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The present invention relates to apparatus for controlling gas delivery to
a      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 controlled 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, sleep
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
sleep medical fields.             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:



WO 97/16216
PCT/AU96/00679                                             -2-
Demand Positive Air Pressure (DPAP) which is a device that supplies
positive air pressure by detecting the patients respiratory cycle and
applies the air      pressure when the patient 'demands' this;
Bi positive air pressure (BIPAP), which is a device that allows two states
of  5  positive pressure and monitors the patient's respiration and
delivers air pressure      depending on whether the patient is undergoing
inspiration or expiration; and             Variable Positive Air Pressure
(VPAP) which is a device that delivers a      varying air pressure
depending upon the patient's respiration cycle.             Other devices
have been developed to automatically adjust air pressure 10  delivered to a
patient during sleep.             Whilst the prior art recognizes 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 apnea (as detected or diagnosed by conventional means) upper 



15  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     
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apparatus can in one mode be adapted to diagnose physiological states and
in       another mode adjust the pressure of air delivery to the patient to
a level which       accurately reflects the patient's state of wakefulness,
sleep or arousal.             Due to the complex and varying states of
sleep and broad range of sleep  5  disorders that can be diagnosed, many
different physiological variables (raw data)      and events (derived data)
may be monitored and/or analysed. While some      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:      * Electroencephalogram      (EEG)      * Electro-oculogram
(EOG)      * Electro-myogram           (submental EMG from muscles under
the chin)      * Electro-myogram          (diaphragm EMG from respiratory
effort) 15  * Electro-myogram           (other EMG reflecting muscle and
nerve activity 



either by invasive or non-invasive monitoring)      * Status of patient
position      * Breathing and snoring sounds (via microphone)      * Leg
movements                (Left and/or Right legs) 20  * Electrocardiogram
(ECG)      * Oximetry                     (S[err] O[err] - Oxygen
saturation)      * Carbon dioxide monitoring    CO[err]      * Respiratory
effort       (Abdominal, thoracic or otherwise)      * 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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-4 -        CPAP mask sound           (monitoring for patients breathing
sounds within                                      CPAP mask).
These sounds include snoring, wheezing and
other disordered breathing sounds 5  * Status of lights      * Graphic
processing of video image (allows determination of whether patients
eyes are open or closed).      * 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.      * Infrared Video
monitoring (for night studies)      * Complex sound analysis (accurate,
full bandwidth or limited bandwidth         recording and analysis of
breathing sounds). 15  * Physiological events: ie ECG arrhythmia, EEG spike
detection, EEG spindles         amongst others      * Endoscopy      *
Breath by breath analysis-pnuemotachograph      * 3 D imaging 20   *
Infrared eye detection for fatigue 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 other      variables/events while at
the same time control treatment such as positive air         WO 97/16216
PCT/AU96/00679                                             -5- 



pressure. The positive air pressure treatment may be adjusted dynamically
to suit      the patients prevailing:      -    sleep state, respiratory
events (ie OSA, central apnea, hypopnea, mixed             apnea)  5  -
position (different air pressure may be required depending upon the
patient's sleep position),      -    arousals status (ie micro arousals may
occur due to insufficient or             excessive pressure),      -
snoring (varying degrees of pressure may be required depending upon the 10
patient's snoring - if for example the patient has taken alcohol 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 15  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/events may
be performed in any suitable manner and 20  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 25  staging methodologies. The diagnostic mode includes
means for determining an      appropriate gas pressure 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 30  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 prevailing state of the      patient as determined
during the treatment mode.          WO 97/16216
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The apparatus may operate in an integrated diagnostic and treatment 



mode wherein treatment via gas delivery 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 a mattress      sensor device.
By detecting the patient'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 from optimal 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[err] 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 converting 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            WO 97/16216
PCT/AU96/00679                                            -7-      suitable
software means to derive from the monitored physiological variables, 



corresponding patient states and/or events. The processing means may make
use of one or more algorithms to automatically derive the patient states
and/or      events.  5         The algorithm(s) may be adapted to derive,
inter alia, hypopnea,      obstructive apnea, central apnea and mixed apnea
respiratory events, arterial      oxygen desaturation (SaO2), 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 tool 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[err] O[err] desaturation,
obstructive apnea, mixed      apnea, central apnea, hypopnea or the like is
detected. The pressure may      continue to be increased 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 detecting that a monitored      event has
deteriorated. The apparatus may also include means for detecting         WO
97/16216                                                  PCT/AU96/00679.
-8-      central apnea events triggered by the brain. In central apnea
events gas delivery      pressure changes may have little or no effect on a
patient's respiratory function. 



It is therefore desirable to establish a central apnea condition before
responding      excessively to a respiratory event.  5         In one form
the digital processing means may be programmed via suitable      software
to determine from each patient state and/or 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 pressure 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 line and modem. In
one form the remote memory      may include a portable carrier such as a
magnetic 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 locally or remotely. 



25   Default values may be determined from clinical trials. The default and
manually      entered values may be entered in a table of default pressure
values.             Where the apparatus is to be operated. in an integrated
diagnostic and      treatment mode, pressure values which are determined by
the pressure seek      algorithm may be used to control 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
-9 -       determined by the pressure seek algorithm may be entered in a
pressure set       look-up table and retained for future use.
Where 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
5  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 10  have previously been determined for
that patient.             Where the apparatus is to be operated in a
diagnostic mode, 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 provided 15  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 20   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. 25        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 30
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                      determining
from said data for each physiological state,  a gas pressure      value
above, and below which there is a deterioration in said event.
A preferred embodiment of the present invention will now be described
with reference to the accompanying drawings wherein:-  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 present 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 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 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            WO 97/16216
PCT/AU96/00679                                           - 11 -
signals to an appropriate bandwidth and amplitude level to -provide a
suitable      input to analog to digital (A/D) converter means 13. A/D
converter means 13 may      include one or more A/D converters and is
adapted to convert the analog      processed signals to digital data. A/D
converter means 13 may digitise each  5  analog channel at a sampling rate
suitable for that particular channels signal and      to a format which can
be read by digital signal processing means 14. Digital      processing
means 14 includes a microprocessor or microcomputer and is      adapted to
accept digital data from A/D converter means 13. 



Digital processing means 14 includes means 15 for deriving from the digital
10  data, patient states/events corresponding to the monitored variables
such as      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[err]O[err] 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 accurately
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 and         WO 97/16216
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stabilizes. The resultant pressure value may then be entered into a
pressure set      look-up table 18.            The process may be repeated
over many epochs and the results stored 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 only 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 delivery device 20, such as a
CPAP or other externally controlled 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 stored 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 staging algorithm 41. The information processed
includes an EEG histogram calculated using zero-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 sleep
staging algorithm 41 is inputted to the patient state 30  table determining
algorithm shown in the flow chart of Fig. 3b. The outputs of the
latter algorithm marked "STATE 1" to "STATE 20" are stored in a patient
state      table, an example of which is shown in Fig. 4. 
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Figs. 5a and 5b show one form of automatic sleep staging  algorithm 41.
Such algorithms are known in the art and will not be described in detail
herein.       Fig. 5a shows the general structure of the sleep staging
algorithm 41 and Fig. 5b       shows a syntactic algorithm for evaluating
probabilities of wake and sleep.  5          Figs. 6a and 6b show a flow
chart of an algorithm  for determining      appropriate gas pressure based
on patient state. Real time patient state is      derived at step 60 by
patient state deriving means 15. Step 61 enters an initial      pressure
value for the particular patient state from default pressure table 17.
Step 62 reads real time patient state information from patient state
deriving 10   means 15. Step 63 performs a test to establish whether the
patient sleep state is      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 69) 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
appropriate. 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 algorithm 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 determination 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   
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determination is yes (Y) the air pressure is stored in pressure set.
look-up table      18.            Figs. 7a and 7b show one example of a
pressure set look-up table. The      numbers at the top of the table
represent the epochs (each epoch is selectable to  5  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 diagnostic study.
Stages 1, 2, 3, 4 and REM may be listed where the patient state is
considered      stable, eg. the incidence of respiratory events, arousals
and micro-arousals are at      a minimum that can be archived with optimal
pressure (achieved by tracking 10  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, 



15  which most closely represents 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 20  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 25  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" 30  for different of
types of study such as when the patient has had alcohol or other      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     
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particular patient. After sufficient clinical data is available it may be
possible to       extrapolate various conditions or other tables of
pressure values from the       patient's standard data, rather than having
to conduct separate studies when the       patient has had drugs
administered or is excessively tired or is under the  5  influence of other
causes that could significantly affect the patient's gas delivery
requirements.             The last columns of Fig. 7a and 7b show an
example of default pressure       settings. These default settings may be
preset in the apparatus or determined by       a supervising medical
practitioner or healthcare worker. 10        Only the first two rows of the
table have been filled in to serve as an       example of the format of
table. The default table may consist of a left hand state       column plus
several options of defaults depending on patient category - eg.
severe apnea suspect etc.             In Fig. 7a it is apparent that during
stage 1 sleep a pressure setting equal 15  to 8.5 cm H[err]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[err]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 are
available to end user include marketing      factors - ie what the market
requires in terms of end user options. The chart      shows the optional
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      
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-16-             4    R -           represents respiratory state monitoring
5    WS -       represents wake and sleep state monitoring             6
WA -        represents wake and arousal state monitoring             7
WR -        represents wake and respiratory state monitoring  5         8
SW-           represents sleep and wake state monitoring             9
SA -       represents sleep and arousal state monitoring             10
SR -       represents sleep and respiratory state monitoring             11
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 single 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  STEP 1      Turned on" refers to apparatus being in active mode. This
does not necessarily      mean that the apparatus is operating a gas
delivery mode but at least is in a      standby or power on-mode ready for
a clinician or patient to select start.   30  STEP 2.      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



WO 97/16216
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sleep state and requires gas delivery due to occurrence of a respiratory
event.       STEP 3       After start is selected the apparatus will;  5
a)   immediately start gas delivery to patient, or       b)   start gas
delivery to patient when a pre-configured sleep state(s) is       detected,
or;       c)   start gas delivery to patient when a pre-configured
respiratory event(s) is       detected, or; 10   d)   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 periodic leg
movement       is detected.  15   STEP 4 



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 5
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        
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This step refers to applying an automatic channel integrity scan and
determining      which channels are valid and then using valid channel
combinations to determine      a valid diagnostic mode selection.  5
This automatic diagnostic mode selection can also be set for continuous
update      so that valid channels are reviewed during 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 selecting 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  determining an artefact signal riding on the airflow waveform.
STEP 7      Start gas delivery when pre-selected state is detected.   25
STEP 8      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.      
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Alternatively, a user can select channels that are required to be monitored
and      the apparatus may then automatically decide which diagnostic mode
should be      operated.   5  STEP 9      Input data integrity scan is a
function which allows the input channels to be      scanned for the purpose
of determining whether the signal characteristics of      these input
channels are appropriate to indicate that the patient data, is of suitable
quality for further diagnostic processing. 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 current will produce a
higher voltage indicating 25  that the patient electrode may be in poor
contact.        This type of input channel verification is normally 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       
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to have sufficient intelligence not to incorrectly diagnose a patient
through       corrupt data from poor patient connections.         Another
function of this step is to determine which patient channels are to be  5
used for patient state derivation. The apparatus can in some embodiments be
configured with as little 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.   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 patent data channels which may not be of suitable
quality to      achieve accurate 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 Sleep 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.  
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-21 -       STEP 13       If the Sleep diagnostic mode is activated the
sleep state determination algorithm       may be activated.    5 STEP 14
Valid Respiratory Determination mode may be activated if the operator of
the       apparatus has selected this mode or if the automatic mode select
function is       activated in step 6 and input data scan detects at least
a minimum configuration       of input channels for Respiratory diagnostic
mode. 10      STEP 15 



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 STEP 18.      It is
unlikely that the apparatus will not detect a valid mode as even the
patient      mask application allows the system to determine that the
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         WO 97/16216
PCT/AU96/00679                                            -22 -      signal
may be scanned and determined as invalid, in which- case a continuous
pressure may be applied to the mask until automatic signal validation
determines      that the airflow signal becomes valid when the patient
applies the mask.    5  A default pressure applied to the patient's mask
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       STEP 24.       Has patient safety pressure limit been
exceeded?         WO 97/16216
PCT/AU96/00679                                             -23 -
Value Y represents a maximum pressure that can be applied to a patient.
This       value may be determined individually for different patients or
may be a common       value for a number of patients. Clinical trials may
assist in determination of this       value.  5       STEP 25. 



Are symptoms of the start or continuation of respiratory and/or arousal
events       being reduced ?       The patient data needs to be continually
monitored 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 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         WO 97/16216
PCT/AU96/00679                                             -24 -       a)
is patient sleep state remaining constant or changing to deeper stage of
sleep, eg. stage 4 to REM, stage 1 to 2, stage 2 to 3, stage 3 to 4,
reduction in       movement time;   



5   b)    "appropriate" denotes that the rate that the rate at which sleep
stages       change into a deeper stage of sleep occur at an ideal rate,
where the ideal 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, 15
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?         WO 97/16216
PCT/AU96/00679                                             -25 -
Value W represents a maximum pressure that can be supplied to the patient. 



This value may be determined individually for different patients or may be
a       common value for a number of patients. Clinical trials may assist
in determining       this value.  5       STEP 33.       Are symptoms of
start or continuation of respiratory and/or arousal events trend
being reduced ?       The patient data needs to be continually monitored
during pressure seek control 10  to ensure that pressure changes assist in
ceasing respiratory and/or arousal       events.         STEP 34.
Back off gas delivery pressure to ensure that a minimum pressure level is
15  determined to avoid 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 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.                                                 -26-
CLAIMS        1.   Apparatus for determining gas delivery to a patient,
said delivery being      adapted to maintain a physiological 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.
-27 -       11.  Apparatus according to claim 10 wherein said determine gas
pressure       values are stored in a pressure set look-up table.       12.
Apparatus according to claim 10 or 11 when appended to claim 3 wherein
said table is stored in a memory associated with said digital processing
means.  5   13.  Apparatus according to claim 12 wherein said memory
includes a portable       carrier.       14.  Apparatus according to any
one of the preceeding claims including a gas       delivery means for
delivering gas to said patient in accordance with said       determined gas
pressure values. 10  15.  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: 15        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.   



-28 -        23.  A method according to any one of claims 16-22 wherein
said            determining step includes a pressure seek algorithm.  5
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 2 0
herein described with reference to the accompanying drawings.    




