
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2015/038666 Al
19 March 2015 (19.03.2015) P O P C T

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
A61M 16/00 (2006 ) kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

PCT/US20 14/055025 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

10 September 2014 (10.09.2014) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,

(25) Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,

(26) Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(30) Priority Data:
61/876,127 10 September 2013 (10.09.2013) US (84) Designated States (unless otherwise indicated, for every

14/482,445 10 September 2014 (10.09.2014) US kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

(72) Inventors; and TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(71) Applicants : AHMAD, Samir S. [US/US]; 12539 Carmel TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

Canyon Road, San Diego, California 92130 (US). DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
BALOA-WELZIEN, Leonardo Alberto [US/US]; 2185 1 LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
Eveningside Lane, Lake Forest, California 92630 (US). SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

GW, KM, ML, MR, NE, SN, TD, TG).
(74) Agent: GARRED, Mark, B.; Stetina Brunda Garred &

Brucker, 75 Enterprise, Suite 250, Aliso Viejo, California Published:
92656 (US).

— with international search report (Art. 21(3))

(54) Title: ZERO PRESSURE START CONTINUOUS POSITIVE AIRWAY PRESSURE THERAPY

PRESSURE
LEVEL

PRESSURE

LEVEL

(104)

106

0 cm
TIME

TREATMENT TREATMENT
INITIATION START
COMMAND (98)

(92)
00

© FIG. 4
(57) Abstract: A respiratory assistance device is disclosed. There is a patient interface for coupling to a patient respiratory passage

o way, and a selectively regulated therapeutic gas flow source in pneumatic communication with the patient over the patient interface.
A controller is connected to the therapeutic gas flow source and is receptive to inputs of a prescription pressure level and an initial
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ZERO PRESSURE START CONTINUOUS POSITIVE

AIRWAY PRESSURE THERAPY

CROSS-REFERENCE TO RELATED APPLICATIONS

This application relates to and claims the benefit of U.S. Provisional

Application No. 61/876,127 filed September 10, 2013 and entitled "ZERO

PRESSURE START CONTINUOUS POSITIVE AIRWAY PRESSURE

THERAPY" and U.S. Provisional Application No. 61/881,360 filed September 23,

2013 and entitled "ZERO PRESSURE START CONTINUOUS POSITIVE

AIRWAY PRESSURE THERAPY", the entire disclosures of which are hereby

wholly incorporated by reference.

STATEMENT RE: FEDERALLY SPONSORED RESEARCH/DEVELOPMENT

Not Applicable

BACKGROUND OF THE INVENTION

1. Technical Field of the Invention

The present disclosure relates generally to the treatment of respiratory and

cardiovascular conditions, and more particularly, to methods and systems for zero

pressure start continuous positive airway pressure (CPAP) therapy.

2. Description of the Related Art

Sleep apnea is a serious medical condition in which patient breathing during

sleep pauses abnormally, or is abnormally low. Apnea is categorized as obstructive,

central, and combined obstructive and central, though the obstructive sleep apnea

(OSA) is the most common. The patient's upper airway repeatedly narrows or

collapses, causing pauses in breathing that may extend in duration up to half a minute.

Although some degree of apnea is considered normal, in more severe cases, daytime

sleepiness and fatigue may result as a consequence of reduced blood oxygen

saturation, as well as constant interruptions to sleep cycles resulting from patients

gasping for air. There have been studies linking sleep apnea to more severe long-term

health issues including heart disease and depression, and recently, to cancer as well.

With apnea being strongly linked to obesity, and with obesity being projected to



increase, the number of patients suffering from sleep apnea is likely to increase

concomitantly.

One common treatment for obstructive sleep apnea is continuous positive

airway pressure (CPAP) therapy, where a positive pressure is applied to the patient to

prevent its collapse as would otherwise occur during an apnea episode. By retaining

the patient's airway, normal, uninterrupted breathing during sleep is ensured. In a

basic implementation, CPAP therapy applies a constant pressure that is not tied to the

patient's normal breathing cycle. The positive airway pressure is desired in the

inspiratory phase when the pressure differences between the lungs and the nose

contribute to the collapse of the intermediate airway. Earlier patient breathing

assistance devices tended to be uncomfortable to use because of the bulkiness

associated with the patient interface, as well as the misapplication of pressure

resulting from sub-optimal control methodologies. Various improvements have been

developed to reduce discomfort during therapy, particularly at critical points along the

patient's respiratory cycle. Thus, what was previously prescribed only for the more

severe cases of sleep apnea in which the benefits of treatment outweighed the

significant discomfort is now useful for treating a wider spectrum of sleep apnea

conditions.

Notwithstanding the increased availability of CPAP devices for home use as a

result of these technical improvements, ensuring patient compliance with the

prescribed treatment remains a challenge. One complaint is the discomfort associated

with the application of pressure against the respiratory efforts of the patient during a

waking state. The sense of asphyxiation associated with even a slight pressure and

corresponding increase in work of breathing may be distracting enough to a patient

such that merely falling asleep becomes difficult. Indeed, positive airway pressure

may not be needed until the patient reaches a state of sleep since apnea conditions do

not arise until such a state. Thereafter, the application of full therapeutic pressure as

properly prescribed in accordance with the patient's condition generally does not

interrupt the patient' s sleep.

In order to minimize patient discomfort during the pre-sleep state, breathing

assistance devices incorporate ramping, where delivered pressure is gradually

increased over a set time period. There are a variety of delivery pressure increase

curves, also referred to as ramp paths, which may be implemented by the device.



These include linear ramp paths, a curved ramp path that increases delivery pressure

at a higher rate in the initial time period of the ramp duration, a curved ramp path that

increases delivery pressure at a higher rate in the later time period of the ramp

duration, and so forth.

With or without ramping, treatment and airflow to the patient begin once the

patient wears the interface in existing CPAP devices. Otherwise, exhaled carbon

dioxide may accumulate inside the patient interface as well as the conduit between the

patient interface and the CPAP device, leading to further discomfort and possible

asphyxiation over the repeated inspiration of exhaled breathing gasses.

Again, activating the ventilation source while in the pre-sleep state, even at the

low levels of pressure being delivered at the beginning of the ramping, may cause

discomfort that prevents the patient from falling asleep. In existing CPAP systems, the

patient simply must become accustomed to the slight discomfort at the beginning of

treatment. Accordingly, there is a need in the art for a zero pressure start CPAP

therapy.

BRIEF SUMMARY OF THE INVENTION

In accordance with various embodiments of the disclosure, a respiratory

assistance device is contemplated. There may be a patient interface that can couple to

a patient respiratory passageway. Additionally, there may be a selectively regulated

therapeutic gas source in pneumatic communication with the patient over the patient

interface. The patient interface includes a valve through which the patient can breathe

spontaneously without additional pressure from the gas source. A controller may be

connected to the therapeutic gas source and is receptive to inputs of a prescription

pressure level and an initial delay duration. After the patient dons the patient

interface, therapeutic gas from the source to the interface may be restricted for the

initial delay duration following receipt of a treatment initiation command. Upon the

expiry of the initial delay duration, the controller may increase therapeutic gas flow to

the prescription pressure level.



BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages of the various embodiments disclosed

herein will be better understood with respect to the following description and

drawings, in which:

FIG. 1 is a block diagram showing the various components of a CPAP

apparatus in accordance with various embodiments of the present disclosure including

a typical ventilation unit, a patient ventilation mask, and gas passage conduits;

FIG. 2 is a block diagram illustrating the electrical components of the

ventilation unit;

FIG. 3 a graph illustrating a zero pressure start therapeutic gas delivery to a

patient in accordance with one embodiment of the present disclosure; and

FIG. 4 is a graph illustrating another zero pressure start therapeutic gas

delivery to a patient with an optional ramping function.

Common reference numerals are used throughout the drawings and the

detailed description to indicate the same elements.

DETAILED DESCRIPTION OF THE INVENTION

The detailed description set forth below in connection with the appended

drawings is intended as a description of certain embodiments of the presently

disclosed selective ramping of therapeutic pressure in a patient breathing apparatus,

and is not intended to represent the only forms that may be developed or utilized.

Generally, the apparatus delivers breathing gas to a patient for the treatment of

obstructive sleep apnea (OSA) and other cardio-pulmonary conditions, and selectively

augments and relieves pressure throughout the breathing cycle. The description sets

forth the various functions in connection with the illustrated embodiments, but it is to

be understood, however, that the same or equivalent functions may be accomplished

by different embodiments that are also intended to be encompassed within the scope

of the present disclosure. It is further understood that the use of relational terms such

as first and second and the like are used solely to distinguish one entity from another

without necessarily requiring or implying any actual such relationship or order

between such entities.

The block diagram of FIG. 1 illustrates an exemplary respiratory assistance

device 10 in which various embodiments of the present disclosure may be



implemented. There is a mask or patient ventilation interface 12, and a ventilation unit

14. The following disclosure will make reference to the patient ventilation interface

12 and the mask interchangeably. It is understood to be an apparatus such as a full-

face mask or a nasal pillows mask that can be placed in direct gas flow

communication with the upper respiratory tract, i.e., the nasal cavity and/or the oral

cavity, of a patient 13. It will be appreciated that other apparatuses that so interface

the respiratory tract of the patient 13 to the ventilation unit 14 may be substituted

without departing from the scope of the present disclosure.

The ventilation unit 14 generates a flow of breathing gas that is delivered to

the patient via the patient ventilation interface 12. The breathing gas may be ambient

air a combination of ambient air enriched with oxygen, or any other suitable mixture

of gas appropriate for treating the patient. Those having ordinary skill in the art will

recognize the variety of options for mixing breathing gasses before delivery to the

patient. In further detail, the ventilation unit 14 includes a first inlet port 16, through

which ambient air is drawn. The first inlet port 16 is in communication with an inlet

filter 18 that removes particulates and other contaminants from the breathing gas that

is ultimately delivered to the patient. Optionally, in line with the inlet filter 18 is a

sound suppressor 20 that reduces the sound of gas flow through the ventilation unit

14.

The force needed for drawing the ambient air through the first inlet port 16,

the inlet filter 18, and the sound suppressor 20 is provided by a ventilation source 22,

which may be a centrifugal fan, blower, or any other suitable device that generates gas

flow and pressure suitable for CPAP treatment in accordance with the present

disclosure. The ventilation source 22 has an inlet port 22a coupled to the sound

suppressor 20, and an outlet port 22b that is in gas flow communication with an outlet

port 24 of the ventilation unit 14. The ventilation source 22 is driven electrically and

its actuation is governed by a controller 26, which implements various methods of

CPAP treatment such as those disclosed in the co-pending U.S. Patent Application

Serial No. 13/411,257 entitled "DUAL PRESSURE SENSOR CONTINUOUS

POSITIVE AIRWAY PRESSURE (CPAP) THERAPY," filed March 2, 2012, the

disclosure of which is hereby incorporated by reference in its entirety herein.

The flow of breathing gas that is output from the ventilation source 22 is

passed through the outlet port 24 to a gas conduit 28 that is in coupled to the



aforementioned patient ventilation interface 12. The gas conduit 28 is understood to

be a plastic tube having a predetermined inner diameter such as 22mm or smaller,

though any other conduit of suitable material and construction may be utilized. The

patient ventilation interface 12 in accordance with various embodiments of the present

disclosure also includes a piloted valve 30 that is selectively actuated depending on

the pressure differential between the patient ventilation interface 12 and the

ventilation unit 14. The valve 30 is connected to a pilot line 32 that branches from the

gas conduit 28. A pressure difference is generated between the patient ventilation

interface and the exhalation valve, such that it is closed during inspiration and opened

during expiration. It will be appreciated that the specifics of the patient ventilation

interface 12, including the piloted valve 30 thereof, are presented by way of example

only and not of limitation. Any other suitable patient ventilation interface 12,

including those that may be utilized in conjunction with different variations of the

ventilation unit 14, may be substituted without departing from the scope of the present

disclosure.

In order to ascertain such pressure differentials, the presently contemplated

respiratory assistance device 10 includes dual pressure sensors, including a source

pressure sensor 34 and a patient interface sensor 36. The source pressure sensor 34 is

disposed within the ventilation unit 14, and monitors the pressure at the outlet port

22b. The patient interface pressure sensor 36 is also physically disposed within the

ventilation unit 14, but is in direct gas flow communication with the patient

ventilation interface 12 over a pressure sensor line 38 that is connected to a second

inlet port 40. When the ventilation unit 14 is operating, gas pressure within the

pressure sensor line 38 as well as the gas conduit 28 may be connected to deliver a

purge flow to clear line 38. This can be done through a purge solenoid 42 connected

to both. The purge can be continuous or intermittent according to the patient's

breathing phase or pressure difference between the blower pressure and the mask

pressure.

As indicated above, the sequence and timing of delivering gas flow to the

patient 13 are governed by the specific treatment modalities that utilize feedback data

from the pressure sensors 34, 36. The setting of options relating to the treatment

modalities, along with the starting and stopping of treatment is possible via a user



interface 44 coupled to the controller 26, which includes an output or display interface

46, as well as an input interface 48.

The block diagram of FIG. 2 illustrates the various electrical components of

one typical embodiment of the ventilation unit 14. Power for the ventilation unit 14

may be provided from a conventional household electricity supply of either 120V or

220V alternating current (AC), at 50Hz or 60Hz. The block diagram denotes this

supply as a power source 50. A power supply 52 is connected to the power source 50,

and as will be recognized by those having ordinary skill in the art, the power signal is

variously rectified, filtered, and stepped down to a direct current (DC) voltage. In

accordance with one embodiment of the present disclosure, the DC voltage source is

24 V. It is understood that the ventilation source 22 utilizes a higher DC voltage than

control logic devices, and thus the power supply 52 is connected to a power source

logic 54. A first output 56 of the power source logic 54 is connected to an integrated

circuit voltage regulator 58 that steps down the DC voltage to the logic device level of

5V. A second output 60 of the power source logic 54 is the existing high DC voltage

directly from the power supply 52, and is connected to a motor control circuit 62.

The ventilation source 22 is comprised of several electrical components,

including a motor 64 and the aforementioned motor control circuit 62. In accordance

with one embodiment, the motor 64 is a brushless DC or electrically commutated

motor. It will be recognized that the speed of rotation of the motor 64 is based upon

input logic signals provided to the motor control circuit 62, which drives electrical

current through its windings that induce magnetic fields that translate to rotational

motion of the attached rotor. A fan coupled to the rotor thus rotates and generates a

flow of air through an internal conduit 27. The internal conduit 27 is coupled to the

outlet port 24, which is coupled to the gas conduit 28. As described above, the source

pressure sensor 34 and the patient interface pressure sensor 36 are connected to the

pneumatic circuit between the motor 64 and the patient 13.

The motor control circuit 62 has a motor drive output 66 that is connected to

the motor 64. The rotational position of the motor 64 is detected by a Hall-effect

sensor that is incorporated into the motor 64. An output voltage 68 from the Hall-

effect sensor is fed back to the motor control circuit 62, which ensures that the actual

position corresponds to the intended or commanded position.



The controller 26 and its functionality may be implemented with a

programmable integrated circuit device such as a microcontroller or control processor

70. Broadly, the control processor 70 receives certain inputs, and based upon those

inputs, generates certain outputs. The specific operations that are performed on the

inputs may be programmed as instructions that are executed by the control processor

70. In this regard, the control processor 70 may include an arithmetic/logic unit

(ALU), various registers, and input/output ports. Although external memory such as

EEPROM (electrically erasable/programmable read only memory) 72 may be

connected to the control processor 70 for permanent storage and retrieval of program

instructions, there may also be an internal random access memory (RAM). One

embodiment contemplates the use of an Intel 8081 instruction set/architecture, though

any other suitable instruction set or processor architecture may be substituted. As

indicated above, the control processor 70 is powered by a low voltage DC supply

from the voltage regulator 58.

As mentioned above, in order to set the operational parameters of the

ventilation unit, and to initiate or terminate certain functions, a graphical user

interface is provided. Such graphical user interface is generated on a display screen

74, which may be of a liquid crystal type (LCD). Any type of graphic may be shown

on the display screen 74, though for more specific indicators, a simple light emitting

diode (LED) device 76 may be utilized. It will be recognized that alarm conditions,

power status, and the like may be indicated with the LED device 76. Audible outputs

may also be produced with audio transducers 78 that are likewise connected to the

control processor 70. Among the contemplated outputs that may be generated on the

audio transducer 78 include simple beeps and alarms, as well as sophisticated voice

prompts that provide information and instructions.

An operator may interact with the graphical user interface through different

input devices such as a touch screen interface 80 that is overlaid on the display screen

72. It will be recognized that various graphic elements may be generated on the

display screen 72, with touch inputs/interactions corresponding in position to those

graphic elements being evaluated as a selection or activation of the same. Various

touch screen interfaces, some of which may be directly integrated with the display

screen 72, are known in the art. Besides touch screen inputs, buttons 82 may also be

connected to the control processor 70 for similarly receiving user inputs. It is



understood that the audio transducer 78 may also accept sound input in the form of

voice commands, the processing of which is performed may be performed by the

control processor 70.

Several modalities for connecting to and communicating with other data

processing devices such as general-purpose computers are also contemplated.

Accordingly, the control processor 70 may be connected to a universal serial bus

(USB) controller 84. For more basic communications, there may be a serial RS-232

transceiver 86. Through these data communications modalities, the configuration

options of the ventilation unit 14 may be set, operating profiles may be downloaded,

and so forth. Notwithstanding the specific reference to USB and RS-232

communications modalities, any other communications modality including wireless

systems may be substituted without departing from the present disclosure.

The functions of the ventilation unit 14 depend on proper synchronization, and

so the control processor 70 is connected to a real time clock 88 that maintains a

common clock cycle. Although a primary feature of the real time clock 88 is to

maintain synchrony at a processor cycle level, longer term time data is also

maintained. In order to retain such time data, the real time clock 88 may be powered

independently of the primary power source 50, and there is accordingly a battery

backup 87. Under heavy processing loads or unexpected program conditions, the

control processor 70 may become unable to execute critical programmed steps in real

time. Thus, the control processor 70 may include a processor supervisor 7 1 that

invokes a program execution break upon detecting such conditions. Typically, this is

implemented as a step of clearing a memory variable periodically, and when that step

is unable to take place because instruction execution is frozen or otherwise delayed,

the processor supervisor 7 1 may cause a predetermined routine to be executed.

As mentioned above, the motor 64 is driven by the motor control circuit 62,

which generates different outputs depending on signals received from the control

processor 70. The signal to drive the motor 64 is generated on a current command line

73. For control processing on a broader level, feedback from the ventilation source 22

is utilized, and in the specific form of a speed or current measurement input 75 from

the motor control circuit 62. Furthermore, as detailed below, pressure readings at the

ventilation source 22 and the patient 13 are utilized to reach control decisions.

Accordingly, the source pressure sensor 34 and the patient interface pressure sensor



36 are both connected to the control processor 70. The ventilation source 22 is

activated and deactivated via a motor enable line 77. To ensure that the temperature of

the motor 64 remains within operational parameters, a motor cooling fan 79 may be

driven directly by the control processor 70. In some embodiments, there may be

additional control circuitry that isolates the power source of the motor cooling fan 79

from the control processor 70. The decision to activate and deactivate the motor

cooling fan 79 may be made in response to temperature readings from the motor 64,

and so there is a motor temperature reading 8 1 passed to the control processor 70.

Notwithstanding the foregoing description of the particular respiratory

assistance device 10, the contemplated method of operation and a system configured

for such operation can be adapted to any other respiratory assistance device 10.

Various embodiments of the present disclosure contemplate - zero pressure start

CPAP treatment. Generally, this refers to delivering no therapeutic gas to the patient

13 even though the patient 13 has already worn the interface 12. Actual treatment is

delayed so as to minimize discomfort during the wakeful state, where any slight

increase in airway pressure is immediately noticeable. Upon transitioning to a

sleeping state, the airway can be splinted with full prescription pressure without

disturbing the patient 13.

The graph of FIG. 3 broadly illustrates one embodiment of a zero pressure

start, and the X-axis represents time, while the Y-axis represents the pressure level.

After t=0, an indeterminate time period 90 prior to beginning CPAP treatment, the

patient 13 dons the interface 12 while continuing to breathe. No therapeutic pressure

is generated by the ventilation unit 14, and inspiratory and expiratory flow to the

patient 13 occurs through the piloted valve 30. It is contemplated that the diameter of

the gas conduit 28 is narrow and substantially restricts the flow of gas originating with

the patient 13, whether that is inspiration or expiration.

In accordance with several implementations of the respiratory assistance

device 10, the controller 26 accepts various inputs and generates responsive outputs to

the ventilation source 22 to carry out the method of zero pressure start CPAP

treatment of the present disclosure. As is the case with any real-time control system,

the set points established by the controller 26 for the delivered therapeutic gas

pressure 89 at any given instant in time may not necessarily correspond exactly to the

true measurement thereof. The graph of FIG. 3 is an illustration of the ideal set points,



and accordingly may not represent an actual measured response at the patient

ventilation interface 12.

One of the accepted inputs is a treatment initiation command 92. For a

predetermined delay 96, even though the ventilation unit 14 is activated, the controller

does not actuate the ventilation source 22, and there continues to be little to no

therapeutic pressure being delivered to the patient 13. Like the indeterminate time

period 90 before the treatment initiation command 92 is provided, the patient 13

continues normal respiration through the valve 30. The duration of the delay 96 may

be set by the user, and generally corresponds to the amount of time that the patient 13

takes to fall asleep under normal circumstances. According to one exemplary

embodiment, this duration may be approximately five minutes, though other delay

periods may be readily substituted without departing from the present disclosure.

Following the delay 96, and presumably after the patient 13 has fallen asleep, the

delivery of treatment pressure starts at time instant 98. In a basic implementation, the

therapeutic gas delivered to the patient immediately increases within a short period of

time to the prescription pressure level 104, that is, without any intentional delay

introduced by the controller 26. It is understood that a truly instantaneous increase to

prescription pressure is not possible due to the inherent physical system response

delays. However, a more gradual ramp with further delays introduced by the

controller 26 is also possible.

An alternative embodiment contemplates the use of a pressure ramp to

gradually increase the delivered pressure from a lower value to the prescription level.

With reference to the graph of FIG. 4, there is likewise an indeterminate period 106

after t=0 whereby the patient 13 dons the interface 12. Thereafter, the patient 13

provides the treatment initiation command 92, which initiates a zero pressure level

delay 108 where little to no therapeutic pressure is delivered. Following the expiration

of the delay 108, pressure delivery is begun at the treatment start 98, which also

defines the beginning point of a total ramp duration 114. As noted, this embodiment

utilizes a gradual ramping of therapeutic pressure that starts with a ramp base pressure

level 110 that continues for a ramp delay 112, which is optional. It is also possible to

begin the pressure increase upon expiry of the zero pressure level delay 108. At the

end of the ramp delay 112, which is also defined as a ramp start point 116, the

controller 26 is understood to increase the delivered therapeutic gas pressure 89 over



the ramping duration 114, which concludes at a ramp end point 118. The delivered

therapeutic gas pressure 89 is increased to the prescription pressure level 104, where it

is maintained until the end of therapy or other exit condition.

The ramp delay 96 is contemplated to be user-adjustable, but is subject to the

limitations imposed by the pre-defined total ramp duration 114. Additional details

pertaining to adjustable ramping is disclosed in co-pending U.S. Pat. App. Serial No.

13/566,902 filed August 3, 2012 and entitled Selective Ramping of Therapeutic

Pressure in a Patient Breathing Apparatus, the entire disclosure of which is hereby

wholly incorporated by reference.

The particulars shown herein are by way of example and for purposes of

illustrative discussion of the embodiments of the present disclosure only and are

presented in the cause of providing what is believed to be the most useful and readily

understood description of the principles and conceptual aspects. In this regard, no

attempt is made to show details of the present disclosure with more particularity than

is necessary, the description taken with the drawings making apparent to those skilled

in the art how the several forms of the present disclosure may be embodied in

practice.



WHAT IS CLAIMED IS:

1. A method for delivering therapeutic gas to a patient with a respiratory

assistance device, the method comprising:

receiving on the respiratory assistance device a prescription pressure

level and a numeric value corresponding to a zero pressure delay duration;

receiving on the respiratory assistance device a treatment initiation

command following the patient being pneumatically coupled to the respiratory

assistance device over a patient interface;

restricting gas delivery from the respiratory assistance device to the

patient interface at a zero pressure level for the zero pressure delay duration in

response to receiving the treatment initiation command; and

initiating gas delivery from the respiratory assistance device to the

patient interface at the prescription pressure level after expiration of the zero

pressure delay duration.

2. The method of Claim 1, wherein the gas delivery to the patient

interface after expiration of the zero pressure delay duration is gradually increased to

the prescription pressure level over a ramp duration based upon a ramp function.

3. The method of Claim 2, further comprising:

receiving on the respiratory assistance device a numeric value

corresponding to the ramp duration.

4. The method of Claim 2, wherein gas delivery to the patient interface is

increased to a ramp base pressure level after expiration of the zero pressure delay

duration.

5. The method of Claim 4, wherein gas delivery to the patient interface is

maintained at the ramp base pressure level after expiration of the zero pressure delay

duration for a ramp delay duration.

6. The method of Claim 5, further comprising:

receiving on the respiratory assistance device a numeric value

corresponding to the ramp delay duration.

7. The method of Claim 1, wherein the gas delivery to the patient

interface after expiration of the zero pressure delay duration is increased to the

prescription pressure level without a controlled delay.



8. The method of Claim 1, wherein the patient interface includes a piloted

exhalation valve through which the patient inhales and exhales spontaneously while

gas delivery from the respiratory assistance device is restricted during the zero

pressure delay duration.

9. The method of Claim 1, wherein the zero pressure delay duration

corresponds to a predetermined time period for the patient to enter a sleep state.

10. A respiratory assistance device, comprising:

a patient interface to a respiratory passageway of a patient;

a selectively regulated therapeutic gas source in pneumatic

communication with the patient over the patient interface;

a controller connected to the therapeutic gas source and receptive to

inputs of a prescription pressure level and an initial delay duration, delivery of

therapeutic gas from the therapeutic gas source being restricted for the initial

delay duration following receipt of a treatment initiation command, followed

by an increase in therapeutic pressure to the prescription pressure level.

11. The respiratory assistance device of Claim 10, wherein the patient

interface includes a piloted exhalation valve that permits airflow to and from the

respiratory passageway associated with spontaneous breathing while the delivery of

therapeutic gas is being restricted.

12. The respiratory assistance device of Claim 10, further comprising:

a first pressure sensor in fluid communication with the patient

interface; and

a second pressure sensor in fluid communication with an output of the

selectively regulated therapeutic gas source.

13. The respiratory assistance device of Claim 10, wherein the increase in

the therapeutic pressure to the prescription pressure level is controlled over a

predetermined ramp duration.

14. The respiratory assistance device of Claim 13, wherein the therapeutic

pressure is increased to a ramp base pressure level by the controller after expiration of

the initial delay duration, the increase in the therapeutic pressure to the prescription

pressure level beginning at the ramp base pressure level.



15. The method of Claim 14, wherein the therapeutic pressure is

maintained at the ramp base pressure level by the controller after expiration of the

initial delay duration for a ramp delay duration.

16. The respiratory assistance device of Claim 10, wherein the increase in

the therapeutic pressure to the prescription pressure level is without a controlled

delay.

17. An article of manufacture comprising a program storage medium

readable by a data processing apparatus, the medium tangibly embodying one or more

programs of instructions executable by the data processing apparatus to perform a

method for delivering therapeutic gas to a patient with a respiratory assistance device,

the method comprising:

receiving on the respiratory assistance device a prescription pressure

level and a numeric value corresponding to a zero pressure delay duration;

receiving on the respiratory assistance device a treatment initiation

command following the patient being pneumatically coupled to the respiratory

assistance device over a patient interface;

restricting gas delivery from the respiratory assistance device to the

patient interface at a zero pressure level for the zero pressure delay duration in

response to receiving the treatment initiation command; and

initiating gas delivery from the respiratory assistance device to the

patient interface at the prescription pressure level after expiration of the zero

pressure delay duration.

18. The article of manufacture of Claim 17, wherein the gas delivery to the

patient interface after expiration of the zero pressure delay duration is gradually

increased to the prescription pressure level over a ramp duration based upon a ramp

function.

19. The article of manufacture of Claim 17, wherein the gas delivery to the

patient interface after expiration of the zero pressure delay duration is increased to the

prescription pressure level without a controlled delay.

20. The article of manufacture of Claim 17, wherein the zero pressure

delay duration corresponds to a predetermined time period for the patient to enter a

sleep state.
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