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7) ABSTRACT

Methods and apparatus for assessing the condition of and
treating patients for stroke during the delivery of continuous
positive airway pressure (CPAP) are disclosed. By deter-
mining central and obstructive apnea occurrences or the
percentile of pressure delivered to the patient from patient
airflow, stroke indicators may be calculated and analyzed to
provide information on the type of stroke a patient has
suffered and the degree of a patient’s neuro-recovery. The
apparatus may be programmed with a particular protocol
intended to identify between alternative forms of CPAP
treatment appropriate for the patient based upon an assess-
ment of the patient’s condition. The device can select and
recommend between the various treatment forms, identify
billing reimbursement codes and generate data to track
patient response to stroke treatments.
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Fig. 7
71: Patient enters
IN-PATIENT rehabilitation hospital
PROTOCOL 'L
72: SDB questionnaire —> 73: Questionnaire
applied to patient reviewed by Sleep
J Physician
- 75: Questionnaire 76: Questionnaire
7;:'2;;22? 4] negative to SDB. positive to SDB.
OS5 No suspicion of Suspicion of SDB.
required. SDB. l

77: Further assessment required.

78: Study negative
No further
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79(a): Embletta 79(b): Full PSG ! 80: Study negative

No further diagnostic diagnostic No further assessment
assessment.
81: Study positive 82: Study positive

v

83: Autoset T y ) 84: Sleep Service l I 85: Full PSG
treatment trial Facility CPAP fitration

v y

86: Four week review 87: Patient goes on to

l CPAP or AutoSet T
88: R’fessgl;tion 89: Continue 90: Patient followed
_ofsp Autoset T or CPAP ™| up in CPAP clinic as
iscontinue appropriate
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METHODS AND APPARATUS FOR STROKE
PATIENT TREATMENT

[0001] This application claims the priority filing date of
U.S. provisional patent application serial No. 60/254,151
filed on Dec. 11, 2000.

FIELD OF THE INVENTION

[0002] The invention relates to methods and apparatus for
diagnosing, managing and treating stroke patients both as
in-patients and out-patients.

BACKGROUND OF THE INVENTION

[0003] Stroke, or brain attack as it is commonly called, can
be caused by either vascular hemorrhage or vascular block-
age with the latter accounting for about 80% of the events
which lead to a stroke. Vascular hemorrhage is also termed
a haemorrhagic stroke or an aneurism. Vascular blockage
may also be termed ischaemic stroke. Both types of stroke
are associated with considerable morbidity in terms of
long-term neurological deficit and the risk of subsequent
stroke as well as mortality post stroke.

[0004] Stroke treatment in the acute phase typically entails
the invasive administration of clot dissolving drugs within
the first three hours of the stroke as well as stabilization of
cardiovascular functions and vital signs. After treatment in
the acute phase, patients may typically follow four path-
ways: (i) in the case of mild stroke the patient may go home,
(ii) in the case of a more severe stroke where it is believed
an improvement in outcome can occur the patient may be
sent to rehabilitation, (iii) other patients may be sent to
special care/nursing home, (iv) some patients die. The
present application is concerned with patients in the reha-
bilitation pathway. Rehabilitation is costly for health care
systems hence it is desirable to provide improved patient
outcomes at a lower cost where possible.

[0005] While the use of a blood thinning agent such as
Tissue Plasminogen Activator may be used in the treatment
of ischaemic stroke, it may be the wrong therapy to give in
the case of a haemorrhagic stroke. Hence it is important to
determine the type of stroke which has occurred in the
patient. Furthermore, the drug therapy may vary during the
course of treatment depending on the progress which the
patient makes. Hence it is important to monitor the progress
of the patient during treatment.

[0006] The application of nasal Continuous Positive Air-
way Pressure (“CPAP”) as a treatment for Obstructive Sleep
Apnea (“OSA”) was invented by Sullivan and taught in U.S.
Pat. No. 4,944,310. That patent described continuous posi-
tive airway pressure being applied to a patient, through the
patient’s nares, to treat breathing disorders, including sleep
apnea. It has been found that the application of pressure
which exceeds atmospheric pressure, typically in the range
4 to 15 centimeters of H,O is useful in treatment. OSA is an
example of a broader class of breathing disorders generally
referred to as Sleep Disordered Breathing (“SDB”).

[0007] In one form, nasal CPAP treatment of OSA
involves the use of a computer controlled blower, such as the
AUTOSET T™ device available from ResMed Ltd., to
provide a supply of air or breathable gas at pressures in the
range of 4 to 20 cm H,O to the airway of a patient via a
mask. Examples of suitable nasal CPAP masks are the
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MIRAGE™ nasal mask and the MIRAGE™ full face mask
also available from ResMed Ltd. The AUTOSET T™ device
continuously monitors the state of the patient’s airway and
determines an appropriate pressure to treat the patient,
increasing it or decreasing it as necessary. Some of the
principles behind the operation of the AUTOSET T™ device
are described in U.S. Pat. No. 5,704,345,

[0008] Another form of treatment for SDB is bi-level
pressure support ventilation provided by way of a nasal
CPAP mask. The treatment involves providing air at a higher
pressure during the inspiratory portion of the breathing cycle
and at a lower pressure during the expiratory portion of the
breathing cycle. A suitable device for delivering bi-level
nasal CPAP is the VPAP™ II ST/A available from ResMed
Ltd.

[0009] A typical clinical pathway for OSA is as follows:

[0010] (i) A patient consults their general practitioner
or physician;

[0011] (ii) The general practitioner or physician
refers the patient to a specialist or a sleep clinic;

[0012] (iii) The specialist or clinic assesses the
patient;

[0013] (iv) An overnight polysomnography is per-
formed;

[0014]

[0015] In a hospital setting, the team of physicians treating
inpatients for other conditions may recognize symptoms of
sleep disordered breathing on an ad hoc basis and refer the
inpatient to a sleep specialist within the hospital. The patient
will then proceed through steps (iii) to (v) as above.

[0016] Recently it has become recognized that stroke
patients may benefit from treatment with CPAP, for example
as taught in International Patent Application W098/51362
(Farrell & Pace). While the clinical pathways for identifying
patients with OSA are becoming more established, there are
few clinical pathways for identifying stroke patients who
may benefit from such therapies. Furthermore, there are no
known devices for managing the therapy of such patients.

[0017] Tt is an objective of the invention to provide
methods and apparatus for managing the treatment of res-
piratory disorders in stroke patients. It is a further objective
to provide methods and apparatus which assist in the iden-
tification or diagnosis of stroke patient condition to assist in
treatment of the patient.

(v) An overnight titration study is performed.

SUMMARY OF THE INVENTION

[0018] The invention provides methods and apparatus for
managing ventilatory treatment of stroke patients. In one
form, the invention provides apparatus for diagnosis, patient
monitoring, nasal ventilation, with or without concomitant
drug therapy, using continuous positive airway pressure
(CPAP) or bi-level pressure treatment or variants thereof,
including devices which automatically set their pressures
based on physiologic data inputs.
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BRIEF DESCRIPTION OF DRAWINGS
[0019]

[0020] FIG. 2 shows a first in-patient flowchart according
to the Invention;

[0021] FIG. 3 shows a second in-patient flowchart accord-
ing to the invention,

[0022] FIG. 4 shows a third in-patient flowchart according
to the invention;

[0023] FIG. 5 shows a first out-patient flowchart accord-
ing to the invention,

[0024] FIG. 6 shows a second out-patient flowchart
according to the invention;

[0025] FIG. 7 shows a flow chart in accordance with an
embodiment of the invention.

FIG. 1 shows apparatus according to the invention;

DESCRIPTION OF THE INVENTION

[0026] Nasal CPAP treatment has been traditionally used
for the management of patients with obstructive sleep apnea
where CPAP acts as a pneumatic splint to maintain upper
airway patency and therefore ensures free flow of air while
the patient sleeps. The current invention describes the use of
positive pressure ventilation, which may include CPAP,
bi-level pressure, or variants thereof, for stroke patients. The
use of CPAP treats stroke patients by improving arterial
blood oxygenation levels and reducing arterial carbon diox-
ide levels as well as improving auto-regulation of, for
example, blood pressure, cardiac output and ventilation.
Improvements in morbidity, such as rate and degree of
recovery of vital signs and patient stabilization in the acute
phase, is an expected benefit. Also, an improvement in
neurological deficits in the short and/or long term is an
expected benefit.

[0027] The advantages of the use of CPAP in assisting
stroke rehabilitation are greater than that provided by oxy-
genation per se. For example, providing oxygen will in itself
not prevent the patient from having an apnea. Reducing or
eliminating apneas may reduce the damaging side-effects of
apnea, such as unnecessary activation of the sympathetic
nervous system, surging blood pressure and increases in
blood flow. Furthermore, some CPAP devices can detect the
presence of apneas, distinguish between central and obstruc-
tive apneas and provide an increased pressure if needed to
stabilize an obstructed or partially obstructed airway.

[0028] Many stroke patients may be physically incapable
of or experience discomfort in traveling to a sleep clinic for
a sleep study. Hence there is a need to provide alternative
methods and apparatus for treating the breathing disorders of
stroke patients in rehabilitation. Furthermore, there are sim-
ply not enough places in sleep clinics to accommodate
stroke patients. Thus in one aspect, the invention provides a
simplified screening, diagnosis and treatment models suit-
able for patients in stroke rehabilitation which would not
overburden the current sleep clinics.

[0029] 1In reference to FIG. 1, the invention provides
apparatus that includes a computer-controlled blower 2, flow
and pressure sensors 4, a mask 6, air delivery conduit 8 for
connection between the blower 2 and the mask 6. The
apparatus further includes a communication port or module
10, for example, a wireless communication transceiver and/
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or a network card, for communication with other devices or
computers such as hand-held display and control devices 12.
The apparatus further includes an oximeter in the main
blower housing. There is a sense tube 14 connected to the
main housing of the blower to the mask which allows the
apparatus to sense oxygen concentration and pressure levels
in the mask 6. The apparatus further includes a communi-
cations interface 16 for connection to a diagnosis unit. The
diagnosis unit includes a pulse oximeter 20, respiratory
movement sensors 22, EEG & ECG 24.

[0030] While this apparatus is described as a single unit,
it is understood that a combination of devices and/or com-
puters linked by any available communications method may
be used to accomplish the goals of the invention. For
example, the apparatus can interface with a variety of
hand-held devices such as a Palm Pilot via wireless com-
munication. With such a device, a physician may, for
example, remotely monitor, analyze or record the status or
data history of a patient or diagnose the patient’s condition
using the device. For example, remote devices may store
stroke indicators, such as in a database of patient stroke
recovery information for one or more patients, from data
generated by use of the apparatus. Furthermore, the treat-
ment program which is being run on the patient can be
monitored and changed remotely. In the event patient data is
transmitted over open networks, the data may be encrypted
for purposes of patient confidentiality.

[0031] The apparatus has two treatment modes, a first
mode for treating obstructive apneas and a second mode for
treating central apneas. In the first mode, the device provides
a generally constant pressure throughout a breathing cycle,
but may vary the pressure in accordance with indications of
partial or complete obstruction of the airway. One technique
for accomplishing this using a combination of flow limita-
tion and snore measurements is described in U.S. Pat. No.
5,704,345 (Berthon-Jones). One apparatus embodying
aspects of the invention described in the ’345 patent is
AUTOSET T™ (ResMed Ltd). Other known alternative
methods to vary the pressure for delivering CPAP treatment
to a patient to treat obstructive apneas would be recognized
by those skilled in the art and may be utilized as modes in
the device.

[0032] In one form of the second mode, the apparatus
provides a higher pressure to the mask during the inspiratory
portion of the breathing cycle, the so-called IPAP, and a
lower pressure to the mask during the expiratory portion of
the breathing cycle, the so-called EPAP. This may be accom-
plished by monitoring the respiratory flow to the patient and
defining a threshold level. When flow exceeds the threshold
then the device will deliver the IPAP, whilst below the
threshold, the device will deliver the EPAP. The determina-
tion of respiratory airflow may be accomplished by moni-
toring the total flow rate of air to the patient and subtracting
any components due to leak. Leak airflow may be deter-
mined by using a method such as taught in U.S. Pat. No.
6,152,129 (Berthon-Jones). Other known methods for deter-
mining leak may also be used by the device. The two
different pressure levels may be achieved using a least two
methods. In one method, a near-constant speed blower
develops a constant pressure equivalent to the IPAP pressure
and during the EPAP phase, some of the air is vented. In
another method, a blower may be alternately accelerated and
decelerated in order to develop the pressure appropriate for
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each phase of the breathing cycle. The VPAP™ II ST/A
(ResMed Ltd) uses the latter method.

[0033] In another form of the second mode, the device
delivers therapy in accordance with the methods taught in
International Patent Application WO 99/61088 (Berthon-
Jones)

[0034] The apparatus according to the invention may be
used to monitor patient health characteristics including, for
example, oral and/or nasal airflow, snore, abdominal move-
ment, chest wall movement, oximetry, pulse rate, body
position and flattening index via the diagnosis unit and
sensors in the blower. As an alternative to the diagnosis unit
apparatus according to the invention may be used in con-
junction with a portable diagnosis system, for example, the
EMBLETTA portable diagnosis system (FLAGA, Iceland),
or the MESAM system (MAP, Germany). In a preferred
embodiment, the flattening index is measured according to
the method described in U.S. Pat. No. 5,704,345 (Berthon-
Jones). The contents of U.S. Pat. No. 5,704,345 are hereby
incorporated by cross-reference.

[0035] The apparatus generates one or several indices
determined from an analysis of the patient’s health charac-
teristics useful for assessing appropriate treatment or diag-
nosing the condition of the patient. Such indices serve as
stroke indicators to indicate patient improvement or stroke
type as detailed below. An index determined in accordance
with the invention may be used by a physician in conjunc-
tion with other known methods of analyzing the health of the
patient. For example, an index in accordance with the
invention may be used in conjunction with a cognitive test
for assessing functional outcomes. In addition, an index in
accordance with the invention may be used to assess a
patient in conjunction with Magnetic Resonance Imaging
(MRI). The apparatus may be used to monitor a patient and
generate an index with or without applying a CPAP treat-
ment regime.

[0036] One such index is based upon a functional rela-
tionship between the number of central or obstructive apneas
over a particular time period. When the patient is being
treated with CPAP, the device continuously monitors
whether the patient is having an apnea and if so, whether the
apnea is central or obstructive. The apparatus determines an
index from a comparison of the number of central and
obstructive apneas or a function of the ratio of the number
of central to obstructive apneas during a particular time
period.

[0037] Methods and apparatus for distinguishing between
central and obstructive apneas are described in U.S. Pat. No.
5,704,345. In one technique, when an apnea is detected as
occurring, the apparatus applies an oscillatory pressure
waveform of known frequency and magnitude and accesses
the patency of the airway from the flow which is induced in
the airway. In one form, if the airway is patent during an
apnea, then the apnea is judged to be central. However, if the
airway is closed during an apnea, then the apnea is judged
to be obstructive. In another technique, when an apnea is
detected as occurring, the apparatus monitors the airflow for
the presence of a signal of cardiac origin. If a cardiac signal
is detected, then the airway is judged to be patent and the
apnea classified as central. If no cardiac signal is detected,
then the airway is judged to be closed and the apnea
classified as obstructive.
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[0038] Other methods for distinguishing between central
and obstructive apneas include monitoring chest movement
using respiratory bands and monitoring the movement of the
suprasternal notch, for example, as taught in International
Patent Application WO 01/19433 (Berthon-Jones et al.).

[0039] This index may serve as an indication of the degree
of neuro-recovery for a stroke patient. One effect of the
stroke may be to damage those components of the brain
which participate in respiratory drive, causing a relatively
high incidence of central apneas compared to obstructive
apneas. If neuro-recovery causes the patient to recover some
of that respiratory drive, there would be an impact on the
index when compared to an index recorded closer in time to
the occurrence of stroke.

[0040] Alternatively, the effect of the stroke may be to
damage brain tissue involved in the autonomic nervous
system, which may cause a loss of muscle tone, for example
to the airway. In turn this may lead to a relatively higher
incidence of obstructive apneas. Hence the index may be
used as part of the assessment techniques to determine the
type of stroke which the patient has suffered. Use of the
index may assist in assessing the location of the stroke, and
in determining the appropriate form of therapy.

[0041] The changing value of the index may also provide
an indication to the physician that the dosage of pharmaco-
logical agents given to the patient ought to be changed. For
example, if the index indicated that neuro-recovery was
occurring, then it may be appropriate to reduce the dose of
the agent. Alternatively, the index may be used to monitor
the efficacy or effectiveness of a drug protocol. For example,
by monitoring the index for one or more patients, which may
include the storing of multiple indices in a database of
patient information, and by an analysis of such data, it may
be determined that a drug is safe and/or appropriate as a
treatment for stroke in general. Additionally, monitoring and
analysis may indicate that a particular treatment is working
for a particular patient.

[0042] The index may also be used as part of a CPAP-
device management strategy. If a patient is being treated
with a relatively more expensive computer controlled CPAP
device that is capable of treating both obstructive and central
apneas, yet the index indicates that the patient has few
central apneas, then it may be appropriate to treat the patient
with a relatively cheaper basic CPAP device which does not
distinguish between central and obstructive apneas.

[0043] An additional index may be a function of the
pressure delivered to the patient. In a computer controlled
CPAP device such as ResMed Ltd.’s AUTOSET T™ which
can automatically increase the CPAP pressure during an
obstructive apnea to stabilize the airway, a record of the
pressures used to treat the patient may provide an indication
of the changing status of the patient. For example, monitor-
ing the 95th percentile of pressure delivered during the
previous treatment session, as described in International
Patent Application PCT/AU99/01130, may provide such a
status indication. Furthermore, an history of the 95th per-
centile of the previous treatment session kept over several
months may provide an index of stroke recovery.

[0044] Neuro-recovery may result in an increase in upper
airway muscle tone which in turn leads to a decrease in the
CPAP pressure needed to treat an obstructive apnea. Moni-
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toring the 95th percentile may be useful as part of a
CPAP-device management strategy. For example, if a
patient is being treated with a relatively more expensive
computer controlled CPAP device, yet the 95th percentile
index indicates that there is little change in the pressure
being delivered, it may be appropriate that the patient be
treated with a relatively cheaper basic CPAP device which
delivers a fixed pressure.

[0045] Another index is an Apnea Hypopnea Index
(“AHI”) which is an indicator of the level of severity of a
patient’s sleep disordered breathing. The AHI is determined
by adding the total number of apneas and hypopneas the
patient experienced over a particular time period, such as
during the study, and dividing that figure by the total time for
that period. An example of an AHI scoring rule set is: (i) An
apnea is scored if the 2-second moving average ventilation
drops below 25% of the recent average (time constant=100s)
for at least 10 consecutive seconds. (i) An hypopnea is
scored if the 8 second moving average drops below 50% but
not more than 25% of the recent average for 10 consecutive
seconds. Other forms of AHI index are known by those
skilled in the art.

[0046] The described apparatus may be used for the treat-
ment and diagnosis of stroke victims in accordance with the
following protocol or programmed to follow a decision
making protocol to provide automated assistance in the
process of evaluating the condition of and identifying appro-
priate treatment for patients after stroke. A single device or
multiple devices may be used to accomplish this protocol.

[0047] Patients typically enter rehabilitation clinics as a
“stepping stone” between an acute care ward in a hospital
and a return to normal community life. The patients may
come from stroke units, spinal units, respiratory wards or a
number of other wards. Upon admission to a rehabilitation
clinic, the physician can conduct a sleep history assessment
of the patient with the questionnaire appearing on the
hand-held device and the results being sent to the apparatus.
In conjunction with the assessment, the apparatus then may
recommend particular further tests to be done, such as
oxygen saturation, and overnight sleep studies. The appara-
tus can conduct these tests and recommend treatment levels.
Further, the apparatus can provide CPAP treatment.

[0048] There are a number of different patient treatment
models which are shown as flowcharts in FIGS. 2 to 6. The
flow charts, and later discussion, indicate AutoSet T and
VPAP as particular embodiments of the invention, however
it is to be noted that in other forms of the invention, other
forms of CPAP and bi-level CPAP may be used. As part of
the patient treatment model, the apparatus can provide the
physician with the appropriate healthcare reimbursement
scheme codes.

[0049] In the first model, shown in FIG. 2, patients pass
from acute care to rehabilitation admission. According to the
invention, all patients entering the rehabilitation clinic are
asked a number of simple questions in a Sleep History
Assessment, step 26, which are designed to probe for the
possibility of sleep disorders.
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[0050] A set of possible questions is as follows:

[0051] Do you suffer from excessive daytime sleepi-
ness?

[0052] Do you suffer from nocturnal choking?

[0053] Do you have restless sleep?

[0054] Do you snore? or Has anyone told you that
you snore?

[0055] Do you stop breathing during sleep or has
anyone ever told you that you stop breathing during
sleep?

[0056] Do you suffer from a dry throat in the morn-
ing?

[0057] Do you suffer from headaches in the morning?

[0058] Do you feel very tired during the day?

[0059] Do you feel very sleepy during the day?

[0060] Have you ever fallen asleep while driving?

[0061] These questions are suitable for flagging the pos-

sibility that a patient be given a more rigorous and detailed
assessment by a trained sleep or respiratory physician. A
positive determination indicates that an in-patient sleep
study should be conducted.

[0062] During one form of sleep study such as by a
portable device, the patient’s breathing is monitored. Their
Apnea Hypopnea Index (AHI) is determined and each event
is classified. Apneas can be classified as obstructive, central
or mixed. Other events which can be identified include
hypopneas, snoring & partial upper airway obstruction.
Effort, position, oxygen saturation and flow limitation index
can also be determined.

[0063] During a night of testing, step 28, patients with an
Apnea Hypopnea Index (AHI) of greater than a threshold of
about 20 are assessed to determine if they have Central Sleep
Apnea (CSA) or OSA. During a central apnea, patients
provide no respiratory effort. During an obstructive apnea,
the patient’s effort is obstructed by, for example, an overly
flexible upper airway which physically blocks their attempts
at breathing. A patient may have both central and obstructive
apneas on different occasions. Those with OSA are given a
night’s assessment with an AUTOSET T™ apparatus to
determine if treatment with that particular device is appro-
priate for the patient, step 30. This assessment is based upon
accepted medical standards for the use of the device. If this
assessment results in approval, the patient will be sent home
with an AUTOSET T™ apparatus. Those patients diagnosed
with CSA are assessed with a bi-level CPAP device, step 32,
such as the ResMed VPAP II ST/A. They are also given full
polysomnography (PSG).

[0064] Patients with a negative result from the sleep
history assessment are given a night’s oxygenation screen-
ing using the apparatus. Those patients indicating a greater
than 10% desaturation are given an in-patient portable sleep
study as described above. Those patients indicating a less
than 10% desaturation are recommended routine care.

[0065] According to the clinical path shown in FIG. 3, the
patient does not undergo sleep history assessment, other-
wise, the path is similar to FIG. 2. According to the clinical
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path shown in FIG. 4, patients diagnosed with Central Sleep
Apnea do not undergo full polysomnography, otherwise the
path is similar to FIG. 3.

[0066] The first out-patient clinical pathway is conducted
in a sleep laboratory after discharge from a rehabilitation
hospital. As shown in FIG. 5, the patient is screened for
Sleep Disordered Breathing (SDB) by measuring blood
oxygenation overnight using apparatus according to the
invention. Those patients with a desaturation of less than
10% and a negative sleep history proceed to routine care.
Those patients with either a positive sleep history (for
example, as determined via the questioning indicated above)
or a desaturation of greater than 10% proceed to a night
study using the apparatus or alternatively, a portable device
such as the EMBLETTA as described above.

[0067] Those patients with an AHI of less than a threshold
of about 20 proceed to routine care. Those patients with an
AHI of greater than about 20 are assessed to determine
whether they have CSA or OSA. Those with OSA are
assessed overnight with an AUTOSET T™ apparatus and
full polysomnography after which they may be prescribed to
take home the AUTOSET T™apparatus. Those patients with
CSA are assessed with a VPAP apparatus and full polysom-
nography. They may then be prescribed with a VPAP appa-
ratus. While the invention discloses 20 as a threshold, by
recording stroke indicators such as the AHI of many patients
in a database and analyzing other data for the patients, the
threshold may be adjusted to improve the accuracy of the
threshold.

[0068] A second clinical pathway for out-patients is con-
ducted in a sleep laboratory prior to entry to a rehabilitation
hospital. During the first night, the patient is screened for
SDB using an oximeter. Those patients with a desaturation
of less than 10% and a negative sleep history pass to routine
care. Those patients with a greater than 10% desaturation or
a positive sleep history indicating the possible presence of
SDB then pass to a night’s full polysomnography. Those
with an AHI of less than 20 pass to routine care. Those with
an AHI of greater than 20 are assessed to determine if they
experience CSA or OSA. Those with CSA are assessed with
a VPAP™ apparatus and may be discharged with the device.
Those with OSA are assessed with an AUTOSET T™
apparatus and may be discharged with the device.

[0069] Another aspect of the invention is that there is a
follow-up for OSA patients of approximately 4 weeks after
treatment using the AUTOSET T™ apparatus. This period
allows the patient to become more familiar with wearing the
mask and breathing against the pressure. Importantly, since
in the AUTOSET T™ apparatus the device monitors patient
compliance, the efficacy of treatment can be assessed. For
example, the number hours of patient treatment including
actual hours when the device was used and not simply
switched on can be reviewed by the clinic.

[0070] In a preferred embodiment, the apparatus identi-
fies, displays and/or records reimbursement codes relating to
the treatment provided by the apparatus. For example, the
apparatus may be programmed to provide the appropriate
US Medicare reimbursement codes indicated in FIG. 2 to
the physician via a hand-held device or other centralized
computer to assist in the process of applying for funding of
the treatment.

[0071] The Medicare codes which are provided for phy-
sician information by the apparatus, as shown on FIGS. 2 to
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6 are now described in more detail. ICD-9-CM coding is
recommended for all clinical settings and is required for
reporting disease and diagnosis to all US public health
services and HCFA programs. A physician needs to select
the CPT code and descriptor that most accurately identifies
the procedure or service performed, and it may be provided
by the apparatus. The physician may also list additional
procedures performed or pertinent special services and when
necessary, any modifier. All procedures and services need to
be accurately documented in the patient’s medical record,
which may be accomplished through the communications
module. The code may be subject to a modifier. A modifier
enables the reporting physician to indicate that a performed
service has been altered by some circumstance. Modifiers
may be used to indicate: (a) a technical-only or professional-
only component of services or procedures (e.g., 95810 TC
indicates the technical-only component of a sleep study) and
(b) that a service or procedure was performed in part (e.g.,
95810-52 indicates a sleep study with a reduced number of
channels recorded). Level I modifiers are used in conjunc-
tion with Level I codes (CPT codes). When billing CPT
Code 95805, 95806, 95807, 95808, 95810, or 95811, an
ICD-9-CM code must be used.

[0072] FIG. 7 depicts an in-patient protocol in accordance
with an embodiment of the invention. In accordance with the
embodiment depicted in FIG. 7, a patient enters rehabilita-
tion hospital in step 71. In step 72, a sleep disordered
breathing (SDB) questionnaire such as the one described
above is given to the patient. The results of the questionnaire
are reviewed by a physician in step 73. If the questionnaire
provides a negative assessment of SDB, and there is no
suspicion of SDB, no further assessment of the patient takes
place, as indicated in step 74. However, if the assessment
indicates that there is a suspicion of SDB, further assessment
is carried out, as indicated in step 77. In one form of
assessment, a portable diagnostic system, such as Embletta
(Flaga, Iceland) is used as indicated by step 79(2). In another
form of assessment, full polysomnography (PSG) is carried
out on the patient, as indicated in step 79(b). If either the
portable or full diagnosis steps provides a negative result, as
indicated in steps 78 and 80 respectively, no further assess-
ment of the patient is carried out. Following the flowchart
line from the portable diagnostic system, if there is a positive
outcome from the assessment, (step 81) a trial of an auto-
matically titrating CPAP device, such as AutoSet T™, is
provided as indicated in step 83. This is given a review at
four weeks, as indicated in step 86. If the SDB is resolved,
treatment with the automatically titrating CPAP device is
discontinued. If the SDB does not resolve, treatment with a
fixed pressure CPAP or an automatically titrating CPAP
device is continued as indicated in step 89. In addition, in
step 90, the patient is followed up in a CPAP clinic as
appropriate. Following the flowchart line from a positive full
polysomnography, a full CPAP titration study is carried out
in step 85. A patient may then go on to a fixed pressure CPAP
or an automatically titrating CPAP, such as AutoSet T™. In
common with the flowchart path from a portable diagnostic
system, a patient following the full PSG diagnosis will be
followed up in a CPAP clinic as appropriate. Steps 79 to 90
may be managed by a sleep service facility.

[0073] While the invention has been described in one
form, it is to be understood that this form is merely illus-
trative of the invention. For example, it is contemplated that
a device in accordance with an embodiment of the invention
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conducts monitoring during a monitoring period of a patient
without delivering air at positive pressure. In this embodi-
ment, a device may include an airflow monitor, such as an
airflow sensor, a respiratory effort monitor, such as a respi-
ratory band or suprasternal notch sensor, and a computer
programmed to calculate the number of central and obstruc-
tive apneas from data from the airflow and respiratory effort
monitors and derive a stroke indicator therefrom. Those
skilled in the art would understand that the stroke indicator
may be calculated using data from the monitoring period.
Furthermore, the stroke indicator may be calculated at a
location remote from the monitoring device. Other varia-
tions can be made without departing with the spirit and
scope of the invention.

1. A method for evaluating the condition of a patient after
stroke comprising the steps of:

delivering breathable gas at a pressure above atmospheric
to a patient after stroke;

measuring the airflow of said patient; and

determining a stroke indicator from said airflow, said
stroke indicator representing information about the
patient’s condition.

2. The method of claim 1 wherein said determining step
includes analyzing said airflow to determine an occurrence
of central apnea and said stroke indicator is calculated as a
function of said occurrence of central apnea.

3. The method of claim 2 wherein said determining step
includes analyzing said airflow to determine an occurrence
of obstructive apnea and said stroke indicator is calculated
as a function of said occurrence of obstructive apnea.

4. The method of claim 3 wherein said stroke indicator is
a function of a ratio of said occurrence of central apnea and
said occurrence of said obstructive apnea.

5. The method of claim 4 further comprising recording
said stroke indicator over time.

6. The method of claim 5 further comprising the step of
analyzing said stroke indicator over time to determine a
change in said stroke indicator.

7. The method of claim 1 wherein said determining step
includes analyzing said airflow to determine a first percentile
pressure from pressure delivered to a patient in a current
session and comparing said first percentile pressure with a
second percentile pressure from pressure delivered to said
patient in a prior session.

8. The method of claim 7 wherein said first and second
percentile pressures are 95th percentile pressures.

9. The method of claim 6 or 8 wherein said stroke
indicator indicates a degree of neuro-recovery of the patient.

10. The method of claim 4 wherein said stroke indicator
indicates a type of stroke that the patient has suffered.

11. The method of claim 1 further comprising of the step
of recording said stroke indicator in a database of stroke
indicators for multiple patients.

12. The method of claim 1 further comprising the step of
identifying subsequent treatment based upon said stroke
indicator.

13. The method of claim 12 wherein said treatment is a
form of CPAP therapy.

14. The method of claim 12 wherein said treatment is a
change in drug therapy.
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15. The method of claim 1 further comprising the step of
evaluating changes in said stroke indicator to assess the
efficacy of an administered drug.

16. The method of claim 15 wherein said step of evalu-
ating said stroke indicator includes storing said stroke indi-
cator in a database of patient information.

17. The method of claim 16 wherein said stroke indicator
is a function of a number of occurrences of central apnea.

18. The method of claim 17 wherein said stroke indicator
is a function of a number of occurrences of obstructive
apnea.

19. The method of claim 18 wherein said stroke indicator
is a function of a ratio of a number of occurrences of central
apnea and a number of occurrences of obstructive apnea.

20. An apparatus for evaluating the condition of a patient
after stroke comprising:

a mask;

a blower to supply breathable gas at a pressure above
atmospheric to said mask;

a flow sensor to generate a flow signal indicative of the
patient’s airflow; and

a computer to process said flow signal and control said
blower wherein said computer is programmed with
instructions for:

controlling said blower to deliver breathable gas at a
pressure above atmospheric to a patient; and

calculating a stroke indicator from said flow signal,
said stroke indicator representing information about
the patient’s condition.

21. The apparatus of claim 20 wherein said instructions
for calculating said stroke indicator control an analysis of
said flow signal to determine an occurrence of central apnea
and said instructions calculate said stroke indicator as a
function of said occurrence of central apnea.

22. The apparatus of claim 21 wherein said instructions
for calculating said stroke indicator control an analysis of
said airflow to determine an occurrence of obstructive apnea
and said instructions calculate said stroke indicator as a
function of said occurrence of obstructive apnea.

23. The apparatus of claim 22 wherein said instructions
for calculating said stroke indicator control a calculation of
said stroke indicator as a function of a ratio of said occur-
rence of central apnea and said occurrence of said obstruc-
tive apnea.

24. The apparatus of claim 23 wherein said computer is
further programmed with instructions for recording said
stroke indicator over time.

25. The apparatus of claim 24 wherein said computer is
further programmed with instructions for controlling an
analysis of said stroke indicator over time to determine a
change in said stroke indicator.

26. The apparatus of claim 20 wherein said instructions
for calculating said stroke indicator control a determination
of a first percentile pressure from pressure delivered to a
patient in a current session and a comparison of said first
percentile pressure with a second percentile pressure deter-
mined from pressure delivered to said patient in a prior
session.

27. The apparatus of claim 26 wherein said first and
second percentile pressures are 95th percentile pressures.
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28. The apparatus of claim 20 with further instructions for
recording said stroke indicator in a database of stroke
indicators for multiple patients.

29. The apparatus of claim 20 with further instructions for
identifying subsequent treatment based upon said stroke
indicator.

30. The apparatus of claim 29 wherein said treatment is a
form of CPAP therapy.

31. The apparatus of claim 29 wherein said treatment is a
change in drug therapy.

32. The apparatus of claim 20 with further instructions for
evaluating changes in said stroke indicator to assess the
efficacy of an administered drug.

33. The apparatus of claim 32 wherein said instructions
for evaluating said stroke indicator store said stroke indica-
tor in a database of patient information.

34. The apparatus of claim 33 wherein said stroke indi-
cator is a function of a number of occurrences of central
apnea.

35. The apparatus of claim 34 wherein said stroke indi-
cator is a function of a number of occurrences of obstructive
apnea.

36. The apparatus of claim 35 wherein said stroke indi-
cator is a function of a ratio of a number of occurrences of
central apnea and a number of occurrences of obstructive
apnea.

37. An apparatus for evaluating the condition of a patient
after stroke comprising:

a means for supplying breathable gas at a pressure above
atmospheric to a patient;

a flow sensor means to generate a flow signal indicative
of the patient’s airflow; and

a computer means to process said flow signal and control
said blower wherein said computer is programmed with
instructions for:

controlling said blower to deliver breathable gas at a
pressure above atmospheric to a patient; and

calculating a stroke indicator from said flow signal,
said stroke indicator representing information about
the patient’s condition.

38. The apparatus of claim 37 wherein said instructions
for calculating said stroke indicator control an analysis of
said flow signal to determine an occurrence of central apnea
and said instructions calculate said stroke indicator as a
function of said occurrence of central apnea.

39. The apparatus of claim 38 wherein said instructions
for calculating said stroke indicator control an analysis of
said airflow to determine an occurrence of obstructive apnea
and said instructions calculate said stroke indicator as a
function of said occurrence of obstructive apnea.

40. The apparatus of claim 39 wherein said instructions
for calculating said stroke indicator control a calculation of
said stroke indicator as a function of a ratio of said occur-
rence of central apnea and said occurrence of said obstruc-
tive apnea.

41. The apparatus of claim 40 wherein said computer is
further programmed with instructions for recording said
stroke indicator over time.

42. The apparatus of claim 41 wherein said computer is
further programmed with instructions for controlling an
analysis of said stroke indicator over time to determine a
change in said stroke indicator.
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43. The apparatus of claim 37 wherein said instructions
for calculating said stroke indicator control a determination
of a first percentile pressure from pressure delivered to a
patient in a current session and a comparison of said first
percentile pressure with a second percentile pressure deter-
mined from pressure delivered to said patient in a prior
session.

44. The apparatus of claim 43 wherein said first and
second percentile pressures are 95th percentile pressures.

45. The apparatus of claim 37 with further instructions for
recording said stroke indicator in a database of stroke
indicators for multiple patients

46. The apparatus of claim 37 with further instructions for
identifying subsequent treatment based upon said stroke
indicator.

47. The apparatus of claim 46 wherein said treatment is a
form of CPAP therapy.

48. The apparatus of claim 46 wherein said treatment is a
change in drug therapy.

49. The apparatus of claim 37 with further instructions for
evaluating changes in said stroke indicator to assess the
efficacy of an administered drug.

50. The apparatus of claim 49 wherein said instructions
for evaluating said stroke indicator store said stroke indica-
tor in a database of patient information.

51. The apparatus of claim 50 wherein said stroke indi-
cator is a function of a number of occurrences of central
apnea.

52. The apparatus of claim 51 wherein said stroke indi-
cator is a function of a number of occurrences of obstructive
apnea.

53. The apparatus of claim 52 wherein said stroke indi-
cator is a function of a ratio of a number of occurrences of
central apnea and a number of occurrences of obstructive
apnea.

54. A medium for storing instructions for use by an
electronic processor to control the evaluation of the condi-
tion of a patient after stroke, said instructions for controlling
the execution of the step of:

calculating a stroke indicator from a measure of airflow of
a patient, said airflow measured during the delivery of
a pressure of breathable gas above atmospheric, said
stroke indicator representing information about the
patient’s condition.

55. The medium of claim 54 wherein said stroke indicator
is calculated as a function of a determined occurrence of
central apnea.

56. The medium of claim 55 wherein said stroke indicator
is calculated as a function of a determined occurrence of
obstructive apnea.

57. The medium of claim 56 wherein said stroke indicator
is a function of a ratio of said occurrence of central apnea
and said occurrence of said obstructive apnea.

58. The medium of claim 57 further comprising the step
of recording said stroke indicator over time.

59. The medium of claim 58 further comprising the step
of analyzing said stroke indicator over time to determine a
change in said stroke indicator.

60. The medium of claim 54 wherein said determining
step includes analyzing said airflow to determine a first
percentile pressure from pressure delivered to a patient in a
current session and comparing said first percentile pressure
with a second percentile pressure from pressure delivered to
said patient in a prior session.



US 2002/0185130 Al

61. The medium of claim 60 wherein said first and second
percentile pressures are 95th percentile pressures.

62. The medium of claim 59 or 61 wherein said stroke
indicator indicates a degree of neuro-recovery of the patient.

63. The medium of claim 57 wherein said stroke indicator
indicates a type of stroke that the patient has suffered.

64. The medium of claim 54 with further instructions for
recording said stroke indicator in a database of stroke
indicators for multiple patients.

65. The medium of claim 54 with further instructions for
identifying subsequent treatment based upon said stroke
indicator.

66. The medium of claim 65 wherein said treatment is a
form of CPAP therapy.

67. The medium of claim 65 wherein said treatment is a
change in drug therapy.

68. The medium of claim 54 with further instructions for
evaluating changes in said stroke indicator to assess the
efficacy of an administered drug.

69. The medium of claim 66 wherein said instructions for
evaluating said stroke indicator store said stroke indicator in
a database of patient information.

70. The medium of claim 67 wherein said stroke indicator
is a function of a number of occurrences of central apnea.

71. The medium of claim 70 wherein said stroke indicator
is a function of a number of occurrences of obstructive
apnea.

72. The medium of claim 71 wherein said stroke indicator
is a function of a ratio of a number of occurrences of central
apnea and a number of occurrences of obstructive apnea.

73. A method for evaluating the condition of a patient
after stroke comprising the steps of:

during a first period delivering breathable gas at a pres-
sure above atmospheric to the patient;

determining a first index as a function of the total number
of hypopneas and apneas experienced by the patient
during said first period,

comparing said first index 1o a threshold value and if said
first index exceeds said threshold value then selecting
between forms of CPAP treatment.

74. The method of claim 73 further comprising the step of
querying for sleep history information about a patient,
wherein said delivering breathable gas is based upon infor-
mation from said querying.

75. The method of claim 73 further comprising the step of
determining a second index as a ratio of the number of
central apneas and the number of obstructive apneas expe-
rienced by said patient during said first period, wherein said
step of selecting between forms of CPAP treatment is a
function of said second index.

76. The method of claim 75 wherein said threshold value
is about 20.

77. The method of claim 76 wherein said forms of CPAP
include CPAP and bi-level CPAP.

78. The method of claim 77 wherein said CPAP is selected
when said second index indicates a low occurrence of
central apnea.

79. The method of claim 73 further comprising the step of
identifying a reimbursement code associated with treatment
provided to the patient.

80. An apparatus for evaluating the condition of a patient
after stroke comprising:
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a mask;

a blower to supply breathable gas at a pressure above
atmospheric to said mask;

a flow sensor to generate a flow signal indicative of the
patient’s airflow; and

a computer to process said flow signal and control said
blower wherein said computer is programmed with
instructions for:

during a first period delivering breathable gas at a
pressure above atmospheric to the patient;

determining a first index as a function of the total
number of hypopneas and apneas experienced by the
patient during said first period,

comparing said first index to a threshold value and if
said first index exceeds said threshold value then
selecting between forms of CPAP treatment.

81. The apparatus of claim 80 further comprising the step
of querying for sleep history information about a patient,
wherein said delivering breathable gas is based upon infor-
mation from said querying,

82. The apparatus of claim 80 further comprising the step
of determining a second index as a ratio of the number of
central apneas and the number of obstructive apneas expe-
rienced by said patient during said first period, wherein said
step of selecting between forms of CPAP treatment is a
function of said second index.

83. The apparatus of claim 82 wherein said threshold
value is about 20.

84. The apparatus of claim 83 wherein said forms of
CPAP comprise CPAP and bi-level CPAP.

85. The apparatus of claim 84 wherein said CPAP is
selected when said second index indicates a low occurrence
of central apnea.

86. The apparatus of claim 80 with further instructions for
identifying a reimbursement code associated with treatment
provided to the patient.

87. An apparatus for evaluating the condition of a patient
after stroke comprising:

a means for supplying breathable gas at a pressure above
atmospheric to a patient;

a flow sensor means to generate a flow signal indicative
of the patient’s airflow; and

a computer means to process said flow signal and control
said blower wherein said computer is programmed with
instructions for:

during a first period delivering breathable gas at a
pressure above atmospheric to the patient;

determining a first index as a function of the total
number of hypopneas and apneas experienced by the
patient during said first period,

comparing said first index to a threshold value and if
said first index exceeds said threshold value then
selecting between forms of CPAP treatment.

88. The apparatus of claim 87 further comprising the step
of querying for sleep history information about a patient,
wherein said delivering breathable gas is based upon infor-
mation from said querying,
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89. The apparatus of claim 87 further comprising the step
of determining a second index as a ratio of the number of
central apneas and the number of obstructive apneas expe-
rienced by said patient during said first period, wherein said
step of selecting between forms of CPAP treatment is a
function of said second index.

90. The apparatus of claim 89 wherein said threshold
value is about 20.

91. The apparatus of claim 90 wherein said forms of
CPAP comprise CPAP and bi-level CPAP.

92. The apparatus of claim 91 wherein said CPAP is
selected when said second index indicates a low occurrence
of central apnea.

93. The apparatus of claim 87 with further instructions for
identifying a reimbursement code associated with treatment
provided to the patient.

94. A medium for storing instructions for use by an
electronic processor for controlling the evaluation of the
condition of a patient after stroke, said instructions for
controlling the execution of the steps of:

determining a first index as a function of the total number
of hypopneas and apneas experienced by a patient from
a first period of delivered breathable gas at a pressure
above atmospheric;

comparing said first index to a threshold value and if said
first index exceeds said threshold value then selecting
between forms of CPAP treatment.

95. The medium of claim 94 further comprising the step
of querying for sleep history information about a patient,
wherein said delivering breathable gas is based upon infor-
mation from said querying.

96. The medium of claim 94 further comprising the step
of determining a second index as a ratio of the number of
central apneas and the number of obstructive apneas expe-
rienced by said patient during said first period, wherein said
step of selecting between forms of CPAP treatment is a
function of said second index.

97. The medium of claim 96 wherein said threshold value
is about 20.

98. The medium of claim 97 wherein said forms of CPAP
comprise CPAP and bi-level CPAP.

99. The medium of claim 98 wherein said CPAP is
selected when said second index indicates a low occurrence
of central apnea.

100. The medium of claim 94 with further instructions for
identifying a reimbursement code associated with treatment
provided to the patient.

101. A method of deriving a stroke indicator of a patient
after stroke comprising the steps of:
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determining the number of central and obstructive apneas
which the patient has during a first time period,

calculating a stroke indicator index from a comparison of
the number of central and obstructive apneas which the
patient has during the first time period, said stroke
indicator representing information about the patient’s
rehabilitation from stroke.
102. Apparatus for deriving a stroke indicator of a patient
after stroke comprising:

an airflow sensor means for measuring respiratory airflow
of a patient;

an effort sensor means for measuring the respiratory effort
of the patient,

a computer means programmed (a) to monitor the airflow
and effort sensor means, (b) to determine a number of
central and obstructive apneas which the patient has
during a first time period, and (c) to calculate a stroke
indicator index from a comparison of the number of
central and obstructive apneas which the patient has
during the first time period, said stroke indicator index
representing information about the patient’s recovery
from stroke.

103. Apparatus for deriving a stroke indicator of a patient

after stroke comprising:

a flow sensor to generate a respiratory signal of a patient;

a respiratory band to generate an effort signal of the
patient;

a computer programmed to determine a number of central
and obstructive apneas which the patient has during a
first time period from data from said respiratory signal
and said effort signal and to calculate a stroke indicator
index from a comparison of the number of central and
obstructive apneas which the patient has during the first
time period, said stroke indicator index representing
information about the patient’s recovery from stroke.

103. A medium for storing instructions for use by an

electronic processor for controlling the derivation of a stroke
indicator, said instructions for controlling the execution of
the steps of:

calculating a stroke indicator index from a comparison of
a number of central and obstructive apneas determined
from data representing respiratory airflow and patient
effort from a first time period, said stroke indicator
index representing information about the patient’s
recovery from stroke.
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