibne AdiEnRes 06ty Bl TRy ey

Next, an exanple in which the present invention is adapted to a sleep

i nduci ngeEoYEe whiahwillhe deseiRsddelaw.r eal i zi ng favorabl e sl eep by induci ng
an insommiac or a healthy person into a sleep state will be described as
anot her enbodilmemernwi resperapord@ric 1nviewesizominute), the heart beat increases in

inspiration and decreases in expiration. Since this respiratory sinus arrhythmia
(change in the heart beat caused by respiration) completely disappear if the heart vagus
nerve is blocked by atropine, it is understood that the heart vagal activities are mainly
mvolved.

One of the causes that the vagal activities are weakened in synchronization
with the inspiration phase is the central mechanism in which the heart vagal activities
are suppressed by interference from the respiratory center (Hamlin RL, Smith CR,

Smetzer DL. Sinus arrhythmia in the dogs. Am J Physiol 1966; 210:321-328. Shykoff
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In this type of sleep inducing device, as described in Japanese patent No.
3868326, for exanple, sound is emtted froma | oudspeaker for a patient
who is going to sleep and by anal yzing the contents of an operation of the
patient who operated a joy stick in response to the sound, emtted sound
is selected and controlled so that the patent can go to sl eep as soon as
possi bl e. Al so, Japanese Patent Laid-Open No. 2003-199831 di scl oses
a device which emts ultrasonic waves from a | oudspeaker incorporated in a

pillow se tiall IR he_ .nod f..th |t asoqi es over
tine, tﬁ@ﬂtE%gg&ﬁﬁ§QF%?gﬁ&n§§§ﬁgbA$e3ﬁﬂ¥%@g§§%“§ﬁgﬁpﬁgﬁ?%§#ﬁﬁ%ar?¥ i nduced
to sl eep, However , agcording to these prior-art technol ogi cal
configur%??%ﬂ§?1i$%déﬁ}4éﬁg-physicaI stinmulation such as sound or
ultrasonic waves is given to the target, the physical stinulation is

det er nmi ned i n By anhbaed ondhe fasg thantler ingrepex inetdie hgars Seatnasyprotiodiosss of
sleep froman operation of the target who has not fallen asleep yet, and a
node of withelpd adtbditigelofshe dlapbtpamiiahéroo in snspvatieels dotedevey ifitierrgisfoeedback
control while the confort level including state of sleep or the quality of

sl eep of mbhgn 1AKELS of BodlicEké.y eval uat ed. On the contrary, a sleep
i nduci ng device 22a of this enbodi nent has the follow ng configuration

exenplified i nofi of& hand, as a e%ﬁp’héfal rrfld@ thc%h%e%;tgéﬁsg]ﬁt&r} e E)Eﬁ 22b is

configured to give sone physic stinmulation suc , ~soun

ul trasonj,c ves, heat i nd,, i hages,, . | | ontact stinmulation ,electric
Sti mat at TGS o, BeE ol AT AmP B ot e gt TR AV s Dok Bo5°1 16
a target who is going to sleep, and the_node of the ghy ical stinpulation
can be chagbeazlon wilhike igipiaton dyh insaBentsippyhiroiisYRIcB JREEPATS BhE 22b- 2.
For exanple, if the physical stinulation is light, the intensity,

wavel englihgg. cdndadt, ingr patient withriungineplaat| in othich thehviaga) efigrant is ohiajsencdr
position of a light emtting body or noreover, even presence of |ight

em ssi onbwtahe begat hffb@gadfrom the lungsfaré hipckddy st sdnowhithat! the respirateryskearid, its
intensity, wavel ength (nusical pitch), sound emtting pattern or interval

sound enpdat hﬁ&ugﬁdrﬁa&argnw@ékeﬁ@ Bldrh B, Bimb® PRRYRimpsey &8, PiaesdnBelet csound
emtting can be change

Respiratory sinus arrhythmia in humans: an obligatory role for vagal feedback from the

lungs. J Appl Physiol 1995; 78: 638—645.).

Therefore, as described above, in the CPAP device which executes control by
using the respiratory pressure as an index, if a cycle or a ventilation amount of a
respiratory operation of a treatment patient is not constant but fluctuates in a sleep
process, it might affect a change of the respiratory frequency.

However, in the servo-type automatic control auxiliary ventilator, as described
above, since the control is executed so that both of or either one of the pulmonary
ventilation and the respiratory frequency of the patient gets closer to a predetermined
amount set in advance by applying an optimal pressure for the moment while changing
it and monitoring the state of the respiration of the treatment patient (presence, airflow

level, interval and the like) all the time, if this servo-type automatic control auxiliary

ventilator is used, the control using the ventilator is made possible so that fluctuation in
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A respiratory sensor 22d has a configuration simlar to the respiratory
sensor in the above-described sl eep evaluation system 1. A

sl eep-state analysis unit 22c is provided separately fromor integrally

wi th the physical stinulation device 22b, and has a respiratory waveform
detection anplification unit 22c-1 which receives and anplifies the output
of the respiratory sensor 22d, an AD conversion unit 22c-2 which
digitalizes the anal og output, a nmenory portion 22c-3 which accumnul at es

informatjon of the djgitalized wavefarm s.1.0 _be e S| , and a
ol cop. stiferdipyepSleht B BRI MR Bonb sl TR RRaRAT e 2ng 2
sl eep-state analysis unit é%c-4 cap obtain a digitalized signal of a

det ect edP3NEVERSHHP PREATRESSE 1W§ﬁ§?ﬁgm}espiratory sensor 22d as descri bed
above, sequentially execute Fourier transformin the Fourier w ndow period
and create an Brefas iibthesigran pefititenpresusprasardlpyy assésbiogrieyicpMdhignd a
tenporal change of the above-described RSI, for exanple, obtained from

t hat on ambwbieiiti havilgahs above-descrifitie chdracteristich els amaligsied fmaed onsthe
configured to control the operation conditions of the sleep inducing

devi ce 228, pvaheiiaie chifol RENRERVeNabg thedfontibecRbe erthrinde blyukiggso t hat
the confort level including the quality of sleep is further inproved.

[ Enbodi r@ph&g{( Ci%&lgﬁié&;& 1Py bERE iréégiﬁét?xgﬂg}?g@%‘ e, gayén%} the tezn?ﬁporﬁllexf[ , an

exanple Tn resent” i nventi pte r a massagi ng device

Bt t achtongnPt O SIF Fis applss et RGP B udthd et AN ot o

t he present invention. . As this type of massagi ng .devices, Japanese
Pat ent LeNdeasiKoY:. Sinsr-tho pamrelileon & e %lgéféagﬁ%gfe Q¥ fspuepey
paral l el -1ink nmechanismtype in which novenent of a treatnment elenent is

cont r ol | eftthe patisng, thaeonwiod i djosstlandeysspange foothi icoyirelds ioprroved: t iAsd regilt.ect i on,
right and left width directions, and advance/retreat direction
i ndependenleky ewhlnhtiore sgalttwitlo highen recurigdis swainbditnd the sonted usigesthgi ng
notion can be nade by the treatnent el enent.
result can be realized, thus the advantages specific to this embodiment, that is, provision
of sleep with better quality to a treatment patient can be further improved as compared
with the other types of CPAP devices (the types other than the servo-type automatic
control auxiliary ventilator).
The above-described servo-type automatic control auxiliary ventilator has been
introduced in the market by Teijin Pharma Limited with the product name of “AutoSet
(Trade Mark) CS” in 2007.
The above-described “AutoSet (Trade Mark) CS” have the technical features of
the configuration thereof covered by patents, patent applications or the like in countries
cited below by using abbreviations:
AU 691200, AU 697652, AU 702820, AU 709279, AU 724589, AU 730844, AU
731800, AU 736723, AU 734771, AU 750095, AU 750761, AU 756622, AU 761189,
AU 2002306200, CA 2263126, EP 0661071, EP 1318307, JP 3635097, JP 3737698, NZ

527088, US 4944310, US 5199424, US 5245995, US 5522382, US 5704345, US
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Al so, Japanese Patent Laid-Open No. 2003-310679 discloses a foot nassager
conprising a foot pressing bag having a lined unit for calf that is forned
substantially into the shape of a boot so as to be brought into close
contact with a calf, a heal, and a toe at the sane tinme and having a joint
unit capabl e of being opened/closed so as to be opened when a leg is
inserted fromthe toe; an air filling bag body bonded to the

substantially whole surface of a skin material of the foot pressing bag 2;

an air p [ Le Lschar i 40 r K idd 111 ng
bag body@ﬁgﬁﬁgaﬁﬁbﬁﬁgﬁbﬁoﬁsggg%H3§1@ﬁ;@%ﬂ%@lm aﬁfggégﬂgg%%gﬁﬁggtﬁﬁrge
hol e provided in the air filling ba ody. and_t h irp .
Fowever OHIHAl RGO Tohebs BDOSARS Bamia: b ExPomantiE 6 8nlS ¢ ne
nassaging pattern is determined in advance as a programor is selected on
t he basi 6581106035 6843248, UE981 21 o USHTHYE9E.d43 7031 ReUhd884ge- t ar get, and
an optimal nmassaging pattern is not selected by using feedback control
whi | e t he physjtohmgimalt tthe évehtibh esldtipgeta iestird devide ysed\fat tiahtédh. of
On the contrary, a massager 23a, which is this enbodi nent, has the
foIIomﬁngwﬁ@ﬁ$ggg§§h§gmvﬁﬁ}exenplified in Fig. 36. First, a-
massager nai n body 2 has a nmassage stinmulation unit 23b-1 and a
massagi ng pat {QLh. &PBLLSmd bf dRliadention relating R, 86visd itk n uni t
23b-1 has a configuration tor performng tﬁeg%assagl g operation by using
attachnent uch a roller hand...an air cutf and the |ike.fqr the
mmsoage. Cpetientian plsSiey fugmfon &Y ik bl oL Bt APusel it ion s
known massagi ng. devi ces .can he used, ,age nasﬁa ing pattern control
uni t 23boHthe KesRBRleTLRaIsHRS dedrs ing idingdRAB wilkhe desssl B‘grfor med by the
massage stinulation unit 23b-1 and controls all the operations including
presence of a s sitrgiiony ob ghe arspanatory tassisiing davice paet werks peffornted bngsage
and the |ike.

medical staff to determine an appropriate pressure (treatment pressure) of the

respiratory assisting device such as CPAP, and detailed description is made in the

information “Kobe Kyodo Hospital — Sleep Apnea Syndrome”, accessibly placed on the

World  Wide  Web  http://homepage3.nifty.com/SAS—kyo/titration. pdfffsearch
="fitration”.

There has been a method (manual titration: manual pressure adjustment) in
which an operating pressure of the respiratory assisting device is started from the
minimum pressure while sleep polygraphy (PSG) test is being conducted throughout the
night, the operating pressure is adjusted while the respiration state is observed, and the
pressure is manually changed so as to be raised/lowered so that apnea, hypopnea and
snoring are resolved each time apnea or hypoxia state is observed, and the minimum
pressure at which the sleep state of the patient becomes favorable and respiratory
disorder is resolved in the end is the optimal pressure (treatment pressure). This
method is a work requiring remarkable labor of observation throughout the night, and

there is also a method of auto-titration in which the human labor is saved by using an
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The respiratory sensor 23b has the configuration which has been already
descri bed. The sl eep-state analysis unit 23c is provided
separately fromor integrally with the physical stimulation device 23b and
has a respiratory waveform detection anplification unit 23c-1 which
receives and anplifies an output of a pul se oxineter 23d, an AD conversion
unit 23c-2 which digitalizes the anal og output, a nmenory unit 23c-3 which
accurul ates information of the digitalized waveformso as to be made

accessi ble sl.eep;state anal ysi,s. unit 23c- which will b escri bed
ol o, Ao EPYERafiEERNE B & B Srlert Bl brgifaly iy et peocils A
digitalized signal of the detected waveforminputted fromthe respiratory

sensor 2BtfS¥YC-descri bed above, sequentially execute Fourier transformin
the Fourier w ndow period, and create an extraction signal of the
respiratory frad{gendyr Bundhemetheds edperiarmingdheytitrafion werkafps\pesubiest it bed
RSI, for exanple, obtained fromthat on a real tinme basis.

Ther ef or gleepp heaamgbiysd shopayr thetesis @onmtilgdriedviiich e emddical etinpmepesahi s
conditions of the massager 23a by watching the change of the RSI and the

like so tRphatbReaGROhOUbviLEY&ineaab s Red i guaHad td ¥ sthjedt! iBRolsal &ndr t her
i nproved. | Enbodi nent of the invention relating to bl ood-pressure

- . . ] ti
measur epgt?q%%%éﬁés‘g rB}f the medical¥fXice BF t]%xs%ggc?of Q}tt}[l%' rr‘f({ﬁgl{’tﬁ‘ﬁs Qfeeéeﬁgpmlhéh\ée ntion

i s adap a bl ood-pressure neasurenent sys measuring a bl ood
pressure of supject wi,th favorable reliability and reproducibility and
in a sinﬂF?WﬁQﬁmﬁ%ﬁg%ﬁfﬂFﬂﬁgnﬁescribed as anot her enbodi nent of the
present invention. . According to a guideline relating.to diagnhosis
and treat ment Bythgifellqyrige deseription s onfythr Adalion odhiar theysidicst ithgleed j oj nt
research report in 1998-1999 "Cuideline relating to use standard of

24- hour butoded {he disratior woek &r tiiongmiget iy drapsed @s ebgicracuitaliactvely aefered tovol

64, Suppl. V, 2000. Hereinafter referred to as "Guideline"), a blood

pr essur eay&ltrtioaf amd tesombedoody fl uct uat es under various conditions such as

The present invention realizes improvement in accuracy and work efficiency of
the titration work more favorably adapted to the physiology of human bodies, and
specifically, the operating pressure of the respiratory assisting device supplied to a
subject in sleep or arousal is manually or automatically changed and a temporal change
of the operating pressure is recorded, and also, the respiratory waveform of the subject
is continuously recorded, and a temporal change of the waveform of the
above-described RSI is created and recorded.

The operating pressure and the temporal change of RSI may be observed by a
medical staff who performs the titration on a real time basis so as to be used for
diagnosis, or the waveforms may be recorded or the waveform may be created later on
the basis of the recorded data so that they are displayed on a monitor device, printed by
a printer device or transmitted to the outside.

The medical staff compares the operating pressure changing waveform and the

RSI waveform which can be simultaneously observed and by changing the operating
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during activities, at rest, in sleep and the like, and it is known that
t hese bl ood pressures are not necessarily correlated with casual bl ood
pressure in an exan nation room As al so indicated in the above
GQui del i ne, a 24-hour bl ood-pressure neasurenent method (anbul atory bl ood
pressure nonitoring. ABPM nethod) is used for nmeasurenent of a bl ood

pressure value of a hypertensive patient. 1) If the blood pressure
i n an exam nation room or at hone substantially fluctuates; 2)

Whi te coat hyperte |on I.S..nor a da|I but
nyper t enBIeSHT €V L BHRUEE 10 S Hagipet tﬁ%ﬁ@ﬁlr%‘%ﬁw %@ﬁm@d&aﬂcmm
reprodUC|b|I|t¥mand repeatedly) I S suspect ug-refractory
hyper t en¥ithihat has the magympmaage Fleﬂn@filcww&eﬁéie@ﬁnﬂwhmp%mgmreﬁsw i on’ of
anti hypertensive drugs; and 5) Hypertension is indicated early in

t he nor namnigat time as the appropriate treatment pressure. This is because the behavior of a
respiratory operation cycle of a human body is directly governed by the brain center and
there are few disturbance elements, and the effect of pressure application by the
respiratory assisting device can be observed more directly as compared with the
observation of other physiological information or heart rate, for example, and thus, the
accuracy of titration can be further improved.

In addition, the medical staff can determine appropriate device for the
treatment from at least any of (1) pressure value of compressed air; (2) change pattern
of the pressure value of compressed air; and (3} selection of a device from a plurality of
respiratory assisting devices, that is, a CPAP device, a Bi-level PAP device, an ASV
(servo-type automatic control auxiliary ventilator) and the like described above.

Also, since the behavior of the respiratory cycle is observed, appropriate
titration can be made also by means of observation during arousal not only in sleep, and
titration can be completed in a short time during outpatient treatment without requiring
hospitalization or home-visit treatment at patient’s home, and thus, a burden on the
patient can be reduced and medical economic effects can be improved.

The titration according to the present invention is effective not only for the
CPAP but also for various respiratory assisting devices which feed out pressurized air or
other respiratory gases under spontaneous respiration of the patient but the
above-described titration using the prior-art technologies is effective only for
measurement for titration, and if a change occurs in the symptom, the patient needs to

be hospitalized again, and the titration should be performed again.
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The ABPM nethod is roughly a nmethod for conducting bl ood pressure
measurenment during a period including sleep typically with intervals of 15
to 30 mnutes by attaching a bl ood pressure neter to a subject.

Eval uati on of night blood pressure is possible only by this ABPM net hod.
Reliability and accuracy of the bl ood pressure value neasured at night is
described in the Guideline as follows: "The ni ght sleep bl ood
pressure can be neasured only by the ABPM nethod. The term ' night"

i ncludes a physi ol ogi cal state of. sl.eep. However. the night,. bl 0o ressure
does not neces@ﬁ?xi‘q (3’ (& y??@érﬁmﬂg g&?ﬁtﬁt‘é’?fﬁ?‘)&l’hﬁltgﬁ? f:t“ﬁ)é) dfﬂl%jgﬁgggessur e
is different depending on the s|leep phase_based on the brain waves such
that t hePU§FebdnveItien sifr despubad, abgv quality el depuousoriat desl spadE (deep
sl eep) and | arge bl ood-pressure fluctuation is found in the REM sl eep.

Ther ef or directlyervabiated; grivt thup,ftha titration s be arhitradyperfoinged kemthe swhishimigght

bl ood pressure is considerably higher than genuine sleep pressure.

Par t i cul @sdratione deatby hyetiel gatieht @imysk at Wpsifedr timighbudlr a1 @bage, inatd t hi s
shoul d be considered in evaluation. Al so, since the ABPM nethod is

conduct egliyoShdt %P BE th@ hHRpeHf buiPAISS S hbAR! FRNoxalpRS @oviha dkgrithite ABPM
nmet hod for the first"time m ght be aroused or have Shall ow sl eep and have

t he bl oo Fessure o ai ri i particul arly,
pat i ent sURHRRSHES A S36e ifbtb B EEP B RRIARL B 0T
pressuri zatio have essure i s .

Since the nig n@?oggaerﬁptég%ﬁ%gﬁgagélag{:%ga ﬂ?fps‘i“@%}rff%?‘z%?ct‘?j 1|4{g )

reproducibility is not necessarilz satisfactory. Thus, a nethod. is
proposed in e, e peanlein whishdhgpreseniievangiois,sdapigditp asleendndisiges of
square waves of daytine bl ood pressure (BP high) and night bl ood pressure
( BP | ow) devagedwithethaipgigosb | cdodalprings sapogalfl@Rlenp iy induesg iansinsdnmpg or a
favorabl e reproducibility by a nmethod of cal cul ati ng opti mal two-phase
squar e Wasatiiy pefua o walkep fsidtg wilhbe deseribed ad anoeheadthbbd @ien{ 6fiiu lpadseme suns)
met hod. Tochi kubo et al. propose stochastic "basal bl ood pressure val ue"
at ni ght;,degiioed fromthe correlation equation of between heart rate and
bl ood pressure and the m ninum heart rate.” That is, in the case

of the bl ood pfneﬁﬁygﬁ\(/ag{:fij gleéﬁl%cﬁl%hlg' Heﬁt@,eﬁ A &EritHao B )apah&% Saetg}thNQf sl eep

affects the measure

3868326, for example, sound is emitted from a loudspeaker for a patient who is going to
sleep and by analyzing the contents of an operation of the patient who operated a joy
stick in response to the sound, emitted sound is selected and controlled so that the patent
can go to sleep as soon as possible.

“Also, Japanese Patent Laid-Open No. 2003-199831 discloses a device which
emits ultrasonic waves from a loudspeaker incorporated in a pillow and by sequentially
changing the mode of the ultrasonic waves over time, the target is first made to feel
relaxed and then, gradually induced to sleep.

However, according to these prior-art technological configurations, though
some physical stimulation such as sound or ultrasonic waves is given to the target, the
physical stimulation is determined in advance as a program or selected by estimating

progress of sleep from an operation of the target who has not fallen asleep yet, and a
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Thus, for the propose of measuring the basal bl ood pressure value of the
subject with favorable reproducibility, in order to nmeasure the bl ood
pressure value of the subject in a deep sleep state of the non- REM peri od,
the period of the slow wave sleep (non-REM sl eep) of the subject is

di agnosed and specified fromthe change of the above-described brain wave
SWA wavefornms , by using a |large-scale testing device such as a

pol ysomogr aphy test (PSG test) perforned during hospitalization as

d i bed ab , | l.e.. . th | I S
oot Do) ol YA S SRR el BRSRMGTRLS,

nmeasuri ng device nay be controlled so gs to _performthe bl ood pressure
measur enBacopiut lvebinclydmg statewi slgen gt et‘l\’éh&ﬂﬁ %@P qfdhs Rraeh s dresiywave

sl eep period at present. By configuring as above, the bl ood pressure val ue
can be stvablatedneasured after nedically confirmng that the subject is in
the sl ow wave sleep state on the basis of the physiological data of the
subj ect . On thowesigdry, hhdedpSEdueimt deduei 228 offiahpi dmabddiatitolnsathe

descri bed above and is not a test performed by the subject, sleeping at

hone, W f,NeWingddRUER@Ron exermplificdAh $9. 3%ar i ous nmethods are proposed in
whi ch the basal bl ood pressure value at night is estimated from

tatistical -hod : | : ' -t h
acal state cannot” B corTRRR QYRR ThHRRY, SR e thoitut' 17,

t he bl ood- nessure, negsyr ement s stem 24a ac}%ordi.n to this ﬁ}ﬂbo iqent of

the presHtUEHRRASHER A gy, SoMply Brapqnic, Wases, (higat, jundy imagesy siell; FUfast, dex

i ndi cating stabili té_ of the respi rator%/_ CéCJ e or_ RSl, for exanple, . the
T,

bl ood preigaulztion, glegiricostimyation gpagaetic tien i phalibe fogy a8 QN Wity ect | y
measured by a sinplified method that can be conducted at hone w t hout
requi ri nEbhbspi taagét veto isigoing to sleep, My the fusdeiof ghet phyFical stBfulatioecan be
configuration of the bl ood-pressure neasurenent system 24a of this
enbodi nedtanpéd by Haindese of Hehysichhsismapebe oo uni 20bAvi de cxinighe,df the
respiratory waveformrecordi ng neter 24b which may be configured to be
por t abl ephyical stimulation is light, the intensity, wavelength (color), presence or interval of
flashing, area, shape or position of a light emitting body or moreover, even presence of
light emission can be changed.

If the physical stimulation is sound, its intensity, wavelength (musical pitch),
sound emitting pattern or interval, sound emitting direction or position or moreover,
even presence of sound emitting can be changed.

A respiratory sensor 22d has a configuration similar to the respiratory sensor in
the above-described sleep evaluation system 1.

A sleep-state analysis unit 22¢ is provided separately from or integrally with
the physical stimulation device 22b, and has a respiratory waveform detection
amplification unit 22c-1 which receives and amplifies the output of the respiratory
sensor 22d, an AD conversion unit 22¢-2 which digitalizes the analog output, a memory

portion 22¢-3 which accumulates information of the digitalized waveform so as to be

made accessible, and a sleep-state analysis unit 22c-4 which will be described below.
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bl ood pressure val ue recording neter 24c which may be also configured to
be portable, and an anal yzing device 24d which is realized by a personal
conputer or the |ike. The respiratory waveformrecordi ng neter 24b
is preferably a device which can record the respiratory wave neter and can
be al so configured to be portable and is typically lent by a nedical
institution to a subject so that the subject can continuously record and
mai ntain the recorded waveforns in sleep for one night at hone and the
recorded wavef

are._caonveyed to,,t medi cal j-nstitutio ft at .
s needt ess poRsd S EAMEHE Wl ok Il R n PR e AR T
be recorded in the dical .institution or the data of the recorde
wawef o MM dIRHFE ERBANF TeSPieFOT FFeR 2 dgshbad k@vanaew@@yor t ed
or delivered via a communication path to a device for perform ng anal ysis,
t hat i s, exasntedfraligy frapferay incde ipyrier window pegiodragd creage eextragtion Rignal
above-descri bed functions, the respiratory waveformrecordi ng neter 24d
has a r esfiihe atspirytosy fréquancy bangiand24tompoad tlempe df the abhec-déscribelR$Bd® i n t he
vicinity of the nasal cavity of the subject, a respiratory waveform

det ect i ogcani, iofbtaa@id fadin Wikt on24BaldimeBhsfl D conversion unit 24b-3, a nenory
unit 24b-4 which records and maintains the respiratory waveformas a

digi tal signal vnagrthiapitls fff KBt adP oot PitoR chifighdid @
respiratory mavé?orﬁf@éta ?&5”%?Lecneﬁ%ry un?t 52 Fﬁﬁ%o tﬁg oufgéde.

The respjratory airfl ow.s r 24b:1 be a .thernmal. se r i IS

2t ¢ achedte o Ehindieina G SGie By Py Reng 2 BF AT oahiekel o e
presence or intensity of the airflow by spiration_of thjis subject by
maki ng n%h%la?féﬁéﬂlmfoafyﬁveié{l@etimgﬁﬂfaﬂa@ﬁy eﬁ[ Sj?ﬁpi isfgher H@prpﬁ%{h enper at ur e of
the respiratory airflow and the other outside air tenperature, or may be a
met hod ofEmexsiimentrod shecinsienjiongglatiogl thopagregivgdaviceln of a stri p- shaped
menber by the respiratory airflow, a nmethod using rotation of a wind-m |
structure by tNextaai iekawplerinamkichtthe presgmpenvasiohdngdaged e prasanmg and
intensity of the respiratory airflow can be detected, for exanple.

Par ti cul @lide wisén qut&nﬁfc@.ﬁ?u§ﬁf(§ﬁﬁsbnﬁlaéﬁgﬁﬂgr Bb&hadlors ONHIPra Rh&hhAieH W th a
PVDF (pol yvinylidene fluoride) piezoelectric filmis a preferable node as

a pressupe FERRCIntRIrce Qzﬁlg%ﬁl HEARICEBLA 99 another embodiment of the present

mvention.

As this type of massaging devices, Japanese Patent Laid-Open No. 2007-89716
discloses a massaging device of a parallel-link mechanism type in which movement of a
treatment element is controlled stably and with good reproducibility in the vertical
direction, right and left width directions, and advance/retreat direction independently
with respect to a human body so that a desired massaging motion can be made by the
treatment element.

Also, Japanese Patent Laid-Open No. 2003-310679 discloses a foot massager
comprising a foot pressing bag having a lined unit for calf that is formed substantially
into the shape of a boot so as to be brought into close contact with a calf, a heal, and a
toe at the same time and having a joint unit capable of being opened/closed so as to be

opened when a leg is inserted from the toe; an air filling bag body bonded to the
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Moreover, the respiratory operation (ventilation notion) of the subject
may be neasured and recorded not by directly neasuring the respiratory

ai rflow but by measuring tension caused by extension of a band w apped
around the chest or stomach of the subject by the respiratory notion or by
provi ding a pressure-sensing sensor in a nmat |aid bel ow the subject.

These various respiratory sensors are attached to a predeterm ned part of
a patient in order to detect the respiratory airflow of the patient or

respirato ef.fort ventilation notia the patient nd t.he nedi cal
hor ¢ rittaS il Wik sEtn BhnoEnoRPEREl of b RTE e s $hEuR T ont
prior to the test. However, as conpared with _attachnent of an el ectrode
for neaswhiehenpplios and dischasaes i1 tgnsnirem the aip BHing hag hedyandrp @mnegiion
epidermis on the chest of the patient, allowance in the position,

di r ect i omipamchit¢theornekte anminsuppdyidistlaarge bple rraoodgd getemir fillingdragdrodyhan t he
case of a sensor for electrocardiogram and it is easy for a patient or
the patigltthsairpoinpy to attach the sensor in conpliance with the guidance
by the nedical institution and to obtain a correct neasured val ue.
Moreover, in rggeilery @REsdidgN b earsOfprilelLC tb@RoRkical ' @Pbhdtiohy fReeration
by attaching sone sensing neans to a subject as above, nmany types of a

- t esni . _ Whi i .
190 COr Bkl MBS I REAREL LIS REFP PR OCFIR I8 iy of, oo
e 0o RLLED O£ SRR T hSRoBL S, S G RS,

needl ess to say that as a respiratory sensor, a sensor for detecting a
r espi r at Ratlgrtp et selostednby Haing fegdbagh confeol awbile, e physiglpgicap stafeef the
reflection waves fromthe subject of the irradi ated el ectromagneti c waves
such as tahget e ditesdy owdehtech t he docunent "M crowave respiratory sensor for
eval uation”, which is posted on the Wrld Wde Wb and can be accessed
(htt ://wwkok OE® Jontrdfpan@ssagdreRawhiell iPdfieambdfiplen ahs dr Bldwingat i on
No. 2002-71825, which is also a known docunent and di scl osed as "human

body det &aifoehtidR Y SRy iATFES owave”, Japanese Unexam ned Patent
Application~Publication No. 2005-237569, which is also a known docunent,

and Japanese 1 i j i cat i . 05-, 570,
it St Ji .8 Y i g e g g%ﬁ%l%‘%ﬁé@@“ﬁ%’?tﬁﬁfiaﬁ%q

noni toring device". .G%@S t he bl ood pressure val ue recording neter
24c of t gmgvgpgﬁggganﬁghgp TZe which neasures the bl ood pressure of a
subj ect and can be configured on the basis of the neasurenment principle
simlar to thalheoomapsge | tion: BHa el Iphasoy cppligyatien far esrformingutheng t he
devi ce used in the above-descri bed 24-hour bl ood pressure neasurenent

met hod (WBRMing operation bgpsoig attachmasts sacieas a pellarca phed, jag aithett! aid the
followi ng indirect stethoscopic blood pressure neasurenent nethod is

aut omat eldke for the massage target, and specifically, the attachments similar to those of known

massaging devices can be used.

The massaging pattern control unit 23b-2 changes and controls the mode of
massage performed by the méssage stimulation unit 23b-1 and controls all the
operations including presence of a massaging operation, strength and patterns of the
massage and the like.

The respiratory sensor 23b has the configuration which has been already

described.
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That is, a cuff is attached to the upper armor the |ike of the subject,
the cuff pressure is applied to approxi mtely a nedi an value of the bl ood
pressure predicted fromthe state of the subject or approximately 100 mmtHg
(mllimeter of mercury), for exanple, and it is confirnmed that Korotkoff
sounds can be heard. If the Korotkoff sounds are heard, the cuff pressure
is raised until it is not heard and then, the cuff pressure is slowy

| ownered while the display is watched. The first pul sation sound to be
heard is the ot.kof f sounds. fit phase nd b eadi ng .t.he scal.e at
Chis point of EaSHaia® R Tsa BRSuelPirleliRtn Pohals Vil e
sound whi ch suddenly hecones to he hea gpclearly i ndi cates the second
phase. THE P Wécai hetHEEatioy eyicenkpl h31}€{1 & at JESRIEOTY hvayelgHE s deteati® poi nt
of time when the Korotkoff sounds are no | onger heard indicates the

m ni mal Wiopbiicapoe st 28c-1 which reckives pukampbiiesomdugput of a putse maimetenidne
basis of this principle, the blood pressure value recording neter 24c is
provi dedawiAThcenversidn wc23c-2 Widcke digital224 ehel anato gosapitde thentdri uait @363 uni t
whi ch applies a pressure to the upper armor the |like and a sound sensor

unit (M ghRphefmulhRE idbettidndfitRdigitalized walBRralbfas 2fbe had@¥cRSible,
configured not only by a m crophone (KM nethod in which a manual

| tag] [ : b ] bl ood [
auscul Al BB Ho iy bie A0SO AIARNGNR ARG, bl 00d Pressure s

nmeasured by automati ca et érnining vessel sounds (Korotkof f
sounds) as destribed above hut. al so an_osci.l | t.C.. . meth in
which he_ bl ool EEERRE Fustiis Sofcrrery YEndrgn 1 Deinlieel b pEl on
(oscillation) caused by pul se pressure of the cuff_ pressure_or any other
al t er nat fistecterbtwygiorm mputted Afra thengespirggty ewses 28 daldgecTired edhoven
control unit 24c-2 executes pressure control of the cuff pressurization,
heari ng saquertmdlyysiesutofFaumer Kansiokofin he divdsier alimdovh peped sandr ¢rzatt i aon
control on the basis of the anal yzed Korot koff sounds and acquirenent and

f eedi ng- ettactbn tsiggmablodatle pegasitite fredusacyrdasdiraad Dytert@abbbmeepsOdedur es
in order to have the cuff 24c-1 performthe above-described operations.

The measpReRREcriMed R, BF eQMnPE SSEMh&] HahUBatioh LRAlALBMS Y made over a
period including sleep at night. The tine interval of blood pressure

measur ement | STherefore, the analysis part is configured to control the operation conditions of

the massager 23a by watching the change of the RSI and the like so that the comfort
level including the quality of sleep is further improved.
| Embodiment of the invention relating to blood-pressure measurement system]

Next, an example in which the present invention is adapted for a
blood-pressure measurement system for measuring a blood pressure of a subject with
favorable reliability and reproducibility and in a simplified mode will be described as
another embodiment of the present invention.

According to a guideline relating to diagnosis and treatment of circulatory
diseases by Kazuyuki Shimada, et al., joint research report in 1998-1999 “Guideline
relating to use standard of 24-hour blood pressure meter (ABPM)” (Japanese
Circulation Journal Vol. 64, Suppl. V, 2000. Hereinafter referred to as “Guideline”), a

blood pressure value of a human body fluctuates under various conditions such as
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typically 15 to 30 m nutes. The AD conversion unit 24c-3 converts

t he obtai ned bl ood pressure value in analog value to a digital signal and
the nenory unit 24c-4 has an interface function of tenporarily storing the
digitalized blood pressure value and sending it out to the outside. The
sending of the digital blood pressure value data to the anal yzing device
24d may be made via a communi cation path or by a nethod of delivery of a
mediumin which the data is stored in a portable nenory nmedi um and the

mediumi g attached. . The anmal yzi n vige 24 ich.simlarl

Const 1 REBERTIEEE g aeshin sEF BBl iC AT LG E ol RIS hie Sty
personal conputer s{sten1ty ically Lgclgding a.display screen and a

print er HBAORIEHBUDETOTSIGE WHD RATI@hblogd PrSTULP frean T3mtnatiogdait er and
perfornms the operation, and the analyzing device is installed in a nmedical
institution orAshels¢ | indicated vini ¢he raboper daviefrpudabloodrdessiee bl ood
pressure value data fromthe subject are transmtted or the nediumis

del i ver egheasiraast mdld] antbutatoanslood paseot dasi@ringt ABPMe netledgdungd whi ch
will be described later, the calculation using the respiratory waveform

data i s fHRARaslYPmEMUAT blddEpreSRRd VALObHa MpekAivBpati@nt( t enpor al ) change of
the waveformwhich is the result of calculation on the basis of the

respiratory wame g - p V, : e
Compar od i ¢ h Prd BEbIo 8 brAGieR R b A0 o HORe (PEME T oo ay
screen iﬁ %.tine series, printed by a printer or the both are perforned,
and as a' T Eﬂ?%, a nedi cal staff who observes the screen display or the
printed result_can make di agnosi.s of the basal bl ood pressure val ue.

The anal yzi ng HeWhie oord kymeeipnsiony (pload pressuee supeimadnd  JagyolifedBy with
an input termnal 24d-1 which takes in digital data of the respiratory
wavef or nhypegmdidre iopresented iam imgstical tasvironment2with 7eoadi wipradakibslity randi gi t al
data of the blood pressure value simlarly fromthe outside, a nmenory
uni t 24drepembdighissegecidd; and nmai ntai ns the taken-in data once, an anal ysis
unit 24d-3 which reads out the recorded data and perforns a cal cul ation
oper ation usi ng thatrefsctityl HypbRed@scri bed later, a display unit 24d-4

whi ch displays ‘a respiratory cycle stability index, which is the result of

cal cul ation ou ?ﬂﬁ&@ j M = At P Ser ata
such as the b|%ﬁﬁh%?§%£§fg&@§ ue chgﬁﬁfﬁgﬂkgﬁéég?ﬁfgﬁ“%h§?%%§§§&§§%een, a
printer unjt 24(1-5 which prints the simlarly outputted tinme-series data,
and a dat™¥ sending-out terminal 24d-6 which sends out the tinme-series data
to the outside, [Operation of analyzing, device] Subsequently, the
oper ations such FRPersnsion &tm@ﬁatsse% i the BIFHRGr y wavef orm  conpar abl e
out put of the blood pressure value and the |ike perfornmed by the analyzing
devi ce 24d, whllsh ABPM oiethaslciserpughly. e ondtherlirfor icondusting Hleod ypressme24a,
wi || be descri bed.

measurement during a period including sleep typically with intervals of 15 to 30

minutes by attaching a blood pressure meter to a subject.

Evaluation of night blood pressure is possible only by this ABPM method.

Reliability and accuracy of the blood pressure value measured at night is
described in the Guideline as follows:

“The night sleep blood pressure can be measured only by the ABPM method.
The term “night” includes a physiological state of sleep. However, the night blood
pressure does not necessarily match sleep blood pressure.  Also, the blood pressure is

different depending on the sleep phase based on the brain waves such that the blood
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The above-descri bed analysis unit 24d-3 provided in the anal yzi ng device
24d extracts the above-described respiratory operation cyclic waveform
mean | ung power, for exanple, as a respiratory cycle band fromthe
respiratory waveforns obtai ned by neasurenent in accordance with the
principle simlar to the sleep evaluating device 1 on the basis of the
respiratory waveform described by using Fig. 1, firstly calculates an
average value (X bar) of the respiratory frequency and further cal cul ates
the standard deviation (SD) of the respiratory frequency by using a known
stati st i B&EPUFetRotes oWesht ity ABC STOW-BRver Si5ER uBkaSS n&??p tﬂ%e&e%‘% r'g{gﬁr y
cycle can be known. Moreover, by taking an inverse nunber of this standard
devi at i oplo¢dpiessust fluictuatign of fouhéd in dwpREM elesp. cyldieeefergnetsa atdglsaifaa.

I nstead of using the average value (X bar) of the respiratory frequency,
ot her i ngenes thhe oagin e latpo ke degtrblbed prespk riat@nyidenablye hjphak tHanequency
(Respiration Stability Index) may be used. SSmlarly to the
above- degghilatcptpi@turgnbodi ments, the inverse number of the standard
devi ation of the nmeasured respiratory waveformis referred to as RS
(Respiration L]l 1 -hi . at a

t enpor al chan?%ﬂ?ﬁhé#%é%ﬂggﬁ%gﬁgy%égig%%gwggg“ﬁ%%ﬁ%?mhggﬁggﬁhgﬁg??ﬂ
observi the.graph can easily,,judge whet he.sl.eep cycle, is clearly

i ndi cat glge 8%%1%5%0%%%}1%0'116\/&1&1, ﬁgffcﬁdﬁhﬁgkﬁ%@ BEHPLLS C8F'X%ﬁteedebyiu§m§ood or
the sl eep cycle cannot be observed and the confort |evel including the
qual i ty epeEREB Fuils PissByzatppr dhose, vahp dakesthec ABRM mepthpe, &toths §st Bfiech t he
sl eep cycle can be clearly observed, it can be detected that, in the tine
domai n i mighibe rareused walhae giallRS sleep drak bave thiblood ljressure reisdh dudiéo then- REM
period at present, that is, in a deep sleep state. In Fig. 38
schemat i pbduyizatiaa, and pagictladygpaphtsouithylcbpdisbydet biesrepyrsécetro Bedarousedt he
formof display, print and the like, the lateral axis indicates

neasur enggingt duBpresutibRiddina iHabe Biedbo Paredsuly is iltecasetb{18¢4 mnang. t he

vertical axis indicates the sizes of the RSI and the bl ood pressure val ue.

The RSI and theybl ARSI Brot@hb ke RhakelollY iSUBBIIRARIR them

vertically by using same asurenent ti
physi ol ogi.cal dat.a so.that t RSI and t.he bl ood,pressure.val.ue for, t he
sane ti Otc%%eifér@b?&s&gﬁ’q'o??%Wameggﬁ. 8 pmposed'f‘“evag%ﬁé&r% la'\]M?Eoogaw t he
graph illustrated in Fig. 38 first observes an RSI changi ng wavef orm 25a
i dent i f | PSR Iy ﬂ?@%‘o‘ﬁ% aniphases Afguupeg) wavey qf flaymediged pressie BP3g) and
under stands that the subject is in a dee sleeﬁ state in this domain.
high) and night blood pressure (BP low), and the night blood pressure (BP min) is
estimated with favorable reproducibility by a method of calculating optimal two-phase
square waves (square wave fit) and a cumulative addition (cumulative sums) method.
Tochikubo et al. propose stochastic “basal blood pressure value” at night derived from
the correlation equation of between heart rate and blood pressure and the minimum
heart rate.”
That is, in the case of the blood pressure of a subject in sleep (at night), the
depth of sleep affects the measured value.
Thus, for the propose of measuring the basal blood pressure value of the

subject with favorable reproducibility, in order to measure the blood pressure value of

the subject in a deep sleep state of the non-REM period, the period of the slow wave
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Subsequently, the observer observes a bl ood pressure val ue changi ng
waveform 25b-1 in Ta to Tb at the sane tine in the blood pressure val ue
changi ng waveform 25b and can determine that the | ow bl ood pressure val ue
in this domain should be enployed as the basal bl ood pressure. As a
result, w thout using |arge-scale testing equi pnent such as PSG or w thout
relying on indirect nmeans such as statistical neans, the blood pressure
val ue of the subject in the deep sleep state can be obtai ned, and the

basal bl god pre re.ca ne red.w th favorable reproduci bili.ty, high
accur ac yag?f’d&’gﬁwsmp%?%ﬁg,%gf e F‘?@ng?gtaé%sﬁmﬁ%deﬁﬁ etg% ‘Lﬁlﬁanigﬁ& g%’l on, as
al ready descrjbed, froma plurality of Fourier, spectruns at the tinme which
becones #PoyeAlescris firaigs wavse h Wb ovdve rmsnfbwii%& Roaresreale fetingydeicsc ut i ng
fast Fourier transform (FFT) by shifting time by 5 seconds for the Fourier
wi ndow paichods ¢f pslyspmoogrepliy destt (RSG ripsh) tnedforreehiduaingr ospeislifadiom asa
frequency domain of 0.11 to 0.50 Hz including 0.4 Hz, which is a typical

r espi r at @gsyrisadcdtevef foaetunipe anddye insasaxdd adicdk blddt weware duringttheslowst em of
the variation of the present invention, the analysis portion 24d-3

cal cul at @avd BIBeR YEHAD Bray BeldnpldydiRlo} tRN Hlobl§redsarRdaéu dedibOMmayHd of
the frequency included in the respiratory frequency band for each Fourier

wi ndow o ' i t i L [ It kS SO
cont i gur Siongg s8idstaisaftonhd bl ERhEnellurcilad RRERHG uBBR Kbk 20
nunber of e siandar.d devi ation and di splayed in node in whigh

Compar i <8t R IBESAdS {8 tho KOS EPOSL ISR By onhgiring B fhbve
respiratory waveform and the bl ood pressure val ue _are preferably nmeasured
i n par al thejbleed prrsswailue; ¢a8, beystablyr medsupeds pligremedicadly; eqnfigming thak¥herat ch
each other, it is only necessary to configure that the data of the both
can be cofpat et imthe gowl wave sleem statpeondha g@?dS pé theophysepical alagre gt thee nent

periods of the both nay be different. Also, the system nmay be used such
‘that thesubgzpi ratory waveform and the bl ood

However, the PSG test requires hospitalization as described above and is not a
test performed by the subject, sleeping at home, without a burden.

Also, various methods are proposed in which the basal blood pressure value at
night is estimated from statistical methods but the blood pressure value of the subject in
the basal state cannot be directly measured in the first place.

With the blood-pressure measurement system 24a according to this
embodiment of the present invention, by paying attention to the above-described index -
indicating stability of the respiratory cycle or RSI, for example, the bloed pressure value
of the subject in the non-REM period can be directly measured by a simplified method
that can be conducted at home without requiring hospitalization.

By referring to Fig. 37, the configuration of the blood-pressure measurement
system 24a of this embodiment will be described. This system 24a is provided with a

respiratory waveform recording meter 24b which may be configured to be portable, a
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pressure val ue are continuously neasured by the above-descri bed nethod for
the subject not only in the sleep state at night but in arousal and the

bl ood pressure value is nmeasured when the RSI is large, that is, when the
physi ol ogi cal state of the subject is in a stable period. The
configurations of these enbodi nents nay be expanded and the sane al so
applied to the following variations. [Variation of bl ood-pressure

measur enent syst enj In the above-descri bed enbodi nent, the bl ood

01 "o SuBBRT DUPERC Tylpk ReiHaRStTa Adn sl B o S OHBUTEY yoBE bile® ' oeP

simlarly to the ABPM net hod., . . ) %’ge automati c bl ood pressure neter
makes bl d¥pnsmaygmedlevios 2 srhich ispoalised BX g Pespmy camaver ghtbedihg a cuff on
the upper ann of the subject, and it is likely that the neasurenent awakes
the subject. The respirathgswasgforn vegording anetef 24thés pisérrebly eésdgiigsedhich

enbodi nent of the present invention, instead of continuous bl ood pressure
measur en®intreéat the saspjr&oty wavesineep and tanrhy alie configwred tgbe patdthasnd tse bl ood
pressure neasurenent by using cuff pressurization is performed only when

the RSl §¥&EBH%R bRrLmeaicall MEMSAGH th ¥ 3LbjEctaidcthittha sHisieq Ghesptisioakl.
Alternatively, though the blood pressure neasurenent is nade continuously

in the géeg@goagid LRGeAY lail@s:%cor& TR EsSH ﬁ@é}f fogittglggnrj%@% @ ageuRl the

neasure pressure value data to a nenory, tiron transm ssion

or output such as display is execyted only if the RSl exceeds a pre-set
threshol’ETCQ/%F‘IBgavﬁ‘gwgﬁ@icﬁﬁy?yﬁé?%gleéﬁ%ﬁglXTP?\QE%’P? agglb%fty can be reduced,
conmmuni cation error risk in information transm ssjon can he decre%seed, and

wor k ef fi ci endy i§ Reestiessrio say dhatghe serorHag o dhe BIPIHar o i may

recorded in the medical institution or the data of the recorded waveforms may be
conducted in a flash memory or the like and transported or delivered via a
communication path to a device for performing analysis, that is, the analyzing device
24d.

In order to realize the above-described functions, the respiratory waveform
recording meter 24d has a respiratory airflow sensor 24b-1 attached to the skin surface
in the vicinity of the nasal cavity of the subject, a respiratory waveform detection
amplification unit 24b-2, an A/D conversion unit 24b-3, a memory unit 24b-4 which
records and maintains the respiratory waveform as a digital signal, and an output
terminal 24b-5 which outputs the digital respiratory waveform data from the memory
unit 24b-4 to the outside.

The respiratory airflow sensor 24b-1 may be a thermal sensor which is attached
to the vicinity of the nasal cavity of the subject and measures presence or intensity of
the airflow by respiration of this subject by making measurement and detection after
discriminating the temperature of the respiratory airflow and the other outside air

temperature, or may be a method of resistance change caused by deformation of a
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data can be i nproved. Since the configurations of these variations
are the sane as the bl ood-pressure neasurenent system 24a descri bed above

except the above-described difference, the description will not be
repeated here in order to avoi d cunbersoneness. [Application of the
present invention to pol ysommography test (PSG test)] The

bl ood- pressure neasurenent system descri bed above has an advantage that an
operation at home is easy on the basis of the respiratory waveform which
can be neasured .easi sipnce the, sl ow.wave sl.eep state is known,.fromthe
change ofpiusednember &R SRty BRARRE PRUeskisofaesh of BPasbl et ory
cycle so that the basal blood pressure value can be detected.. I n
putti ng FFRSUEE dydhe alrHow s g qthRrdyRssastipeeas theressaesanthitesrts PE sy cal
data to know presence of the slow wave sleep state are not limted to the
r espi r at seyiralayaefidlonscatt ddtestédnfeexahipRSI obt ai ned t heref rom For
exanpl e, as descri bed above, nedical staff can diagnose the depth of the
sl eep, that . i sParfic€isg¢yase of a phRsist-omsnaViesyitapay stiisonpidvled vatigeP YD he
brain wave SWA waveforns, and thus, it may be so configured that by

conti nuoﬁﬁ)’l%iﬁ’ﬁﬁéﬂé iREriddepibrRiR e Rl & B5ralfhbldifobl 496 ReQsRUSBsHal ues
in paral l'el” for a period’including sleep, the nedical staff specifies a

time domgin..i i . subject is in the slow wave sl eep state based on
t he chagggﬂgfﬁgﬁgrg g%ﬁsﬁaveforns or particularly, the brain wave SWA

wavef orms and enpl oys .t he nmeasured bl oad pr.essure, .val in.that dqnmain as
a basal bl ood RNt &b Leppgatory operatio %YQBH%{%‘?]WPE}?H%tﬁh%F‘B’é%%Brﬁé(s ur e

measur enent system may be so configured that the brain waveforns of a

subj ect Meask jaRd oigsPrledenes b dliisGidy meashERbthy resPatoseraglew Met i ng

sl eep and the power of the brain wave SWA waveform which is a
measuring tension caused by extension of a band wrapped around the chest or stomach

of the subject by the respiratory motion or by providing a pressure-sensing sensor in a
mat laid below the subject.

These various respiratory sensors are attached to a predetermined part of a
patient in order to detect the respiratory airflow of the patient or respiratory efforts
(ventilation motion) of the patient, and the medical institution should give guidance on
the attachment method to the patient prior to the test. However, as compmed with
attachment of an electrode for measurement of electrocardiogram at a specific position
on the epidermis on the chest of the patient, allowance in the position, direction and the
like to attach the respiratory sensor is larger than the case of a sensor for
electrocardiogram, and it is easy for a patient or the patient’s family to attach the sensor
in compliance with the guidance by the medical institution and to obtain a correct
measured value.

Moreover, in recent years, instead of detection of a respiratory operation by
attaching some sensing means to a subject as above, many types of a non-contact

respiratory sensor have been proposed which emits electromagnetic waves to the subject
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conponent obtai ned by extracting the | owfrequency region, for exanple, is
continuously nonitored, and if the power of the brain wave SWA wavef or ns
exceed the pre-set threshold value, it is determned that the subject is
in the slow wave sleep state at present, and the neasuring device
automatically directs execution of measurenment of the bl ood pressure val ue
so that the blood pressure value in the slow wave sleep region, that is,

t he basal bl ood pressure value can be automatically neasured.

Mor eover S, tf .ol 0gj ti . e ep
state ofﬁ?‘%‘ea sd %ﬁ?rg ?théhsiﬂrﬁi; ete%?ttge iﬁ?‘ﬁ% %ﬁ%ﬁe%@%séﬁ%ﬁly 5%(%& %gt}gdat a
ot her thar@).thg braji n Wa%]%forrrs may be enpl oyed, these plural pieces of
physi ol ofiP¥sF PYARLYAPLLERYhABYST y measured and di spl ayed, respectively,
or the device nmay be configured to automatically determ ne the presence of
the sl ow wave A é@snbfgd i the abeamiodeeetd.ohiincrdlassn day thahachreshiedeypl ur al
pi eces of physiol ogical data are conbi ned. Since sleep can al so be
consi der sdsas a aephy frodateitiogla msmratarmepeetiah ogtthe bass of the apakysia resujt usi ng
a configuration in which the brain waveforns are used for neasurenent, for
exanpl e, oft dhe refleatien ahvédRodrtae Bubjécs of thedandibrdehsabagnaidvives sivhsal bl ood
pressure value can be neasured and determ ned as confirned diagnosis.

As a confiogUaREIbRA WhE Bo&iRe B MACRARNS r&birdideN sGRBOMH HRRkaRfn "t MBidAr esent
i nvention, a polysornnography testing device (PSG testing device) which

has been, used S{e(ar d(()ar} ectﬂgﬁng g@%[dow WaYe shegP sigte ?J“ a gubj ect. iyl | be
d

descri bed bel 6w, testing device is a testing device which
gquantitativel ee sl e st age),,., fragnent ati on of
sl eep, pPERSHER 4 AW DA Dt ga@ e@?g‘ﬁﬁf‘?ﬁg\egrﬁm%’l?%@ﬁﬂ%%oﬂ’ci ency
and the like along wwth details of a respiratory state by measuring nore
det ai | edPWhlispen Nal 2607 ok whiehfis alse Bﬂ‘&PWn\ﬁJﬁv‘éﬁ?nfé‘PéélﬁcﬁW%%ﬁ}ﬁmanmt i on
of eye balls and the like in addition to basic itens such as a respiratory
ai r f | ow, bahodetagingodedce asingrinairowavee farsacssr Bnexomid&p Faienhdidplibgioni ke.

In order to conduct the PSG test, a patient is hospitalized in a nedical

i nstit utPalicatiod Mediroas-ed7sast whighi Isi higto cal kesvis | dvepmbsd), andt Ugehed W t h
vari ous sensors belonging to a testing instrunment called a sleep

pol ygr aptijeieasd PIRAl ASARMAMN PuliGVited Naerebrafbero,r ehrhr Rda tigods a PSG
testing device) to body parts of the patient and goes to sleep. During the

sleep, o I I ; - Qf : | A nuously recorded
in a pre%ge(i%%#eﬁ%g(}ﬂ%%%%g%g%wgm t a %%Qéﬁ%ﬁtggkgﬂgﬁ%érsonal conputer, a
merory card an,g.lsg,hﬁlel ﬂ)ll(()ggl ‘pressure value recording meter 24c of this system 24a is a

C

device which measures the blood pressure of a subject and can be configured on the
basis of the measurement principle similar to that of the known automatic blood
pressure meter including the device used in the above-described 24-hour blood pressute
measurement method (ABPM).

Specitic measurement principle is that the following indirect stethoscopic
blood pressure measurement method is automated.

That is, a cuff is attached to the upper arm or the like of the subject, the cuff
pressure is applied to approximately a median value of the blood pressure predicted
from the state of the subject or approximately 100 mmHg (millimeter of mercury), for

example, and it is confirmed that Korotkoff sounds can be heard. If the Korotkoff
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The recorded data is analyzed in a manual analysis in which nmedical staff
directly analyzes the test data or using a dedicated device called sleep
pol ygraphy automatic anal yzer. In the case of the automatic analysis, a
report collecting evaluations of a plurality of itens is automatically
created. The plurality of evaluation itens include the followng itens,
for exanple. [Table 2] "Exanples of PSG neasurenent and itens" Measurenent
Eval uati on Brain wave Type and depth of sleep, arousal Eye novenent

Pres enceso%d@h%érﬁ,eﬁe cuff pressure is raised until it is not heard and then, the cuff
pressure is slowly lowered while the display is watched. The first pulsation sound to
be heard is the Korotkoff sounds first phase, and by reading the scale at this point of
time, the maximal blood pressure is obtained. Then, the sound which suddenly
becomes to be heard clearly indicates the second phase. The tone changes again,
which indicates the third phase. The point of time when the Korotkoff sounds are no
longer heard indicates the minimal blood pressure.

In order to conduct measurement on the basis of this principle, the blood
pressure value recording meter 24c¢ is provided with a cuff 24c-1.  The cuff 224c-1 is
provided with a cuff unit which applies a pressure to the upper arm or the like and a
sound sensor unit (microphone) for auscultation.

The cuff 24¢c-1 may be configured not only by a microphone (KM) method in
which a manual auscultation method is replaced by a microphone and a blood pressure
is measured by automatically determining blood vessel sounds (Korotkotf sounds) as
described above but also by an oscillometric {OS) method in which the blood pressure
is measured by analyzing a pressure pulsation (oscillation) caused by pulse pressure of
the cuff pressure or any other alternative methods.

Also, the blood pressure value detection control unit 24c-2 executes pressure
control of the cuff pressurization, hearing and analysis of the Korotkoff sounds, all the
pressurization control on the basis of the anaiyzed Korotkoff sounds and acquirement
and feeding-out of the blood pressure value measured by the above procedures in order
to have the cuff 24c-1 perform the above-described operations.

The measurement of the blood pressure value is continuously made over a

period including sleep at night. The time interval of blood pressure measurement is
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typically 15 to 30 minutes.

The AD conversion unit 24¢-3 converts the obtained blood pressure value m
analog value to a digital signal and the memory unit 24c-4 has an interface function of
temporarily storing the digitalized blood pressure value and sending it out to the outside.
The sending of the digital blood pressure value data to the analyzing device 24d may be
made via a communication path or by a method of delivery of a medium in which the
data is stored in a portable memory medium and the medium is attached.

The analyzing device 24d which similarly constitutes this blood-pressure
measurement system 24a is realized by a personal computer system typically including
a display screen and a printer and a computer program which is installed in the
computer and performs the operation, and the analyzing device is installed i a medical
institution or the like, in which respiratory waveform data and the blood pressure value
data from the subject are transmitted or the medium is delivered as described above, and
in accordance with the procedures which will be described later, the calculation using
the respiratory waveform data is made. Moreover, the respiratory waveforms, a
(temporal) change of the waveform which is the result of calculation on the basis of the
respiratory waveforms, and a change of the blood pressure value to be compared with
the respiratory waveform changé are displayed on the display screen in a time series,
printed by a printer or the both are performed, and as a result, a medical staff who
observes the screen display or the printed result can make diagnosis of the basal blood
pressure value.

The analyzing device 24d which realizes these functions is provided with an
input terminal 24d-1 which takes in digital data of the respiratory waveform from the

outside, an input terminal 24d-7 which takes in digital data of the blood pressure value
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similarly from the outside, a memory unit 24d-2 which records and maintains the
taken-in data once, an analysis unit 24d-3 which reads out the recorded data and
performs a calculation operation using that as will be described later, a display unit
24d-4 which displays a respiratory cycle stability index, which is the result of
calculation outputted form the analysis unit 24d-3 or time-series data such as the blood
pressure value changing waveform on a display screen, a printer unit 24d-5 which prints
the similarly outputted time-series data, and a data sending-out terminal 24d-6 which
sends out the time-series data to the outside.

[Operation of analyzing device]

Subsequently, the operations such as calculation of the respiratory waveform,
comparable output of the blood pressure value and the like performed by the analyzing
device 24d, which is a characteristic configuration of this system 24a, will be described.

The above-described analysis unit 24d-3 provided in the analyzing device 24d
extracts the above-described respiratory operation cyclic waveform, mean lung power,
for example, as a respiratory cycle band from the respiratory waveforms obtained by
measurement in accordance with the principle similar to the sleep evaluating device 1
on the basis of the respiratory waveform described by using Fig. 1, firstly calculates an
average value (X bar) of the respiratory frequency and further calculates the standard
deviation (SD) of the respiratory frequency by using a known statistical method so that
the size of fluctuation of the respiratory cycle can be known. Moreover, by taking an
inverse number of this standard deviation (SD), stability of the respiratory cycle can be
indicated.

Instead of using the average value (X bar) of the respiratory frequency, other

indexes such as the above-described respiratory cycle peak frequency (Respiration
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Product exanples of the PSG testing device include "Sleep Watcher E
Series" (marketing authorization holder Teijin Pharma Limted, Medical

equi pnrent aut hori zati on No. 21400BZY00026000, managenent medi cal equi pnent
cl ass, specified maintenance and nanagenent nedi cal equi pnent).

This "Sl eep Watcher E Series" is designed based on a brai nwave neter and
can neasure up to 55 channels at the nmaxi num and di splay fine waveform
with a high sanpling rate (512 Hz at the nmaxi mum) and AJD resol ution of 14

bits. A ol 58 ?ﬁeg)seﬁjgrbgggeda pressure sensor are built in the main body,
and such”&adVah ag are provided that an operation is easy in a sinple

desi gn, various, testing environnent an b andl ed through LAN, _.and the
systemis ex paﬁ‘é‘é]gﬂé(.to %W%é’if%ld@?ﬁ”gﬁﬁi Oﬁ@ 8‘5@?&‘9’%%&%?(3%@@‘3&“5“ fHhed
system t hrough a HUB and can handl e digital video inmage input (optional).
The syst#andasd cdgyimbibe of thpaneasiusdsrasprgapaneyeiorand asfsyed doupt kit and,
so that work efficiency of test/diagnosis is inproved, and various

anal ysi s(Respitdticsn Sabilivg [hded! yBlyaodmmgt a i graphudi nbys rRlosd thaayotdnsparal a ri ch
t ext. Al so, the "Sleep Watcher E Series" is capable of handling the

fol I ow n@lﬂﬂ%é@n%ﬁaeb Bt bné @8dht Gaameekisowsd, hﬁédiéas,stmwsmhﬁ?itﬁ@ @t @nt 0 be
nmeasured: AC el ectrode (bral nwave sl eep diagnosis channel): 32 ch AC i nput

(<: res gielr gei:sﬁg j%dfge%e% RNSIERARRE b c18r1§Indiatbd RiT theREFIME vl fcRlPE"
the quality of sleep is good or the sleep cycle.cannot be observed and the comfort level
including the quality of sleep is poor. Also, in the RSI changing waveform in which the
sleep cycle can be clearly observed, it can be detected that, in the time domain in which
the value of RSI is large, the subject is in the non-REM period at present, that is, in a
deep sleep state.

| In Fig. 38 schematically explaining the graph outputted by this system 24a in
the form of display, print and the like, the lateral axis indicates measurement time of the
physiological data of the subject, and the vertical axis indicates the sizes of the RSI and
the blood pressure value.

The RSI and the blood pressure value are displayed by superimposing them
vertically by using the same measurement time for the two kinds of physiological data
so that the RSI and the blood pressure value for the same time can be observed for
comparison.

The observer who saw the graph illustrated in Fig. 38 first observes an RSI
changing waveform 25a identifies the timé domain with large RSI (Ta to Th, 25a-1 in
Fig. 38) and understands that the subject is in a deep sleep state in this domain.

Subsequently, the observer observes a blood pressure value changing

waveform 25b-1 in Ta to Tb at the same time in the blood pressure value changing
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Oximeter: 1 ch Pressure sensor: 2 ch External DC input (optional): 8 ch
These prior-art PSG testing devices do not include the bl ood pressure

val ue in the physiological data to be nmeasured. The stage

determ nation of the sleep brainwaves is nade on the basis of pol ygraph
fmdi ng i n which brai nwave (EEG, eye novenent (EGE, nental el ectromyogram
(EM5 and the like are conbined. As a determ nation standard for sl eep
stages, an international standard (Rechtshaffen & Kales, 1968) is set.

V. band . I t low:Blo SS . e 1t
Therefor%tahéanﬁ% beﬁ:lSQeFlC Qb iég tﬂﬂé’-lt Yo B¢ x M%'%%tuelﬁ’é 904 r essure

val ue as e nmeasurenen ar get ysi ol ogi ca a of a subject 1n sleep
in additi.on t he, measur enen arget physiol ogical data of the prior-art
PSG testﬂﬁ@k%@@?%goﬁg 4 gg“i%@?é%ﬁﬁgggff can conprehensively anal yze the
plural pieces of physiological data, specify the blood pressure value in
the sl ow wave 4 aépulinyitheutaisimelareeieale esHng puwpycy sl ay BSG ar without
Alternatively, it may be so configured that the device automatically

det er m nadyinpenpmdgericment tuhb as| batistiealemednse pheublded peessune desfusr o thed
condition by using one or a conbination of a plurality of the

physi ol ogibgsak i6laké depndege sty cm Rubblaineduail d& blissipblayd ppeskie oah be

transm ssion of presence of the slow wave sl eep and the neasured bl ood

Pressur epdadub&l wih therpr %pﬁﬁiu%fbiﬁt?,aﬁi%ﬁ hedryQm@ Al ast ed with each ot her.
Alternatively, it may be sO configured that measurenent of the bl ood

pressure val uepff, thg,s ﬂ?:j'téﬁgoij theP) eéeg& TELBENad Qﬁea%eée%gﬁﬁedf’fﬁoﬁﬁ‘% sl ow

wave sleep is autonatica et érnmi ned by the’device

plurality of Fourier spectrums at the time which becomes a start point of each Fourier
window period obtained by executing fast Fourier transform (FFT) by shifting time by 5
seconds for the Fourier window period of 5 minutes from the inputted respiratory
waveform, a frequency domain of 0.11 to 0.50 Hz including 0.4 Hz, which is a typical
respiratory cycle of a human body is extracted. Moreover, in the system of the
variation of the present invention, the analysis portion 24d-3 calculates the average
value (X bar) and the standard deviation (SD) of the frequency included in the
respiratory frequency band for cach Fourier window obtained with the shifting interval
of 50 seconds. And it is so configured that the above-described RSI is calculated from
the inverse number of the standard deviation and displayed in a mode in which
comparison can be made with the blood pressure value.

The respiratory waveform and the blood pressure value are preferably
measured in parallel at the same time, but if they share a period when they match each
other, it is only necessary to configure that the data of the both can be compared and
evaluated in the matched period, and the measurement periods of the both may be
different.

Also, the system may be used such that the respiratory waveform and the blood
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Since specific configurations of these enbodi nents of the present
invention are obvious fromthe configuration of the above-described ot her
enbodi ments of the present invention and the configuration of the PSG
testing device, the description will not be repeated in order to avoid
cunber soneness. [Application of the present invention to oxygen
concentrator] Subsequent |y, as another aspect of the present

i nvention, an enbodi nent of an oxygen supply device of the present

| nventi o W& %ﬁ‘é%r‘éa‘%oﬁ%mh&%l% WS AIbF Rhe 3bGEdQEiBod Wb ID /Y tHR'
particularTy, a contor eve y using stability of a respiratory cycle
and the Like w !l be describ by .referring to t t.1 i ngs.

Fig. 39 Fubiest netniu @‘e (ffeﬁa rgg?g‘? %t}/m%ﬁdjé\wrb%’%&?ﬁw%ﬁ}egql?%ﬁp%% é]g rrér’) i é;fgng a
pressure-variabl e adsorption-type. oxygen cqncentrat or [ch.is an

embodi memeagyred waerthe é"eﬁtﬁs Jagse that da W%en the phygjol éﬁl‘ec‘\é\?ﬂh% FHOICH &ying of
this enbodinent is provided wiwth a respiration synchronization unit 201
whi ch det etabls patiod.east either of inspiration or expiration of a patient
and a control unit 401 as its characteristic configuration. The
respiration syngheésnfigagitionnofltticke 20bodixentsanay beogianded afd thedum nfoa power
anount required for the operation of the oxygen concentrator and of

reduci ngiied e 4R Oflowie vaAMkd@ur ation of the oxygen concentrator used in
the prior-art technologres as they are by supplying oxygen concentrated

gas only duri n@({ﬂaﬁn@ﬁoﬁ@?ﬁ%ﬁ‘-&G%Qurgqﬁéagtﬂeﬁgnfsjﬁstgmi ent and al so exerts a

function of cr I'ng resprratory waveform tion of the patient by

using the detection function of the .nspirati.gn and expiration. Th
control unit 4]8‘1 ﬂbealagﬁYeé ey ﬁ?&@?‘nﬂ?&r é@%ibﬁ%(f‘fgrp)'iesé‘y“%l gle%%ué%lfl?%t§ cal l ed
RSI, which was descri bed above, from the obtained respiratory waveform
i nf or mat flesaribedoriei brignadey capiguoysky é“@%rfg% deept 19f sa pgbIegh Vit FPiGRls
change of a supply flow of oxygen concentrated gas by changi ng an openi ng
of a conmeadureraéntentdd@lswiiilSHo G0 minates simikatlyve te ABBMoxgi§ed concent rat ed
gas for

The automatic blood pressure meter makes blood pressure measurement by

pressurizing and tightening a cuff on the upper arm of the subject, and it is likely that
the measurement awakes the subject.

Thus, as a variation of the above-described embodiment of the present
invention, instead of continuous blood pressure measurement for a subject in sleep, it
may be so configured that the blood pressure measurement by using cuff pressurization
is performed only when the RSI exceeds a pre;set threshold value and in a deep sleep
state.

Alternatively, though the blood pressure measurement is made continuously in
the sleep of the subject, it may be so configured that storage of the measured blood
pressure value data to a memory, information transmission or output such as display is
executed only if the RSI exceeds a pre-set threshold value. By configuring as above,
memory capacity can be reduced, communication error risk in information transmission

can be decreased, and work efficiency in observation by an observer of the waveform
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intake in a direction to a state in which the RSI becones a higher val ue,
that is, the confort level of the patient is inproved. As a result,
according to this enbodi nent, the optinmal oxygen gas anount in accordance
wi th the actual physiological state of the patient can be supplied nore
preci sely and since addition of the new function to the oxygen
concentrator needs nainly a change of an operation control program of the
oxygen concentrator, the new sophisticated function can be added while the
device r rral ns, si npl e and requiring only a |l ow cost without requiring

| ar ge- scHR BHAIBYdDf nechani sms or el ectronical Iy controlled
conponents. The oxygen concentrator 1 of this enbodi nent including
a part over | appeer WicrnBaleRyEes! Bevcenehascre Hinsamg a8 theSiiodRnresshre
synchroni nfon function according to the prior-art technology wll be
descri bescimmb@uent system 24andéSicgibed abowshixehpti the aabowvertiéscnibed drffdarenecathiecon

di agram of this enbodi nent, reference nuneral 1 denotes an oxygen

concent r@éseﬁptmﬂwﬂeicﬁrbem@;ﬁaamdrfefain c3déten avds cambeedmémat. ent) who inspires
hum di fi ed oxygen enriched air (also referred to as "oxygen concentrated

gas"). The pr '[@afdtlﬁtH@fQéh%%ﬁf@ﬁt 1YBRROBXYEE b arErREHAt Or 1 S
provided with I—1|EFt>Anf| Itte e10{ whi clh rogjr?r)o)f/es ?lgfr% gus?ts hawﬂrjlg passed

through an air d t iration
silencer 102, %“ec%l%r%! C L,Sf‘f%m@ i Fl%?ffr 1R B S gy ad 1R
adsorption cylinder 105, a checkl??E 8} r oduct ank ill‘Og a .pressure
control YnPREAEYYat hoge,is &% oyt “8‘?? "‘H’%éﬁ"ﬁ B VPSP PEL. As a
result, oxygen concentrated gas in Whl ch 0X gen as i s concentrat ed can be
manuf act Weasdrad exsily Bisce s slawew i slegprsiata ke grp@nﬁh@ [pbargag ofithe RS

Al so, in a housing of the oxygen concentrat or, a humdifier (not shovvn)
whi ch hufur dixhinp$e, tals eanp indelx cefdstabiliiyenl e anspemtarategdliegws that e basal bédodpar t
401 which controls the conpressor and the channel sw tching valve 104 by

using a peisuvaldlee & Behitddt@y setting neans 110 and neasured val ues of an
oxygen concentration sensor 301 and a flow sensor 302, a conpressor box

501 whi ch i sol ﬁtﬁﬁuﬁpﬂeepregen’e hﬁeﬁt%mﬁ@osﬁﬁ&ucea&e BAGOMd PeysfAskief damhi ch
cool s the conpressor are buil rist, the rawmaterial air

taken i N f iq%'@rvt sl‘.,]e?nlf'(% %ffdtﬁa' ﬁo‘&a‘?gﬁf’cﬁﬁ @Ea?éj% b Fhﬂh{ed' {2)' Efst JYét with

t he out5| de alr renoves toreig uch as

dusts and the in ation t thIStIrTE approxurately 21% of
oxygen gH&v vk Ebrﬁl hﬁ ??&fﬁwmﬂé%ﬁ‘g PYas, 0.8%of argon gas, and 1.2%
of carbon d| oXi de and ot her gases _are contai ned in the normal air. In such
a device, onl yrarrxagpirgén dgadited abev amdienl safltrg diagaose din depth af s 1 or
respiration. Thi s taking-out of the oxygen gas is perforned by
sequent i sledpy tlwniig, phasaapet dfghe alogewaaddesppli o theghangd ef theybrainevavisdiNal

swi tching val ve 104 anong the adsorption cylinders in whichis filled

adsor benivatEeens) find €als] it endyniek éheorfigkedvhitdly @alirgdusiveyasadagtie trator ogen
gas nol ecul es rather than the oxygen gas nolecules in the raw material air

whi | e suppl bRk sﬁtetﬁeafwo@%%sbﬁle Vaildes BY pRfB85 [0t ZptDd MSuaRFesIfyp, tie
conpressor 103, and by sel ectively adsorbing and renoving appr oxi mat el y

;(ZOSA)OSL ¢ |t %)%di%t §t9% %Ee&ﬁés & hRin B HAgh rtﬁ‘é’vsﬁﬂiéc? ik & 510%%5‘%6816613

state based on the change of the brain waveforms or particularly, the brain wave SWA
waveforms and employs the measured blood pressure value in that domain as a basal
blood pressure value.

Alternatively, the blood pressure measurement system may be so configured
that the brain waveforms of a subject is continuously measured over a predetermined

period including sleep and the power of the brain wave SWA waveform, which is a
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As such adsorption cylinders, a multiple-cylinder type formed of a
cylindrical container filled with the absorbent and usually having three
cylinders or nore is used in addition to single-cylinder and

doubl e-cyl i nder types, but in order to manufacture oxygen enriched air
fromthe raw material air continuously and efficiently, a

mul tiple-cylinder type adsorption cylinders are preferably used. Al so, as
the conpressor, a swing-type air conpressor is used, and rotation-type air

com: <208l WIS SE" SHIRE 18 IOLAIe RSOt Lot ol Lhe

i ke are @al’so used i n so

this conpressor may be AC or.DC. The ox concentrated gas
i 1y COTRRSEP OHE e b GEPNGE oL APBERIE SREA SUSGHBIP GO s mdler
105 flows into the product tank 108 through the check valve 107 provided
to prevele meewf Pltvelueh & 1§ distsrmined ibatythe sefapct 1s n the slowgpaver fheep
nitrogen gas adsorbed by the adsorbent filled in the adsorption cylinder
needs tostite desmpreiatl hndnihthecabsorgbelevice nagoaatically sitsds bexdeation tefogen
gas again fromthe newy introduced raw material air. Thus, the '
pr essur i #egkusdmd® ofeid bioed paysstuRevab@ iy 886 te Blsod pickahedaly ik hige slbannel
swtching valve to a reduced-pressure state (an atnospheric pressure state
or negat{,¥& RILESHERnSBiCis, TAL BaMBlRY. pRBdrd Ranrdea! hRdaibhhAGRR g9as is
desorbed so as to gegenerate t he adsorben?. In this desorption step, in
or der tonigyrgye the desorption efficiency, the oxygen concentrated gas
may be nade 1o backfl ow as a purge gas fromthe product end side of the
adsorption cyljinder during the adsqrption process or fromthe product

t ank. OV, P HSePLY I o7 <Bim T (Bleciatbe Floge e i e of
desorption of the nitrogen, a nitrogen exhaust noise silencer 503 is
gener al | theygibiet, a single PR luyglepiceesn et phydeleaicyladatyr Jhierc Buns thenbreite r aw
material air is accunulated in the product tank 108. The oxygen

concent r whedfogasmay belmmptyed, thesetlerappiedesat! phasiddogmal ditmsrecxmtjerwugh's wi t h
hi gh concentration of 95% for exanple, and is supplied to the humdifier
(not  shomwisuvédl Al dififavedPdspedtively, anthelcers wiag Hehwhaglredne acoffaticdllyed by
the pressure control valve 109 and the flow setting neans 110, and the

huni di fi gdeRNO%H PRAGRATSBIR&INSWhve SHEPbY @dple@ctthinBRchRdition Suak
hum di fiers 1 nclude a non-water supply type hum difier which takes in

nDisturekangggghgghﬁ&%gPgb%%ﬁ%?gmﬁgbﬁﬁﬁggmgﬁ&gﬁable nmenbr ane nodul e

havi ng a noi ermnea ne and supplires it to the oxygen
concentrated gas |

e o hum o 11 cqppbfieduiipelo & RrtidaRedd RvARERE N o R Per - can
be used. brain, by using a configuration in which the brain waveforms are used for measurement,
for example, the state of the brain itself can be observed and the basal blood pressure
value can be measured and determined as confirmed diagnosis.
As a configuration which can be a basis of such embodiment of the present
mvention, a polysomnography testing device (PSG testing device) which has been used
for detecting a slow wave sleep state of a subject will be described below.
The PSG testing device is a testing device which quantitatively calculates depth
of sleep (sleep stage), fragmentation of sleep, presence of arousal reaction, sleep

organization, sleep efficiency and the like along with details of a respiratory state by

measuring more detailed biological information from brain waves, electromyogram,
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As the fIOM/setting means 110, a control valve is used. If a first node in
whi ch a supply flow of the oxygen concentrated gas is nanually set i

sel ecte

d, the opening of the control

portion 401 through an up/down button 402 of the oxygen supply flow
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If the second supply flow setting node is selected, the control unit 401
continuously nonitors the change of the RSI and changes the opening of the
control valve 110 so that the RSI becones a higher value, that is, the
confort level of the patient is inproved and controls the change of the
supply flow of the oxygen concentrated gas. For each patient, a
doctor determ nes the oxygen supply anount of the oxygen treatnent as
prescription, but the oxygen amount physiologically required by-a—hyman

body is ng on the act i t he hunan body |and
o;her S|tu%%1on¥émﬁﬁgﬁgﬂé prescrlbeq 1Ggﬁ@@§&ﬁ%§?§%nlned by the dogtor

with diffferent values for the exert|o1[£) activities ar.e hi gh) ,
the restBYHREBHCand the sl eep period 8?%88? e? T PGTAERHEE But

accordiing to this enbodi nent, the optinmal oxygen gas anount is suppliied in
accordance wth the actual phy5|olog| QPQ@ﬂﬁﬁéfﬁﬁm@he patient nmore fiinely.
Al so, thts—enbodiment—is particutartyjuseful—when a patient wal KS ile
pul I'i ng Iafgpior liadd dearong@pranncent r at of Pfasencgmfm@ﬁt:@ lbg}ssp'ndlaolmeor per flor m ng
a wal kilng—exercise{(rehabilitation)- H—+-s—needtess—to—-say that
such control of the supply amount should be nmade under instructions and
control of doctors. Al so, according to this enbodinent, since a
respi ratory PrEasUl e SEROT: M B3 LAk BSPEE AR QAR isehesy P
oxygen concentra rea eqU|ppe 'S use furt

configuration. for asur.i ng e eforn1 of and
t he conf&ﬁﬁ?ﬁ?ﬁodmﬁ ]?%EO%X§BBW ﬁ%ﬁ ?é%?%?mﬁgggﬁgs %fﬂ%? %d&mgn
i nexpensi ve, which is an advantage. This enbodi ment ? capabl e oﬁ nany
vari at i chebdsisntign pdio. | ALIURZCA036009, papanagement  medical cqtipment  class

specified maintenance and management medical equipment).

This “Sleep Watcher E Series” is designed based on a brainwave meter and can
measure up to 55 channels at the maximum and display fine waveform with a high
sampling rate (512 Hz at the maximum) and A/D resolution of 14 bits. A pulse
oximeter and a pressure sensor are built in the main body, and such advantages are
provided that an operation is easy ina simple design, various testing environments can
be handled through LAN, and the system is expandable. The system can be easily
expanded to a two-bed system through a HUB and can handle digital video image input
(optional). The system is capable of operations in Japanese, and easy to understand, so
that work efficiency of test/diagnosis is improved, and various analysis results can be
freely laid out including report layouts in a rich text.

Also, the “Sleep Watcher E Series” is capable of handling the following data as
input test channels, that is, physiological data to be measured:

AC electrode {brainwave sleep diagnosis channel): 32 ch

AC input (respiration, limb motion channel): 8 ch

DC input (posture and other channels): 4 ch
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t han the above-descri bed nodes, and they al so correspond to enbodi nents of
the present invention. For exanple, other than the oxygen
concentrator, application to an oxygen gas cylinder or a device which
suppl i es oxygen for inspiration froma |iquid oxygen bottle is possible,
and any application is possible as |ong as continuous neasurenent of
various types of physiol ogical data such as heart rate, cardiogram brain
waves, body tenperature, oxygen saturation in blood, respiration vol une,
wal ki ng speed, £gggg_Pgﬁssure value and the |like other than the
respiratory md%ep%rnican be made and the physiol ogical state or confort

| evel of a human body can_be eval uat ed. Al so, as a sensor for
obt ai ni ng t he FTEEYS 508y 2 fBvef orns, other than the pressure sensor for
the respiration synchronization function, an airflow sensor, a tenperature
sensor, a soundkie@aklde iapid (epiionak&chay be used. [ Appl i cation of
the present invention to nedical equipnent nonitoring system and

t el enedi ci ne shisseptior-art PSG feetirig, deavices danpit éndlulevthé blvotlhgegsuesahte in
invention is applied to a nmedical equi pnment nonitoring system which

transm tge pRKiGbRAI datd RrihéRbreand the i ke of various types of nedica
“equi pnent or particularly an oxygen concentrator installed at patient's

home to a re L tQrd -ent r t j.Cls S I, C;
Mo gagéﬁ ﬁf@ﬂmﬁs& S (" s1éey lsfagiewagveg 9 Gpk 5@%%@31%5 of

transmts/recelve ogi cal data w'l escribed on t sis of

th tt d i .. . t which ! d
e 201 NS PHIAER: b s o BRSPS LG LSEDLS B o,
S REON NG R NG TR T

tel emedi ci ne system has been used for renpte diagnosis or a state
obser vats$leap stagesanpateimagipnal standard (Rechtshaffen & Kales, 1968) is set.

Therefore, it can be so configured that, by newly using the blood pressure value
as the measurement target physiological data of a subject in sleep in addition to the
measurement target physiological data of the prior-art PSG testing device as above,
medical staff can comprehensively analyze the plural pieces of physiological data,
specify the blood pressure value in the slow wave sleep and determine the basal blood
pressure value.

Alternatively, it may be so configured that the device automatically determines
the presence of the slow wave sleep under a predetermined condition by using one or a
combination of a plurality of the physiological data, and performs output such as
display, print or transmission of presence of the slow wave sleep and the measured
blood pressure value to the outside so that they are contrasted with each other.

Alternatively, it may be so configured that measurement of the blood pressure
value of the subject is performed when the presence of the slow wave sleep is
automatically determined by the device.

Since specific configurations of these embodiments of the present invention are
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However, transm ssion of physiological stability or an index of confort

| evel of a patient, instead of such direct physiological data, to a
reception termnal via a comrunication path or creation of the
physi ol ogi cal stability or an index of confort |evel of the patient on the
basi s of the physiological data received via the conmunication path has
not been known or proposed, either. A system such as the Teijin
Oxygen-concentrator Mnitoring System (TOMS) (regi stered tradenark)

operated by Teijin Phar Limted, the applican f thi |jcati,on, in
ohfch anoBeriogh b pFretbn, o i o BpeRpt Sy’ ot it M nome
or the like is nonitored by a nonjtoring center is proposed and actually
uti | i zedPreaens dnyengor and e Gontighrasan LItk RPOJRSEIR davigss Hetdesgigption will

physi ol ogi cal data of a patient such as oxygen saturation in blood, for
exanpl e, nothegepated io ordvr to perdtimbensemenass.i ng of a nedi cal equi pnent so
that the state of the patient can be observed by the nonitoring center is
al so proposed. [ AfpMenidn ofithé pRu&h mMvealiSNicSiygol tarepiitor) and use of the

di rect physiol ogical data but transm ssion of the physiological stability

or an index ofgQuf.ihtly] AYBLHRE alfeer BRIk P sehiCinferiBASRT AP0 diRER &fadn Vi a a
communi cation path or Creation of the physiological stability or an index

of confo I fi . L:h [ ' ' ' ta
T e S T R e S

ei ther. This enmbodj nent is .configured.such.that. an i.ndex of

physi ol o@ihBH}anéPgBiqf ipFVICBla?EOﬁfCBF‘th’%g‘?/V@?%Xf“SH‘gpé%llétﬁtOfﬁsreéwéa?%ﬁyi elsd by
RSI, which is an index of the above-described respiratory cycle stability
or the praibe|lisgivalibe datcsibed by referring te g Fitpched davipgex can be transnitted.
If a nonitoring center or a nedical staff grasps such physi ol ogi cal
stability or Egnfidrts b eecbématic diageamerft ¢ depjsei cafigorasioneompliforsial e
wherein a state of the patient which cannot be known from sinple neasured
val ues Oprebdige-Rinys®h@@mivh-§pE axyddaecodbangeorpivhiches ah @tmbodimtbnebf élat s of
the treatment conducted at hone of the patient such as an at-honme oxygen
treat menhrcan ipenGeRf i rmed, preventive maintenance i s made possible by
trend observation before the state actually deteriorates, and the |iKke.

Fig. 40 is a di il L R -e?@%)- f. L £a)::1.S. -system
in this enbodi Arrgﬁ{x%géﬂ CJ)&%}#%BH?{E%& I sdngle oﬁ?pﬁen?&f?tﬂg aup?(% ﬁ%@ it is
needl ess to,say that,.w thout l.imting to the canfiguration.in which

5 or et PERDGAAAGS s 200 SR deRbls 4 Heish s it gyt ok Sl

equi pnment operation information as illustrated in Fig. 40, the system may
be conf i Betical andi hicontel upit A0d nas (5 rpapAsisistE sonfiarragon o Bhe f9FBITRHITor - ar t
t el emedi ci ne system or various index values created fromthe physi ol ogi cal
dat a. Thegehsystatios uait @0t erértgu flngtipm of wskicmg weno Wein amouhferereisgst foaths y
waveforminformati on of the patient is obtained by neasurenent nethods of

ai r f | ow, op&ratal efithe oxpdrargacentmice aRrd bf esducing she size alibe omifiguboidy ofolid on
during sleep, change of the gravity center position and the |ike and the

Conver e s b e P SO | o

the Com@&ﬂc%ﬁﬁét% gggtorﬂly during the inspiration period of the patient and also exerts a
function of creating respiratory waveform information of the patient by using the
detection function of the inspiration and expiration. The control unit 401 calculates an
index of respiratory cycle stabﬂity called RSI, which was described above, from the
obtained respiratory waveform information, continuously monitors a change of this RSI

and controls change of a supply flow of oxygen concentrated gas by changing an

opening of a control valve 110 which controls a flow of the oxygen concentrated gas for
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In Fig. 40, which is an exanple in which the invention is applied to a
noni toring system of the nedical equi pnment operation information, in
patient |ocations 100 and 110 including a patient's hone, elderly people's
hone, children's welfare facility, nedical institution where patients are
hospitalized or go for treatnent and the |ike, a nedical equipnment 10 such
as a nedi cal oxygen concentrator described above used for at-hone
treatnment, a conmunication term nal extension unit 12 connected to the
medi cal .equi pnent. 10. t hrqu i Caki | er: ikeq .and a
conmuni ¢ %Sﬂntae‘?’ﬁeicﬁg? q?r&i g}ﬁﬁflt %(@gpgglt chO Pt 8 #%r?{/%{ri\ézggér}zrﬁg}ntlhg ation

W th the communi cation term.nal extensjon unit 12 yvia a wWreless

communi cEMgH lﬁ’éffiiqmﬁ%ﬁ’a%e%@ EEPIEB?FﬁurﬁL%atTP » SRS gty © 8‘%‘?‘?& are
installed. The communication termnal main unit 14 uploads inforpation to
a ser verthgoptimahoxigen geeamenntipactadanceavitintherachinl phisiolegical slateelibee 10

t hrough a public comuni cation network such as a public tel ephone |ine
150. | ntatichiecseby enpplidd imotcheedatly acé siree , additthat eflths eeBBimbiarhtosther es

i nformation of medical equi pnent and patients and the operation

i nf or mat ggeRlcohb@tRe fedls Q] rﬁeéﬁan'ﬁe dFoanegdrgibn dhitk] pesaemn A0thei ght be
installed™at a renote |location fromthe patient's hone or at a |l ocation

far fromihe, &l %9tﬂepw.tso% stﬁda%dgﬁﬂkﬁeﬁ chiBb dddbd Qhile the devickhe

communi cat’iron term nal’ extension unit 12 m ght be housed in a housing of

t he medi cal . equi nt, 10 .and connected. tk h a. ni. Gatd.on. cting
nenber.'$H@H§gWW§ﬁ§@ng%ﬂn?%Pﬁ@ﬁgﬁ“wgpﬁ“ﬂﬁgﬁgfgﬁpggco %%%ﬁgﬁﬁ@%ﬁﬁﬁgepublic
comruni cati on networ k 150ﬂgy congqitin a telephone line cable 15 to a :
modul ar PeeienismsprekcpRisHE sandtoled eMPORHe patient's home. Thus, the
comuni cation termnal nmain unit 14 shares the public comrunication
network 150 wiTthe pkegcooramaentedari brofdhisi greetimspicinchidingna ipadtasicrlagped

t el ephone set at the patient's hone. In the normal state, the
oxygen cwihantoxggar conobritcdton virye: respliragain syqelirpnieationlfipctomnaseontdriregt tos
oxygen in the air and generates highly concentrated oxygen gas with the
concent r gk ipfibr-aft 189 lob9 Wik b8 dBictibed@bllotvhe patient inhal es oxygen in
conpliance with the prescription by a doctor. The nedi cal equi pnent 10
creates oper at O i RHOTRL Aok R Bhitheiion! AhgRVGE A0Y eAbE iR MUCh

t he oxygen was supplied, for .exanple, and outputs the information to the
comuni cat.i on term nal .extensi on unit . C e

t er ni nal ™ F‘Pfeuﬁﬁn?eriqzl 4 Oiﬁsr?g PP & necr'%%l r?tgggf@n?gér%%eingl@%ﬂé %P%g&s it to
the server 20 at preset .upload,timng. This uplo timng, is uyniquely

det er mi neyr {RAtiCBY FHhoOISRIFE hb‘FTHﬁhéJ‘F?f’gfg%‘?n ?f’élﬂ}lh’é‘g?‘r Zglﬁ‘? b%]%‘ﬁ% RiPh o8& el e of
once in 24 hours, for exanple. By determ ning the upload tinin% for each
of the ptancaitrated gas”ire dTheapressyia-Paaspationcaslie@HOR-ARE P XYL SRANCAY AR t He
server is avoided. Al so, since the comunication termnal main unit 14
shar es t p@viketIvirith s FAPA Gitted bl whichorinot&0fivg st hevingpassed thasvughran

equi pnent at the patient's hone, the upload timng is set to tinme zones at
ni ght. air filter pARIAEAdIt GHaweRibicAREAIE inl, ah eadpasti@nEilgeac)0, afconpadssan i f
abnormal ity occurs. For exanple, the abnormality includes a case in which

the val ugyDf, QXYIANGRRGENAIAL 1O A ad3¥ERA clylifiér NOS OBRAARPAMTRI7, o each

conponent of the medi cal “equl pment departs ffoma steady state or the

l'ike. Th i nf ti ' [ t i ' i nal

i . uni EOBOVRAE 1 TOARIRT ERLTehe T Ioh B G bCmERTITID, Sh Bk ™ 12
icati t 1 nal [ it 14 | oads t i nf ' t

i sor VB2l lon A4 § Gl PRESBAEIETRRHOE W GORRr Ehis GBFORELEY mi ng

can be manufactured from the raw material air taken in from the outside.

Also, in a housing of the oxygen concentrator, a humidifier (not shown) which
humidifies the produced oxygen concentrated gas, the control part 401 which controls

the compressor and the channel switching valve 104 by using a set value of the flow
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The operation of transm ssion/reception of the operation information of
the nmedi cal equipnent in this nedical equipnment nonitoring system has so
far been described. As described above, the respiratory waveform
information of the patient can be obtained fromthe pressure sensor of the
respiration synchronization part of the oxygen concentrator or other
sensor neans. Fromthis respiratory waveforminformation, information of
the stability of the respiratory cycle or RSI, for exanple, can be created

d ed ab RSI he. | i k dex h
ot ort 10 Tt H BR memred BE ! RGeS RERKERD fﬂqatapgt ent

at hone at a renpte |location and accunul ating and cordin the
i nf or mat oW SERSOf RE2s co@prestor Rex AL nghichizolatagipeiss o aﬁ %ﬁ

extrenely effective in obserV|ng the state of the patient, predlctlng

det er i orenoliop fof S@2hehich soels thehwooiitesgor #1e butlemt ment ef fects of the oxygen
treatnent and the |iKke. Thus, this enbodi nent systemis configured
to transmt t heristnthe i tohaderisd ihtalam Rromrttle bimsideiik ke imthdoughathe g t he
medi cal equi pnent operation information such as oxygen concentrator from

the nedi gl ReHIAISAN Gk dRudi® hRenBerter 181 dehichl kendRgifsRionedibkRA®Rt i S
not limted to the oxygen concentrator but any type of nedical equi pnent

whi ch usgﬁya@fcpﬁgﬁgdg@efnﬂgﬁal% ganFéﬁJencer 102, Ya;ms%ﬁe C@ﬁd»&ﬂ%e rm% &an be

concei ve I'S possi b etotrd espiratory
waveformlnforrratlontoth er so that ot server can, gf e the RS
R N S A e L R LU R e (ﬂlﬁé o,
transmt the information if the RSl exceeds ﬂ speC|f| reshol d val ue.

The desctiPpide gidotthemgaseemsomniaind instheriofmahairaspetic % B¢ QR HSer of
the communi cation term nal nmain/extension units may be one term nal or may
be bui | t oxyget lzes isedncatrateduing taken out as a gas faf segpirdtionj s needl ess to say that
t he conmuni cation path for transmtting the informati on nay be a nobile
phone |ine or Thie takifi@ouwsf e oxgyerbgasdelpeviptmed by stientdiy ewitelsng thea
recordi ng nmedi um such as an USB nenory. Alternatively, information

on how t fgxdRalsdiBfiord BERARE HHNEe ROUABIGRrilchRg SWINRS. Y04 beivhi AEadorfthm oxygen

concentrated gas was at thaf tinme and the Ilke for a certain period |ike

one week, rﬁfnd% d@}{wﬁqy fﬁ@d%&%ﬁéﬁ% eélft’!f" faﬁé'théiﬁk@ vifictPsdi&RRELy T or mat

in witinmg or on screen so t |ca starf and the |I1ke can make an

ACCeSS. ,dsorb nitro gen gas molecules rather than the oxygen gas molecules in the raw material

air while supplying the raw material air by pressurizing the same by the compressor 103,
and by selectively adsorbing and removing approximately 77% of the nitrogen gas
contained in the raw material air in the adsorption cylinder.

As such adsorption cylinders, a multiple-cylinder type formed of a cylindrical
container filled with the absorbent and usually having three cylinders or more is used in
addition to single-cylinder and double-cylinder types, but in order to manufacture
oxygen enriched air from the raw material air continuously and efficiently, a
multiple-cylinder type adsorption cylinders are preferably used. Also, as the
compressor, a swing-type air compressor is used, and rotation-type air compressors
including a screw type, a rotary type, a scroll type and the like are also used in some

cases. A power supply of a motor which drives this compressor may be AC or DC.
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[ I ndustrial Applicability] According to the present invention, a
cal cul ating device of respiratory waveforminformati on used for eval uating
the confort level including the quality of sleep and detecting
Cheyne- St okes respiration syndrone reliably and sinply w thout requiring
hospitalized test and also, by using only the respiratory waveforns, a
device for evaluating the confort level including the quality of sleep, a
cal cul ati ng device of physiological data, a conputer programfor naking

calcul o100, Uk, e, LR L0, HRHFL OB IASE B0 fsGHIRYL P "o
hear ok gt rost gy U168 BRed P dist il | Biihoiek, b chebaavgr essur e
testing device, a conputer programfor conducting a blood pressure test, a
pol ysombdt erphided esprievent deckfivev mtelthelidsarptien evlindpr. ovi ded. [ Ref erence Signs
List] 1sleep evaluation system (cal cul ating device of respiratory waveform
i nformati on) Z2Alkoesi hatogey @enslorbeddas e adsonteandlled- Batial ydsogptioni t
(cal cul ati ng means)

cylinder needs to be desorbed from the absorbent m orde_r to adsorb the nitrogen gas

again from the newly introduced raw material air. Thus, the pressurized state realized

by the compressor is switched by the channel switching valve to a reduced-pressure

state (an atmospheric pressure state or negative pressure state, for example), and the

adsorbed nitrogen gas is desorbed so as to regenerate the adsorbent. In this desorption

step, in order to improve the desorption efficiency, the oxygen concentrated gas may be

made to backflow as a purge gas from the product end side of the adsorption cylinder

during the adsorption process or from the product tank.

Since a large airflow sound is usually generated in desorption of the nitrogen, a
nitrogen exhaust noise silencer 503 is generally used.
The oxygen concentrated gas produced from the raw material air is

accumulated in the product tank 108. The oxygen concentrated gas accumulated in the

product tank contains oxygen gas with high concentration of 95%, for example, and is

supplied to the humidifier (not shown) while the supply flow and pressure thereof are

controlled by the pressure control valve 109 and the flow setting means 110, and the

humidified oxygen concentrated gas is supplied to the patient. Such humidifiers

include a non-water supply type humidifier which takes in moisture from the outside air

by a moisture permeable membrane module having a moisture permeable membrane

and supplics it to the oxygen concentrated gas in a dried state, a bubbling-type

humidifier using water as a humidification source, or a surface-evaporation type
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3-4di splay unit (output neans) 3-5printer part (output neans) 3-6out put
end (output neans) CLAIMS [Caiml] A device for calculating
respiratory waveform information, conprising (1) neasuring neans which
nmeasures a change in a respiratory flow of a subject for a predeterm ned
measur enent period including sleep; (2) calculating nmeans whi ch perforns
calculation including the followng steps Ato Cwth respect to the

wavef orm of the respiratory flow neasured by said neasuring nmeans; and (3)

out put ngpans;:Mbi chiexegutes at | east any of processing of display,
printing or sendﬂng to the outside the device of information of a

cal cul ation resul al culated b I d_ cal cyl ati ng mans: tep A: A
Step of creat |85 tte FRuCHTLE mete ] Flmh SN ReREY sEqh R imRdR B
executing w ndow Fourier transformw th a displaced start point at a
pr edet er M8 avry dleshehthe pregen moapsepitata 2as i dagwelly set Saselecledsfier at ory
wavef or ns;

opening of the control valve is controlled by the control portion 401 through an

up/down button 402 of the oxygen supply flow provided in the oxygen concentrator,
and the flow is changed to a predetermined flow. Other than this first flow setting
mode, as a second flow setting mode, which is a characteristic of the present invention,
the supply flow rate of the oxygen concentrated gas can be controlled, by monitoring
the stability of the respiratory cycle included in the respiratory waveform information
which is one type of biclogical information, in the direction in which the comfort level
of the patient is improved, wherein the comfort level can be evaluated based on the
stability of the respiratory cycle. The above-described two modes can be selected and
operated by a patient or a helper of the patient by a selection operation of a mode
selection switch 403.

The respiration synchronization part 201 is a major constituent element of this
second  flow setting mode and a major eclement in realizing the respiration
synchronization function which realizes reduction of a power amount required for the
operation of the oxygen concentrator, size reduction of the configuration of the oxygen
concentrator and the like by supplying the oxygen concentrated gas only during the
inspiration period of the patient. The respiration synchronization function will be
described first.

A highly sensitive pressure sensor {a semiconductor pressure sensor, for
example) arranged in the respiration synchronization unit 201 detects a slight negative

pressure when the patient inspires the oxygen concentrated gas through a duct called
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Step B: A step of creating an index indicating regularity of a respiratory
cycle of the subject in said Fourier window tinme at said respective tines;

and Step C. A step of creating the waveforminformation indicating
a tenporal change of said index as the information of said calcul ation
result. [Caim2] A device for calculating respiratory waveform

information, conprising (1) neasuring neans whi ch neasures a change in a
respiratory flow of a subject for a predeterni ned neasurenent period; (2)

cal cul at' N9l a0s (Y q(o%pr{)ﬁue{&c% "glaﬁ&l Lﬂtl%?] cr>] c'n'ﬂ /ch(?giﬂ]%o {ﬁ coﬁi!r!)lowl\%g steps

Ato Cw reglﬁ)ec e wavel ot i of ow rreasured by

sai d rrea and (3) output peans tes. t | eas ny of
processi 5‘5 %ﬁltéﬁ 8§ygeﬁr‘ioﬁ‘ﬁ‘i’q)?§j’t‘?5fg§eﬁ&uﬂ@1 Elg:}y P |Rfé1° fortEhB i ce of
information of a calculation result cal culated by said cal cul ati ng mans:
Step A perindepf dmspicatisar innge aespiiatior raylesiicbe pavisratonethe thagis pd the signal
sequentially executing wi ndow Fourier transformwth a displaced start

poi nt at oatpprt@b&bvar thisnedsai sdlhiscembodinentriz donfiguredlso whiththe espledt valve sai d
respiratory wavef or ns; Step B: A step of creating an index

i ndi cati ngo kRYWorkd dsya @ callcl @IIVAT FAI0E Yout ¥ Gbairélf valveewisiuh detetmings 8 dod
Fourier wi ndow time at said respective tines; and Step C. A step of

creating,fhe %%iv@f&?féﬁté Eufe? P@%Mﬁﬁaoﬁ{;@%@c&ﬁhﬁn%f@m&@ d

i ndex as t e I orrmati on of sal ation resu

separately.

In general, inspiration occupies 1/3 and expiration occupies 2/3 of time in the
respiration cycle of a human being, and by supplying the oxygen concentrated gas with
a high flow on a continuous basis for the whole period or a partial period of this
inspiration period, the oxygen concentration gas is supplied only when the patient
actually inspires oxygen. Also, since the supply of the oxygen concentrated gas is
stopped for the expiration period, the amount of the oxygen concentrated gas to be
supplied to the patient is saved (conserved), and as a result, the operation power amount
is reduced, and the same oxygen gas supply can be performed with a smaller-sized
oxygen concentrator configuration.

As described above, the respiration synchronization unit 201 is provided with a
pressure sensor inside and can detect inspiration/expiration timing of the patient and as
a result, create the respiratory waveform information.

Then, in the oxygen concentrator 1 of this embodiment, by examining the
respiratory cycle of the patient from the respiratory waveform information obtained as
above, calculating the stability as RSI, for example, described above, and continuously
recording the change of the RSI, the control unit 401 can detect the physiological

stability or comfort level of the patient and how it changes.
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[ C ai m 3] The device for calculating respiratory waveform
information according to claiml or 2, wherein the index indicating the
regularity of said respiratory cycle is configured as a value in inverse
proportion to a standard deviation of respiratory frequency variation in a
certain period. [Caimd4] The device for calculating respiratory
waveform i nformati on according to any one of clainms 1 to 3, fiirther
conprising a step of creating at |east any of information of (a) a

waveformindicating a t oral o change; (Db), a maxipumyal ue. (¢). aver age
val ue; and (dﬁ?ﬂiﬁéwﬁPgﬁE§§%¥tﬂ%W %ﬁ@gbgpget$ﬁ§ﬁmE%ht¥%§gﬁg%i%&ﬁ?@%lue ig
reached of the power of ultradian_rhythmincluded in the veform

i ndi cat i ‘?fg“tlfléﬂ‘if%f gongipgrige chpngenel edR adurhangssige pgrgltye §pniEe; g
respiratory cycle as information of a result of said calculation. [Caim
5] valye déisoghéitothe dd$lcbecariengy highpt valuarthatvgy dicoeamiont lsvelael the,
wherein an operation perforned by the nmeasuring neans in (1) according to
any one gdtieat ds nmpiovied dnd Topeolk otheechdnge aofr dspsumidyriowenfefler oxygeoor di ng
meter, and an operation performed by the calculating neans in (2) and the
out put nEaAfSnikdled 8ds. according to any one of claims 1 to 4 is performed by
a respiratory waveform anal yzi ng device on the basis of the waveform

recorded in saqg Jef Béltfe%,odr aoc‘ﬁ?rvfefté}ﬁﬁﬂés%ﬁé)&g;gag sﬁi‘?ﬂrlﬁ bmount of the oxygen

treatment as prescription, but the oxygen amount physiologically required by a human
body is different depending on the activity state of the human body and other situations,
and the prescribed flows are determined by the doctor with different values for the
exertion period (when .activities are high), the rest period, and the sleep period,
respectively, for example, but according to this embodiment, the optimal oxygen gas
amount is supplied in accordance with the actual physiological state of the patient more
finely.

Also, this embodiment is particularly useful when a patient walks while pulling
a portable oxygen concentrator for going to hospital or performing a walking exercise
(rehabilitation).

It is needless to say that such controi of the supply amount should be made
under instructions and control of doctors.

Also, according to this embodiment, since a respiratory pressure sensor which
the respiration synchronization type oxygen concentrator is already equipped with is
used, further configuration for measuring the respiratory waveform is not needed, and
the configuration of the oxygen concentrator becomes simple and inexpensive, which is
an advantage.

This embodiment is capable of many variations being put into practice other

112



[ Cl ai m 6] The device for calculating respiratory waveform
information according to claim5, wherein the information of the
respiratory waveformrecorded in said respiratory waveformrecordi ng neter
is transmtted to said respiratory waveform anal yzi ng device via a
recordi ng medi um or a comuni cation path. [C aim 7] A device for
evaluating a confort level including the quality of sleep, conprising (1)
measuri ng means whi ch neasures a change in a respiratory flow of a subject

for a pregdeterm ned neasurenent peri.od includin | eep; cal cul.ati ng
reans Whireh (e APErHAEERPEL b B (Rar g R SaR) apnbdGhe G W o
respect to the waveformof the respiratory flow neasured by said neasuring
means; aPfESBYIVEREPat i ng means whi ch makes eval uation of the confort

| evel including the quality of sleep on the basis of the size of a nuneral
val ue of at | itexampleppthenfhapdbe exygenicenennitatoneapplibdtioario anexyge gl ue;
and (c) tinme fromstart of the sleep to tinme when the maxi nrumvalue is
reached oflindem@ra ddvidel whield sippliehytenifocinsisieion froihhe liseid @kegen bondd at i ng

t he tenporal change of an index indicating regularity of the respiratory

cycl e obiasBed ahY adphshlfcatie isdldsBiBlc"RABES as continuow SBashirenfent b Radfus
creating a freéquency spectrumat each tine by sequentially executing

st ndow FOUEL G DEAISLBERD WAL 0y SPAAE ! SORUI sl SoRLSIEIEE ned
cyel e of CREHEHE] QEvEen S dPHE St TR eIGNE IR, Al S2550cPROR ¢ | mos,
and Step C. A step of creating the waveforminformation indicating
a t enporBiEssEHatyec gpd 4bg kg ek T PR @esDpiSH A SRIDCas dicmedd and Hei on
result. physiological state or comfort level of a human body can be evaluated.

Also, as a sensor for obtaining the respiratory waveforms, other than the
pressure sensor for the respiration synchronization function, an airflow sensor, a
temperature sensor, a sound sensor and the like may be used.

[Application of the present invention to medical equipment monitoring system
and telemedicine system)]

Next, an example in which the present invention is applied to a medical
equipment monitoring system which transmits operation information and the like of
various types of medical equipment or particularly an oxygen concentrator installed at
patient’s home to a remote monitoring center or a telemedicine system which
transmits/receives physiological data will be described on the basis of the attached
drawings.

A remote system which transmits measured physiological data (vital data) of a
patient such as blood pressure, body temperature, respiratory frequency, oxygen

saturation in blood and the like to a reception terminal via a communication path or a

so-called telemedicine system has been used for remote diagnosis or a state observation
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[ Cl ai m 8] A device for evaluating a confort level including the
quality of sleep, wherein an operation perfornmed by the neasuring neans in
(1) according to claim7 is performed by a respiratory waveformrecording
meter, and an operation perfornmed by the calculating nmeans in (2) and the
out put means in (3) according to claim7 is perfornmed by a respiratory
wavef orm anal yzi ng device on the basis of the waveformrecorded in said

respiratory waveformrecording neter. [Cl aim9] The devi ce for
eval uat i Ssonfort | evel including the quality of sleep according to
cl aim 8, rern the information of the respiratory waveformrecorded in
sai d respirat wavef orm.recordi ng. neter ig.transmtted o sai

espi r at oty vl Bith SRR SN S it (RDF fvel
comuni cation path. [Claim 10 A device for cal culating

physi ol o¢fi &aftiendt isteedngdr ush rijrefe abyMolpgicpleddia, Rhi deccpbier (erasnal via a
physi ol ogi cal data of a subject for a predeterm ned neasurenent period;
cr eat i ngcomeamsicativincpath rog atresgioan i thel physiv logaah stakiisupe ae mdeixi ofecanmditcat i ng
stability of the neasured value at each neasurenent tinme during said

measur eneinél PErihed pafiht Cheaties bakdd ap0ftha fisEPWgMal changrcied hdai pdex
during the neasurenent period; and output neans whi ch executes out put

processi%ﬁﬁni@%ﬁdsn | h%tgge@gﬁ@?%ﬁrgﬁ&@g dife0r sending to the outside

[
of the device o created aim I1]
A system such as the Teijin Oxygen-concentrator Monitoring System (TOMS)

(registered trademark) operated by Teijin Pharma Limited, the applicant of this
application, in which an operation state of a medical equipment used by a patient at
home or the like is monitored by a monitoring center is proposed and actually utilized.
A configuration in which a function of transmitting physiological data of a patient such
as oxygen saturation in blood, for example, is given to the operation monitoring of a
medical equipment so that the state of the patient can be observed by the monitoring
center is also proposed. However, not such transmission/reception and use of the
direct physiological data but transmission of the physiological stability or an index of
comfort level of the patiént to a reception terminal via a communication path or creation
of the physiological stability or an index of comfort level of the patient on the basis of
the physiological data received via the communication path has not been known or
proposed, either.

This embodiment is configured such that an index of physiological stability or
comfort level of a patient as exemplified by RSI, which is an index of the
above-described respiratory cycle stability or the physiological data used for creating
this index can be transmiited.

If a monitoring center or a medical staff grasps such physiological stability or
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A device for cal cul ati ng physi ol ogi cal data, wherein an operation
performed by the nmeasuring nmeans according to claim1l0 is perforned by a
physi ol ogi cal data recording neter and an operation perforned by the
creating nmeans and the out put neans according to claim 10 is perforned by
a physiol ogi cal data anal yzi ng device on the basis of the waveform
recorded in said physiological data recording neter. [Caim12]

The device for cal cul ati ng physiol ogi cal data according to claim 11,

wher ei n i nd i On: i i . cor i i.
physiolo%?%%ﬁnﬁ§$23%%@%5%ﬁﬁ%$§%#§¥§?gkgggﬁgﬁﬁﬁfg%m%glgglﬁggtggﬁ%%%%ical
dat a anal yzi ng devj ce vi a recordi ng nedi um or co nj catijqn t h.
(ol o e S b R (Eorh GroRla) B el e vy el Gad e

i nformation, conprising at | east gl) measuri ng_ nmeans whi ch neasures a

change i ¢hagee eSie st ¢ifesls offthe rsypjeatondarted aphaseree BhaipAERnt fidisasr enent
period including sleep; (2) calculating neans which perforns cal cul ation

i ncl udi nap tahbomel d:pwemgiretmpst fararbd @nfirnhd,r pepentivet maittenanes g anardeof t he
respiratory flow neasured by said neasuring nmeans; and (3) output neans

whi ch exgesdibishyatrerddesttrvaniyn Béfofokhp latddcadls SlefetiotitesdiriiihaYike.pr i nti ng or
sending to the outside of the device of information of a cal cul ation

resul t cal cul atigdspy astﬁiagaﬁ?‘i{llﬁkﬁeﬁﬁlg% X8RPl of a medical ShFForHSysfind leRisOf
creating a frequency spectrumat each ti by sequentially "executing

w ndow Fou hFr ﬁransforn1mﬁth a displaced start point at a predeterm ned
. em(futnet,. . . . .
di spl acenen I'meé interval with respect to said e respiratory wavef orns;

domai n povier vidvRIEAnEH EHEIBEN PG BRI dw BT f SRIBH P or m
data of the power in a specific frequency domai n changing over tinme, from
a frequeh@itingde the comfigirasigain wihiph Bioraptaysuch ag RSH isgrué pnta thesmpyifesigat | on
of said calculation result.

system of medical equipment operation information as illustrated in Fig. 40, the system

may be configured mainly for transmitting physiological data as the prior-art

telemedicine system or various index values created from the physiological data.

These systems are configured in such a way that the respiratory waveform information

of the patient is obtained by measurement methods of airflow, temperature change,

movement of chest or abdomen, body motion during sleep, change of the gravity center

position and the like and the respiratory waveform information is sent via a

communication path or converted to RSI before the transmission and the RSI is

transmitted via the communication path.

In Fig. 40, which is an example in which the invehtion is applied to a

monitoring system of the medical equipment operation information, in patient locations

100 and 110 including a patient’s home, elderly people’s home, children’s welfare

facility, medical institution where patients are hospitalized or go for treatment and the

like, a medical equipment 10 such as a medical oxygen concentrator described above

used for at-home treatment, a communication terminal extension unit 12 connected to
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[ C ai m 14] The device for calculating respiratory waveform

I nformati on according to claim 13, wherein said specific frequency donmain

i ncludes a respiratory frequency of a human body. [C ai m 15] The
device for calculating respiratory waveforminformati on according to claim
13 or 14, wherein said specific frequency region includes a frequency of

t he Cheyne- Stokes respiratory synptom of a human body. [C ai m 16]

The device for calculating respiratory waveforminformation according to

any one ﬁ{e feBicHP e%&P%Q%%EO. M@ﬁ.[ggj;g Sthtugighodl 9 1"EARE flﬂ&,t bRy Lreates

and out put's a wavefo ain extracting a nol se conponent caused by

f dDb I.d ' f h f f id
eapi ot BryTRRsHo] B T ol 13 Copitde JER R B comulReioRy B ot or

wavef orm i nformation according to an& one of clains 13 to 16, further
conpri si AMMEAIAteL ferapiab eXteRgioR MBIt tI2a¥ly arWiigess FORETHISAEIRE UPIERIOT Fer i od
froma specific frequency domai n power waveform subjected to said output
pr ocessi mgred agrdnmaginasiono medinm hey ogr dbat likey ateA)insidleds orlikei erfrommeicatam whi ch
enl arges said specific frequency domain power waveformin a nei ghboring
regi on i nehiti Agirsadicd] 4 epleadeiglfdrivationtdd sarvdrB)) ih afdataehies 200 locamiddar
frequency spectrumin the

from the medical device 10 through a public communication network such as a public

telephone line 150. Into the server 20 in the data center, a database DB which stores

information of medical equipment and patients and the operation information of the

medical equipment is connected. This server 20 might be mstalled at a remote location

from the patient’s home or at a location far from the medical equipment in the medical

institution.

The communication terminal extension unit 12 might be housed in a housing of

the medical equipment 10 and connected through a communication connecting member.

The communication terminal main unit 14 is connected to the public communication

network 150 by connecting a telephone line cable 15 to a modular jack of a telephone

installed in the patient’s home. Thus, the communication terminal main unit 14 shares

the public communication network 150 with the communication equipment such as an

nstalied telephone set at the patient’s home.

In the normal state, the oxygen concentrator, which 1s the medical equipment

10, concentrates oxygen in the air and generates highly concentrated oxygen gas with

the concentration of 90%, for example, and the patient inhales oxygen in compliance

with the prescription by a doctor. The medical equipment 10 creates operation

information including when, for how long and how much the oxygen was supplied, for

example, and outputs the information to the communication terminal extension unit 12.
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nei ghboring region including said selected time as the information of said
calculation result. [C aim 18] A device for calculating
respiratory waveform i nfornmati on, wherein an operation performnmed by
measuri ng nmeans according to any one of clains 13 to 17 is perforned by a
respiratory waveformrecording neter, and an operation perfornmed by the
cal cul ati ng neans and the out put neans according to any one of clains 13
to 17 is perforned by a respiratory waveform anal yzi ng device on the basis

£ th ! . . a . ! VIS |
0 € ?SF%QB&&E&%%%QQD&% féé—éﬁifa‘? 2P th’i b YbaieR ! QeMiof Gt RGo A BiE"

[Caim or calculating respiratory waveform

aspi rat BP9°ad aP abhrrB P ah BrialL uP RS Sk ac bHS RRr P RerbebiicRy et or

is transmitted sai d respiratory waveform anal yzi ng device via a

recor di ngétﬁ%m %reaageéﬁﬁ%ﬁ[%lﬁwﬁ %%ﬁlff?? efleipmieR Yo 2 cycle of ongechsut er
program for perform ng cal cul ation using respiratory waveform information,
conpri si heurg.1jorxampdaur diedetesniamg thewimlead freara formepchedribe mbsrelityesf a
change in a respiratory flow of a subject for a predeterm ned nmeasurenent
peri od i nebicdi agrighedp corfc@ntraed alpaliali torthe sapen 3 avbidel. callsoukaikce nige means
performs calculation including the following steps Ato Cwth respect to

t he wavef@hmuicatible tdrRsidl iR unitl 149 ¥hdFeaSier AfhlibYeosahichiCHRBE UTGNEIRL 15T ep;
and (3) an output step in which output neans executes at |east any of

processi ﬂrﬁ‘th%? %gﬁ@gtﬁ%cualtigﬁie blpRnP ot ﬁge;fdctf&ﬁta% g%ﬁlgethQ%Zdaﬁ iftinel &Ry C€ Of

information o ation‘result y sal cal cufFati ng neans:

time zones at night.

The medical equipment 10 creates emergency information if abnormality
occurs. For example, the abnormality includes a case in which the value of oxyzen
concentration or oxygen flow becomes abnormal or each component of the medical
equipment departs from a steady state or the like. The emergency information is
supplied to the communication terminal main unit 14 via the communication terminal
extension unit 12. Then, the communication terminal main unit 14 uploads the
emergency information to the server 20 on a real time basis without waiting for the
upload timing.

The operation of transmission/reception of the operation information of the
medical equipment in.this medical equipment monitoring system has so far been
described. As described above, the respiratory waveform information of the patient
can be obtained from the pressure sensor of the respiration synchronization part of the
oxygen concentrator or other sensor means. From this respiratory waveform
information, information of the stability of the respiratory cycle or RSI, for example,
can be created as described above. Since RSI and the like are indexes indicating the

comfort level of the patient, real-time monitoring of the RSI of a patient at home at a
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Step A© A step of creating a frequency spectrum at each tine by
sequentially executing wi ndow Fourier transformwth a displaced start
point at a predeterm ned displacenent tine interval with respect to said

respiratory waveforns; and Step B: A step of creating an index
indicating regularity of a respiratory cycle of the subject in said
Fourier wndow tinme at said respective tines; and Step C. A step of

creating the waveforminfornmation indicating a tenporal change of the

i ndex as; & hge ilﬁaﬁ?%ﬂ%@ Whully %ﬁ(!l q'wo@&]h Mhd G hationGhahsédtr 20 by  The

conput er program per orm ng- cal cul atl n using respiratory wavefoorm

i nformation cor di. to cI al 20, wher e cal atl 0/ ecut es
said cal '&"ﬁrll% %ﬁne%f TCHREAT & ?38“’&“‘323(3 ec ot °cl'e %tgl ng ﬂeos%aﬁ% |)(t;}}1 as new
infornmation of a resul of sai d cul ati Qf a | east an onefg (a) a
wavef or nPAtaH cRECAigHNG detspiostion & zli*fgé*ﬂte( tf?“e%“%i Sripretaguh efepts) oh theaver age

value; and (d) tinme fromstart of the sleep to time when the maxi mum val ue
i s reachexygsh tigemeant efd thetlikadi an rhyt hm i ncl uded in the waveform

i ndicating the tenporal change of an index indicating regularity of said
respiratory cyChe, tHiCkmbaodi22ht system is cAnfigurpditoettanemitgha mféranabien exacas ed f or
evaluating a confort level including the quality of sleep of a subject,

conpri si RYI bid the TRASYAGITESE 16 HRP meBichhbgilipiB@ St NBn B RIS HRASIWHES A
change in a respiratory flow of the subj ect for a predeterm ned

rreasuretrr&%geﬁ%h&%fa e latbell B BERER eql Incﬁﬁé FRISERR: SHEP T #RLD!

cal cul a neans perforns ca atl 0 di ng the oW ng steps Ato
C o RS ) r?&%%ﬁé%“o%a%l SRS TR
makes ev%I if; tulsgsn grn{aggng&rga%rﬁsﬂ evel incl ud| ng the quality of

Various configurations can be conceived for the system, and it is possible to
transmit the respiratory waveform information to the server so that the server can create
the RSI or to create and transmit the RSI on the medical equipment side or to transmit
the information if the RSI exceeds a specific threshold value.

The description of this embodiment is only one aspect, and the number of the
communication terminal main/extension units may be one terminal or may be built in
the medical equipment.

Also, it is needless to say that the communication peth for transmitting the
information may be a mobile phone line or the information may be delivered to the
server using a recording medium such as an USB memory.

Alternatively, information on how the RSI has changed and how much the
supply flow rate of the oxygen concentrated gas was at that time and the like for a
certain period like one week or one day may be gathered into a journal data of a report

format in writing or on a screen so that medical staff and the like can make an access.

[Industrial Applicability}
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sl eep on the basis of the size of a nuneral value of at |east any one of
(a) a maxi mum val ue; (b) an average value; and (c) tinme fromstart of the
sleep to time when the nmaxi nrum val ue is reached of power of ultradian
rhythmincluded in the waveform indicating the tenporal change of an index
indicating regularity of said respiratory cycle obtained by said

cal cul ati ng step: Step A: A step of creating a frequency spectrum
at each tine by sequentially executing wi ndow Fourier transformwith a

di spl aced staricRRéiE & tRe RSestat shidmied, 3 BlAREARN eiddTRf| ﬁ&]?fmly Wi th
respect to said respiratory waveforns; Step B: A step of creating
an i ndex_ing al ul. ari . i y C; t J in
o d Fourt RO SBHbRRL e bt b BB SR By ang! ME RIS T
step of greati t he eformjnformati on indicati.ng a tenporal .change of
sai d i ndtseaand Helerieor FMmEooBe EaMEo WaRRmForiAdy el Steh ol

A conputer programfor performng calcul ation using respiratory waveform

i nf or nat TeaRIringdipspitalizad) test andalse. byl ysing palystihe appiratosy 8 vefarmhiscdevifSasur i ng
means measures a change in a respiratory flow of a subject for a

pr edet er forr realuaties theerarforigeydl duclidiog tlati aplisy eépleert, 2) calcwdatingudeyideart st ep
in which calculating nmeans perforns cal culation including the follow ng
steps A iofo g 4] Mdat:g Sp eerhpiiter plograva el efakingf cdlhidatiomspiingtiar yespiravry
nmeasured by salid nmeasurenent step; and (3) an output step in which output

MEans exgeiles, fohfAth, 3Pt YrbthmPbPEEAFiRG BE cSnfdtt R¥el REMBIIgNY OF

sending to the outside of the device of the information of a cal culation

result Cf%llecqlﬂllaﬁtgfeodf sl?éépsﬁ'itﬂe g&ﬂj&;’f] g{‘ésﬁﬂatggpfs-sisting device, a treatment device for

chronic heart diseases, a testing device used for titration work, a blood-pressure testing
device, a computer program for conducting a blood pressure test, a polysomnography
testing device and the like are provided.

[Reference Signs List]

1 sleep evaluation system (calculating device of respiratory waveform
information)

2-1 respiratory sensor (measuring means)

3-3 analysis unit {calculating means)

3-4 display unit (output means)
3-5 printer part (output means)

3-6 output end (output means)
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Step A© A step of creating a frequency spectrum at each tine by
sequentially executing wi ndow Fourier transformwth a displaced start
point at a predeterm ned displacenent tine interval with respect to said
respiratory waveforns; and Step B: A step of extracting and
creating a specific frequency domai n power waveform of the respiratory

fl ow waveform which is waveform data of a tenporal change of the power in
a specific frequency dormain of the following (A or (B), and/or the
extracte g formof the followwng (C) froma frequency spectrum at each
time obt 1[‘ in said Step A as information of the calculation result:

(A) A frequency band including a respiratory frequency of a body;

(B) A frieq¥&h band including a generation frequency of the Cheyne-Stokes
respiration synptomof a hunman body; (© A waveform obtai ned by
extracting a nbidwieofopondmiatmgusepirdigrynaseipamenforagidout eanirisingalt
measurenment step fromsaid respiratory waveform [d ai m 24] A

respi r at meysuding i 19¢dns gviel inn@sureo mpehianpe gn aorgppiessydilai roff e edhjeg foeans
configured to feed out conpressed air with a pressure higher than the

at Nos pheficgetBffit sl BeARMNAP 3RYBd OfnchiaagisREp! 1B terdiafifly QtarR GBS €;
duct neans connected to the feedi ng-out side of ‘said conpressed air

f eedi n r §t d duct
reans. o Rt ARYLBE R UR GIHEE AR df £ é“?%f&%%ﬁ%?ﬁ%*sﬁ%am

conpr ess air to th atient ,..sa res rator t devi ce

CO%I nuo ‘ffgtlhﬁlr‘)ssﬁﬁfﬁoﬁ ﬁ%‘géﬁ%aam(‘?g%’rslg I’Pg ﬁ?a%(ﬁ’l @ ) tln?“ne\éés gk state
t hrough said mask neans, further corrprl si ng. (1) b| ol o %éqathe

i nfor mat ‘F’@ﬁ“*@ﬁtﬂéll‘?@ﬁh@“}f@ﬁﬁ@cﬁm%oeéﬁﬂaﬁuﬁﬂ%tl“&g obscadig 1 BF

information of the patient to whom said conpressed air is suppl i ed; and
(2) ~ device of information of a calculation result calculated by said calculating mans:

Step A: A step of creating a frequency spectrum at each time by sequentially
executing window Fourier transform with a displaced start point at a predetermined
displacement time interval with respect to said respiratory waveforms;

Step B: A step of creating an index indicating regularity of a respiratory cycle
of the subject in said Fourier window time at said respective times; and

Step C: A step of creating the waveform information mdicatiﬁg a temporal
change of said index as the information of said calculation result.

[Claim 2]

A device for calculating respiratory waveform information, comprising (1)
measuring means which measures a change in a respiratory flow of a subject for a
predetermined measurement period; (2) calculating means which performs calculation
including the following steps A to C with respect to the waveform of the respiratory
flow measured by said measuring means; and (3) output means which executes at least
any of processing of display, printing or sending to the outside of the device of

information of a calculation result calculated by said calculating mans:
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control neans which changes and controls the feeding-out pressure of said
conpressed air feeding neans to a direction to inprove the confort | evel
including the quality of sleep of the patient by using said biological

i nformati on obtai ned as above, wherein said biological information is
information relating to the respiratory waveform of the patient, and said
control neans executes change and control of said feeding-out pressure on
the basis of a tenporal change of an index indicating regularity of a
respiratory cycle of the subject, said respiratory | e _havi ng been
conti nuousl y %iﬁ'ie’%l.ste[’ﬁ%ﬁ HDg ifequency ﬂg)eﬁmaé qagg%lf’}ﬁe% ?Ei‘ﬂﬁg%tfﬂ‘ﬁé’ni c
cardi ac di seases, conprising conpressed air feeding neans configured to

f eed outcxcontire sdrddvaFoungrt angigyme S6ilr & difplised staHapeiphat At

pressure and capabl e of changi ng the feeding-out pressure; duct neans
connect edisplacdnumt tieedinteryabuithseghectad ssidirdspimtnpy esseddrmas;r f eedi ng nmeans;
and mask neans provided on the other end part of said duct neans and

attached to a §@piEK stbPof tfeafbgenindelinditRplo\efgas® of Ceffirassagchir to
the patient, said device being configured to continuously supply said

compr eSsgengihniba ih Ufid PG inkS dintd AARidSEPGIdWifitiglnd e mask means,
further conprlélng: (1) biological i'nformation obtaining neans
whi ch conti nuousl y~ obt ai ns.hi ol.ogi.cal i At .Of - t whom
sai d conpresse%nﬁﬁ%$§%%hB%FFah?géﬁa“mvg%%Bm%ﬁggggﬁgP%g%n%gé%?Q@%#%h
changes and controls the feedi ng-out_ pressure of said conpressed air
feedi ng Fheage of #id nge¥ é%i@dﬁgpﬁg'l%?%{;@ (iaﬁ%ﬂaé’é’ﬁ‘frﬁ”?[' | evel including the
quality of sleep of the patient by using said biological information
obt ai ned[Gsimabbve, in which said biological information is information
relating to the respiratory waveformof the patient, and said contro
means execut esThhalogee abd cakntatiop whpisdény Weedfomgy-ioformpties sacwading tohe
basis of a tenporal change of an index indicating regularity of a

respirat gain qy6s 8, ShefelfiiBURHEE indiSing the 3ORULAIP saicCtegpiiauiyngydie &n
conti nuously obtained. [C ai m 26]

configured as a value in inverse proportion to a standard deviation of respiratory

frequency variation in a certain period.
[Claim 4]

The device for calculating respiratory waveform information according to any
one of claims 1 to 3, further comprising a step of creating at least any of information of
(a) a waveform indicating a temporal change; (b) a maximum value; (c) an average
value; and (d) time from start of sleep to time when the maximum value is reached of
the power of ultradian rhythm included in the waveform indicating temporal change of
the index indicating regularity of said respiratory cycle as information of a result of said
calculation.

[Claim 5]

A device for calculating respiratory waveform information, wherein an

operation performed by the measuring means in (1) according to any one of claims 1 to

4 is performed by a respiratory waveform recording meter, and an operation performed
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The device according to claim24 or 25, wherein said conpressed air
feeding neans is configured to autonmatically change and control said

f eedi ng-out pressure so that the pulnonary ventilation of the treatnent
patient and/or a respiratory frequency of the treatnent patient gets close
to a certain quantity set in advance. [C aim 27] A devi ce wherein

t he operation perforned by the biological infornmation obtaining neans of
(1) according to any one of clainms 24 to 26 is perforned by a respiratory

wavef orm recordi ng. neter an he eration perfo d by t nt role. means
of (2) ;&ch%?agﬁﬂﬁqwgafﬁvné n‘&%f g IR QO Pghtsgin @%’é‘?"f‘%?%gg a%? e fdvi ce
for changi ng/controlling a_feeding-out pressure on the basi f th

wavef or rilrigwol thedl is performed by FeaRIFHY RNV b @Ry dsidesn et g?"obaf’él Ogi m 28]
The device according to claim 27, wherein the information of said

r espi r atthe wanefpehoesrdealco said despiratai aavefopiiredoadipg welasf or m r ecor di ng net er
is transmtted to said device for changing/controlling a feedi ng-out
pressur gaiinpeigh a recordi ng nedi umor a communi cation path. [ aim 29]

A testing device used in a titration work, conprising a respiratory

assi sting devipg pLAYL 464 MChRLRO TBERSRAY RhvefdRedhBtmaRAN Scddiah theeds
out conpressed air wiwth a pressure higher than the atnospheric pressure,

duct, g IR WEDSEILIF. by hcsomeRERCH it
respiratory waveform recording meter is transmitted to said respiratory waveform
analyzing device via a recording medium or a communication path.
[Claim 7]

A device for evaluating a comfort level including the quality of sleep,
comprising (1) measuring means which measures a change in a respiratory flow of a
subject for a predetermined measurement period including sleep; (2) calculating means
which performs calculation including the following steps A to C with respect to the
waveform of the respiratory flow measured by said measuring means; and (3)
evaluating means which makes evaluation of the comfort level including the quality of
sleep on the basis of the size of a numeral value of at least any one of (a) a maximum
value; (b) an average value; and (c¢) time from start of the sleep to time when the
maximum value is reached of power of ultradian rhythm included in the waveform
indicating the temoporal change of an index indicating regularity of the respiratory cycle
obtained by said calculating means:

Step A: A step of creating a frequency spectrum at each time by sequentially

executing window Fourier transform with a displaced start point at a predetermined

displacement time interval with respect to said respiratory waveforms;
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other end part of said duct nmeans and attached to a treatnent patient for
supplying said conpressed air to the patient, the respiratory assisting
devi ce being configured to continuously supply said conpressed air to the
patient through said mask nmeans at a constant pressure or a variable
pressure, wherein a nedical staff determ nes at |east any one of (1) a
pressure value of said conpressed air; (2) a change pattern of the
pressure val ue of said conpressed air; and (3) selection fromplurality of
said respiratory ssistingcdevices_so as..to. be s%%;able for, the treatnent,

further conpridFhg: A step of crgating gn filexdndicating;rest A FUGTRITAPHYEEL s t he
respiratory waveforminformation of the treatnent patient; calculating
nmeans whofthe sehtient limsadd Fewriarrvaastow hignect spid gespeejiiicdinasyanst t he respiratory
cycle of the patient fromsaid respiratory information; and output neans
whi ch perf or meStap (:edstepaoly ceasngfihadwaptfaym ipformatiory indacating Lt pampord t he
outside so that a tenporal change of the pressure of said conpressed air

and a t egmagabf Giendex & tht hefolimsien dMdidcaldubgiohhgultegul arity of said
respiratory cycle can be observed sinultaneously. [C aim 30] A

testing GﬁMEPQ.“SEd inatitration work, wherein the operation perforned
by the detecting neans according to claim?29 is performed by a respiratory

vaveT o 200" GBSl USRI PR AR O B gt
" acbr doc RPCRHER TESprPad 0y o FEFBHAE SaPI G LGP IS S 1
The pestt;gﬁggvice used in a titration work according to claim30, wherein
the i nf op ¢ byfa repiraterypivactfiomy reeavding melareast dedpiraticnaperfarmedibyat or y
waveform recording neter is transmtted to said respiratory waveform
anal yzi nige deNdudaing hmearghina (2)eamal thengutped imeamoiin &3t ecomding gbi danpdt 1s.
performed by a respiratory waveform analyzing device on the basis of the waveform
recorded in said respiratory waveform recording meter.
[Claim 9]

The device for evaluating a comfort level including the quality of sleep
according to claim 8, wherein the information of the respiratory waveform recorded in
said respiratory waveform recording meter is transmitted to said respiratory waveform
analyzing device via a recording medium or a communication path.

[Claim 10]

A device for calculating physiological data, comprising measuring means
which measures physiological data of a subject for a predetermined measurement
period; creating means which creates an index at each measurement time indicating
stability of the measured value at each measurement time during said measurement
period and creates data of a temporal change of the index during the measurement

period; and output means which executes output processing of at least any of display,

printing or sending to the outside of the device of said created data.
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[ C ai m 32] A bl ood- pressure detecting device, conprising (1)
respiratory flow nmeasuring neans whi ch neasures a change of the
respiratory flow of a subject for a first predeterm ned nmeasurenent
period; (2) calculating means which perforns cal cul ation including the
followng steps Ato Cwith respect to the waveformof the respiratory
fl ow neasured by said respiratory flow neasuring neans and outputs the
result as information; (3) blood-pressure val ue neasuring nmeans which
nmeasures.g tenpporal change of a bl ood pressure value of said subject for a
second Y8t ¥ mi ned nmeasurenent period having a period matched with said
first predeterm ned period; and (4) O'Utlio t mahans whi ch erfo%ms gtb | east
any one of probés¥rniprsplonlatipe ayysilpeice ‘E’éaa(W CEAh AN ABCREOT PRAIBEES e of
the device of the information of said outputted calculation result and the
i nf or matthenmedsutihg rodean gecotlingata cladas I d8 pstformed bess phpsivlgpial dataa node
capabl e of conparison with each other: Step A© A step of creating a
f requencyscoant pieter aindeac bpédatien pyrfsanede by i tht |oyeating auedns gandi the cwwtFigur i er
transformwith a displaced start point at a predeterm ned di spl acenent
tinme i nt@eyalackbldhe ®RERTE 10 B RRIoPmEE P il FHySo NAY Bh@raiBlyzing device Shep B: A
step of creating an index indicating regularity of a respiratory cycle of
t he subj¢ i: i i j i [ i i res; and
Step G REgpipoblediBiinibeqOfMaL R Blosi Ut SRRERL e 73 ¢ mpor al
change o[f sai d index as the information of said calculation result. [Claim
33] laimrbd bl ood- pressure testing device according to claim 32,
wherein said first predeterm ned neasurenent period and/or i d second
predet er mi ned Hesadewieainsicalsalatisg nhysiengisal dridrosydng @&1?%iﬁd@heée’ﬁeri od
during sleep of said subject.

the information of the physiological data recorded in said physiological data recording

meter is transmitted to said physiological data analyzing device via a recording medium
or a communication path.
[Claim 13]

A device for calculating respiratory waveform information, comprising at least
(1) measuring means which measures a change in a respiratory flow of a subject for a
predetermined measurement period including sleep; (2) calculating means which
performs calculation including the following steps A and B with respect to the
waveform of the respiratory flow measured by said measuring means; and (3) output
means which executes at least any of output processing of display, printing or sending to
the outside of the device of information of a calculation result calculated by said
calculating mans:

Step A: A step of creating a frequency spectrum at each time by sequentially
executing window Fourier transform with a displaced start point at a predetermined

displacement time interval with respect to said e respiratory waveforms; and
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[ C ai m 34] A bl ood- pressure testing device, wherein the operation
performed by the respiratory flow neasuring neans according to claim32 or
33 is perforned by a respiratory waveformrecording neter, and/or the
operation perfornmed by said bl ood-pressure val ue neasuring neans is
performed by a bl ood-pressure value recording neter, and the operation
performed by the cal cul ati ng neans and the out put neans according to claim
32 or 33 is perforned by an anal yzi ng device on the basis of the waveform

recorded in sajd respiratary waveformrecording.neter and/or the val ue
recorded in sg$t8p [ﬁid"gat_eg,ﬂgggﬁ?gﬂ\gaqqﬁeﬂf?@@&?ﬁ 1%%8@@‘[:@%1%\3@

The bl ood- pressure testing device according. to claim 34, wherein the

i nf or mat Vevefemm phherresniatony Sloy wavedesnivhisl &y waeionm dafn @f theshawestip gy
wavef orm recordi ng neter and/or the bl ood pressure value recorded in said
bl ood- pressificdrogatuy dossin dhangingeter tins, fioans ficquesdy spectraindtaaeh fimieng

devi ce through a recording nmedi umor a comruni cation path. [Cd ai m 36]

A bl ood- ghitgissdiisaieStep Nthsdefstagtiorcelaid Gildtatbh)redulitood- pressure val ue
measuri ng means whi ch neasures and obtains a bl ood pressure value of a

subj ect [d,gEeQrdance with an obtai nment conmand; (2) respiratory flow
measuri ng nmeans whi ch neasures a tenporal change of the respiratory fl ow

of said subject;. (j3):.calculati i C :
"nct ading. the. 15 PaFhavECaBblai JERIRAY' RS G UBBR 0
respiratqry flow neasured by said respirator | ow neasuri.ng neans; and
(3 bt o i e CiPecic Ao RUE febien e de TRy SEtufi oL
command if an index indicating regularity of a respiratory cycle described
in the floimawpady step B included in the information cal cul ated by said
cal cul ati ng neans exceeds a threshold value set in advance:

[Claim 15]

The device for calculating respiratory waveform information according to
claim 13 or 14, wherein said specific frequency region includes a frequency of the
Cheyne-Stokes respiratory symptom of a human body.

[Claim 16]

The device for calculating respiratory waveform information according to any
one of claims 13 to 15, wherein said calculating means further creates and outputs a
waveform obtained by extracting a noise component caused by measurement performed
by said measuring means from the waveform of said respiratory flow.

[Claim 17]

The device for calculating respiratory waveform information according to any
one of claims 13 to 16, further comprising means for selecting arbitrary time in said
measurement period from a specific frequency domain power waveform subjected to
said output processing; and means for further creating (A) waveform information which
enlarges said specific frequency domain power waveform in a neighboring region

including said selected time and/or (B) information of said frequency spectrum in the
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Step A© A step of creating a frequency spectrum at each tine by
sequentially executing wi ndow Fourier transformwth a displaced start
point at a predeterm ned displacenent tine interval with respect to said

respiratory wavef or ns; Step B: A step of creating an index
indicating regularity of a respiratory cycle of the subject in said
Fourier wndow tinme at said respective tines; and Step C. A step of

creating the waveforminfornmation indicating a tenporal change of said

i ndex as_t. informati.on of said calculation result..[Cl.aim3 .

bl ood- pr auEeEdeEen dPudne SRCeBRle R 50 Ih Ttk S apiigtignas,
wherein the index indicating the regularity of said respiratory cycle is
configur%ﬁu%s a value in inverse proportion to a standard devi ati on of
respiratory frequency variation in a certain period. [C aim 38] A
conput er [Paiogt3m f or performng a blood pressure test, conprising (1) a
step in which respiratory flow neasuring neans neasures a change in a
respiratory flAwdefica fotibjatailatingr respiratosy paedeate rinfonadtiore ashereine rmn
period; (2) a step in which calculating neans perforns cal cul ati on

i ncl udi ngndrfteonl SdrkRMed ByStheRsirifle nfeafs WedddigI88GY dne dfimavsierm pf the
respiratory flow nmeasuréd by sard respiratory flow neasuring neans; (3) a

step in WkGheBQOH tRpERSH FalBESH HdMHE Aer TERAP M BBt fRERnRY 1§ bl ood

The

the calculating means and the output means according to any one of claims 13 to 17 18
performed by a respiratory waveform analyzing device on the basis of the waveform
recorded in said respiratory waveform recording meter.

[Claim 19]

The device for calculating respiratory waveform information according to
ciaim 18, wherein the information of the respiratory waveform recorded in said
respiratory waveform recording meter is transmitted to said respiratory waveform
analyzing device via a recording medium or a communication path.

[Claim 20]

A computer program for performing calculation using respiratory waveform
information, comprising (1) a measurement step in which measuring means measures a
change in a respiratory flow of a subject for a predetermined measurement period
including sleep; (2) a calculation step in which calculating means performs calculation A
including the following steps A to C with respect to the waveform of the respiratory
flow measured by said measurement step; and (3) an output step in which output means
executes at least any of processing of display, printing or sending to the outside of the

device of information of a calculation result calculated by said calculating means:
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pressure val ue of said subject for a second predeterm ned neasurenent
period having a period matched with the first predeterm ned period; and
(4) a step in which output neans perforns at |east any one of processing
of display, printing or sending to the outside of the device of the
information of said calculated cal culation result and the information of

t he change of said neasured bl ood pressure value in a node capabl e of
conpari son with each other: Step A: A step of creating a frequency

spectrum at eagh t,. ntiall X t i I sform
wi th a displac tap s‘%g £ géool nc?élagltngfa%?%ﬁg?)ggﬁr%dr\rggl 531%%19\3/‘6’% n%e%tql?éﬁeﬂ?' nt er val
W th respect .to sajd respiratory waveforms; and . Step, B: A step of
cr eat i ngCERRVHIG S %&E%I?Inﬁa?%‘t}m ﬁ’r“iit? dbgpla&e‘?é?ﬁti PEH Ptyaég;gqeéer@fn he
subject in said Fourier window tine at said respective tines; and

Step C dsplpegment timedaiervag withaespeolelp orihrespiretona Mageformgiasdt i ng a t enpor al
change of said index as the information of said calculation result. [Claim

39] A Stopriutlestepobgreating on iplex findicdtimg ragithoigd for esgitterytoyske of
claim 38, wherein the index indicating the regularity of said respiratory

cycl e i sor@pbitged 96l s:A8 FauNe! wiadow tin/£/s8id redpepvel tifds; bl a st andard
devi ation of respiratory frequency variation in a certain period. [Claim

22 o s s P SRR B o SO e e
change of the index as the information of the calculation result.
[Claim 21]

The computer program for performing calculation using respiratory waveform
information according to claim 20, wherein the calculation step executes said
calculation, further comprising a step of creating information as new information of a
result of said calculation of at least any one of (a) a waveform indicating a temporal
change; (b) a maximum value; (c) an average value; and (d) time from start of the sleep
to time when the maximum value is reached of power of ultradian rhythm included in
the waveform indicating the temporal change of an index indicating regularity of said
respiratory cycle.

[Claim 22]

A computer program to be executed for evaluating a comfort level including
the quality of sleep of a subject, comprising (1) a measurement step in which measuring
means measures a change in a respiratory flow of the subject for a predetermined
measurement period including sléep; (2) a calculation step in which calculating means
performs calculation including the following steps A to C with respect to the waveform

of the respiratory flow measured in said measurement step; and (3) an evaluation step mn

which evaluating means makes evaluation of the comfort level including the quality of
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[Caim41] A bl ood- pressure testing device conprising (1)
measuri ng nmeans whi ch neasures a change of a single piece of or a
plurality of physiological data of a subject for a first predeterm ned
measur enent period including sleep; (2) determ ning neans which
continuously determ nes whether or not the subject is in a slowwave sleep
state at each neasurenent tinme on the basis of the physiological data
measured by said nmeasuring neans; (3) blood-pressure val ue neasuri ng nmeans

whi ch neasures _a,.chan of. the bl ood, pressure, valu f i i for a
second pre&@eibfbRYE O sﬂ?%ﬂﬁﬁP“BEFﬂaﬁﬁﬁg ﬁﬁ&agE%&fﬁ%dﬁﬁ%f%ﬁgghﬁﬁﬁh sai d
first predeterm ned neasurenent perjod, and (4). out put nmeans i ch

per f or mevadye; |(Bhan aypipee valuss aﬁﬂd@bé’é@n&"@f Stﬁéts"gfl f‘ﬁ?,s 5P i 1At G “\[ﬁ%ﬂs@ﬁdi ng to
the outside of the device of the information of said determ nation result
and t he mafionmatvilon infreached o grogesr off Wandianslg inedchiebdn phesgueferval ue in
a node capabl e of conparison with each other. [C aim 42] A

bl ood- prigg®utigs the séimgaldemhgeof avinpet midivgtifd jegblacitde i ebemyimtvgicyele
measuri ng means whi ch neasures and obtains a bl ood pressure value of a
subj ect iWaRGEEY SANEScWhlidy @8p:0bt ai nment command; (2) neasuring neans

whi ch neasures a change of a single piece of or a plurality of

physi ol ogi cal .of [ . £Gt & i.nj HEAR j ;

conti nuously dﬂ%\ge%m%g%ﬁ\?ﬁec %@?ggrﬁ% téut:}ﬁ egﬁ | gﬁé{%gfs I n%gy%qg%tﬁgge sl eep
state at each neasurenent tine.on the basis of the physiologjcal .data
measur ed®XS§UEE FIHIONS PRy Hansfm gﬁ% a(gjw%ﬁ?({aftn e‘%cf)mtc%tn?‘rﬁ’ﬁ%legerr%%r telgng
means whi ch creates said obtainment conmand if said determ ning neans

det er mi ndigplageanent Hme dafpjvakvithdespget:tp said reRIIAE WaYLRENS t ate. [ O ai m 43]

An oxygen supply device for supplying oxygen gas for suction or oxygen
concentrat ed gitsp BoA serrof oreatimgian owlep niidicaige (regulity| i gi espirateiy eyt i on
obt ai ni ng neans whi ch continuously obtains biological information of a
target pgttheRibjécd i Fowiict vgiadow time at said respective times; and

Step C: A step of creating the waveform information indicating a temporal
change of said index as the information of said calculation result.
[Claim 23]

A computer program for performing calculation using respiratory waveform
information, comprising at least (1) a measurement step in which measuring means
measures a change in a respiratory flow of a subject for a predetermined measurement
period including sleep; (2) a calculation step in which calculating means performs
calculation including the following steps A and B with respect to the waveform of the
respiratory flow measured by said measurement step; and (3) an output step in which
output means executes at least any of output processing of display, printing or sending

to the outside of the device of the information of a calculation result calculated by said

calculating mans:
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I's supplied; and (2) control neans which changes and controls a supply
flow of said gas in a direction to inprove the confort |evel of the
patient by using said obtained biological information. [C ai m 44]

The oxygen supply device according to claim43, wherein said biological
information is information relating to a respiratory waveform of the
patient, and said control neans executes control of said supply flow on
the basis of the infornation of respiratory cycle stability obtained from

the informatio | f inde

The oxygen sup%f:%%ﬂg%ns% accor ?‘ﬁl ?%Qér%éﬂ% i e% lﬂl féélj:ugl?%ally
respiratory synchr ation ne s V\:h h t f d
gas | . cEESHUnBEIN FORHRpITSIPTa) Pt 3 4pIaGr %%fﬁ@n%%gwrﬁ*%ﬁvﬁ el "o

a sensor which detects a state of at |east either of inspired air or

expi red displaginepstisegaterahwithnesnepido selddespAetpry WarHakms ard control neans
obtains the information relating to said respiratory waveformon the basis
of the signal SkptHhe) sepsdrexthdimy andéileating a specifive froquegey deoppl powevi ce
according to any one of claims 43 to 45 wherein a supply source of said

ggil 1: Z apYvaBen Off thheehahlodpifidg, Wavefodm( Rhidh BuWvaletbrinditdenfof tanighalde t he
change of the power in a specific frequency domain of the following (A) or (B), and/or
the extracted waveform of the following (C) from a frequency spectrum at each time
obtained in said Step A as information of the calculation result:

(A) A frequency band including a respiratory frequency of a body;

(B) A frequency band including a generation frequency of the Cheyne-Stokes
respiration symptom of a human body;

(C) A waveform obtained by extracting a noise component caused by
measurement executed in said measurement step from said respiratory waveform.
[Claim 24]

A respiratory assisting device, comprising compressed air feeding means
configured to feed out compressed air with a pressure higher than the atmospheric
pressure and capable of changing the feeding-out pressure; duct means connected to the
feeding-out side of said compressed air feeding means; and mask means provided on the
other end part of said duct means and attached to a patient for treatment for supplying
said compressed air to the patient, said respiratory assisting device continuously
supplying said compressed air to the patient in a sleep state through said mask means,
further comprising:

(1) biological information obtaining means which continuously obtains

biological information of the patient to whom said compressed air is supplied; and (2)
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(A) Means which separates oxygen in the air and creates said oxygen

concentrated gas; (B) A high-pressure gas container which
conpresses and stores said oxygen gas and di scharges it in accordance with
an operati on; (© A liquid oxygen container which stores said

| i quefied oxygen gas and discharges it as oxygen gas in accordance with

t he operation; and (D) Piping neans having one end connected to

sai d high-pressure gas container and the other end to the oxygen supply

devi ce. [l meéxd which changé® dnfl Sbhfidis $S 8 QﬁffpfésﬁirQGf %@%@ﬁ?f@@@eas whi ch
detects a state of |nsp|ré% alr and/or explrg a subjec first

creating whi.ch ere te plrator

subj ect B HDEIRETS §ﬁe<§wputﬂn§f°aﬁ e SRR L BB AR Rl P o c o
creating nmeans which creates | rnatl respira cycle stabjlity
from sai ﬂe@r%fab%aatw@gﬁy Paipg syid Rilewigal Omlev%? oS fﬁ% %a‘ﬁ%qrem said

biological information is information relating to the respiratory waveform of the patient,
and said control means executes change and control of said feeding-out pressure on the
basis of a temporal change of an index indicating regularity of a respiratory cycle of the
subject, said respiratory cycle having been continuously obtained.

[Claim 25]

A device for treating chronic cardiac diseases, comprising compressed air
feeding meﬁns configured to feed out compressed air with a pressure higher than the
atmospheric pressure and capable of changing the feeding-out pressure; duct means
connected to the feeding-out side of said compressed air feeding means; and mask
means‘provided on the other end part of said duct means and attached to a patient for
treatment for supplying said compressed air to the patient, said device being configured
to continuously supply said compressed air to the patient in a sleep state through the
mask means, further comprising:

(1) biological information obtaining means which continuously obtains
biological information of the patient to whom said compressed air is supplied; and

(2) control means which changes and controls the feeding-out pressure of said
compressed air feeding means to a direction to improve the comfort level including the
quality of sleep of the patient by using said biological information obtained as above, in
which said biological information is information relating to the respiratory waveform of
the patient, and said control means executes change and control of said feeding-out

pressure on the basis of a temporal change of an index indicating regularity of a
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A patient nonitoring system conprising sensor neans which detects a state
of inspired air and/or expired air of a subject; first creating neans

whi ch creates respiratory waveforminformation of the subject on the basis
of an output signal of said sensor neans; second creating nmeans which
creates information of respiratory cycle stability fromsaid created
respiratory waveforminformation; and transm ssion neans and reception
means which transmts/receives said respiratory waveforminfornmation

oo PSP LAl O@Yth%yggqg?at Wi HhigheBhOLUAL '%gﬁg;rggﬁg oftinuously

conpri si nl% gedl cal equipnment installed in a patient's hone or a nedical
i nstitut?PAednd a transm ssion terninal connected to or incorporated in
sai d nedi cal e U|pnent the transm ssion term nal obtaining information
from sai -laed equi pnent and transmtting it to a reception termna
installed in a pI ace away fromthe nedi cal equi pnment through a

conmmuni cat i on Theedéviey aosheting v slaind 26 rarSyiwthesdh said cpmptasead ain fdedihes
respiratory waveform informati on obtai ned by detecting the state of

i nspi r edm@hds RNBLALWER Rb athn@iticaldf chdige paticentrologid kedbhasis méssae wut put
signal of sensor means incorporated in or provided separately fromsaid

medi cal P{h@ HRiltho dx?a?gba{matmno(sma BRIt paRRE LRl O ¥ redyiedieryStafichdyt of

obt ai ned rom sal spiratory waveforminformation creatéd as above.

wner el - DAEPANEHTY 80 Chrb R B i T ARERES Cperation
i nf or mat tcon 0 sal d medi caI equi pnent .
A device wherein the operation performed by the biological information
obtaining means of (1) according to any one of claims 24 to 26 is performed by a
respiratory waveform recording meter and the operation performed by the comtrol
means of (2) according to any one of claims 24 to 26 is performed by a device for
changing/controlling a feeding-out pressure on the basis of the waveform recorded in
the respiratory waveform recording meter.
[Claim 28]
The device according to claim 27, wherein the information of said respiratory
waveform recorded in said respiratory waveform fecording meter is transmitted to said
device for changing/controlling a feeding-out pressure through a recording medium or a
communication path.
[Claim 29]
A testing device used in a titration work, comprising a respiratory assisting
device provided with compressed air feeding means which feeds out compressed air
with a pressure higher than the atmospheric pressure, duct means connected to the

feeding-out side of said compressed air feeding means, and mask means provided on the
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other end part of said duct means and attached to a treatment patient for supplying said
compressed air to the patient, the respiratory assisting device being configured to
continuously supply said compressed air to the patient through said mask means at a
constant pressure or a variable pressure, wherein a medical staff determines at least any
one of (1) a pressure value of said compressed air; (2) a change pattern of the pressure
value of said compressed air; and (3) selection from plurality of said respiratory
assisting devices so as to be suitable for the treatment, further comprising:

detecting means which continuously detects the respiratory waveform
information of the treatment patient; calculating means which calculates an index
indicating regularity of the respiratory cycle of the patient from said respiratory
information; and output meéns which performs at least any one of display, printing, and
output to the outside so that a temporal change of the pressure of said compressed air
and a temporal change of the index indicating the regularity of said respiratory cycle can
be observed simultaneously.

[Claim 30]

A testing device used in a titration work, wherein the operation performed by
the detecting means according to claim 29 is performed by a respiratory wavetorm
recording meter, and the operation performed by the calculating means and the output
means according to claim 29 is performed by a respiratory waveform analyzing device
on the basis of the waveform recorded in said respiratory waveform recording meter.
[Claim 31]

The testing device used in a titration work according to claim 30, wherein the

information of the respiratory waveform recorded in said respiratory waveform
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recording meter is transmitted to said respiratory waveform analyzing device through a
recording medium or a communication path.
[Claim 32]

A blood-pressure detecting device, comprising (1) respiratory flow measuring
means which measures a change of the respiratory flow of a subject for a first
predetermined measurement period; (2) calculating means which performs calculation
including the following steps A to C with respect to the waveform of the respiratory
flow measured by said respiratory flow measuring means and outputs the result as
information; (3) blood-pressure value measuring means which measures a temporal
change of a blood pressurc value of said subject for a second predetermined
measurement period having a period matched with said first predeterfnined period; and
{(4) output méans which performs at least any one of processing of display, printing or
sending to the outside of the device of the information of said outputted calculation
result and the information of the change of said measured blood pressure value in a
mode capable of comparison with each other:

Step A: A step of creating a frequency spectrum at each time by sequentially
executing window Fourier transform with a displaced start point at a predetermined
displacement time interval with respect to said respiratory waveforms;

Step B: A step of creating an index indicating regularity of a respiratory cycle
of the subject in said Fourier window time at said respective times; and

Step C: A step of creating the waveform information indicating a temporal
change of said index as the information of said calculation result.

{Claim 33]
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The blood-pressure testing device according to claim 32, wherein said first
predetermined measurement period and/or said second predetermined measurement
period is configured so as to include a period during sleep of said subject.
fClaim 34]

A blood-pressure testing device, wherein the operation performed by the
respiratory flow measuring means according to claim 32 or 33 is performed by a
respiratory waveform recording meter, and/or the operation performed by said
blood-pressure value measuring means is performed by a blood-pressure value
recording meter, and the operation performed by the calculating means and the output
means according to claim 32 or 33 is performed by an analyzing device on the basis of
the waveform recorded in said respiratory waveform recording meter and/or the value
recorded in said blood-pressure value recording meter.

[Claim 35]

The blood-pressure testing device according to claim 34, wherein the
information of the respiratory waveform recorded in said respiratory waveform
recording meter and/or the blood pressure value recorded in said blood-pressure value
recording meter is transmitted to said analyzing device through a recording medium or a
communication path.

[Claim 36]

A blood-pressure testing device, comprising (1) blood-pressure value
measuring means which measures and obtains a blood pressure value of a subject in
accordance with an obtainment command; (2) respiratory flow measuring means which
measures a temporal change of the respiratory flow of said subject; (3) calculating

means which performs calculation including the following steps A to C with respect to
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the waveform of the respiratory flow measured by Saidl respiratory flow measurmg
means; and (4) obtainment command creating means which creates said obtainment
command if an index indicating regularity of a respiratory cycle described in the
following step B included in the information calculated by said calculating means
exceeds a threshold value set in advance:

Step A: A step of creating a frequency spectrum at cach time by sequentially
executing window Fourier transform with a displaced start point at a predetermined
displacement time interval with respect to said respiratory waveforms;

Step B: A step of creating an index indiéating regularity of a respiratory cycle
of the subject in said Fourier window time at said respective times; and

Step C: A step of creating the waveform information indicating a temporal
change of said index as the information of said calculation result.

[Claim 37]

The blood-pressure testing device according to any one of claims 32 to 36,
wherein the index indicating the regularity of said respiratory cycle is configured as a
value in inverse proportion to a standard deviation of respiratory frequency variation in
a certain period.

[Claim 38]

A computer program for performing a blood pressure test, comprising (1) a step
in which respiratory flow measuring means measures a change in a respiratory flow of a
subject for a first predetermined measurement period; (2) a step in which calculating
means performs calculation including the following steps A to C with respect to the
waveform of the respiratory flow measured by said respiratory flow measuring means;

(3) a step in which blood-pressure measuring means measures a change of a blood
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pressure value of said subject for a second predetermined measurement period having a
period matched with the first predetermined period; and (4) a step in which output
means performs at least any one of processing of display, printing or sending to the
outside of the device of the information of said calculated calculation result and the
information of the change of said measured blood pressure value in a mode capable of
comparison with each other:

Step A: A step of creating a frequency spectrum af each time by sequentially
executing window Fourier transform with a displaced start point at a predetermined
displacement time interval with respect to said respiratory waveforms; and

Step B: A step of creating an index indicating regularity of a respiratory cycle
of the subject in said Fourier window time at said respective times; and

Step C: A step of creating the waveform information indicating a temporal
change of said index as the information of said calculation result.

[Claim 39]

A computer program for performing a blood pressure test of claim 38, wherein
" the index indicating the regularity of said respiratory cycle is configured as a value in
inverse proportion to a standard deviation of respiratory frequency variation in a certain
period.

[Claim 40]

A polysomnography testing device comprising measuring means which

measures a blood pressure value of a subject.
[Claim 41]
A blood-pressure testing device comprising (1) measuring means which

measures a change of a single piece of or a plurality of physiological data of a subject
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for a first predetermined measurement period including sleeﬁ; (2) determining means
which continuously determines whether or not the subject is in a slow-wave sleep state
at each measurement time on the basis of the physiological data measured by said
measuring means; (3) blood-pressure value measuring means which measures a change
of the blood pressure value of said subject for a second predetermined measurement
period having a period matched with said first predetermined measurement period; and
(4) output means which performs at least any one of processing of display, printing or
sending to the outéide of the device of the information of said determination result and
the information of the change of said measured blood pressure value in a mode capable
of comparison with each other.
[Claim 42] |

A blood-pressure testing device, comprising (1) blood—pressure_ value
measuring means which measures and obtains a blood pressure value of a subject in
accordance with an obtainment command; (2) measuring means which measures a
change of a singlle piece of or a plurality of physiological data of said subject; (3)
determining means which continuously determines whether or not the subject is in a
slow-wave sleep state at cach measurement time on the basis of the physiological data
measured by said measuring means; and (4) obtainment command creating means
which creates said obtajnm_ent command if said determining means determines that the
subject is in the slow-wave sleep state.
[Claim 43]

An oxygen supply device for supplying oxygen gas for suction or oxygen
concentrated gas for suction and, comprising (1) biological information obtaining means

which continuously obtains biological information of a target patient to whom said gas

137



is supplied; and (2) control means which changes and controls a supply flow of said gas
in a direction to improve the comfort level of the patient by using said obtained
biological information.

[Claim 44]

The oxygen supply device according to claim 43, wherein said biological
information is information relating to a respiratory waveform of the patient, and said
control means executes control of said supply flow on the basis of the information of
respiratory cycle stability obtained from the information relating to this respiratory
waveform.

[Claim 45]

The oxygen supply device according to claim 44, further comprising
respiratory synchronization means which executes control of supply of said gas in
accordance with inspired air of a user on the basis of a signal of a sensor which detects a
state of at least either of inspired air or expired air of said patient and characterized in
that said control means obtains the mformation relating to said respiratory waveform on
the basis of the signal of the sensor.

[Claim 46]

The oxygen supply device according to any one of claims 43 to 45, wherein a
supply source of said gas is any one of the following (A) to (D) provided inside or
outside the device:

(A) Means which separates oxygen in the air and creates said oxygen
concentrated gas;

(B) A high-pressure gas container which compresses and stores said oxygen gas

and discharges it in accordance with an operation;
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(C) A liquid oxygen container which stores said liquefied oxygen gas and
discharges it as oxygen gas in accordance with the operation; and

(D) Piping means having one end connected to said high-pressure gas container
and the other end to the oxygen supply device.

[Claim 47]

A testing system, comprising sensor means which detects a state of inspired air
and/or expired air of a subject; first creating means which creates respiratory wavelorm
information of the subject on the basis of an output signal of said sensor means; and
second creating means which creates information of respiratory cycle stability from said
created respiratory waveform information.

[Claim 48]

A patient monitoring system, comprising sensor means which detects a state of
inspired air and/or expired air of a subject; first creating means which creates
respiratory waveform information of the subject on the basis of an output signal of said
sensor means; second creating means which creates information of respiratory cycle
stability from said created respiratory waveform information; and transmission means
and reception means which transmits/receives said respiratory waveform information
and/or said respiratory cycle stability information through a communication path.
[Claim 49]

A medical equipment system, comprising a medical equipment installed in a
patient’s home or a medical institution; and a transmission terminal connected to or
incorporated in said medical equipment, the tiransmission terminal obtaining
information from said medical equipment and transmitting it to a reception terminal

installed in a place away from the medical equipment through a communication
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medium, wherein said transmitted information includes respiratory waveform
information obtained by detecting the state of inspired air and/or expired air of the
patient on the basis of an output signal of sensor means incorporated in or provided
separately from said medical equipment and/or information of respiratory cycle stability
obtained from said respiratory waveform information created as above.
[Claim 50}

The medical equipment system according to claim 49, wherein said transmitted

information further includes operation information of said medical equipment.
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