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The—present T NVeEnT T on Terares 10 apparatus ror controlling gas delivery to
a patient. The apparatus may provide a diagnostic and/or a therapeutic
function. 5 The diagnostic function may include tonitoring and/ or

di agnosi s ofwqbwyseml ogi cal vari abl es associ at ed wi t h RCRAYRSIOPEAL-. The
t herapeutic function nmay include application of controlled gas
delivery to the patient. _ The ap'pﬁf atus of the present invention
is particularly useful for APRARATUSIFOR GAB BELYERYand treat ment of

sl eep, respiratory and sleep related 10 respiratory disorders,  sleep
propensity and fatigue and will be described herein in t hat context.

Nevertheless it is tqyRe, 300k GHeAtiGH bl thlapbrdi fdrRBhEMMNNG gak (Rivé) to a

such applicati ons. _
‘ patient. The apparatus may provide a diagnostic and/or a therapeutic function.

5 The diagnostic function may include monitoring and/or diagnosis of physiological
variables associated with the patient. The therapeutic function may include
~ application of controlied gas delivery to the patient.
The apparatus of the present invention is particularly useful for
investigation, diagnosis and treatment of sleep, respiratory and sleep related
10 respiratory disorders, sleép propensity and fatigue and will be described herein in
that context. Nevertheless it is to be appreciated that it is not thereby limited to
such applications. |
Sleep apnea syndrome is a respiratory disorder affecting between 4 and
5% of the population and is now well documented in a number of reputable
15 medical journals. Sufferers of this debilitating disorder suffer reduced sleep
efficiency, excessive blood pressure, cardiovascular effect ranging from mild to
fatal, amongst other adverse health consequences and risks. It is recognised that
an increase in upper airway resistance attributed to relaxation of upper airway
muscles during sleep, contributes to cessation of breathing at frequent intervals
20 during an Obstructive Sleep Apnea (OSA) patient's sleep. OSA is now relatively
well documented and understood within the respiratory and sieep medical fieids.
In the early 1980's a development commonly referred to as Continuous
Positive Air Pressure (CPAP) was discovered as a front line cure for OSA
(Sullivan). CPAP is a device which applies a continuous positive air pressure to
25 the patient's airway by way of a nasal mask. This nasal mask is worn by the
patient during sleep and a positive air pressure is applied to the patient’s airway
in order to keep the patients airway open and prevent a collapse of the patient’s
airway, which would otherwise lead to OSA.
Development of CPAP devices have been pursued by a range of
30 manufacturers across the world and a number of variations of CPAP have also

been introduced to the market place. These variations include, inter alia:
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Other devices have been developed to automatically adjust air pressure

10  deilivered to a patient during sleep.

Whilst the prior art récognizes that respiratory disorders such as apnea or-
hypopnea may be addressed by applying positive air pressure to a patient, it has
failed to recognize that even without the presence of respiratory events such as
hypopnea or apnéa (as detected or diagnosed by conventional means) upper

156 airway resistance can exist and results in a reduction of a patient's sleep
efficiency. The apparatus of the present invention may diagnose such upper
airway resistance by detecting arousals. Arousals may be detected, for example,
from a shift in frequency of the patients Electroencephalogram (EEG) and/or
Electro-oculogram (EOG). _ '

20 It is therefore recognised that even after treatment for OSA by application
of the above mentioned CPAP or variations thereof, a patient can still experience
arousals or micro-arousals during a night's sleep. These arousals and micro-
arousals can be due in part to the fact that the air pressure required to be
delivered to the patient to prevent OSA can vary depending upon the patients

25 sleep position, sleep state and other factors such as intake of alcohol or drugs
consumed prior to sleeping. The arousals and micro-arousals may be linked or
associated with respiratory disorders

it has been shown that many arousals or micro-arousals can occur during
a patient's sleep. The present invention may provide apparatus for monitoring the

30 patient's physiological variables and to diagnose corresponding physiological
states including sleep, arousal and respiration events while at the same time

controlling delivery of gas to a patient via a nasal or nasal and oral mask. The



WO 97/ 16216

PCT/ AU96/ 00679 - 2-

Demand Positive Air Pressure (DPAP) which‘is a device that supplies
positive air pressure by detecting the patlents respiratory cycle and

applies the gplos, pressure when the patient 'denmands’ $/AU96/00679
Bi positive vgibr9 /E)Grztl;ssure (BIPAP), which is a device that aFFOWS two ‘states

of 5 positive pressure and m)nitors t he pagi-ent's respl ration and
delivers air pr es e end r ,the ent n n

i nspiration or X SJ%f%PFcﬁ?n 'ﬁ ac mode b a‘y\hp?‘?fgf g[ﬁggo V1°"9'89Rarsﬁ?%§ ?g"
(VPAP) which i s anotiter medé fhﬁius@@lﬁé peEsue of air défivery e tﬁé rpaﬂéﬁﬁﬁilé%vel which
dependi ng upon the patient's respiration cycle. her devi ces

have been devel cﬁfear%t@vaaﬂmthedwtneyt’%aﬁate@fvsakeftpineaaselaepm ar@malvteL ed to a
patient during sleep. A0 ni zes
respiratory disorder sl,) us? u%ohthgscoénppr%%%\%é %E“}"*beﬁtgg) é]fegé‘%&ﬁﬁﬁg)g‘?ﬁépé@eﬁtﬁﬁep
appl yi ng posit i \disartiersithatscar Ise tiagaoga, h&ﬂr?r différehhysiologiéaivaAgbies (raw data)
recogni ze that even wi t hout the&'%tesence respiratory events such as

hypopnea or apnéd( §¥enist i BEM oke dneRjtasesh \AanR{aroaralysash n Wvhilp reme

positive air pressure devices exist which can monitor respiratory parameters, the

present applicant is not aware of any prior art device which is able to monitor and
diagnose a comprehensive range of both sleep and respiratory parameters.. The
10 monitored variables/events can include one or more of the following:

e Electroencephalogram (EEG)
‘e Electro-oculogram (EOG)
e Electro-myogram (submental EMG from muscles under the chin)
¢ Electro-myogram (diaphragm EMG from respiratory effort)
15 e Electro-myogram (other EMG reflecting muscle and nerve activity

either by invasive or non-invasive monitoring)
_» Status of patient position

e Breathing and snoring sounds (via microphone)

* Leg movements (Left and/or Right legs)
20 e Electrocardiogram . (ECG)
e Oximetry (S; O, - Oxygen saturation)
» Carbon dioxide monitoring  CO,
* Respiratory effort (Abdominal, thoracic or otherwise)
e Airflow ' (Nasal or oral)

25 » Continuous Positive Airflow

Pressure | ‘(monitoring of patients mask pressure during
application of CPAP treatment)

CPAP mask temperature (monitoring of CPAP mask air temperature for

breathing activity and airflow of patient)
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states including gl&eh t{i{eﬂlb?@los%a. respiration events while at the sane
tinme cont rol ¥ng ge Ivery o as to a patient via a nasal or nasal and

oral mask. The e Patient digital video recording and graphic processing techniques for
determination of eye lid activity (ie status of patient eyes being opened or
10 closed - relative to fully closed or fully opened eyes status).
 Time and date stamping of monitored physiological data, video and sound.
s Infrared Video monitoring (for night studies) '
» Complex sound analysis (accurate full bandwidth or limited bandwidth
recording and analysis of breathing sounds).
15 e Physiological events: ie ECG arrhythmia, EEG spike detection, EEG spindles
amongst others
¢ Endoscopy
¢ Breath by br_eath analysis-pnuemotachograph
+ 3 D imaging
+ 20 o Infrared eye detection for fatiéue and sleep monitoring
« EEG delta and alpha-wave detection
= Delta Wave detections and related sleep/fatigue/impairment detection
+ Mattress Device: monitoring of patient sleep state and respiratory parameters
by using a mattress sensor device. The matress device can be used to
25 monitor a patient's electro-oculogram, sleep state, arousals, position,
electrocardiogram. There are presently two types Commercially available
mattress devices; Static Charge-sensitive Bed (SCSB) and polyvinylidene
fluoride (PVDF- piezoelectric plastic). '
The apparatus of the present invention may monitor and diagnose a
30 patient's EEG, EMG, EOG, position, breathing/snoring sounds and otiwer
variables/events while at the same time control treatment such as positive air
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arousals status {ie micro arousals may occur due to insufficient or

excessive pressure), -

- snoring {(varying degrees of pressure may be required depending upon the
patient’s snoring - if for example the patient has taken aicohol or other
drugs prior to their sleep, CPAP pressure may need to be varied in order to
effectively eliminate snoring). ' .

The  apparatus of the present invention may deliver small or large
adjustments in gas pressure delivery to the patient in order to maintain an
appropriate pressure at all times.

The apparatus of the present invention may operate in one of several
modes. The apparatus may operate in a diagnostic mode in which patient
variables and/or events are monitored, processed and recorded for later review.
Processing of the variables/evehts may be performed in any suitable manner and
by any suitable means such as ‘by means of a system as disclosed in AU Patent
632932 entitled “Analysis system for physiological variables”, the disclosure of
which is incorporated herein by cross reference. The diagnostic mode may
include means for determining patient states. The latter may be derived from the
monitored variables/events by means of one or more known automated sleep
staging methodologies. The diagnostic mode includes means for determining an
appropriate gas pfessure setting for each patient state. The latter may be carried
out by means of a pressure setting algorithm and stored in a look-up table for
recall during the treatment mode.

The apparatus may operate in a treatment only mode wherein pressure
settings determined during the diagnostic mode and stored in the look-up table
may be applied to deliver gas to a patient according to the prevamng state of the

patient as determined durmg the treatment mode.
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br eat hi ng act i-mogde winerel treafmerﬁfwgagasemlyvery is related to the currently monitored
patient variables/events and diagnosed physiological states of the patient. The
latter are determined in real time as part of the diagnostic mode.

5 A significant function of the diagnostic and integrated modes is to monitor
the patient for micro-arousals. These micro-arousals can be detected from a
change in frequency of the EEG and/or the EMG channels and/or by other means
such as by detecting patient position/movement or by monitoring é mattress
sensor device. By detecting the pétient’s micro-arousals, treatment of gas

10 delivery can be correctly verified as providing an appropriate gas delivery for the
patient. This method of arousal monitoring may determine whether or not the
patient is actually being treated and benefiting 'frbm optirﬁal sleep efficiency
during gas delivery treatment.

The apparatus includes means for monitoring one or more physiological

15  variables including EEG, EOG, EMG, patient position and breathing/snoring. The
monitoring means may include one or more transducers adapted to monitor the
relevant physiological variable(s) such as a microphone for monitoring
breathing/snoring sounds, and to provide an analog signal output indicative of the
monitored variable. The monitoring means may include one or more electrodes

20 applied to a part or parts of the body of the patient such as the skull, canthus,
chin, legs etc. The monitoring means may also include means suitable for
monitoring inter alia, oxygen saturation, CO, levels, respiratory effort, breathing
and snoring sounds.

The apparatus includes means for analog processing the or each channel

25 or signal obtained by the monitoring means. The analog processing means may
include means for preamplifying, conditioning and filtering the signal(s). The
apparatus may include means for cdnverting the processed signal(s) to a digital
signal(s). The conversion may be carried out in any suitable manner and by any
suitable means such as an analog to digital converter.

30 The apparatus includes means for processing the digital signal(s). The
digital processing means may include a digital computer such a microprocessor

or microcomputer. The digital processing means may be programmed via
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Infrared eye deLefridtRB LfHed HehHfafish %h&erﬂlxganéﬁn%%' f&8piratory events, arterial
oxygen desaturation (Sa0,), wake, arousal and REM sleep states, and stages 1,
2, 3 or 4 of sleep for each epoch. The number of epochs entered for each state
may vary but should be sufficient to allow a measure of confidence for each

10 patient state. For example, if there were only one epoch of REM sleep
considered stable, this may prompt a clinician to review the patient's data as there
may be a case for further investigation due to a below normal occurrence of REM
sleep. A sequence of patient states for each epoch may be derived via this
process. Where a large range' and types of variables are being monitored, the

15 processing means may be adapted to limit the number of patient states, or
combination of states which may be recognised in order to simplify configuration
options and system use. The states/combinations available may depend upon
the end use of the apparatus eg. whether the apparatus is intended to be used as
a routine clinical too! or a research device.

20 The apparatus may include means for determining an appropriate gas
delivery pressure for each patient state and/or context of patient states or
combinations thereof. The context may refer to a current combination of states or
preceding states or combinations thereof. The pressure determining means may
include means for increasing pressure in the event that a deterioration in

25 respiratory event such as snoring, S, O, desaturation, obstructive apnea, mixed
apnea, central apnea, hypopnea or the like is detected. The pressure may
continue to be incréased until the event ceases, subject to a recommended
maximum pressure not being exceeded. To more accurately establish a target
pressure value wherein an increase in gas pressure ceases to cause

30 improvement in effective breathing, it may be desirable to slightly overshoot the
target value. Pressure may then be reduced upon defecting that a monitored

event has deteriorated. The apparatus may also include means for detecting
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-5 In one form the digital processing means may be programmed via suitable
software to determine from each patient state andfor their contexts a gas
pressure value beyond and below which there is a deterioration in a monitored
event. The means for determining the appropriate gas delivery pressure may
include a préssure seek algorithm. The algorithm may ensure that pressure to a

10 patient is tracked up or down until it is appropriate for a prevailing event such as a
stage of sleep. The algorithm may also ensure that the state of the patient is
stable before recording a pressure value for the prevailing epoch. A table of
pressure values for each patient state may be derived by this process. The table
may indicate the number of epochs associated with a particular pressure value or

15 values. It is expected that readings over several epochs will cluster around a |
narrow range of pressure values for each patient state.

The table may be stored in a memory associated with the processing
means. The memory may be on board the apparatus or it may be located
remotely from the apparatus and connectable thereto via any suitable means

20  such as a telecommunication lineé and modem. In one form the remote memory
may include a portable carrier such as a rriagnetic or smart card.

A process of seeking an appropriate gas delivery pressure values may be
commenced with a default or manually entered value for each patient state.
Values may be entered manually by a physician either locaily or remotely.

25 Default values may be determined from clinical trials. The default and manually
entered values rhay be entered in a table of default pressure values.

Where the apparatus is to be operated. in an integrated diagnostic and
treatment mode, préssure values which are determined by the pressure seek
algorithm may be used to contro! in real time a gas delivery device via a suitable

30 interface. The gas delivery device may comprise a CPAP device or other

externally controllable gas or air flow delivery unit. The pressure values which are
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Where the apparatus is to be operated in a diagnostic mbde, data
representing patient states derived from the monitored physiological variables
may be recorded for later recall and review.

According to one aspect of the present invention there is provvded

15 apparatus for controlling gas delivery to a patient, said delivery being adapted to
maintain a physiological event such as effective respiratory function and/or
absence of arousals, said apparatus including:

means for monitoring one or more physiological variables associated with
said patient;

20 means for deriving from'said one or more variables, data representing
physiological states of said aatient corresponding to the or each variable; and
means for deténnining from said data for each physiological state, a gas
pressure value beyond and below which there is a deterioration in said event.

According to a further aspect of the present invention there is provided a

25 method for controlling gas delivery to a patient, said delivery being adapted to
maintain a physiological event such as effective respiratory function and/or
absenca of arousals, said method including the steps of:

monitoring one or more physiological variables associated with said
patient;

30 - deriving from said one or more variables, data representing physiologiéal
states of said patient corresponding to the or each variable; and
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The apparat us WRY réBRSRE il ACtonfii GdwHRWIRSLIhG and treat ment
5 Fig. 1 shows a block diagram of apparatus according to one embodiment
of the present invention;
Fig. 2 shows a block diagram of the apparatus according: to another
embodiment of the presenf invention; : -
Figs. 3a and 3b show a flow chart of one form of patient state table
10  determining algorithm according to the present invention;
Fig. 4 shows one form of a patient state table with 11 epoch exambles;
Figs. 5a and 5b show the general structure of one form of automatic sleep
staging algorithm and an algorithm for evaluating probabilities of wake and sleep;
Figs. 6a and 6b show a flow chart of one form of gas pressure seek
15  algorithm according to the present invention:;
Figs. 7a and 7b show one form of a pressure set look up table according to
the present invention;
Fig. 8 shows one example of diagnostic monitoring modes according to the
present invention;
20 Figs. 9a and 9b show a flow chart of another form of gas pressure seek
algorithm according to the present invention;
Fig. 10 shows a simplified patient state table; and
Fig. 11 shows one form of default pressure table.
Referring to Fig. 1, patient interface means 10 is adapted to monitor a
25 plurality of physiological variables associated with a patient 11. Patient interface
means 10 includes one or more electrodes and/or transducers adapted to
monitor, inter alia, EEG, EMG, EOG, patient position and breathing to provide at
their respective outputs analog signals indicative of the variables being
monitored. A separate channel ‘may be provided for each _variable being
30 monitored. The analog output signals of patient interface means 10 are inputted
to analog signal processing means 12. Analog processing means 12 includes

one or more signal amplifiers, filters etc. for preamplifying and preconditioning the
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patient position/moverent or by nmonitoring a mattress sensor devi ce.

By detecting thsigpalsi bnan sappropriateabandwidih andeamplitude dével ds “grovideed i suitalple
can be correctl | d S .prqviding an_ appro t as de]ivery f t he
patient. This n%'PHg{? E}ngg‘ﬁ!ﬁ,{%&})’[%ﬁv eﬁﬁ?"@%#@ %([2 %}s ﬁ{)f"aﬁ'he
patient is act UihHLMebShélgort hiRé VDR REnMERRE | And G fadapteantd raanvéhemé analog
efficiency during gas delivery treatnent. he appar at us

i ncl udes means processed signalsgioodigitair datsr eAﬂhWhmrt@ maansws wayi dipities each

oot o | mg. roar€ g clendl 3t S BRS hieCK ARR AT e BaBRlar Bhedersciihalangs e

rel evant physi oloogifosthatvahichbdat( B réas byadighalndignal itecsssiry nigamst 4.1 Migital
br eat hi ng/ snori ng sounds, and to provide an anal og signal output indicative

of the monPIOSRESING 2Means 14 'I'h%'uﬁ?ﬁma! JRICFRProRasser rﬁiy'ﬂ'?f@?%@utﬁﬁeam’ is
| ectrod f th t t
L Lot B A T

such as the sku noni'tori'ng neans may
al so include neans slnlgitahirecéssing meanerurtcnIdelsgnéartse‘rSbkdenwng}mmthe digital
zghﬁégt 'on, 10Cq g:-;tg] pa%gr?t gfates? enis‘fj‘tc(gtgrésgc];r}c ng to t%Irwee %Qr'm%?ed vanagpg g&cﬁ'\“ g9
sleep stage 1, 2, 3, 4, PLM, arousal state, respiratory event, etc., during each
epoch. Each epoch may be defined by a time segment having a set duration eg.
20 to 30 seconds. The patient state deriving means 15 may include an automatic
sleep staging algorithm. After determining which channels of data are being
15 presented (ie. which physiological variables are being monitored) the sleep
staging algorithm may derive in real time the prevailing patient state and enter this
in a patient state table. In deriving the prevailing patient state, means 15 may
take into account both real time data from the physiological channels being
monitored as well as the context of the data ie. the context of the prevailing
20 patient state/event being evaluated with reference to preceding states.

Digital processing means 14 implements a pressure seek algorithm 16 to
determine for a prevailing patient state and its context an appropriate gas
pressure value for that prevailing state. The pressure seek algorithm 16 may
include an iterative process to determine the appropriate pressure value. The

25 process may include increasing pressure if a respiratory event such as snoring,
S,0, desaturation, obstructive apnea or hyponea is detected until the event
ceases, thereby providing an effective improvement in breathing. Pressure may
initially be increased from a clinically predetermined default value entered in
default pressure table 17 or a value set by an attending physician. Figure 11

30 shows one form of default pressure table. To more accﬁrately determine an
appropriate pressure value a slight increase in pressure may be applied after an
event ceases. The pressure may then be reduced until the event ceases an'd



The apparatus includes neans for anal og processing the or each channel 25
or_signal obtained by the nonitoring neans. The anal og pr.ocessi ng neans may
i ncl-ude nmeans for preanplifying, conditioning and filtering the signal(s).

The apparatus may include nmeans for converting the processed signal (s)
to a digital signal (s). The conversion may be carrie ' y

sui tabl e manrR 1544 by any sui tabl e neans such as andpéﬁz*%%%?%gdi gi tal
converter. 30 The apparatus includgg.means for processing the

di gital signal (Siq)lﬂ The di gital processi ng means may include a digital
conput er such &tariligesplbesesyiant pressuey valye mayshem berenteried ipfoR pegssure set
processi ng nmeapnsyr ogrammed vi a . WD 97/ 16216
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sof tware neans to dEhe peocessmayhise repeated everpharsi epantiscaxd therrestitsestored in
a memory such as look up table 18. The memory may include a remote device
5 such as a magnetic carrier or smart card. Where the apparatus is being used in a
diagnostic only mode, data stored in look up table 18 may be used for future
reference or in a treatment bniy mode. Where the apparatus is being used in an
integrated diagnostic and treatment mode, the output from pressure seek
algorithm 16 is used to control in real time air delivery interface 19 associated with
10 air deli\iery device 20, such as a CPAP or othér externally controlied gas or air
flow delivery device.
Fig. 2 shows the apparatus of Fig. 1 being used in a treatment mode. In
Fig. 2 gas pressure values appropriate for each patient state are not determined
in real time by pressure seek algorithm 16 but are instead read from pressure set
15  look-up table 18, as determined and sfored during a prior integrated diagnostic
and treatment mode. |
Figs. 3a and 3b show a flow diagram of one form of patient state deriving
means 15. Digital data representing EEG, EMG, EOG and patient movement is
inputted to modules 30 to 39. Modules 30 to 39 process the data to extract
20 information required by sleep stéging algorithm 41. The information processed
includes an EEG histogram calculated using zerb-crossing half-period analysis,
-“probabilities” of sleep and wake for the epoch (the “probability” of sleep in this
context relates to delta and theta components), number of spindles, number of K-
complexes, average EEG amplitude, relative average amplitude of EEG alpha,
25 sigma and beta components (the purpose of this characteristic is to provide
correct information about the high frequency EEG components when it is
distorted by zero-crossing period amplitude analysis), number of arousals,
average EMG amplitude, and REM analysis.
The output from sieep staging algorithm 41 is inputted to the patient state
30 table determining algorithm shown in the flow chért of Fig. 3b. The outputs of the
latter algorithm marked “STATE 1" to “STATE 20" are stored in a patient staté
table, an example of which is shown in Fig. 4.



correspondi ng patient states and/or events. The processi ng neans nay make
use of one or nore algorithns to automatically derive the patient states
and/ or events. b5 The al gorit-hm(s) nay be adapt ed to derive,
Inter alia, hypopnea, obstructive apnea, central apnea and m xed apnea
respiratory arterial ‘oxygen desaturation (SaC% ar ousal
and REM sl ee‘gy’?g}é%& and stages 1, 2, 3 or 4 of slee ET’%&@&? epoch.
The nunber of epochs entered for each statqs.- may vary but shoul d be
sufficient to allow.a of ,confid nce or,_ea atjent state,.

For exanple, if theﬂgs@ Qf‘ﬁﬁ? SHAw A m? E‘Féé'ﬁp gtaglngeq:\lgp Pedl-
stabl e, this mzcRAg8HthfsCdre KnoAlinitRe ra‘?tvbﬁd"’wxllhﬁ%tpl?é 'd%Qénb%ddi'ﬁt&etaﬁ HeR&h ©

may be a case for further investigation d ow nornmal occurrence of
REM s| eep Fign Saeshawscthegengeal istructusa of e sleap sagingetigarithmeed/! bed dig. iSbed

roni Lor ad, e SHONE BreymALEt RigPrth &7 BBing Rbrebfe 1 wifk sbesBRmner of -

patient stafes, or Figs. g:mEAdNebI bevpfaM%ﬁa%bﬁ'&n”ﬁl@oﬁﬁrrﬁ%?%téﬁﬁnin@
order to sinplify configuration options and system use.
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each patient state agnd/ oy context o atient state r . _conbi nati ons
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may

stabilizing. This may be determined by events decreasing in frequency ie. by a
reduction in occurrence of apneas, hypopneas, desaturations and/or arousals or
by a patient’s sleep state remaining constant or changing to a deeper stage of
sleep, eg. stage 4 to REM, stage 1 to 2, stage 2 to 3, stage 3 to 4 and
15 accompanied by a reduction in movement time. If the determination is no (N)
pressure is increased or decreased (steps 67-68), the patient variables are
reprocessed (step 68) and the algorithm returns to steps 62 and 63. If the
determination is yes (Y), step 64 performs a test to establish whether the rate of
sleep state stabilization is appropnate The latter is appropriate if it is occuring at
20 a rate determined by clinical trials. If the determination is no (N) pressure is
increased or decreased (steps 67-68), the patient variables are reprocessed (step
69) and the aigorithm returns to steps 62 to 64. If the determination is yes (Y),
step 65 performs a test to establish whether the patient respiratory state is
stabilizing. As noted above this may be determined by events decreasing in
25 frequency. If the determination is no (N) pressure is increased or decreased
(steps 67-68), the patient variables are reprocessed (step 69) and the algorithm
returns to steps 62-65. If the détermination is yes (Y) step 66 performs a test to
establish whether the rate of respiratory stabilization is appropriate. The latter is
appropriate if the reduction in frequency or severity of the respiratory event is
30 occurring at a rate determined by clinical trials. If the determination is no (N)
pressure is increased or decreased (steps 67-68), the patient variables are
reprocessed (step 69) and the algorithm returns to steps 63 to 66. If the



i ncl ude neans

for increasing pressure in the event that a deterioration i

25 respiratory event such as snoring, S err] err] desaturation,
obstructive apnea, m xed apnea, central apnea, hypopnea or the |ike

det ected. The

pressure may continue to be increased until the event

ceases, subjeghy; f@ 1@ recomrended maxi mum pressure not pEpipesfEReEeded.

To nore accurate

y establish a target pressure val ue wherelin an

increase in gas pressure ceases to cause 3QA4-i rrprovement in effective

breathing, it
Pressure may t
det eri or at ed.
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a 20 or 30 second time period) for each specific state and gas delivery. A table
similar to Figs. 7a and 7b can be created for each and every diaghostic study.
Stages 1, 2, 3, 4 and REM may be listed where the patient state is considered
stable, eg. the incidence of respiratory events, arousafs and micro-arousals are at
a minimum that can be archived with optimal pressure (achieved' by tracking
above and below what is considered as optimal). Arousal, micro-arousal, wake
and movement time are listed because the patient may wake, arouse or move
due to external factors such as noise disturbance. The apparatus may apply an
air pressure during these incidences which is most compatible with such an
occurrence. This pressure may, for example, be an optimal pressure for stage 1,
which most ciosely repr_eseﬁts pressure in preparation for the first stage of sleep.

The pressure seek algorithm may ensure that pressure to the patient is
tracked up and down and that the patient state is stable before the pressure value
is noted into a particular epoch. A list of epochs where the pressure is
considered "non-stable” may also be noted to allow validation and reply of the
patient's diagnostic study for verification of data recorded during diagnostic
operation of the apparatus.

The numbers of epochs entered for each state allow a measure of
confidence for each patient state. If for example, there were only one epoch of
REM sleep considered stable, this may prompt the clinician to review the patient’s
data as there may be a case for further investigation due to a below normal
occurrence of REM sleep.

The table of Figs. 7a and 7b represents the diagnostic output for a study
but this table could be substituted for a single column of optimum pressure
reading against each patient state. Alternatively the patient may be “calibrated”
for different of types of study such as when the patient has had alcohol or othér
drug treatment. In these cases the patient may configure the apparatus to

represent their condition from a range of options which may be calibrated for a

n
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It is therefore desirable to establish a central apnea condition before
respondi ng excessively to a respiratory event. 5 In one form
the digital processing nmeans may be programed via sultable software
to determne fromeach patient state and/or their contexts a gas

pressure val ue beyond and bel ow which there is a deterioration in

nonitored WOR(EH6 The neans for determining the appropFFaAY? 33%679
delivery pressure may - i nclude a pressuje. seek al gorithm The algorithm
may ensure that pressure to a 10 E_atlent is tracked up or down until it is
appropri at e f orpattigianpatientg Aftee sufficient clinical data is evailpblep it reap de. paEsible to

al gorithm may re that t state th atient is

before recor di ﬁ%@"ﬁ@% ‘(ﬁ"gu?/a?%fqo&ﬁ Pﬁeoqb? \té:fl% - p@ﬁﬁ'érﬁ Vﬂ"{eéb?rgnb#he
pressure val uespdtieht'e egihdBrt 428! ra%ﬁé?ttﬂamvhg t6 @bhded szaFd?é SRIEC KRN tHde
tabl e may indicate the number  of epochs "associated with a particul ar

pressure val ue Ratient hasahad drugs administrred cer ﬁ]&!‘cﬁﬁéa@%glsed)\Mr iss endernthe

At ont st afe, hdnce! 6 tifervauses Gt cli EBRAGaRly AGELHE RalieiCln AbpEl "

wi t h t he procegeguigements. neans. The menory may be on board the apparatus or

it may be |ocated rem)éel m t he appar at us and connectabl e thereto
via any suitable nedhg lagtc !;9 t/d @3‘8 WA snamphé? Grfaub peesure
one formthe I QERisrsY defaul sréam gsHiay'e dreflil Bl SpdRlh O detrthify
magnetic or smart card process of seeki an appropriate gas

delivery presswaunﬂmleg mec!lcajeractltlonmnm&hcbrmwmmi default or manually

entered val 19¢ for C J]Yg@%llﬁf%g t&v?:t Et@%of’gltgﬁ ta\@e ‘ave been ?II f%nertgdserrrvaen%glg

by .a phyS|C|an ei ther
example of the format of table. The default table may consist of a left hand state

column plus several options of defaults depehding on patient category - eg.
severe apnea suspect efc.

in Fig. 7a it is apparent that during stage 1 sleep a pressure setting equal

15 1o 8.5 cm H,0 was recorded during 20 epochs whilst the patient was on his back
(B) and during stage 2 sleep a pressure setting equal to 9 cm H,O was recorded
during 20 epochs. These are the appropriate pressure values for stages 1, 2
when the patient is lying on his back. Therefore these values are shown entered
in the column marked opt val (optimum value). These are also the values which

20  will be recalled in a treatment only mode.

Fig. 8 shows a chart of some combinations of monitoring modes that may
be made available to an end-user to simplify system use and configuration
options. The modes available will depend on whether the present invention
device is to be used as a routine clinical tool or a research device. Other factors

25 that may determine what modes ére available to end user include marketing
factors - ie what the market requires in terms of end user options. The chart
shows the option_al minimum configurations for the various' modes (1 to 16).

The key to monitoring modes 1-16 is as follows:

MODE KEY FUNCTION
30 1 W - represents wake state monitoring
2 S- represents sleep state monitoring

3 A- represents arousal state monitoring



25 ~ Default values may be determned fromclinical trials. The default and

“manual |y entered values may be entered in a table of.default pressure
val ues. - Where the apparatus is to be operated. in an integrated
di agnosti c and treat ment node, pressure val ues which are determ ned by

t he pressur al gorithm may be used to control -i ' a gas
br essur go3filore belrioghders

delivery device via a suitable 30 interface. The gas del e may
conpri se a CPAP device or other externggly controllable gas or air
flow delivery unit. The e{essure val ues which are

-9 - determi néd byRhe press@PEESERITeIPIERIPIV Hatermonitasingnt ered in a

pressure set lg00k - tabl e hiﬂ\ﬂ%é o
Where the apparatus is tg?%e operg'?g s|%n a trea'?dn%l%?blrét{)agee, ﬁh‘tgmﬁessure
val ues which-are sté ed WAthe praepresentsewakeand apusakitatemagnitotingccessed

5 follow ng pati en% state.determ nation, The values entered in the
pressure set Yook- ¥Rt abl e nigPrasentiuake and mspiralonystate-mopitaring, s
delivery degice. Dugng sw- represents sleep and wake state monitoring
9 SA - represents sleep and arousal state monitbring
10 SR- represents sleep and respiratory state monitoring
1 AS - represents arousal and sleep state monitoring
12 AR- - represents arousal and respiratory state monitoring
10 13 °~ WSA represents wake, sleep and arousal state monitoring
14 WSR represents wake, sleep and respiratory state
) monitoring _ -
16  WSAR represents wake, sleep, arousal and respiratory state
monitoring
15 For modes 5 to 16 the wake, sleep, arousal and respiratory modes can be

combined according to the mode type, eg. WR (mode 7) means that the

configuration for wake and respiratory are combined. The above modes are

minimal configurations only and numerous other combinations are available. For

example the respiratory mode shows a singie channel being used for each mode

20 illustrated but in fact any combination of the channels marked under respiratory

- mode can be used for the respiratory mode.

. Figures 9a and 9b show a flow chart of a gas pressure seek algorithm with

added refinements. Steps 1 to 35 of the flow chart are described below.

25 STEP1
“Turned on” refers to apparatus being in active mode. This does not necessarily
mean that the apparatus is operating a gas déﬁvery mode but at least is in a
standby or power on-mode ready for a clinician or patient to select start.

30 STEP2.
Auto event/state start may be selected to avoid patient discomfort during gas
delivery, eg. when the patient is not yet in a sleep state or when the patient is not



treat nent node, pressure values appropriate to each patient state

det er m ned during the integrated diagnostic node may be used. This
may enabl e direct treatment of a paf1ent where pressure valdes
appropriate to each patient state 10 have previously been determ ned for
that patient. Where the apparatus is to be operated in a

di agnosti c nWeo7/16a6 a representing patient states depCvadoénam t he
noni t ored physi ol ogi cal vari abl es may recorded for- | ater recall
and review. According to one asplct of the present invention
there is provided & Sleeppstatertand requiréegas detvay dias téldctiipénce of & ﬂé!?rﬁ
said delivery being adapted to mai ntai n a. physi ol ogi cal event such ‘as
ef fective respi ré¥eBty function and/ or absence of arousals, said
apparatus incl udifigp - nmeans for nonitoring physiol ogical

vari abl es associated with said patient, sai d physi ol ogi cal vari abl es

i ncl udi ng at | edsfterstart isfselticted the@ppakituswdl; pat i ent 20 posi ti on;

means for deriving from sai% o'gﬁ?_, or gore vari abl es, data representing

physi ol ogi caP st3t es Tofmediately Stan gas dellyenloRataMngr t o the or each vari abl e:

and angtdrP 'gadCHefvEn B9 phf ' h S| | eal
state, a gas t:mapressu.rge val ue aggvgggﬂ ﬁ@?’ﬁﬁﬁ{?gﬁ%gﬁ?@ ?Igaé étg*e?% i
det erioration i wetegted,erent. 25 According to a further aspect of the
present inventi th

LS prpvided a,. nmet hod for determ.nin as .
delivery to a pati en?fa?'sﬂ?%%a@‘{%g‘? faﬂﬁ?fn‘ﬁh%rhapﬁfé“&"{‘ﬁpmed "e?&lﬁﬁ?'g‘l %"efi‘t(s) is
physi ol ogi cal eWerdctédir: as effective respiratory function and/ or

absence of arousals, said nmethod including the steps of:
10 start gas delivery to patient when a pre-configured arousal .type(s) is

detected, or;
e) start gas delivery to patient when a pre-configured p'eriodic leg movement
is detected.

15 STEP4 _ _
Auto time start allows the apparatus to be switched on to gas delivery at a certain
presented time. Auto-start may be selected concurrently with auto sleep/event
start and the apparatus will start gas delivery after a set time and when a set state
is detected. | |

20
STEP §
The apparatus provides a means for automatically scanning physiological input
variables from a patient and determines;
a) whether the data is typical and accurate;

25 b) whether the data is affected by some form of artefact or other distortion
and alerts the system user or operator;
c) what the artefact or other distortion is, and if possible automatically
compensates for the artefact or distortion, eg. by way of filtering or gain change,
switching to backup or secondary electrodes or sensors or by other means.

30 '



nonitoring one or nore physiol ogical variables associated with said 30
patient, said physiological variables including at |east -one of EEG EQG
EMG ° and patient position; : + deriving fromsaid one or nore
vari abl es, data representing physiol ogi cal states of said patient

correspondiwg obe2idle or each variable; and " per/AUSsRYeSr M Ni ng
fromsaid data for each physiological state, a gas pressure val ue

above, and bel ow which there is a deterioral8en in said event.
A preferred e kNt of the present invention will now be described
with reference 10 the acconpanying draw ngs wherein:- 5 ~ Fig. 1

shows a bl ock dr Iag step efera [1p applyiry anmtdﬂnatit ¢hanpekinegRiodscanand deterriinihg e
present invention; Fig. shows a bl ock dj agram of the
appar at us accorifg channgis arryalid and then using valid channel combinations to determine

a valid diagnostic mode selection.

This automatic diagnostic mode selection can also be set for continuous update
so that valid channels are reviewed dﬁring the patient diagnostic mode. The valid
diagnostic mode can be reviewed to ensure that any channels that have dropped
out or are no longer valid can be compensated for by an appropriate diagnostic

10 mode (refer to Fig. 8 for a table of appropriate diagnostic modes). The diagnostic
mode will be selected by determining valid input channels and then sélecting a
mode that has at least the minimum valid channels as listed in the diagnostic
mode table.

15  If the operator selects only airflow from the mask feed as a means of patient data
input and the automatic Diagnostic mode is selected, the apparatus will scan the
input data if auto input data scan is selected and determine that the airflow mask
channel is valid and will automatically select the diagnostic Respiratory event
detection and possibly arousal detection only. Arousal may be deduced by

20 determihing an artefact signal riding on the airflow waveform.

STEP 7
Start gas delivery when pre-selected state is detected.

25 STEPS
“This mode can be selected on for start of a study only to determine valid channels
or for “study mode on” where the input data will be scanned during study to

ensure that input channels remain valid.

30 This can be achieved by selecting a mode type (ie selecting one of the
configurations for combination of sleep, wake, respiratory or arousal monitoring -
refer Fig. 8). By selecting one of the mode types the apparatus will indicate which

parameters for the particular mode are required to be monitored from the patient.



enbodi nent of the pr.esent invention; Figs. 3a and 3b show a
flow chart of one formof patient state table 10 determning algorithm
according to the present Invention; . Fig. 4 shows one formof -a
patient state table with 11 epoch exanpl es; Figs. 5a and 5b
show t he ge ucture of one formof automatic sleep |

al gorithm aﬁaglﬂ‘é%ori thm for evaluating probabilities of ngk‘g an J’s"sq'lgeep;
Figs. 6a and 6b show a flow chart of one farpg.of gas pressure seek 15

al gorithmaccording to the present invention; . Figs. 7a.and. 7b
show one for m ofAltgmatively, Fe”%%thnoiﬁ!e‘t’}ﬁ?'{aﬁli?'é thatare reqyired to g"e‘_ W@o'ﬁge@%t

i nventi on; i : ' gﬁf_ﬂﬁ (DA '
nodes accordi ng ttt‘% ap ngalfug m%r@%@%@@ﬁ\sltéﬁﬂ?%cm%& hich | g'se.'ﬂggé tasﬁgblg%:oe
show a fl ow chardpecdtednot her form of gas pressure seek al gori thm
according to the present invention; _ Fig. 10 shows a sinplified
patient state tahle: and Fig. 11 shows one form of default
pressure t abPe. STEP 9 Referring to Fig. 1, patient interface nmeans 10
I s adapted to b t:0 ; : Iy | ' ri RSl G4 d
with a patient n?'?éﬁtPgattlae'ﬁtégl"ﬁ{ 55‘%&%* ﬂfncﬁ%%@éﬁi%ﬂﬂ?ﬁ%ltngelgﬁgingﬁ%r rm(ri%adé
el ect rodes and/ rahmexhSoruther pumispt efd determining wihwethesr thei sigeal charactefisiigs of

EMG EOG patient positiqn and breathing,to .pr.ovj . their .
Cosheotve out pibeS Rt dhPah.Ate SPRiaIS BohirRteate natput defafis gf sutable
moni tored. A seppffilySofftafBeliagRostiRPprocadsinged for each variable being
10
For example the EEG, EOG and EMG electrodes can be scanned and analysed

with reference to signal to noise ratio, frequency and amplitude characteristics in
order to ensure that these parameters are within a normal range for a useable
patient data channel. If, for example, the signal to noise ratio is excessively high
15 for a particular channel or the frequency component of a channel consists of
| mains electro magnetic frequency, then this channel is likely to be either not
connected or have a poor connection to the subject under diagnosis. It is
therefore better to not use this patient data channel rather than risk inferior
diagnosis of the patient.
20
Another means of scanning patient input data for verification of signal quality may
be to evoke an impedance checking function. The impedance checking function
may inject a small, safe, current through the patient's electrodes and if the patient
electrode contact is poor then the cumrent will produce a higher voltage indicating
25 that the patient electrode may be in poor contact.

This type of input channel verification is nomally evoked automatically by the
apparatus, during a patient's use thereof. In this way signal integrity and
subsequent gas delivery control is able to be continually verified for accuracy
30 against patient variables. It is quite common for electrodes and sensors to come
loose or develop poor connections during the night, while a patient is being

monitored. It is desirable that the apparatus is able to compensate for this factor



30 nonitored. The anal og output signals of patient interface neans 10 are

I nputted to anal og signal processing neans 12. “Anal ag processi ng neans
12 incl udes one or nore signal anplifiers, filters etc. for
preanplifying and preconditioning the WO 97/ 16216
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signals to an JSB’r‘Spn at e bandwi dt'h and anplitude |level to -pAr%w

sui tabl e input to analog to digital (A2D) converter means 13. A/D

converter means one or . nore nvertérs and is
adapted to conng‘? tgﬁévgﬂ%erﬁ '"gﬁﬁPBE%%é&O é’?‘ij’ﬁ&F@y B@QB%? @apatigntthroygh
converter mansc&%m@f@ﬁﬁﬁﬁmcoﬁnemsog channel at a sanpling rate
suitable for that particular channels signal and to a format which can.

be read by digital signal processing neans 14 D| gi taI processi ng
e o ot e AR OB Bl hEAEPRS o Bt channol B 5'e”
5 used for patient state derivation. The apparatus can in some embodiments be
configured with as littie as one channel of data being input. This channel-could |
be an airflow channel, for example, as determined by sensing an airflow path
provided by a gas delivery device to a patient. T

10 The apparatus may use conventional pnuemotachograph data analysis and
representation for monitoring patient's airflow and respiratory disorders or events.

This step can be run automatically during study in order to verify quality of input

signals and if necessary diagnostic mode can be automatically changed to

15 compensate for patient data channels which may not be of suitable quality to
~ achieve accuraie and reliable patient diagnostic treatment.

STEP 10
Valid input channels can be selected by the system user. Alternatively valid input
20 channels can be automatically" detected by the apparatus in step 7. The

apparatus will dynamically scan and update the valid mode in accordance with
scanned valid channels.

STEP 11
25 This step notes valid channel types and the subsequent valid mode for patient
state and event determination. This information may be used in later stages of

patient diagnostic state and event determination.

STEP 12

30 Valid Sieep Determination mode may be activated if the operator of the apparatus
has selected this mode or if the automatic mode select function is activated at
step 6 and input data scan detects at least the minimum configuration of input
channels for sleep diagnostic mode.



Di gital processing neans 14 includes neans 15 for deriving fromthe digital
10 data, patient states/events corresponding to the nonitored variabl es
such as - . sleep stage 1, 2, 3, 4, PLM -arousal state, respiratory event,
etc., during each epoch. Each epoch may be defined by a tinme segnent
having a set _duration eg. 20 to 30 seconds. The patient_ state deriving
nmeans 15 nay“&”@ﬁ&bg an autonmatic sl eep staging al gori USapeaz?

det ermi ni ng whi ch channels of data are bei ngs4> presented-(ie. which
physi ol ogi cal variables are being nonitored) the sleep "staging

al gorithm may dePTBER 43 real tinme the prevailing patient state.and enter

State, moans 15 e Steed Safndetfoad b Af el sihe ARl Rjpatom

physi ol ogi cal choaydesadctieated. nonitored as well as the context of the
data ie. the context of the prevailing 20 pati ent state/event being
evaluated with reference to precedi ng states. Digital

processi ng mepnsgigpiqgp! enents a pressure seek algorithm 16 to
determne for a prevailing patient state and its context an appropriate gas
pressure val ue f¥alid Respiratonya Detemminatishemodé anay eesactivatedek thé gperatomot Ghe

may I nclude_an iterativ rqcess to determne . the appropriate_pressyre
val ue. The 25 %‘f&%@%’g '??ﬁi/s?'ﬁgﬁeao%'sl madeag; ﬁdmﬁr%&'ﬂ?féc i“?od%pF%SH f"ﬁﬁl?? s
event such as snadtivBted in step Bl ihplifddth ¢8R Metddd P dasPR Thihintirh C3nAgiva8o®’
hyponea is detected until the even ceases, thereby providing an

ef fecti ve i nprovefiapit chanpels fenRerpiratary dingnestiepode.  initially be

i ncreased fr aclinically predeterm ned default value entered in

default pressure table 17 or a value set by an attendi ng physician. Figure

11 30 shows oneSTEPmSof default pressure table. To nore accurately

determ ne an . . . . . . —_
If the Respiratory diagnostic mode is activated a respiratory event determination

algorithm may be activated.

15 STEP 16
Valid Arousal Determination mode may be activated if an operator of the
apparatus has selected this mode or if the automatic mode select function is
activated at step 6 and input data scan detects at least a minimum configuration
of input channels for the Arousal diagnostic mode.

20 "
STEP 17.
If the arousal diagnostic mode is activated an arousal state determination
algorithm may be activated.

25 STEP18.
It is unlikely that the apparatus will not detect a valid mode as even the patient
mask application aliows the system to determine that ihe airflow sensor or the
mask pressure sensor is a valid signal. In the case of a mask airflow signal only,
for example, the apparatus may operate in a respiratory diagnostic mode.

30
One case where a valid diagnostic mode may not be detected is when the
apparatus is turned on and the mask is not connected. In this case the airflow



appropriate pressure value a slight increase in pressure may be applied

after an event ceases. The pressure may then be reduced until the
event ceases and WO 97/ 16216
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stabilizes ultant pressure value may then be ente '
pressure seygr;%gﬁgook up table 18. The proceséggn&’gé{g“repeat ed
over many epochs and the results stored ingz. a mem)ry such as | ook up
table 18. The nenory may include a renote device such as a nagnetic

carrier or snarignaifoaY baccanned aasaﬁtamaeql @'Stievaig irs wthighhcase a continuous
di agnostic onIy
future . r eff erencenqéyl nggﬂ er%gtgttﬁ% +m" Eﬂ%ﬁat@\%‘gﬁyt H@d%;ﬁ)’g‘%a {’J%m?ss

bei ng used in ahatthealmwmbebatnagvaixiwbemﬂlé patieat applies tmelmaskhe out put

from pressure seek algorithm 16 is used to control in real tinme air
delivery interface 19 associated with 10 air delivery device 20, such as a

CPAP or ot hegr exhgfaift! prés$if®appliecth #dpatienfd fask may be determined either by an
attending physician or clinical data.

STEP 19. . -
Figure 10 shows a simplified table logging patient sleep state, respiratory event

10 and arousal event for the first 10 epochs of a diagnostic mode operation.

STEP 20.
The pressure value is noted before any seek routines are implemented so that a
pressure value can be returned to in case, for example, the seek routine does not

15 affect the patient respiratory or arousal events.

STEP 21. _
Is start or continuation of respiratory instantaneous event detected.
Refer FIG 1 means 15
20
STEP 22.

Is start or continuation of arousal event detected?

STEP 23.

25 Run instantaneous pressure seek algorithm, ie increment gas delivery at rate X,
to patient. Enter pressure value X for determination of the rate of increase for
pressure seek adjustment. The value of X may be determined from clinical
studies which may be established to determine an effective value of pressure rate
change for the purpose of optimising the patient's state.

30

- STEP24.

Has patient safety pressure limit been exceeded?



fl ow delivery device. Fig. 2 shows the apparatus of Fig. 1
being used in a treatnent node. |n Fig. 2 gas pressure val ues
appropriate for each patient state are not- determ ned in real tine by
pressure seek algorithm 16 but are instead read from pressure set 15
| ook-up tabl determ ned and stored during a prior |

di agnostic G,(J]ﬁgf'é?treat ment node. Figs. 3a aﬁ?&éﬂj a flow
di agram of one formof patient state deriviigg. means 15. Digital data
representing EE%éa EI\/% EOG and patient novenent is i nputted to nodul es
30 to 39. Modul e62l8® Y; EePesents, aduaximwmn geassutecthak canbe anplied tp @& palienin This

required by sl eqpud Ayt ab@AhinkA ThdVidudiPror difddRm! dARnl SCHITHL a common
g%yam caﬁéc 1 re]ia sr'ksl ng&nal '?'g §

i ncl udes an EEG hi st ul at usi.ng zero-cro erio

anal ysi s, 'vajueofedils humbesdf pdtients e Glinical trialseméby assiltcinageteiminatfion of this
"probability" of sleep in this context relates to delta and theta
conponents), nuﬁ@BP'of spi ndl es, nunber of K- conpl exes, average EEG
anplitude, rglative average anplitude of EEG al pha, 25 signma and beta
conponents (the purpose of this characteristic is to provide correct
I nformation abou.&'ﬁ @5hi gh frequency EEG conponents when it is

aver age ENG anplATE B PaY R Siarf FEiconihatBhor Sesblrpidly Brfar et sieath
st agi ng al gori t Ibeinglredaceédputted to the patient state 30 table determ ning

al gorithm shownr#'n the flow chart of Fé%; 3b. The outputs of the
| atter al gorit hrmheaRatient dataneeds toche centinpally monitered-dusing pressure sgekaontrol

state 480! o SHyure WA prefburdhtfidhdes SLMNn' &edsiy rébpiratory and/or arousal

events.

STEP 26.

Back off gas delivery pressure to a minimum pressure level required to avoid
15  event symptom(s), ie. note pressure from step 20. This step ensures that

excessive pressure is not supplied to the patient but rather that a minimum value

of pressure is applied to stabilise the patient's state.

STEP 27.
20 Stop instantaneous gas delivery pressure seek mode. This step prevents an
increase in pressure where the pressure has corrected the arousal or respiratory

event or a recommended maximum pressure is exceeded.

STEP 28.
25 Longer term seek algorithms are required to determine whether a patient sleep
can be improved by optimising patient gas delivery.

Some diagnostic evaluations conducted 'by means 15 (Fig. 1) in order to
determine “appropriate” longer term pressure changes include:
30
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Figs. 5a and 5b show one formof automatic sleep staging algorithm 41.
Such al gorithms are known in the art and will not be described in detail

her ei n. 1602 shows the general structure of the gl (fﬁ ﬁiﬁnﬁiﬁb

al gorithm41 andl F| g. 5b shows a syntactic algorithmtor evaluating
probabilities of wake and sleep. 5 -24Figs. 6a and 6b show a fLow |
chart of an alg rit ning .. appropr i te as ressure ase
on patient st at g]pai'gﬁrbggéf s&ﬁg " ﬁ‘ﬂ'ﬂ"g §oR£tanP Qfﬁ" fo gpepersetagy of
patient state dgieby, & SERRNS 13 REN! SRg6YH RN, tag@ 2 b, 'stdlde 3 to 4, REEGEHAS
val ue for the parti éqg pati ent statg from def%ult presgéjre teﬁi &lﬁ
Step 62 reads r@avemﬁﬁ'ef"’ﬁ%tlent state information frompatient state

deriving 10 means 15. Step 63 perforns a test to establish whether the
patient sleep state is stabilizing. This may be determ ned by events

decr easi ng ifn fb)equéapmopﬂateDWemotes that eHe aateo thdt Ithe aats ra@ﬂﬂﬁcl?fslé&ﬁ%&es
hypopneas, desaturati,o %nd/ or arousals or
change in o a deeper stage of sleep occur at an ideal rate, where the ideatl rate
may be determined by clinical trials;
c) “appropriate” also denotes that the reduction in frequency or severity of the
10  respiratory event is occurring at an ideal rate, where the ideal rate may be

determined by clinical trials;

d) determination of patient state stabilising including detection of:
events decreasing in frequency ie reduction in occurrence of apneas,
16 hypopneas, desaturations and/ or arousals. '

STEP 29. -
Is start or continuation of respiratory event trend detected?
Refer FIG 1 means 15
20
STEP 30.

Is start or continuation of arousal event trend detected?

STEP 31.

25 Run long term pressure seek algorithm,. ie. increment gas delivery at rate Z, to -
patient. Enter pressure value Z for determination of rate of increase for pressure
seek adjustment. The value of Z may be determined from clinical studies which
may be established to determine an effective value of pressure rate change for
the purpose of optimising the patient’s state.

30
STEP 32.

Has patient safety pressure limit been exceeded?



by a patient's sleep state renmmining constant or changing to a deeper stage

of ___ sleep, eg. stage 4 to REM stage 1 to 2, stage 2 to 3, stage 3 to 4
and 15 acconpani ed by a reduction in novenent tine. |If the determ nation
s no (N pressure is increased or decreased (steps 67-68), the

patient vari re reprocessed (step 69) and the al gorithmreturns
to steps 62 d!%%é?"l f the determnation is yes (Y), AEHOHEP | or s
a test to establish whether the rate of _2§1 eep state stabilization is
appropriate. The latter is appropriate if it 1s occuring at 20 arate
det ermi ned by clY#HedlV fepresests pfmaximume psessurethal cansbe supplied te the patiest.

ner eased or deorfiasefld shaPse abRlined NhaRiBbaR,lor'GFeAR, Ganare, hER Ba%E

(step 69) the alg hmTeturns

det erni nation i scoparmof Yalue for a minstierGf patiehts! rGlinical atdls hayasssiltlin SBteHmiing "
the patient res 'hratétuw% state is stabilizing. As noted above this may
be deterni ned by"&M decreasing in 25 frequency. If the determ nation
is no (N pressure is increased or decreased (steps 67-68), the
patient variables are reprocessed (step 69) and the algorithm returns
to steps 62-65. STERBS. deternmination is yes (Y) step 66 perforns a test to
establi sh wheth the rate of respiratory stabilization is appropriate. The
latter is 2&'&%@?‘1‘%’?‘8 q?]stqrﬁ%rpgcgﬂlwegﬁ%o Ae$RIEtRrY ang/ar areusal qgveptsolrend e
respiratory evenjeingrefdced @ccurring at a rate determ ned by clintcal

trials. If the determnation is no (N) pressure is increased or
decreased (st epdhePafient datacnesdsi torhe continueliy monitered duringepressuressesk(cxntpl

69) and theqgl 0951 diild it PristGreSbisieladsht®): céa]csir;[gh?espiratory and/or arousal
events.

STEP 34.

Back off gas delivery pressure to ensure that a minimum pressure level is
16  determined to avoid event symptom(s), ie. note pressure from step 20. This step

ensures that excessive pressure is not supplied to the pafient but rather that a

minimum value of pressure is applied to stabilise the patient's state.

STEP 35.

20  Stop long term gas delivery pressure seek mode. This step prevents an increase

in pressure where the pressure has corrected the arousal or respiratory event or a
recommended maximum pressure value is exceeded.

Finally, it is to be understood that various alterations, modifications and/or
25 additions may be introduced into the constructions and arrangements of parts
previously described without departing from the spirit or ambit of the invention.
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determination is (Y) *pressuren | s

I'ook-up table Figs. 7a and 7b sh)w ONEREPLACEDe of ?
pressure set Iook g tabl e. The numbers at the top-of—tie—tabte=
repr esent t hWO (each epoch is selectable to 5 a 20P6F/AYI6AEEHNd
time period) for each specific state and gas%éjel ivery. A table simlar
to Figs. 7a and 7b can be created for each dnd every di agnostic study.

Stages 1, 2, 3, U AIMS REM may be |isted where the patient state is
conS|dered stable, eg. the incidence of respiratory events. arousal s
and mcro-arousals are at a mnimmthat can be archived w-th optinal

h db
ot mal ). AT OUSH. e bual ol DeRnellgn I ¥ Bhtert, SARC WERERY e

because the pat iaiaptatklp maintaing physiolegicabevent SUChcﬂ;ﬁeeﬁ@twﬁtrespmaton‘yahmmlm
SheP e haseS, bt 88 Tce 1 o0RRE. A SR ARRUR: s ucn ' S
occurrence. This presmans fmayhonitof ng OABTDr emorepyBiotitfiddIRhridb|es B4t ScihiRY with
stage 1, said patient;
means for deriving from said one or more variables, data representing
physiological states of said patient corresponding to the or each variable; and
10 means for determining from said data for each physiological state, a gas
pressure value beyond and below which there is a deterioration in said event.
2. Apparatus according to claim 1 wherein said physiological variables
include EEG, EOG, EMG, patient position and breathing.
3. Apparatus according to claim 1 or 2 wherein at least one of said means for
15 deriving and said means for determining is provided via digital processing means.
4, Apparatus according to claim 1, 2 or'. 3 wherein said deterioration is
detected by said deriving means.
5. Apparatus according to any one of the preceding claims wherein said
deriving means includes an automatic sleep staging algorithm.
20 6. Apparatus according to any one of the preceeding claims wherein said
deriving means includes means for evaluating sleep and/or arousal states.
7. Apparatus according to any one of the preceeding claims wherein said
deriving means inciudes means for detecting micro arousals.
8. Apparatus according to any one of the preceeding claims wherein said
25 deriving means includes means for detecting respiratory events.
9. Apparatus according to any one of the preceeding claims wherein said
determining means includes a pressure seek algorithm.
10.  Apparatus according to any one of the preceeding claims wherein said
data is 'derived during respective epochs of a monitored period and is stored in a -
30 patient state table. |

11. Apparatus according to claim 10 wherein said determined gas pressure

values are stored in a pressure set look-up table.
. This Sheet Has Been Rep




gtSag\émi)?hslngZE). cl osely repr_?_ﬁgnjtj;fegﬂmmumlw%ﬁm: ﬁt lon for ;;‘“;A;Lgﬂ

pressure to the patient 1Is tracketd up an own andl thatpg cgg"’_[ien't
state is stable before the pressure val ue © 1S not e (ii=g=gr—partrr
epoch. A list of epochs where the pressure is consi dered "non-stabl e"

may al so be WOt%@6216 al | ow val i dation and reply of the 20 PERAUSEPOCTY -

di agnostic study for verification of data regprded during di agnostic
operation of the apparatus. The Tfuhbers of epochs entered for
each state al | oz negparatus bieccordingciordlaitet® or il O wheacdppeatieé 16 chiimt 2 whefein

for exanple, there re.only gne epoch of . . REM sl eep consi dered stable,
this may pronpt %y%l? ﬁisé‘i"'éﬂ Rgm P@vﬁslsﬂﬁ'a%t‘ﬁgﬁa‘g digifal procassing MeaNs: nay -
be a case for f herad ' ' ; r :

of REM ol cop. 1 cAHpRRGS HECHPY € i1 WhEIE S ihory gl BES ¥ AR
di agnosti c out pwarfienr a st udy but this table could be substituted for

a single colum opti mu ressyre r ead] agai nst each patient
state. Al ter:l"'lfat idejbl y%pr?@r%lﬁ%) AEwR Wﬂymb@y'ﬁ%ﬁ Pt{}'gt@’gee g £HIMSInghiqing @ gas
types of study Sdélileys midap8 fdiedeliRerifgt gddSo hedld apsine! inOhc&r@fhice with daid
treatnent. In these cases the patient nay configure the apparatus to

represent their deleiminedgas pesswerv@idas. of options which may be calibrated
for a 18.  Apparatus according to claim 14 wherein said gas delivery means includes

a CPAP device.

10  16. A method for controlling gas delivery to a patient, said delivery being
adapted to maintain a physiological event such as effective respiratory function
and/or absence of arouséls, said method including the steps of:

monitoring one or more physiological variables associated with said
pétient;

15 deriving from said one or more variables, data representing physiological
states of said patient corresponding to the or each variable; and

determining from said data for each physiological state, a gas pressure
value beyond and below which there is a deterioration in said event.
17. A method according to claim 16 wherein said variables include EEG, EOG,

20 EMG, patient position and breathing.

18. A method according to claim 16 or 17 wherein said deterioration is
detected during said deriving step.

18. A method according to claim 16, 17 or 18 wherein said deriving step
includes an automatic sleep staging algorithm.

25 20. A method according to any one of claims 16-19 wherein said deriving step
includes a step of evaluating sleep and/or arousal states.

21. A method according to any one of claims 16-20 wherein said deriving step
includes a step of detecting micro-arousals.
22. A method according to any one of claims 18-21 wherein éaid deriving step

30 includes a step of detecting respiratory events.

23. A method according to any one of claims 16-22 wherein said determining

sftep includes a pressure seek algorithm.

' This Sheet Has Been Rerlaced
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Eg{ ;A\galtsg(rmg;?l ent. After sufficie ullw llllu ll!ll "l&lau I!IL S a a' %PESngﬁa?’Eﬂ

possible to extrapol ate various conditions or oth
pressure vawgasnéiem t he patient's standard data,- rg&ERRUdban havi ng
to conduct separate studies when the pati ent has had drugs

adm nistered or is excessively tired or is28wer the 5 influence of other

f:gﬁlefe;gﬁtsco%éj Siﬁgmét%@'ﬁeclﬁ gﬁ& S%tqmﬂgn%%%;ﬁ%ﬁws%ggﬁd%%}eﬁr id, data is
exanpl e of def alérivegidesing réspective epotlis 6 mohi6ed pleiod Hrid i§ %Ttérbﬂgﬁ a@éﬁeﬁ?
preset in the a gﬁgratus or determ ned by a supervising medi cal

practitioner o d8RlBcare worker. 10 Only the first two rows of the

t abl e have bee il f

tabl e, The dof it tanraied SoESkK B cBlin 2¢ whefT SR gPlenhinta’ S5 Fredting o
several opt |5onyailfeswe:5tdred|rda|peessurgsetrlomiat1pwhlecat egory - eg. -

severe apnea s ect, et 7a Iciqql s apparent that during

stage 1 sleep reds @"%9& ﬁ’?’b’eﬂaﬂzﬂasltg a Sﬁ'e@tﬂ" ng @r"f‘?@%?r ceaieling
during 20 epochgid\@elively 466ordiAg t& Bhy YRE oPBlaitisS16235K

27.  Apparatus for controlling gas delivery to a patient substantially as herein
described with reference to the accompanying drawings. |

10 28. A method for controlling gas delivery to a patient substantially as herein
described with reference to the accompanying drawings. |

- This Sheet Has Been Rep laced




(B) and during stage 2 sleep a pressure setting equal to 9 cmHerr]O was

r ecorded —during 20 epochs. These are the appropriate pressure val ues
for stages 1, 2 when the patient is lying on his back. Therefore these
val ues are shown entered in the colum marked opt val (optimm value).
These are al yéfgaal ues which 20 will be recalled in ay él? {9q_nl y
node. Fig. 8 shows a chart of sone conbi nations of nonrtoring
nodes that may be nmade avail abl end-user to sinplify system use
and configuration options. The iﬁﬂ&s}-}ggpi 11| depend on whet her
t he present invention device i foutine ctinical tool
or a research device. O her factors rmi ne what “nodes are
avai l abl e to end user include marketing factors - ie what the market
requires in ternms of end user options. The chart shows the optional
m ni mum configurations for the various nodes (1 to 16). The key
to nonitoring nodes 1-16 is as foll ows: ’\/(DEKEY FUNCTI ON 30
1 W - represents wake state nonitoring —2 S
represents sl gep state nonitpring 3 A-18 & reprgsent.s
. . = -
~arousal state| noni t%r |§19 © g g2 a
S 4 o 2 o E & 2 2w
2P v =5 O S 0o B
A X Y g D = O
e s A sl s8-/
= 1 )
~ X
L ~+o = A
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.:: e t—ui
e .§ L .2
U 5 «©
2 8% o
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=
7
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-16- 4 R - represents respiratory state nDnltorlng
5 WS - represents wake and sl eep state nonitoring 6

VWA - represents wake and arousal state nonitoring 7

WR - . Wo ts wake and respiratory state nonitorin

SW re’}gr esents sl eep and \R/ake stgte noni tori ng P%T’A%%’m”g

SA - represents sleep and arousal state nonitoring - 10

SR - . represents sleep and respiratory state nonitoring 11
AS - represents arousal and sl eep state nonitoring 12

AR - represents arousal and resplratory state nonitoring 10

13 WBA represents wake, slee§ ®nd arousal state nonitoring

14 WBR represents-wake, sleep and respiratory state

nonitoring 16 , WAAR . represents wake, sleep, arousal and

respiratory state nmoni toring 15 For
nodes 5 to 16 the wake, sleep, arousal and respiratory nodes can be
conbi ned according to the node type, eg. WR (node 7) neans that the
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configuration for wake and respiratory are conbi ned. The above nodes are

m ni mal configurations only and nunmerous other conbinatians are available.
For - exanpl e the respiratory node shows a single channel being used for
each node 20 illustrated but in fact any conbi nation of the channels

mar ked under ég@&hi tory node can be used for the TespryAugénsirde.

Fi gures 9a N ow a flow chart of a gas pressure seek algorithmwth

added refinenents. Steps 1 to 35 of the flow chart are descri bed bel ow.

25 STEP 1 Turned on" refers to appgrﬁgus being in active node. This
does not necessarily rear—that t he 6paratus I S operating.a gas
delivery node but at |egqstgjigqien aNumber cftSpindley or power on-node ready for
a clinician or patient ()ﬁg§%¥g ptart . 30 STEP 2. AUTO eveni/state
start may be selected t¢ avol paLLng di sconfort during gas de|ivery,
eg. when the patient |i smot—yet—th a sleep state or when the patientjis not
K-Complex Number of K-Complexes
Detection
L~
EEG EEG Spectrum Time Histogram
- Time- -
| Amplitude -
Analysis —32
EEG EEG Data ' Automatic
EEG [—] Amplitude
] Analysis  [~33 | 1 Sleep X
_ Staging
Alpha & Beta Alpha & Beta Characteristics Algorthm
] Processing '
Probability of Wake and Sleep
| _|EEG Waveform _
Analysis == | 4 [_]
[ Arousal Number of Arousals
Detection }
a> 36
EMG
EMG EMG Data
Processing
EOG(L)
EOG EOG Characteristics
EOG(R) Processing '
— — 38
Patient Patient Position Data
Position ] Position
osition Processin
g -39
Sound Paticnt
Breathing
Processing |~ AO

FIG 3a
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sl eep state and requires gas delivery dueto occurrence of a respiratory
‘event . STEP 3 After start is selected the apparatus will; 5

a) i mredi %65*163%66‘” gas delivery to patient, or © bperatbéddokre0as
delivery to patient when a pre-configured sleep state(s) is det ect ed,
or; c) start gas delivery to patient when a pre-configured
respiratory event(s) is detected, or; 10 d) start gas delivery to
pati ent when a pre-configured arousal type(s) is detected, or,

e) start gas delivery to patient when ?ﬂpre-configured periodic |eg
movement is MBtected. 15  STEP 4 -

..................................................

—+ STATE 10

STATES 13-20

. Q.
O
= =2 -
': Emt‘--
= o T 9
2 Eg)os
- —d
& &5 ”
o

state table

results to

Obstruc
tive apnea

resp.event

desaturat-
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Auto tinme start allows the apparatus to be switched on to gas delivery at a

certain presented tine. Auto-start nmay _be sel ected .concurrently with
aut o sl eep/ event start and the apparatus will start gas delivery
after a set tinme and when a set state is detected. 20 STEP 5

The appar at u@dlﬁﬂﬁlgies a neans for automatically scanning wﬂ%{, al
a e

I nput variables froma patient and determ nes; er the
data is typical and accurate; 25 b) whet her the data is affected by
sone formof artefact or other distortion 18 and alerts the system user
or operator; ) what the artefact %/r other distortionis, and if
possi bl e aut omat { stafel ystate | eppogp@netoe s efo0t epfion € e | epaa Epd):l‘eﬁostepitle@n, eg.
by way of filter{#g o] gaihehchpeige|ch |ch Sy cheing|tio bakk(iph o1f chedarddry
el ectrodes or sehsors]or blynot hefi heensn+BPn+4 | n+5 | n+6 | n+7 | n+8 | n+9 | n+1

0

S1 hyp |Y N N Y N N N N N N N
S2 apn | N N N N N N N N N N N
S3 3mix | N N Y N N N N N N N N
$4 4SA | Y N N N N N N N N N N

02
S5 Obs [N N N N N N N N N N N
S6 REM (N N N N N N N N N N N
S7 arou |Y N N Y Y Y N N N N N

s
S8 wake | Y Y Y Y Y Y N N N N N
§9 stgl |N N N N N N Y Y Y Y |Y
S10 stg . 2 |N N N |N N N N N N N N
Si1 stg3 | N N N N N N N N -IN N N
S12 |[stgd | N N N N N N N N N N N
S13 snore :

O-low |

S14 | snore
1

med
S15 snore
2
high
Sié6 snore
3

v
high
S17 | heart
rate
0-
norm
al
S18 heart
rate
1-
high
S19 heart
rate
2-low
S20 heart
' rate
3-
arryt
h.

FIG 4
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PCILAWRG6/ 00679 -18 - STEP 6
This step refers to applying an autonmatic channel iIntegrity scan and

det er m ni ng whi ch channel s are valid and then using valid channel

combi nat i ons W@ eflftbfy M ne a valid diagnostic node selection. 5

This automatic diagnostic node sel ection can al so be set f oFCHAH N8 us
updat e so that valid channels are reviewed during the patient

di agnostic node. The valid di agnosti ¢ node can be reviewed to ensure
that any channel s that have dropped out or are no |longer valid can be
conpensated for by an appropriate diagnostic 10 node (refer to'Fig. 8 for
a table of appropriate diagnostic nodes). The diagnostic node will be
sel ected by deternmining valid input chanféi8s and then selecting a node

that has at least the mninumvalid channels as listed in the diagnostic
node table. 15 |If the operator selects only airflow fromthe nask feed as

a nmeans of patient data i nput and the autonmatic Diagnostic node is
sel ected, the apparatus will scan the input data if auto input data
scan is selected and deterni gg that the airfl ow mask channel is vaJLd
and will automatically sel ed#it he di agnostic Respiratory event m
detection and possibly arou%?b detection only. Arousal may be deduced >
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20 determning an artefact signal riding on the airflow waveform

STEP 7 Start gas delivery when pre-selected state is detected 25 .
'STEP 8 Thi s node can be selected on for start of a study only to

determ ne valid channels or for "study node on" where the input data
will be sca Ing study to ensure that input chagRg I n

val i d. m%’%%an be achi eved by selecting a node type (|é§936faniﬁge?t| ng

one of the configurations for conbination of sleep, wake, respiratory
or arousal nonitoring - refer Fig. 8). By selecting one of the node
types the apparatus will indicate which paranmeters for the particular

nmode are required to be nonitored fromtfggpatient.
1. after each 1 sec:

CALCULATE |
MAXIMUM AND MINIMUM
VALUES of

EEG WAVEFORM

STORE the PERIODS
~and AMPLITUDES of the waves

which have PEAK to PEAK .
more than (MAX-MIN)/4

CALCULATE

the TOTAL DURATIONS
and AVERAGE AMLITUDES
of

BETA+SIGMA, ALPHA, THETA

and DELTA bands

STORE the DURATION and
AVERAGE AMPLITUDE

for TWO DOMINANT TYPES
TYPE 1 - BETA+SIGMA

TYPE 2 - ALPHA

TYPE 3 - THETA

TYPE4 - DELTA

2. after each epoch (20/30 sec):

COMMON ANALYSIS of 1sec DATA: -
a, detection of points where an EEG waveform type changes - the two dominant
bands change

b. calculation of SLEEP and WAKE probabilities: _
Prob{WAKE] = the total duration of alpha when it is one of dommant types;
Prob{SLEEP} = the total duration of theta when it is one of dominant types+

the total duration of delta when it is one of dominant types;

FIG 5b
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- ArteTnatitvely, a user can select channels-that are required to be nonitored

-and

shoul d be oper at ed. 5

channel s are appropriate to indicate that the patient data,
quality for further diagnostic processing8/1®
and EMG el ectrodes can be scanned and af

frequency and &

signal to noise ratio,
order to ensure that these par

STEP 9

characteristics of

Ci \Y; C U

Hebky

scanne

t he apparatus may then automatically deci de which diagnostic node
| nput data inte
functi on whi¥Q%Hl®¥ns the i nput channels to be
of determ ni ng whet her the signal

9l S A
the purpose

t hese i nput

useabl e pati ent data char
ratio is excessively high 15

conponent of a channel consi st

then this channel is likely tq.he ei ther ndt

is of suitable
For exanpl e the EEG EQOG
with reference to
Aaracteristics in

aneters are I'n a normal range for a
o Do AR IO b el 0 oo
s of { p Iy hsq:bnf rQ netic frequency,

conne

ted or

connection to the subject undg

r dRegfdefdudt tabile 17 and enter
default value for particular patient state

_~ 6|

Y

Read from Means 15 FIG | realtime

state output information

r“€52.

FIG 6a

63

patient sleep
state stabilising?

64

rate of sieep
state stabilisation
appropriate?

Is
patient
respiratory state
stabilising?

65

Is
rate of
respiratory rate
stabilisation
appropriate?

66

vy

Store air pressure
(Means 18 FIG 1)
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therefore better to not use this patient data channel rather than risk
inferjor di agnosis of the patient. 20 Anot her neans of scanni ng
patient input data for verification of signhal quality may "bHeTo evoKe
an i npedance checking function. The inpedance checklng function

inject a s , current through the patient's electr i f the
pa!tl ent nadvglggztfrlgde contact is pgor thelr[: the current w?&’éPgﬂ%@ a

hi gher voltage indicating 25 that the patient el ectrode nmay be in poor
cont act . This type of input channel verification is normally evoked
automatically by the apparatus, during a patient's use thereof. 1In
this way signal integrity and subsequent gas delivery conttol is able
to be continually verified for accuracy/$® against patient variables. It
is quite common for el ectrodes and sensors to cone | oose. or devel op

poar connections during the night, while a patient is being
nonitored. It is desirable that the apparatus is able to conpensate for
this factor

lX

Increase or decrease -
air pressure — 87
(Means 16 FIG 1)

Yy
Air delivery device changes

delivery rate/pressure to L~ 68
patient (Means 19,20 FIG 1)

Patient variables processed
and digitally converted L~ 69
(Means 10,12,13,14 FIG 1)

. i
Patient variables stabilise and -

patient variables indicate | 7O
stabilisdtion (Means 15 FIG 1)

- e

FIG 6b
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to have sufficient 1ntelligence not to incorrectly ai agnose a patient
t hrough corrupt data from poor patient connections. Anot her

function of i pis to determ ne which patient channe 5@%

used for pat#’@rﬁnégte derivation. The apparatus can in sokéﬂe%% nent s be'
configured with as little as one channel of data being input. This channel
could - be an airflow channel, for exanple, as determ ned by sensing an

airflow path provided by a gas delivery device to a patient. 10 The
apparatus nay use conventional pnuem)ﬂﬁtﬁbgraph data anal yS| s and

represent at i onffror—rgmrtqrrypatyenyt hfrpwreangmresgrTatory—dj sorders -
or events. 53 5B)i glgtEp [cpn |be(rjup glﬂcrratlca Iyt dyr id stjudy in order
to verify qual| ty—ertHppyt S+ged-—ea—- e edsEaryreegresy | ¢ node
can be aut omat ?anF-' changed |t p

Q>gé nag

= o O

- ole

-t~ ==

i )

jowe =]

v ND o =

"“-un." oo

-]

=2 o O

-y oo

&

[

E:' b =i~

6

Qv

@-ﬂ- oo

1]

52 = i=d

1 ~

§u olo -

o[

5 bl it u

o|. v

Cx) e

“ n =] h

é-&- = IO

g—-m. o o

£

Of= e mio

-4

ga.m e~

=

2o < |8

e =18

L ol

2 olo

\ind O o

¥ ole

hd o)e

" =4 (=]

Ll ole

- B

' zlolnlalo|ainis o |efebe | bl e e |olajaleielofale |

= N g"'éu ~ £ g ‘E’"v £ 2

£ e P HER A S R EEAr N M E EREE:

E2  BlRNEEei g BBl s e B o2

SUBSTITUTE SHEET (RULE 26)



15 conpensate for patent data channels which nmay not be of suitable

quality to .achi eve accurate and reliable patient diagnostic treatmment.
STEP 10 Val 1 d I nput channels can be sel ected by the system user.
Al'ternatively valid input 20 channels can be automatically detected by the
apparatus in ste 7. The apparatus will dynam cal Iy Sg dat e
the valid ﬁnﬁicordance W th scanned val id chann ?ﬂnﬁﬂﬁm&ﬂ STEP
11 25 ThIS step notes valid channel types and the subsequent valid node
for patient state and event detenvumatlon This information may be
used in |later g f gt et nﬁ T sfra &Y
dMermnaﬂon.E_._ , BAZWK Vgl i g|Sl eed unﬂmﬁagi may be
activated if thgiiaiEra g4 Hel anpat-dus g Hs node or
i f the automatiE#ipgggel eqt) functijoniils a¢tithed at 6 and i nput
data scan detec s““f ey iz P b nitmum! dohti athi ol o channel s
for sleep diagn sfic nﬂak
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el ect
| east

he—

PCT/ AU96/ 00679
5 STEP 14

the Sleen diaagnostic node is activated. .t

"Bt USR8 7S

data scan detects at
Respiratory diagnostic

if the auto

lf’my be acti vat ed.

12/18

of input channels for

|f

sl eep state determination algorithm
tivated in step 6 and i nput

has selected this npde or

STEP 15

STEP 13

RRB s,

a m ni mum confi guration

m)de._

a

10

Valid Respiratory Determ nati on node may be activated if the operator of

t he
function is

WD 97/ 16216
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If the Respiratory diagnostic node is activated a respiratory event
determination algorithmmay be activated. 15 STEP 16 Valid
Arousal Determ nation node may be activated if an operator of the o
appar atus has selected this node or if the automatic node sel ect function

S activated at step 6 and i nput data scan detects-at |east a m ni num
confi gurati oWO%1621§t | nnyt channel's for the Arousal di agndSH/AUSEBeRI? - 20
STEP 17. I f the arousal diagnostic node is activated an arousal state
determ nation al gorithm may be activat ed. 25 STEP 18. It is
unlikely that the apparatus will not ddBé® a valid node as even the
pati ent mask application allows the systemto determne that the
airflow sensor or the sk _pfessure sensor is a valid signal. In the
case of a mask airfl owd gnil’ jonl y- for exanple, the apparatus may
operate in a respi rator&* di pgrjosti ¢ mgpde. 30 One case where a valid
di agnosti c node nay not DS, detfected 44 when the
n —
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apparatus is turned on and the mask is not connected. In this case the
airfl ow . WD 97/ 16216 ' _
PCTT"AU96/ 00679 ‘ -22 - si gnal
‘my be scanned and determ ned as invalid, in which- case a continuous
pressure m%obﬁn?ﬁgl ied to the mask until automatic signalpcddddoddbéron

det er m nes t the airflow signal becones valid when the patient

appl i es the nask. 5 A default pressure applied to the patient's nask
may be determ ned either by an attendi ng physician or clinical data.
STEP 109. g

14/18

N M
v

Q =
] —~/

Y

(FIG I means 15)

!
»|Is patient Arousal diagnostic mode valid?
_ v
Run Patient Arousal event determination
algorithm.
Y

{(FIG 1 means 15)

(M—

> —
Is patient Respiratory diagnostic mode N
v

valid?

~ |

!

(FIG | means 15)

154

Run Paticnt Respiratory event
determination algorithm ?

(FIG 1 means 15)

N

Mode of diagnostic operation is now determined.

Valid input channels are now determined.

(FIG | means 15)

FIG 9a (cont.)

B

¥
Run Patient Sleep State determination
<

algorithm.

Is patient Sleep'diagnostic mode
]31‘ (FIG | means 135)

valid?
1 2J(F1G | means 15)
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in case,

I's start or continuation of arousal
Run i nstant aneous pressure seek-al gorithm

rate X,

determ nati on of the rate .of

event for the first 10 epochs of a di agnostic node
events.

STEP 20.
the seek routine does not 15 affect

respiratory instantaneous event detected.

arousa
STEP 22.
STEP 23. 25
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respiratory or

oper ati on.
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X rent .

a pa

val ue may be determned individually for different patients or
trials may

AU9

dinical

5

Has pati-ent- safety pressure limt been
val ue.

the purpose of opfinising the patient's

7

STEP 24.
val ue for a nunber of patients.

change for
WO 97/ 16216

in determnation of this
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ded?
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Are synptons of the start or continuation of respiratory and/or arousal

events “bei ng reduced ? The patient data needs to be continually
nonitored during pressure seek control 10- to ensure that pressure changes
assist in ceasing respiratory and/or arousal events. STEP 26.

Back off gas delivery pressure to a mninumpressure level required to
avoid 15 eW@dVIRMept on(s), ie. note pressure from step 20°CHAVL0072

ensures that excessive pressure is not supplied to the patient but
rather that a m ni num val ue of pressure is applied to stabilise the
patient's state. STEP 27. 20 Stop i nstantaneous gas delivery
pressure seek node. This step prevents an i ncrease in pressure where
the pressure has corrected the arousal or respiratory event or a
recommrended maximum pressure i s exceedggqg STEP 28. 25 Longer term

seek algorithms are required to determ ne whether a patient sleep

EPOCHS NUMBERS
s |1 |2 |3 |4 |5 [6 |7 B 9

~Wake | Wake | Wake | Wake | Wake | Wake | Wake | Wake | Wake

t'| None | None | None | None | None | None | None | None | None

Arotisal |3 12 (1 |2 |3 [5 14 [z Jo
eyent" '
PateNt™|S (S [S |S [S |S |S |S [S

‘position”
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can be I nproved by optim sing patient gas delivery. Some di agnostic

eval uations conducted by neans 15 (Fig. 1) [h order to . determmne
"appropriate" |onger term pressure changes: include: 30 WO 97716216
PCT/ AU96/ 00679 _ _ -24 - ?)
I's patient sb&gg, Late remai ni ng constant or changing to deeper stagg'o

sl eep, eg. staged} o REM stage 1 to 2, ‘stage 2 to 3, sta LEL

reduction in novement tine;

18/18

Sleep state WWWWWWWW11112222222
Respiratory |- |- [- |- [- |- [- |- [- |- 1-10lClOol- 1- 1T
event type _ .
Arousal-----------AAAA----
event and

type :

Patient SSSSSSSBBBBBLLLLLLL
position :

Is patient YY.YYYYYYYYYNNNYYYYY
state stable ?
Y/N :
Nominal |8 (8 |8 |8 |8 [8 |8 |8 (8 |8 1819 10,
pressure S|(0j0o jo |0
value-
CMH20

[}
—t
—
—
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STEP 31. 25

Run long term pressure seek algorithm. ie.

delivery at rate Z, to patient. Enter pressure value ¥ _
determ nation of rate of increase for pressure seek afl] (st PR .
value of Z may be determ ned fromclinical studies which ] may be
established to determ ne an effective valug-of pressure ragte cha o
t he purpose of L Sl Lent,s.,state. 30 ST ‘Has
patient safet ydegé}}erg@%ﬁe Igtlh%q © %Jerlﬁ %)?'c(eaé%ﬁi}m may be efigre jn &

PCT/ AU96/ 0067 9o0k-up table and retained for future use. _ -25 - _
Val ue Wrepresentsvahrrax' mum pressure that can be supplied to the patient.
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ere the apparatus is to be operated in a treatment mode, the pressure
values which are stored in the pressure set look-up table may be accessed
following patient state determination. The values entered in the pressure set
look-up table may be used to control directly a gas delivery device. During
treatment mode, pressure values appropriate to each patient state determined
during the integrated diagnostic mode may be used. This may enable direct
treatment of a patient where pressure values appropriate to each patient state
have previously been determined for that patient.

Where the apparatus is to be operated in a diagnostic mode, data
representing patiént states derived from the monitored physiological variables
may be recorded for later recall and review.

According to one aspect of the present invention there is provided
apparatus for determining gas delivery to a patient, said delivery being adapted to
maintain a physiological event such as effective respiratory function and/or
absence of arousals, said apparatus including:

means for monitoring physiological variables associated with said patient,
said physiological variables including at least one of EEG, EOG, EMG and patient
position;

means for deriving from said one or more variables, data representing
physiological states of said patient corresponding to the or each variable; and

means for determining from said data for each physiological state, a gas’
pressure value above and below which there is a deterioration in said event.

According to a further aspect of the present invention there is provided a
method for determining gas delivery to a patient, said delivery being adapted to
maintain a physiological event such as effective respiratory function and/or
absence of arousals, said method including the steps of:

monitoring one ‘or more physiological variables associated with said
patient, said physiological variables including at least one of EEG, EOG, EMG

and patient position;

deriving from said one or more variables, data representing physiological

states of said patient correéponding to the or each variable; and

=




Thiss val ue may be determ ned individually for different pat e&"?P’l‘AgngLSHéET

i n determning this value. 5 STEP 33. Ar
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or eseur & uhor o hG Sl & biagk 2B B SpRRlod Ak R ape ambPgimantn:

of the present invention;

Fig. 2 shows a block diagram of the apparatus according to another
embodiment of the present invention;

Figs. 3a and 3b show a flow chart of one form of patient state table
determining algorithm according to the present invention;

Fig. 4 shows one form of a patient state table with 11 epoch examples;

Figs. 5a and 5b show the general structure of one form of automatic sleep
staging algorithm and an algorithm for evaluating probabilities of wake and sleep;

Figs. 6a and 6b show a flow chart of one form of gas pressure seek
algorithm according to the present invention;

Figs. 7a and 7b show one form of a pressure set look up table according to
the present invention;

Fig. 8 shows one example of diagnostic monitoring modes according to the
present invention;

Figs. 9a and 9b show a flow chart of another form of gas pressure seek
algorithm according to the present in\)ention;

Fig. 10 shows a simplified patient state table; and i

Fig. 11 shows one form of default pressure table.

Referring to Fig. 1, patient interface means 10 is adapted to monitor a
plurality of physiological variables associated with a patient 11. Patient interface
means 10 includes one or more electrodes and/or transducers adapted to
monitor, inter alia, EEG, EMG, EOG, patient position and breathing to provide at
their respective outputs analog signals indicative of tﬁe variables being
monitored. A separate channel may be provided for each variable being
monitored. The analog output signals of patient interface means 10 are inputted
to analog signal processing means 12. Analog processing means 12 includes

one or more signal amplifiers, filters etc. for preamplifying and preconditioning the
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Finally, i

t

reconmended maxi mum pressure val ue
Ls to be understood that various al |m“£ml1m HIIII cafi REFLA@EHEHT SHEET
al

additions may be introduced into the constructisons and
parts previ ously described wi thout departing fromthe S&I
of the invention. -26 -

OI’ ahb

sai d delive

CLAI V5 Apparatus for determning gas deliverliLto a pat | ent,
r yﬁlg adapted to maintain a physiol pgi cal event suc

jt

asS

effective respiratory function 5 and/or absence of areusalsv—said ____|
appar at us i ncl udi ng: means for nonitoring physiol ogi cal
vari abl es aslsoci aﬁmlaratushfmadeiepahing'ngas delivepatal gpbatient] sgid delivenyi béihgs

i ncl udi ng at Jap?es one .0 and pati ent

to malnIaln a physq%oglca event such as effective respiratory function

5 and/or absence of arousals, said apparatus including:

means for monitoring physiological variables associated with said patient,

said physiological variables including at least one of EEG, EOG, EMG and patient

position;

means for deriving from said one or more variables, data representing

10 physiological states of said patient corresponding to the or each variable; and

means for determining from said data for each physiological state, a gas

pressure value above and below which there is a deterioration in said event.

2. Apparatus according to claim 1 wherein said physiological variables

include breathing.

15 3. Apparatus according to claim 1 or 2 wherein at least one of said means for

deriving and said means for determining is provided via digital processing means.

4, Apparatus according to claim 1, 2 or 3 wherein said deterioration is

detected by said deriving means.

5. Apparatus according to any one of the preceding claims wherein said

20 deriving means includes an automatic sleep staging algorithm.

6. Apparatus according to any one of the preceeding claims wherein said

deriving means includes means for evaluating sleep and/or arousal states.

7. Apparatus according to any one of the preceeding claims wherein said

deriving means includes means for detecting micro arousals.

25 8. Apparatus according to any one of the preceeding claims wherein said

deriving means includes means for detecting respiratory events.

9. Apparatus according to any one of the preceeding claims wherein said

determining means includes a pressure seek algorithm.

10.  Apparatus according to any one of the preceeding claims wherein said

30 data is derived during respective epochs of a monitored period and is stored in a |

patient state table.
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" the or each variable; and freains 4 oM det erni ni ng |f fon §aARR dgggp
for each physiological state, a gas pressure val ue aboyefand belomz_
which there is a deterioration in said evE?itt; 2. App rat th Elbrb];gll u:lgﬂ
toclaim1l rei si ol ogical .varja
3.  Appar a}tl\‘il}fsa ac %Bﬁ%aﬂbsog#%rpmq%tq W%TPH‘ §eid gﬁgqr
for dervatbegaristored fh eés%uf@geﬁ@bﬁ @b s provided via digital
processi ng neans. paratus acco ng to claiml, 2 or 3 wherein

sai d deterictt i o‘hpparatus acahydingt tocclaipn $@iot 1dewhen rppended to claim 3 wherein
one of the preceding clains wherein said 20

ngﬁxrfﬁtn;sngg‘%é fq@f?égtg?n "h%t"b???'l;ycasﬁoé%e‘iw isqid digifal progassing means.
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7. Appar atesgrieiccor ding to any one of the preceedl ng clains wherein said
deriving neaps ingcludes neans for detecti 23 mcro arousals. 25 8.
Appar at us ac rdl'?*EquB Ushgceardingr tor any pre oidbe injeceeding claimsdneludingda gas

Sopir " Ve 55 TP 0o Bfng heS! 613l 3P ) o iy Sav
det er ni ni ng determsinedgasdsressurenefsey.€ seek al gorithm 10.  Apparatus
accordi n8 to any one of the preceeding clains wherein said _
Apparatus according to claim 14 wherein said gas delivery means includes
a CPAP device.
16. A method for determining gas delivery to a patient, said delivery being
adapted to maintain a physiological event such as effective respiratory function
and/or absence of arousals, said method including the steps of:

156 monitoring one or more physiological variables associated with said
patient, said physiological variables including at least one ‘of EEG, EOG, EMG
and patient position;

deriving from said one or more variables, data representing physiological
states of said patient corresponding to the or each variable; and

20 determining from said data for each physiological state, a gas pressure
value above and below which there is a deterioration in said event.

17. A method according to claim 16 wherein said variables include breathing.
18. A method according to claim 16 or 17 wherein said deterioration is
detected during said deriving step.

25 19. A method according to claim 16, 17 or 18 wherein said deriving step
includes an automatic sleep staging algorithm.

20. A method according to any one of claims 16-19 wherein said deriving step
includes a step of evaluating sleep and/or arousal states. '
21. A method according to any one of claims 16-20 wherein said deriving step

30 includes a step of detecting micro-arousals.

22. A method according to any one of claims 16-21 wherein said deriving step
includes a step of detecting respiratory events.
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30 *data is derived during respective epochs of a nDnltoreT ]ﬂﬁ "ﬂ Iﬁ
stored in a patient state table. " JI , III*
-27 - 11. Apparatus according to claim 10 wherein sar %g

pressure values are stored in a pressure set |ook-up table. _
Apparatus according to claim10 or 11 when appended to claim3 wherein
said table is stored in a menory associated with said digital processing
nmeans. 5 13. Apparatus according to-i38t m 12 wherein said mem)ry

includes a pgrtal| gethod acEéidin ny one of Glaimd & £ & iran
r?ﬁf LM AWk oy

one of the preceeding clarns i a gas

del i vering gtep molusiesda p\@sseﬂiséék algcmrmnce with said determ ned gas
pressure val yes. Appar at us according to claim 14 wherein said gas

delivery medfts i Acmﬂibed accordl&QdOAanueme;@f claims 1ﬁ623 ‘whereirhsdid data is
~determ ni ngg@AGed ButiNg T¥spctReSHdchE of SRoRitdad b/eerrlald and i stored in a patient

5 state table.

25. A method according to claim 24 wherein said determined gas pressure
values are stored in a pressure set look-up table.
26. A method of delivering gas to a patient including a method for controlling
said delivery according to any one of claims 16-25.

10 27. Apparatus for controlling gas delivery to a patient substantially as herein
described with reference to the accompanying drawings.
28. A method for controlling gas delivery to a _patient substantially as herein
described with reference to the accompanying drawings.
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adapted to mai ntain a physiol ogi cal event such as effective respiratory

function and/ or absence of arousal's, said method including the steps
of : 15- moni tori ng one or nore physiol ogical varia t ed
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one of EEG EOG EMG and patient position,

said one or nore variables, data representing physiol ogi
said patient corresponding to the or each variable; and O
determining fromsaid data for each physiol ogi cal state,
val ue above and bel ow which there is qéﬂ%terioration in
17. A nethod according to claim 16 wh in said variables T
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-28 - 23. A nmethod according'to any:one of clains 16

sai d determ ning step includes a pressure seek aI ImnmnIIE"III"I“I

24. A nethod according to any one of clains 16-23 wherein sard datia ins s

derirved during respective epochs of a nonitored period and is stored in

a patient state table. 10 25. A net hog according to claim24 wherein

sai d determ ned gas pressure ?ues are stored in a pressure set

| ook-up table. 26. A nethod of dellverlng gas to a patient

i ncluding a_nethod f
23. A method according to any one of claims 16-22 wherein said

determining step includes a pressure seek algorithm.

24. A method according to any one of claims 16-23 wherein said data is
derived during respective epochs of a monitored period and is stored in

a patient state table.

10 25. A method according to claim 24 wherein said determined gas pressure
values are stored in a pressure set look-up table.

26. A method of delivering gas to a patient including a method for
determining gas delivery according to any one of claims 16-25.

15
27. Apparatus for determining gas delivery to a patient substantially as
herein described with reference to the accompanying drawings.
28. A method for determining gas delivery to a patient substantially as
20 herein described with reference to the accompanying drawings.
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(57) Abstract

Apparatus for controlling gas dclivery to a patient, the delivery being adapted to maintain a physiological event such as effective
respiratory function and/or absence of arousals. The apparatus includes means (10, 12, 13) for monitoring one or more physiological
' variables such as EEG, EOG, EMG, patient position and breathing associated with the patient. The apparatus also includes means (14,
15) for deriving from the variables, data representing physiological states of the patient corresponding to the variables and means (16, 17)
for determining from the data for each physiological state, a gas pressure value beyond and below which there is a deterioration in the

physiological event. The deriving means
pressure seek algorithm.

may include an automatic sleep staging algorithm (41) and the determining means may include a




