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VENTILATOR WITH BIOFEEDBACK MONITORING AND CONTROL
FOR IMPROVING PATIENT ACTIVITY AND HEALTH

PRIORITY CLAIM

[0001] This application claims priority to U.S. Provisional Patent Application No.

61/101,826, filed October 1, 2008, the content of which is incorporated herein by reference in its

entirety.

CROSS REFERENCE TO RELATED APPLICATIONS

[0002] All publications and patent applications mentioned in this specification are herein

incorporated by reference to the same extent as if each individual publication or patent

application was specifically and individually indicated to be incorporated by reference.

FIELD OF THE INVENTION

[0003] The present invention relates to ventilation therapy, respiratory assist devices and

other devices intended to provide ventilatory assistance. More specifically, the application

relates to an activity-assist ventilation therapy that uses biofeedback control of ventilation, and

includes associativity of ventilation parameters with patient activity and quality of life.

BACKGROUND OF THE INVENTION

[0004] For the body to take in oxygen and give off carbon dioxide, two components of the

respiratory system must function: (1) the lungs must function as a gas-exchanging organ; and (2)

the respiratory pump that functions as a ventilation organ that transports air into the lungs and

back out again. The breathing center in the brain, central and peripheral nerves, the osseous

thorax, and the breathing musculature as well as free, stable respiratory paths are necessary for a

correct functioning of the respiratory pump.

[0005] In certain diseases there is a constant overload on or exhaustion of the respiratory

pump, which often results in respiratory insufficiency, with symptoms including dyspnea and

exhaustion. A non-limiting example of a disease in which there is a constant overload on or

exhaustion of the respiratory pump is chronic obstructive pulmonary disease (COPD) or



pulmonary emphysema with a distended or flat-standing diaphragm. Flat-standing diaphragms

have reduced ability to contract. Also, in patients suffering from pulmonary emphysema,

respiratory paths are usually extremely slack and tend to collapse. Either a flat-standing

diaphragm and/or slack respiratory paths may cause respiratory insufficiency. As a consequence

of a flattened, over-extended diaphragm, the patient cannot inhale deeply enough. In addition,

the patient cannot exhale sufficiently due to collapsing respiratory paths. This results in an

insufficient respiration with an undersupply of oxygen and a rise of carbon dioxide in the blood,

i.e., a respiratory insufficiency.

[0006] Patients with respiratory insufficiency often require or benefit from supplemental

oxygen. However, the supplemental oxygen provided by conventional apparatuses and methods

is frequently not adequate to increase ventilation and alleviate symptoms of dyspnea and

exhaustion. For example, during periods of light exertion, the patient can become severely

dyspneic and exhausted and suffer from elevated CO levels, due to the mechanical work

associated with breathing which can be eight times more than the normal work required for

healthy lungs.

[0007] A traditional mechanical ventilator can be used invasively with a tracheal tube or with

a non-invasive nasal mask to assist in the work of breathing and alleviate dyspnea; however

conventional ventilators significantly limit upper airway functions, such as talking, eating, and

swallowing, and also limit normal life activities such as ambulating and bathing. Hence,

mechanical ventilators are rarely used voluntarily, and are predominantly used during acute

treatment or for palliative care during late stage lung disease near the end of life.

[0008] Recently, new types of ventilation therapy have been described in U.S. Patent No.

7,588,033 and U.S. Patent No. 7,487,778. The new respiratory therapy methods and apparatuses

described in these applications provide partial respiratory support in an open transtracheal

ventilation system, so the patient can have normal upper airway function such as eating,

smelling, drinking, talking, swallowing, and expectorating. Because of their unique delivery

systems and ventilation output parameters, these new ventilators are able to be configured in a

light weight tote-able or even wearable system to enable the patient to engage in other activities

of daily life such as mobility, bathing, and exercise, which are not practical or possible when

using conventional ventilators.



[0009] Because this new ventilation therapy enables activity and a more normal lifestyle, it

now becomes meaningful to include in the ventilator's functionality certain intelligence and

interactive features related to activity, health status, and lifestyle. These features would not be

useful or even contemplated in a conventional ventilator.

[00010] Activity level and exercise tolerance is a key indicator of health status of a person

with an illness. Maintaining or increasing the patient's activity level via ventilation therapy is

described in U.S. Patent No. 7,588,033 and U.S. Patent No. 7,487,778. As maintaining a certain

level of activity is expected to improve overall health status, is it is extremely meaningful to

measure and track activity level, along with other related indices of health status, and to provide

this information in a manner useful to the care provider and patient.

[00011] There is a need for improved patient feedback and monitoring in order to better assess

the progress or regression in the health status of the patient and the degree of success of the

ventilation therapy in enabling and promoting patient activity and overall health and quality of

life.

SUMMARY OF THE INVENTION

[00012] Embodiments of the present invention may include a ventilator system including a

ventilator, which may include a ventilation gas source, a ventilation gas delivery circuit, and a

control unit; a patient interface in communication with the ventilation gas delivery circuit; at

least one breath sensor; at least one patient activity sensor; wherein the ventilator is adapted to

provide mechanical assistance to respiratory muscles to support work of breathing of a

spontaneously breathing patient; wherein the ventilator is adapted to be coupled to a patient for

permitting ambulation of a respiratory compromised patient while supporting the work of

breathing; and wherein the control unit adjusts ventilation based upon activity level of the patient

by processing measurements from the at least one breath sensor and the at least one patient

activity sensor.

[00013] In certain embodiments, the ventilator may report activity level to a remote device.

The patient interface may maintain an open airway system to permit the patient to breathe

ambient air freely and spontaneously. The at least one patient activity sensor may be a

pedometer to record ambulation of the patient or an actigraphy sensor to record activity level of

the patient. The control unit may execute a patient exercise test mode. The control unit may



detect respiration from the at least one breath sensor and patient activity measure from the at

least one patient activity sensor over a predetermined time and processes the respiration and the

patient activity measure to adjust the ventilation. The respiration may be a measure of

consecutive breaths over the predetermined time, and ventilation is adjusted after a

predetermined number of breaths at a predetermined rate. The at least one breath sensor may

measure respiration information selected from the group consisting of: spontaneous breath rate,

spontaneous breathing I:E ratio, spontaneous inspiratory and expiratory time, spontaneous depth

of breathing, and combinations thereof. The control unit may record trends from the at least one

breath sensor and the at least one patient activity sensor. The at least one breath sensor may

detect an onset or precursor to a respiratory exacerbation, and the control unit executes a change

in ventilator parameters to avoid or alleviate the exacerbation. The control unit may export the

onset or precursor to a respiratory exacerbation to an external source. The control unit may

include a processor and a memory, and wherein the memory stores measured ventilation

parameters regarding activity level of the patient, and wherein after a respiratory exacerbation,

the stored respiratory status parameters prior to the respiratory exacerbation are used to program

a signature for predicting future respiratory exacerbations. The ventilation system may include a

display wherein the display indicates an overall health index, wherein the overall health index

comprises at least one patient health status measure, and at least one ventilator parameter

measure. The ventilation system may include a patient interface for inputting health status

normal values or health status goals, and wherein the patient interface displays patient health

status compared to the at least one health status normal values or health status goals.

[00014] Embodiments of the present invention may include a method of providing ventilation

therapy, the method including providing mechanical assistance with a ventilator to the

respiratory muscles to support the work of breathing of a spontaneously breathing patient;

supplying ventilation gas to the patient with a patient interface that maintains an open airway

system to permit the patient to breathe ambient air freely and spontaneously; providing the

ventilation gas with a mobile or wearable apparatus to enable patient mobility and ambulation;

recording a patient activity related parameter; measuring and recording a spontaneous breathing

pattern of the patient; recording the spontaneous breathing pattern of the patient; and reporting

the patient activity related parameter.



[00015] Certain embodiments may include recording parameters selected from the group

consisting of: general health level, vital signs, respiratory status, quality of life level, physical

activity level, and combinations thereof. An exercise or activity test of the patient may be

administered through the user interface of the ventilator. The method may include measuring

and recording the spontaneous breathing history of the patient, and reporting the spontaneous

breathing history of the patient. The measuring may include detecting a precursor to a

respiratory exacerbation. The measuring may include adjusting the supplying of ventilation gas

based upon the patient activity.

[00016] Embodiments of the present invention may include ventilator system including a

ventilator, which may include a ventilation gas source, a ventilation gas delivery circuit, and a

control unit; a patient interface in communication with the ventilation gas delivery circuit; at

least one breath sensor; at least one health status measuring sensor; wherein the ventilator is

adapted to provide mechanical assistance to respiratory muscles to support work of breathing of

a spontaneously breathing patient; wherein the ventilator is adapted to be coupled to a patient for

permitting ambulation of a respiratory compromised patient while supporting the work of

breathing; and wherein the control unit adjusts ventilation based upon health status level of the

patient by processing measurements from the at least one breath sensor and the at least one

health status measuring sensor.

[00017] In certain embodiments, the ventilator may report activity level to a remote device.

The patient interface may maintain an open airway system to permit the patient to breathe

ambient air freely and spontaneously. The at least one patient activity sensor may be a

pedometer to record ambulation of the patient or an actigraphy sensor to record activity level of

the patient. The control unit may execute a patient exercise test mode. The control unit may

detect respiration from the at least one breath sensor and patient activity measure from the at

least one patient activity sensor over a predetermined time and processes the respiration and the

patient activity measure to adjust the ventilation. The respiration may be a measure of

consecutive breaths over the predetermined time, and ventilation is adjusted after a

predetermined number of breaths at a predetermined rate. The at least one breath sensor may

measure respiration information selected from the group consisting of: spontaneous breath rate,

spontaneous breathing I:E ratio, spontaneous inspiratory and expiratory time, spontaneous depth

of breathing, and combinations thereof. The control unit may record trends from the at least one



breath sensor and the at least one patient activity sensor. The at least one breath sensor may

detect an onset or precursor to a respiratory exacerbation, and the control unit executes a change

in ventilator parameters to avoid or alleviate the exacerbation. The control unit may export the

onset or precursor to a respiratory exacerbation to an external source. The control unit may

include a processor and a memory, and wherein the memory stores measured ventilation

parameters regarding activity level of the patient, and wherein after a respiratory exacerbation,

the stored respiratory status parameters prior to the respiratory exacerbation are used to program

a signature for predicting future respiratory exacerbations. The ventilation system may include a

display wherein the display indicates an overall health index, wherein the overall health index

comprises at least one patient health status measure, and at least one ventilator parameter

measure. The ventilation system may include a patient interface for inputting health status

normal values or health status goals, and wherein the patient interface displays patient health

status compared to the at least one health status normal values or health status goals.

Embodiments of the present invention may include a method of providing ventilation

therapy, the method including providing mechanical assistance with a ventilator to the

respiratory muscles to support the work of breathing of a spontaneously breathing patient;

supplying ventilation gas to the patient with a patient interface that maintains an open airway

system to permit the patient to breathe ambient air freely and spontaneously; providing the

ventilation gas with a mobile or wearable apparatus to enable patient mobility and ambulation;

recording a health status related parameter; measuring and recording a spontaneous breathing

pattern of the patient; recording the spontaneous breathing pattern of the patient; and reporting

the health status related parameter.

[00018] Certain embodiments may include recording parameters selected from the group

consisting of: general health level, vital signs, respiratory status, quality of life level, physical

activity level, and combinations thereof. An exercise or activity test of the patient may be

administered through the user interface of the ventilator. The method may include measuring

and recording the spontaneous breathing history of the patient, and reporting the spontaneous

breathing history of the patient. The measuring may include detecting a precursor to a

respiratory exacerbation. The measuring may include adjusting the supplying of ventilation gas

based upon the patient activity.



[00019] Embodiments may include a mobility assist device including a portable ventilator

with a control unit, the control unit comprising a processor and a memory; a health status

measuring device, wherein the health status measuring device measures at least one parameter

indicating the current health status of a patient relative to a current activity level or a health goal;

and wherein information from the health status measuring device is used to adjust the control

unit to adjust the ventilation parameters. The control unit may adjust the ventilation parameters

based on information from both the health status measuring device and information from at least

one breath sensor.

[00020] Embodiments of the present invention may include a ventilator apparatus to provide

mechanical assistance to the respiratory muscles to support the work of breathing of a

spontaneously breathing patient and configured to be toted or worn by the patient in order to

permit ambulation of a respiratory compromised patient while supporting their work of

breathing, wherein the apparatus comprises a means to measure the activity or mobility level of

the patient and a means to report the activity or mobility level to the user or clinician.

[00021] Embodiments of the present invention may include a ventilator apparatus to provide

mechanical assistance to the respiratory muscles to support the work of breathing of a

spontaneously breathing patient, wherein the apparatus comprises; supplying the ventilation gas

to the patient with an interface that maintains an open airway system to permit the patient to

breathe ambient air freely and spontaneously; providing the ventilation therapy with a mobile or

wearable apparatus to enable patient mobility and ambulation; and further comprising measuring

the activity or mobility level of the patient and reporting the activity or mobility information to a

user or clinician.

[00022] Embodiments of the present invention may include a ventilator apparatus to provide

mechanical assistance to the respiratory muscles to support the work of breathing of a

spontaneously breathing patient, comprising a pedometer wherein the pedometer records the

ambulation of the patient and a processing unit to report the ambulation information to a user.

[00023] Embodiments of the present invention may include a ventilator apparatus to provide

mechanical assistance to the respiratory muscles to support the work of breathing of a

spontaneously breathing patient, comprising an actigraphy sensor wherein the actigraphy sensor

records the ambulation of the patient and a processing unit to report the activity level information

to a user.



[00024] Embodiments of the present invention may include a ventilator apparatus to provide

mechanical assistance to the respiratory muscles to support the work of breathing of a

spontaneously breathing patient, comprising a exercise test mode wherein the exercise test mode

comprises a user interface to administer the test, an information processing means to manage the

exercise information, and a reporting means to report the test results to a user or clinician.

[00025] Embodiments of the present invention may include a ventilator apparatus to provide

mechanical assistance to the respiratory muscles to support the work of breathing of a

spontaneously breathing patient, wherein the apparatus comprises; supplying the ventilation gas

to the patient with an interface that maintains an open airway system to permit the patient to

breathe ambient air freely and spontaneously; providing the ventilation therapy with a mobile or

wearable apparatus to enable patient mobility and ambulation; and further administering an

exercise test to the patient through a user interface and information processing unit in the

ventilator, and reporting the results of the exercise test to the user or clinician.

[00026] Embodiments of the present invention may include a ventilator apparatus to provide

mechanical assistance to the respiratory muscles to support the work of breathing of a

spontaneously breathing patient, comprising an automatic ventilator adjustment mode, wherein

the automatic ventilator adjustment mode comprises a sensor to detect a patient activity related

parameter such as ambulation or physical movement, and comprising a control system to adjust

the ventilator output based on the detection of the patient activity related parameter.

[00027] Embodiments of the present invention may include a ventilator apparatus to provide

mechanical assistance to the respiratory muscles to support the work of breathing of a

spontaneously breathing patient, comprising a spontaneous respiration rate breath sensor adapted

to measure the patient's spontaneous breath rate, spontaneous breathing I:E ratio, spontaneous

inspiratory and expiratory time, and spontaneous depth of breathing, and further comprising a

means to record, trend and report on the patient's spontaneous respiration information.

[00028] Embodiments of the present invention may include a ventilator apparatus to provide

mechanical assistance to the respiratory muscles to support the work of breathing of a

spontaneously breathing patient, comprising a detection means to detect the onset or precursor to

a respiratory exacerbation, wherein the detection means comprises breathing signal monitoring

sensor and a breathing signal processing unit. The recorded values recorded and stored in

memory prior to an exacerbation can be used to create a patient-specific precursor signature,



which can then be programmed into the system for future detection of further exacerbation

events.

[00029] Embodiments of the present invention may include a method of providing ventilation

therapy comprising: providing mechanical assistance with a ventilator to the respiratory muscles

to support the work of breathing of a spontaneously breathing patient; supplying the ventilation

gas to the patient with an interface that maintains an open airway system to permit the patient to

breathe ambient air freely and spontaneously; providing the ventilation therapy with a mobile or

wearable apparatus to enable patient mobility and ambulation; recording a patient activity

related parameter; and reporting to a user or clinician the patient activity related parameter.

[00030] Embodiments of the present invention may include a method of providing ventilation

therapy comprising: providing mechanical assistance with a ventilator to the respiratory muscles

to support the work of breathing of a spontaneously breathing patient; supplying the ventilation

gas to the patient with an interface that maintains an open airway system to permit the patient to

breathe ambient air freely and spontaneously; providing the ventilation therapy with a mobile or

wearable apparatus to enable patient mobility and ambulation; recording a patient well being or

quality of life related parameter; and reporting to a user or clinician the patient well being or

quality of life related parameter.

[00031] Embodiments of the present invention may include a method of providing ventilation

therapy comprising: providing mechanical assistance with a ventilator to the respiratory muscles

to support the work of breathing of a spontaneously breathing patient; supplying the ventilation

gas to the patient with an interface that maintains an open airway system to permit the patient to

breathe ambient air freely and spontaneously; providing the ventilation therapy with a mobile or

wearable apparatus to enable patient mobility and ambulation, and administering an exercise or

activity test of the patient through the user interface of the ventilator.

[00032] Embodiments of the present invention may include a method of providing ventilation

therapy comprising: providing mechanical assistance with a ventilator to the respiratory muscles

to support the work of breathing of a spontaneously breathing patient; supplying the ventilation

gas to the patient with an interface that maintains an open airway system to permit the patient to

breathe ambient air freely and spontaneously; providing the ventilation therapy with a mobile or

wearable apparatus to enable patient mobility and ambulation, and measuring and recording the



spontaneous breathing pattern and history of the patient, and reporting the spontaneous breathing

pattern variables and history of the patient to the user or clinician.

[00033] Embodiments of the present invention may include a method of providing ventilation

therapy comprising: providing mechanical assistance to the respiratory muscles to support the

work of breathing of a spontaneously breathing patient; supplying the ventilation gas to the

patient with an interface that maintains an open airway system to permit the patient to breathe

ambient air freely and spontaneously; providing the ventilation therapy with a mobile or

wearable apparatus to enable patient mobility and ambulation; and further detecting the precursor

to a respiratory exacerbation and reporting the precursor to the user or clinician. Ventilation

therapy may move a patient towards increased activity, sometimes modifying the ventilation

therapy to support increased activity, and, eventually, reducing or eliminating the need for

ventilation therapy in those cases where the health status of a patient improves so that they can

be active without the ventilation therapy. One component in the decision for the modification,

reduction, or elimination of the need for ventilation therapy is patient feedback. Patient feedback

useful in this determination may include, for example, information on patient activity, or exertion

level in the activity or work performed by the patient. In some situations, for example when

treating progressive respiratory diseases in which the activity or health goal may be reduced

progression of the disease, the patient feedback is used to continually titrate the settings to the

overall health goals selected for the patient. The activity or health goals are selected in advance,

and may change over time. The monitoring of the patient may indicate how the patient is doing

in comparison to the goal. The ventilation parameters can be continually titrated up or down as

needed in order to come as close to meeting the overall health goals as possible.

[00034] While the invention is described herein in relation to ventilators, it can also be

adapted for use with respiratory assist devices, oxygen therapy devices, and any respiratory

therapy apparatus or method that is intended to promote or useful for promoting mobility and

activities of daily living.

[00035] Additional features, advantages, and embodiments of the invention are set forth or

apparent from consideration of the following detailed description, drawings and claims.

Moreover, it is to be understood that both the foregoing summary of the invention and the

following detailed description are exemplary and intended to provide further explanation without

limiting the scope of the invention as claimed.



BRIEF DESCRIPTION OF THE DRAWINGS

[00036] FIG. IA shows a patient using an exemplary ventilation system according to the

invention.

[00037] FIGS. IB and 1C show additional non-limiting examples of different entry routes for

a ventilation catheter or gas delivery circuit useful with ventilation system according to the

invention.

[00038] FIGS. 2A, 2B and 2C graphically show non-limiting examples of how a ventilation

system according to embodiments of the invention can be efficacious in supporting the work of

breathing, mobility and ambulation while using an open airway system.

[00039] FIG. 3 shows a schematic of a basic embodiment of the invention describing in more

detail functional aspects of embodiments of the invention.

[00040] FIG 4 shows a flow diagram of an embodiment the invention, describing in more

detail functional aspects of embodiments of the invention.

[00041] FIG. 5 shows an overall layout of an embodiment of the invention.

[00042] FIG. 6 shows an exemplary ventilator and ventilator-user interface and belt system to

fasten the ventilator to the user, which are useful with embodiments of the present invention.

[00043] FIG. 7 is a flow chart describing the administration of an exercise test, particularly in

this case a six minute walk test, using the interface and interactive features that may comprise an

embodiment of the present invention.

[00044] FIG. 8 shows a non-limiting example of report that certain embodiments of the

present inventive ventilator system may be capable of generating.

[00045] FIG. 9 shows a non-limiting example of the use of a patient activity-related

monitoring function of certain embodiments of the present inventive ventilator system,

particularly in this non-limiting exemplary case, a pedometer.

[00046] FIG. 10 shows a non-limiting example of the use of an auto-adjustment function of

certain embodiments of the present inventive ventilator system, particularly in this non-limiting

exemplary case, an auto-ambulation mode in which the ventilator output responds to the

ambulation level of the patient.



[00047] FIG. 11 is a flow chart showing an auto-adjustment function of the ventilation

parameters based on patient need, according to an exemplary embodiment of the present

invention.

DETAILED DESCRIPTION OF THE INVENTION

[00048] Embodiments of the present invention provide improved systems, methods, and

apparatuses for supporting the respiration of a patient using patient input, providing patient

feedback, or both. Embodiments of the present invention may provide respiratory support that

promotes mobility and activities of daily living, and/or that is more compatible with mobility and

activities of daily living as compared to conventional respiratory support systems, methods, and

apparatuses. Respiratory support can be accomplished in a variety of ways, including, but not

limited to, by providing controlled synchronized ventilation with a directed flow of an oxygen-

bearing gas. The oxygen-bearing gas may be, for example, substantially pure oxygen, mixtures

of oxygen and nitrogen, mixtures of oxygen and inert gases, ambient air, or various combinations

thereof. In addition, the oxygen-bearing gas may include enhancements, such as fragrances,

aerosolized drugs, humidification, or heating. Patient input may be provided, for example, via

one or more of the wired or wire-less devices discussed below, or by other suitable methods or

devices that are known in the art, or which may be discovered, and which the skilled artisan will

recognize as suitable when provided with the teachings herein. Patient feedback may be

provided, for example, via one or more of the indications, reports, readouts or system data

outputs discussed below, or by other suitable methods or devices that are known in the art, or

which may be discovered, and which the skilled artisan will recognize as suitable when provided

with the teachings herein.

[00049] The patient may be ventilated using a ventilation gas delivery circuit and non

invasive open nasal ventilation interface or nasal interface, or a minimally invasive trans-tracheal

interface. The nasal interface preferably does not seal against the patient's nose like in other

ventilation interfaces, and rather leaves the nose open for the user to breathe normally and freely

from the ambient surroundings. The transtracheal interface connects to the patient's trachea

without sealing the airway so the patient can breathe normally and freely through their upper

airway. Ventilation gas may be delivered at a speed which entrains ambient air, such that the

combination of ventilation gas and entrained air are delivered to the user's airways and lung



under power. The interface may optimize the physics and fluid dynamics, in order to maximize

its performance, as will be explained in the subsequent detailed descriptions. The ventilation

system may also include a ventilator and a gas supply or gas generating means. A spontaneous

breathing respiration sensor may also be used to detect, determine and measure the spontaneous

breathing pattern and phases of the user, in order to synchronized and titrate the therapy to the

needs of the patient and to match the gas delivery comfortably with the patient's breathing. The

invention may be used to support the respiration of the patient, including supporting the work of

breathing by increasing pressure and volume in the lung, and can be used for maintaining airway

patency of the upper airways such as the oropharyngeal airway. When using the invention, the

patient breathes normally through their upper airway and through their nose, while receiving

mechanical support through the interface. In the case of the nasal interface, the patient can keep

their mouth closed during use, to help direct the mechanical support to the lower airways, or can

use a bite block or mouth guard or chin band, if necessary. The patient can use the therapy

while stationary, while being transported, while mobile and active, or while resting or sleeping.

The therapy has homecare, hospital, subacute care, emergency, military, pandemic, and transport

applications. An oral interface or endotracheal tube interface is also contemplated as part of the

invention, as well as a modular system that is compatible with all interface types mentioned.

[00050] A ventilator of the invention can be borne or worn by the patient. The nasal interface

may be placed discretely on the user's body, head and face. The transtracheal interface may be

discrete and low profile, or in the case the patient has a typical tracheostomy tube, the interface

can be minimally invasively connected to the tracheostomy tube. Because the ventilation system

contributes to some of the mechanical work required for a person to breathe, the user can be

active without suffering from dyspnea, hypoxemia or hypercapnia. The user can benefit from

ambulation, activity, and participate in the routine activities of daily living, such as preparing

meals, bathing, chores around the house, and leaving the house for outside activities. Further,

the user can communicate, eat, drink and swallow, while receiving mechanical ventilation, as

opposed to other ventilation interfaces in which the patient's airway is closed with an external

mask, or sealed internally with a cuffed airway tube. The ventilation parameters, ventilation

timing algorithms, and the effect on the lung are described in subsequent detailed descriptions.

[00051] Embodiments of the present invention may include a ventilation therapy device with

one or more of a built in or a modular: actigraphy sensor, pedometer, quality of life



scale/questionnaire function, and other activity sensors. Embodiments of the present invention

may include an exertion, exhaustion, dyspnea or well being scale/questionnaire function or input

device. Titration of therapy may be performed based on patient's activity level, automatic

adjustment mechanisms, and/or selectable settings of the ventilator system according to the

patient's response to therapy. Alternatively or in addition, embodiments of the inventive

ventilation therapy device may include indications and/or monitoring of known disease

exacerbation prediction. Alternatively or in addition, embodiments of the inventive ventilation

therapy device may include the ability to provide report(s) to the health care provider. These

may include communication devices that send information from the ventilator to an external

source. The report(s) may provide information such as, for example, information regarding a

patent's activity levels; information regarding the patient's health status, such as patient vital

signs such as oxygen saturation (SpO ) and respiratory rate (RR), the patient's exercise tolerance,

respiratory status; and/or information about the operation of the patient's ventilator, such as

settings and parameters. Information about a patient's health status, the patient's activity, and the

operational parameters of the patient's ventilator can be correlated or associated with each other,

such as over time. The report(s) created by systems according to the invention preferably

provide the clinician or other health care provider with a more complete picture of the patient's

activity level and overall health status as a function of the operation of the ventilator. The

additional intelligence provided by the systems according to the invention preferably facilitate

the monitoring and tracking of the patient's health and progress, the optimization and/or titration

of the ventilation therapy to better meet the needs of the patient, including, but not limited to,

changing the parameters of the ventilation therapy to meet changing conditions in the patient's

health and/or physical activity level.

[00052] The interactive devices and features of systems according to the invention, non-

limiting examples of which are described in more detail below, preferably enable the patient or

care provider to set activity type goals, administer activity and well being type tests or

questionnaires, and report on respiratory status, health status, activity level status, progress and

trends. The intelligence and interactive features can preferably also be used to tailor and titrate

the ventilation therapeutic level to the needs of the patient. Ventilation therapy may be matched

as closely as possible to activity and/or health goals by a control unit.



[00053] Referring to FIG. IA, in accordance with one embodiment of the invention, P

designates a patient suffering from respiratory insufficiency. Patient P may be, for example,

suffering from a breathing disorder, such as pulmonary emphysema, with overloading and

exhaustion of the respiratory muscles. As a consequence, the patient P can not take sufficiently

sized breaths, and thus too much CO is retained in the lungs, which can not be flushed out, and

insufficient oxygen is supplied to the tissues. Patient P may additionally suffer, for example,

from slack and collapsing respiratory paths, which contribute to the patient's inability to exhale

enough carbon-dioxide rich gas, thus, trapping the CO rich gas in the lungs. The system of FIG.

IA generally includes the ability to detect the patient's spontaneous respiration via one or more

sensors 13, 14 and the ability to perform some of the work of breathing for the respiratory

muscles by delivering pressurized gas as a function of patient activity in a manner that results in

increased lung pressure in the lung in an open airway system. In addition, a ventilator 4 may

provide additional oxygen to the lungs and can be synchronized to augment inspiration,

exhalation, or both via a control unit 1. The control unit 1 may include a memory and a

processor. The control unit 1 may process measurements taken from one or more types of

sensors to adjust ventilation therapy and/or match patient activity and/or health goals. Known

patient interfaces may be used with ventilation systems of the present invention. Preferably, as is

shown in FIG. IA, a transtracheal catheter 5 or gas delivery circuit is placed into the patient's

airway without sealing the airway, so that the patient's airway is open ambient, thus, permitting

and promoting spontaneous breathing through the natural air passages. The ventilation system

may promote mobility and normal airway function while still assisting in the work of breathing.

The ventilation system may be portable and does not prevent spontaneous breathing. FIGS. IB

and 1C show additional non-limiting examples of patient interfaces. FIG. IB illustrates a

ventilation catheter 5 or gas delivery circuit placed into the patient's trachea via a nasopharyngeal

route. Optionally, in FIG. IB, the ventilation catheter tip can be disposed at the entrance to the

nose, or even outside the entrance to the nose. FIG. 1C illustrates a ventilation catheter 5 or gas

delivery circuit placed into the patient's trachea via an oropharyngeal route. Embodiments of the

present invention may also work with conventional interface devices, such as, but not limited to,

a conventional nasal mask.

[00054] FIGS. 2A - 2C show non-limiting examples of how a ventilation system according to

invention can support, or perform part or all of, the patient's work of breathing in an open airway



system and thus promote activity and ambulation. The patient's work of breathing is assisted by

the ventilator gas delivery and entrainment caused by the ventilator gas to exceed the patient's

spontaneous breathing flow rate, and thus elevating pressure in the lung. FIG. 2A represents the

therapy when it is delivered during the patient's entire inspiratory phase. FIG. 2B represents the

therapy when it is delivered at the end of the patient's inspiratory phase with oxygen therapy

delivered during the beginning of the patient's inspiratory phase. FIG. 2C represents the therapy

when it is delivered at the beginning of the patient's inspiratory phase. Each of these three

therapeutic timing options has unique therapeutic effects. In the figures, the solid line represents

the indicated parameter without the therapy and the dashed line represents the indicated

parameter with the therapy. The top graphs represent the patient's lung volume with and without

the therapy, showing residual volume RV and tidal volume Vt. The middle graphs represent the

patient's inspiratory and expiratory flow with and without the therapy, and the ventilator's

inspiratory flow. The bottom graph represents the resultant patient's lung pressure with and

without the therapy.

[00055] FIG. 2A shows a representative ventilator output waveform which is generally a

square wave during the majority of the patient's inspiratory time. Compared to the baseline

condition, this ventilator output inflates the lung faster and at the end of inspiration inflates the

lung slightly more. In FIG. 2A, the patient's breath is supported by the therapy throughout

inspiration, resulting in an almost neutral pressure condition in the lung, while supplying much

of the volume needed by the patient. Compared to conventional ventilation which requires a

relatively high positive pressure to be generated in the lung, this open system has the benefit of

not requiring such a high lung pressure.

[00056] FIG. 2B shows a ventilator output waveform timed with the back end of the

inspiratory phase, and compared to baseline, inflates the lung deeper, increasing the tidal volume

of the patient, thus, increasing ventilation. To assure achieving the necessary oxygenation,

supplemental oxygen is delivered early in the breath. A slight positive lung pressure occurs late

in the inspiratory phase.

[00057] FIG. 2C shows a ventilator output waveform timed with the front part of the

inspiratory phase, and compared to baseline, inflates the lung faster, helping the patient to

achieve the needed tidal volume much earlier than without the therapy, thus, keeping the

patient's lung distended for a longer period of time thus improving gas exchange. The ventilator



can alternate between these three alternative timing modes of FIGS. 2A, 2B and 2C as needed or

as desired. Hence, the ventilator described in the invention may be capable of facilitating

mobility and even exertion of a patient with respiratory insufficiency without the patient

fatiguing, yet in an open airway system.

[00058] The respiration support of patient P in accordance with the principles of the invention

may preferably be implemented in a system, method, or apparatus that may be compact and/or

portable. As shown, for example in Figure IA, the respiration support of patient P in accordance

with the principles of the invention may be implemented in a system, method, or apparatus that

may be wearable or carry-able by the patient. The principles of the invention may, however, also

be used with other types of ventilation systems. Non-limiting examples of ventilation systems

with which the principles of the invention may be used include stationary ventilators, ventilators

suitable for use in vehicles, ventilators suitable for home use, ventilators sized for a patient to

carry or wheel on a cart, wearable ventilators, carry-able ventilators, and central respiratory

systems, such as those in medical facilities. The invention may also be applied to oxygen

therapy systems and interventional respiratory treatments.

[00059] An exemplary overall system 19 is illustrated in FIG. 3, indicating ventilator V, gas

source O 21, gas pump or control valve 23, control unit 25, ventilation catheter or other patient

interface 27, one or more internal sensors 29, and patient P. The gas source O 2 1, gas pump or

control valve 23, and control unit 25 can be separate or integrated components of the system 19.

The control unit 25 may be connected to one or more internal sensors 29 and/or one or more

external sensors 3 1 (as shown in FIG. IA). The one or more internal sensors 29 may preferably

be spontaneous breath sensors. The one or more internal sensors 29 and/or one or more external

sensors 3 1 may be any of the sensors or devices described herein in any combination. Reference

numerals 20, 30, 40, and 50 may represent non-limiting examples of sensors and interfaces that

may by used with embodiments of the present invention. For example, sensors may be internal

activity-related sensors 20, such as actigraphy or a pedometer; ventilation related sensors 30,

such as etCO2, SpO2, depth of respiration, or rate of respiration; user interface for well-being

scale 40, such as BORG, quality of life, or tiredness scale; or user interface for administering an

exercise test 50, such as a six minute walk. It is important to note that, although sensors and

interfaces may be integral to or inside the ventilator, as shown in FIG. 3, they may also be

modular and operably connected to the ventilator.



[00060] The control unit 25 may receive input from internal or external activity-related

sensors 33 and/or external ventilation-related sensors 35. The control unit 25 may report output

via hardwire 37, wireless transmitter 39 or other suitable procedure. An optional implanted

sensor 4 1 within a patient P may transmit information I via hardwire, wireless transmitter or

other suitable procedure. An oxygen blender 24 may be provided between the gas supply 2 1 and

the control valve 23 in order to provide the required or desired concentration of oxygen to the

patient. The end-tidal CO2 sensor, or other sensor, can be used to determine the concentration of

oxygen being delivered to the patient, and can be used to adjust the blender as necessary. The

oxygen can alternatively be bled into the gas delivery circuit to the patient neat the outlet of the

ventilator 19 to the gas delivery circuit 27. A breath sensor may provide feedback from a patient

P and/or the gas delivery circuit 27 to the control unit 25 and/or control valve 23.

[00061] A patient's spontaneous breathing preferably can be detected by way of sensors. A

catheter or gas delivery circuit can be used to introduce oxygen-rich gas into the lungs as needed

to contribute to work of breathing by performing work on the respiratory muscles as described in

FIGS. 2A - 2C. As shown in FIG. IA, the patient's airway may be operably connected to the

ventilator via a catheter 5 or gas delivery circuit. The sensors and catheter or gas delivery circuit

can be associated with the patient in a variety of ways. For example, as illustrated in FIG. IA, a

catheter 5 or gas delivery circuit may be introduced in the trachea transtracheally, or can be

coupled to the channel of a tracheostomy tube.

[00062] Alternatively, a catheter 5 or gas delivery circuit may be introduced at other points

into a patient P, including, as further non-limiting examples, through the mouth or nose of the

patient P (as in FIGS. IB and 1C), or by positioning the tip of the catheter at the entrance to or

outside of he nostrils, or introducing a catheter via an artificially created entry point somewhere

on the body and tunneling it internally to and into the trachea. Any other suitable technique may

be employed to operably connect the patient's airway to a ventilator. As another non-limiting

example of a ventilator system that may be useful with the present invention, the patient's airway

may be operably connected to a ventilator using a noninvasive breathing mask and a single or

dual limb breathing circuit.

[00063] The devices or sensors that provide input to a control unit 12 may be any suitable

known devices or sensors, and may be chosen based, for example, on parameters to be measured,

system configuration, and patient and system interaction. Devices or sensors may be implanted



on or in a patient, worn on or attached to the patient or the patient's clothing, integral to the

ventilator, modularly attached to the ventilator, or held by the patient. Numerous devices and

sensors may be used in the inventive ventilator system and are described in greater detail below.

Non- limiting examples of useful devices and sensors include actigraphy sensors, pedometers,

end-tidal CO sensors, pulse oximetry sensors and a pulse oximetry sensors with heart rate

monitors, spontaneous breath sensors, and intra-tracheal breath sensors. Other useful devices

and sensors are known in the art, or may be discovered, which the skilled artisan will recognize

as suitable for use with the invention when provided with the teachings herein.

[00064] Ventilator systems of the present invention may also preferably include user input

interfaces, such as buttons, keypads, touch screens, etc. that preferably facilitate the entering of

information or setting of ventilation parameters, therapeutic goals, or overall health goals by the

patient or clinician; and output interfaces or devices that preferably facilitate the provision of

information by the ventilator system to the patient or clinician. Non-limiting examples of output

interfaces or devices include devices, such as alarms, displays, printers, hand-held digital

assistants, emails or text messages, etc., that preferably can alert the patient or clinician to an

occurrence or condition.

[00065] The general flow diagram in FIG. 4 shows that patient activity is an important

therapeutic goal, and that monitoring, assessing, and reporting on patient activity level is is used

to meet the therapeutic goal. Ultimately, a determination is made regarding the ventilation

parameters, and appropriate action is taken to facilitate obtaining the activity related goals. The

functionality of they system of FIG. 4 may be carried out, for example, by the system of FIG. 3 .

[00066] In FIG. 4, activity level of a patient may be monitored 41. Assessed activity level

may be compared to ventilator settings, and other health status identifiers 43. A control unit may

then determine the adequacy of ventilation for the activity level 45. The control unit may then

report on the activity level and adequacy of the ventilation for that activity level 47. If

necessary, the control unit may adjust the ventilator or respiratory support device settings 49. As

such, the therapy may be improved by correlating physical activity level with mobile,

unobtrusive respiratory support 51.

[00067] Respiratory devices may include a control unit that directs the operation of function

of the ventilator, such as, for example, providing gas flow to the patient, optionally in

synchronization with the patient's breathing. In some embodiments, monitoring and reporting



capabilities are provided by enhancing or modifying the capabilities of the respiratory device

control unit. Control unit modification and/or enhancement may be provided using any of a wide

variety of techniques known to those of ordinary skill in the electronic and software arts. As

such, there are numerous alternative ways to enhance the control system capabilities to realize

the improved capabilities of the inventive system. Control system modification or enhancement

may include all or some of: additional or modified stand alone electronics; additional or modified

integrated electronics; additional or modified hardware; additional or modified software;

additional or modified firm ware; additional or modified memory and/or additional or modified

input/output functionality. Alternatively, one or more additional control units may be added to

the respiratory device to provide the inventive monitoring and reporting capabilities. Any

additional control unit(s) may preferably work in cooperation with, and share data, such as

respiration data, with control unit.

[00068] Likewise, known respiratory devices can be modified to perform the monitoring and

reporting capabilities of the present invention. The specific component(s) added, system

modification(s) or enhancement(s) or degree or combination thereof will depend on the inventive

reporting or functionality capability being implemented. A number of non-limiting exemplary

monitoring and reporting functions and capabilities that may be implemented by or provided by

embodiments of the inventive ventilator systems are described below. Non- limiting exemplary

functions and capabilities include activity level monitoring, pedometer feedback and estimation,

such as 6 minute walk test data collection and report generation, well being interface, end tidal

CO monitoring and control system feedback, oxygen saturation monitoring and control system

feedback, spontaneous respiration rate monitoring and control system feedback, therapy

utilization and compliance monitoring and control system feedback, breathing source gas

level/duration monitoring and control system feedback, ventilator auto set-up function, automatic

therapy titration, spirometry, and exacerbation detection and prevention, monitoring, and control

system feedback.

[00069] FIG. 5 illustrates an overall view of an exemplary embodiment of the present

invention, in which various diagnostic assessments and reporting of or interaction with those

assessments are made to determine the adequacy of the therapy. Therapy 6 1 may include

mechanical support of breathing 63 administered in relation to patient physical activity, normal

activities of daily living and normal social activities 65. Therapeutic goals 67 may be entered to



a ventilatory support/ambulation device 69 adapted to be borne by a patient and adapted so that

the patient has an open upper airway to enable normal upper airway functions. Therapeutic

settings 7 1 may be used to administer therapy 6 1. Therapy may be adjusted as needed 73.

[00070] Diagnostic devices 75 may be in communication 77, internally or externally, with a

therapeutic device 69. The diagnostic device 75 may (1) measure and assess general health level

and vital signs, (2) measure and assess respiratory status, (3) measure and assess quality of life

level, and/or (4) measure and assess physical activity level for the purposes of measuring and

assessing overall health and well-being status of a patient. A test or query 79 may be presented

to examine exercise tolerance, overall health and well-being. Efficacy of the therapy compared

to therapeutic goals may be determined 81.

Capability to Improve Overall Health

[00071] Overall health (such as activity, quality of life, dyspnea, comfort, exacerbation

frequency, exercise tolerance, spontaneous respiratory rate, number of steps taken per day, etc.)

can be improved by the ventilation system of this invention because the ventilator is designed to

be borne by the patient, and designed to provide mechanical ventilatory support using an open

airway ventilation system. Therefore, the ventilator enables activities of daily living, such as

normal use of upper, being able to ambulate and move, and being able to exert oneself without

immobilizing levels of dyspnea.

Overall Health Measurements

[00072] Overall health measurements (such as activity level, quality of life scales, dyspnea

scales, comfort scales, disease exacerbation frequency, exercise tolerance, spontaneous

respiratory rate, number of steps taken per day, etc.), conventionally are measurements that are

made manually. With respect to mechanical ventilation, these types of measurements have not

been made as part of a ventilation system, since conventional ventilators are not used to improve

or optimize the patient's overall health. Conventional ventilators, when used for respiratory

support, have historically been used only to optimize the patient's blood gases and other

respiratory parameters, but not overall health. The system of this invention includes the

capability of measuring and assessing these overall health indicators.

Capability to Set Goals for Overall Health

[00073] With existing conventional ventilation systems, the prescribing physician cannot and

has no need to set goals for the patient's overall health. The only goals that are set are the



ventilator parameters, the goal of physiologic stability and, if possible, weaning from the

ventilator. But overall health, such as activity level, quality of life measures, and exacerbations

are not measured as part of the ventilation therapy, nor are goals set for these parameters. A

ventilator is not considered in this context. However, with a mobility assist device, such as the

ventilator of this invention, the physician has the ability to consider the patient's overall activity

level and health as part of what the therapy accomplishes. The physician can then set a goal as

part of the intended therapy. Therefore, when the patient is initially prescribed the therapy of

this invention, the doctor, and optionally the patient too, can set overall health goals, along with

the ventilator settings. The goals can adjust over time as appropriate for the patient, given the

prevailing circumstances. For example, a patient with a chronic and progressive disease, the

goals may decrease very slightly every year. A patient with a chronic but non-progressive

disease, the goals may slightly increase every year or every month. In contrast, if the patient

where using a conventional ventilation therapy, their goals (if it where possible to set them and

track them, which it is not) would significantly decrease every year or stay the same, for a

progressive disease and non-progressive disease respectively.

Trending and Reporting

[00074] The overall health measurements and ventilation parameters can be tracked, trended

and reported. They can be stored for retrospective reporting or analysis purpose, for utilization

reviews, for care providers and home care equipment providers to help them manage their

patients. The reports and trending can be reported automatically to the physician so the

physician can manage the patient remotely. The data can be reviewed periodically to detect

trends in the patient's well being, and to interdict if and when necessary.

Associativity between Overall Health Goals and Ventilator Parameter Settings

[00075] Setting and tracking overall health goals with a ventilation system is possible with

embodiments of the present invention such that the overall health goals and ventilation

parameters can be tied together. If the overall health goals are not being met, the ventilation

parameters can be adjusted or re-titrated, usually increasing the therapeutic level of the

ventilation parameters, in attempt to meet the overall health goals. Conversely, if the overall

health goals are being met, the ventilation parameters can be re-titrated or turned down, in order

to reduce the patient's dependency on the mechanical ventilation, while still meeting the ultimate

goals of the therapy, which is a certain level of overall health. Also, turning down the therapy



when the overall health goals are being met helps conserve oxygen and is more cost effective in

the long run. The adjustment or re-titration of the ventilation parameters can be automatic, semi

automatic, or manual, or any combination of thereof. The associativity can be set up in advance

when prescribing the therapy to the patient, or can be established or re-established during the

course of therapy, for example every month, and can be set up manually or wirelessly.

Health Status Index

[00076] With the advent of a mobility enhancement ventilator, setting overall health goals,

and associativity between overall health and ventilator parameters, a new clinical measure may

be possible that was not possible before. The new clinical measure may be a Health Status Index

(HSI), which is a dimensionless parameter that takes into account the level of therapeutic support

the patient is receiving and the overall health of the patient. The HSI can be expressed in an

absolute scale, but can also be expressed in a percent predicted scale, or a percent of target scale.

For instance, a patient may have an HSI of 8 out of a maximum of 10 using a 0-10 or -10 to +10

scale. Their predicted value might be a 7, giving them a HSI percent predicted of 114%,

meaning they have over-achieved the normal value for that patient type. Their target value might

have been 8, giving them a HSI percent of target of 100%. The HSI can be for example a

numerator of Overall Health and a denominator of therapeutic level. For example, the numerator

would include overall health subcomponents (such as activity level, comfort, dyspnea, number of

steps per day, RR, and speech quality), each with a relative weighting of importance relative to

the other subcomponents, and the denominator would include therapeutic level subcomponents

(such as oxygen percentage setting, ventilator volume setting, number of hours used per day),

each with a relative weighting of importance relative to the other subcomponents. The HSI can

include a more complex formula as well, and a wider scale than 1-10 or -10 to +10. The HSI can

also be a value that has units associated with it, rather than unit-less as described above, such as

0.8 steps per day per ml per hour per % oxygen. Defining an HSI goal, and tracking to that goal,

and adjusting the therapy to meet that goal, is one of the ultimate goals of the therapy.

[00077] FIG. 6 shows an exemplary ventilator 9 1 and ventilator-user interface 93 and belt

system 95 to fasten the ventilator 9 1 to the user, which are useful with embodiments of the

present invention. The user interface 93 may include displays, indicators, alarms, etc. The

ventilator 9 1 may include input devices, such as buttons, touch screens, keypads, etc. Inputs 97



may allow for turning power on/off, entering activity levels, turning alarms on/off, and other

options.

[00078] FIG. 7 is a flow chart describing the administration of an exercise test 101,

particularly in this case a six minute walk test, using the interface and interactive features that

may comprise an embodiment of the present invention. From a main screen 103, a user may

select a mode 105. In an exemplary embodiment, the user may select a six minute walk test 107,

wherein the unit defaults to active mode (higher volume setting) or a user may be prompted to

change from rest mode to active mode. A user may be prompted to enter a target six minute

walk distance and/or a target number of steps 109. A start button or other user input may enable

a countdown 111. The user may press a start or other user input and begin walking 113, wherein

the counter is activated upon the first step and registers the number of steps and/or counts down

the remaining steps. In certain embodiments, the ventilator may enunciate messages to a user

during the test, such as time remaining. At the conclusion of the test, a display may indicate

completion of the test and display relevant information 115. Data may be stored in a memory

and/or processed by a processor.

[00079] FIG. 8 shows a non-limiting example of report that certain embodiments of the

present inventive ventilator system may be capable of generating. Reports 121 may include

patient information 123, ventilator settings 125, test results 127, history 129, and other relevant

information. Information may include text, graphs, charts, graphics and other visual or auditory

indicators.

[00080] FIG. 9 shows a non-limiting example of the use of a patient activity-related

monitoring function of certain embodiments of the present inventive ventilator system,

particularly in this non- limiting exemplary case, a pedometer. From a main screen 203, a user

may select a mode 205. In an exemplary embodiment, the user may select a pedometer mode

207, wherein pedometer recordings are displayed. The ventilator may automatically count steps

when a pedometer is attached and may store results in a memory. A user may be prompted to

enter a target number of steps 209. A start button or other user input may set a counter to zero

2 11. The user may press a start or other user input and begin walking 213, wherein the counter

is activated upon the first step and registers the number of steps or combination of steps and

other measurements, such as respiration rate. In certain embodiments, the ventilator may enter

ambulation mode when steps are registered. In certain embodiments, the screen defaults back to



the main screen and a step counter may be displayed on the main screen 215. Data may be

stored in a memory and/or processed by a processor. The user may enable a user input to go

back to pedometer mode to see the actual number of steps versus a goal and a history 217.

[00081] FIG. 10 shows a non-limiting example of the use of an auto-adjustment function of

certain embodiments of the present inventive ventilator system, particularly in this non-limiting

exemplary case, an auto-ambulation mode in which the ventilator output responds to the

ambulation level of the patient. If auto-ambulation is off, a user must manually switch between

sleep, rest and active settings. If auto-ambulation is on, the ventilator automatically switches

between sleep, rest and active based on readings from one or more sensors or a combination

thereof. Alternatively, the ventilator may prompt the patient or caregiver to manually make the

change.

[00082] Multiple types of sensors may be used to collect data regarding a patient and analyzed

together to make a determination of patient status. In preferred embodiments, a breath sensor

may be used in combination with an activity sensor or health sensor. The information from both

types of sensors can be analyzed together to adjust ventilation, as needed. One exemplary

embodiment may be the system and method as shown in FIG. 11. FIG. 11 is a flow chart

showing ambulation monitoring according to an exemplary embodiment of the present invention.

Initially, a patient or physician may turn a ventilator on 301 . If the ambulation sensor detects

non-ambulation 305, then the ventilator begins augmentation for a rest setting 307. If a patient

then begins ambulation 309, the ambulation signal is equal to the ambulation respiratory rate

reference value captured from, for example, the previous three breaths. The ventilator may wait

for a predetermined number of breaths within a predetermined time. For example, the ventilator

may wait for three consecutive breaths at an ambulation level, where there are a set number of

breaths per time period, such as one breath every three seconds. If these breaths indicate

ambulation, then a reminder to the patient is activated 3 11. If and/or when the user selects

ambulation, the ventilator may adjust from rest to ambulation over a set number of breaths 313,

for example, three breaths in even adjustment increments. Adjustment may also be automatic.

When an ambulation signal indicates non-ambulation, the respiratory rate reference value is

captured from a previous number of breaths 315. The ventilator may wait for a set number of

consecutive breaths of non-ambulation and/or a respiratory rate value of within a set number of

breaths per minute 317. Results may be compared across sensor types. For example, breath



sensors may indicate non-ambulation, and this could be confirmed or disputed by an activity

level sensor. The control unit may compare values from various sensor types and make a

determination of patient activity level and/or health status. Other times a sensor may

malfunction or give a false reading, and the other sensor type may compensate. If a threshold

limit is met, then a reminder may be activated. This may also be done automatically. When the

user selects a rest setting, the ventilator adjusts to a rest setting over a set number of breaths,

preferably in even increments 319.

[00083] If the ambulation sensor detects ambulation, then the ventilator is set on an active or

similar setting 303. The ventilator begins augmentation for an ambulation setting 321. When an

ambulation signal indicates non-ambulation, the respiratory rate reference value is captured from

previous number of breaths 323. The ventilator may wait for a set number of consecutive

breaths of non-ambulation and/or a respiratory rate value of within a set number of breaths per

minute 325. If a threshold limit is met, then a reminder may be activated. This may also be done

automatically. When the user selects a rest setting, the ventilator adjusts to a rest setting over a

set number of breaths, preferably in even increments 327.

[00084] It may be preferable to include multiple sensor types to confirm reading prior to

adjusting therapy. For example, an activity sensor may not register movement if a patient is

active on a stationary exercise machine, but a breath sensor would indicate an active status.

Therefore, multiple sensors may allow for more accurate detection and analysis of patient status

and respiratory need than a single type of sensor. Information from multiple sensors may allow

matching of measurements by the control unit and more accurate detection of patient activity and

overall health.

[00085] The following sections describe various exemplary embodiments and aspects of the

inventive ventilator system, sensors, and methods of use. Any of the embodiments and aspects

of the inventive ventilator system, sensors, and methods of use may be used in combination with

any other embodiments and aspects.

Actigraphy sensor and monitoring function

[00086] Ventilator systems according to the present invention may preferably have the

capability of determining and/or monitoring the patient's activity level(s). Determination and

monitoring of the patient's activity level(s) can be accomplished, for example, through the use of

actigraphy sensor(s). Together with other ventilator information, readings, measurements and



settings, such as sleep, rest, active, information regarding the patient's activity level(s) can be

useful in titrating and optimizing the ventilation therapy, as well as managing the patient, and

monitoring the efficacy of the therapy.

[00087] The actigraphy sensor(s), the control unit(s) of the ventilator, input and output

devices, and other types of sensors, acting alone or in cooperation preferably have the ability to

determine or provide one or more of, or any combination of, the following types of information:

average activity level; current activity level; last set time period activity level; activity level

trend; activity level goal setting, and comparison of actual against goal; activity level alerts (alert

if too low, alert if goal exceeded); activity level reported with correlation to other parameters

(e.g., vol. setting, respiratory rate, time of day, etc.); activity level graphical display versus time;

activity level feedback to control settings (e.g., vol. setting); and/or report generation.

[00088] The actigraphy sensor(s) may be integrated into the ventilator, but alternatively may

be modular. The particular configuration that is more preferable may be determined by, for

example, the type of ventilator. For example, an integrated sensor may be particularly desirable

when the ventilator is wearable ventilator. When the ventilator is not worn by the patient, but is,

for example, carried, wheeled, or even stationary, the actigraphy sensor(s) preferably can be

modular, such that the patient can wear the sensor in order for it to better record the patient's

activity level. It may be useful for the patient to wear the actigraphy sensor(s) during periods

when the ventilator is not operably connected to the patient or is not providing ventilation. This

would facilitate the determination of a baseline value for the patient's activity level while the

patient is not receiving ventilation. It may be preferable for a modular actigraphy sensor(s) to

include the ability to store information and later transfer it to the ventilator's control unit upon

connection, so that the baseline data may be to determine ventilator settings, and therapeutic

values may be synchronized.

Pedometer Sensing

[00089] Based on a pedometer sensor or sensors, the ventilator may have the capability of

determining the patient's ambulation level. Together with other ventilator information and

settings, and patient well-being parameters and optionally clinical parameters, the information

can be useful in titrating and optimizing the therapy as well as managing the patient, and

monitoring the efficacy of the therapy. The sensor and ventilator may have the ability to provide

various modes such as:



[00090] Pedometer counter mode where the ventilator registers and/or records: total number

of steps over a period, such as steps per day; quickness of walking (no walking, slow walking,

fast walking); average steps per period; current steps per period; last time period number of

steps; number of steps trend; number of steps goal setting, and comparison of actual against goal;

number of steps alerts (alert if too low, alert if goal exceeded); number of steps reported with

correlation to other parameters (e.g., vol. setting, respiratory rate, time of day, etc.); number of

steps graphical display versus time; number of steps feedback to control settings (e.g., vol.

setting); estimated distance for the above, based on selected stride distance; and/or report

generation (electronic and hard copy).

[00091] Six minute walk test monitoring mode (steps and estimated distance) where the

ventilator has a user interface to administer test and display/report results, and registers and/or

records: goal setting; results history; countdown timer, prompts and visual/audible indicators

(such as "pace is 100 steps per minute", or "good job", etc.); estimated distance function

(estimates distance from stride length entered by user); comparison against 6 minute walk with

ventilator off (ventilator receives input from standalone pedometer used by patient without the

ventilator, or the Ventilator OFF results are entered into the ventilator by user); and/or report

generation (electronic and hard copy).

[00092] Auto-Ambulation Mode may allow the ventilator to adjust the therapeutic level based

on the ambulation level as determined by the pedometer. A physician may set the following: "at

rest" volume/timing setting; "exertion" volume/timing setting (the exertion setting can be an

"ambulation" setting with multiple levels, for example ambulation 1, ambulation 2, ambulation 3,

etc.); optionally, other settings such as sleep, max exercise, conserve, quite, etc.; a pedometer

threshold setting; and/or enable auto-ambulation using physician-only key. If the patient's

pedometer value is above the threshold setting, the ventilator automatically switches from "at

rest" to "exertion" settings. If the patient's pedometer value is below the threshold setting, the

ventilator automatically switches from "at rest" to "exertion" settings. A patient can optionally

override the "exertion" setting if needed. If programmed by the care provider, the patient can

switch to "exertion" settings even if not exerting. The threshold values can dynamically adjust,

based on recent activity or trends. The dynamic adjustment range can be pre-determined,

determined and set by the physician, manually set, or automatically determined. The auto



ambulation mode can also be used with the actigraphy sensor in addition to or instead of the

pedometer sensor.

[00093] A manual ambulation mode may allow a user to manually switch between the "at

rest" settings, and the "exertion" settings. The exertion setting can be an "ambulation" setting

with multiple levels, for example ambulation 1, ambulation 2, ambulation 3, etc. These settings

are prescribed settings programmed in to the ventilator upon dispensing the ventilator to the

patient by the care provider. The manual ambulation mode can also be used with the actigraphy

sensor in addition to or instead of the pedometer sensor.

[00094] A well-being scale function, such as BORG Scale, comfort scale, dyspnea scale,

tiredness scale, ease of breathing scale or quality of life scale may collect and store information.

The information collected and made available in this mode can be used along with the ventilator

settings and other patient information including patient activity or ambulation level and clinical

parameters to determine and track the efficacy of the therapy, and to potentially make

adjustments to the therapy. The ventilator may have a built-in user interface menu for user to

enter values or to answer questionnaire or survey in order to register/record how the patient is

doing or feeling.

[00095] An end-tidal CO monitoring and feedback function may utilize a sensor. The

ventilator has an integral or modularly attached end-tidal CO sensor. Based on the sensor, the

ventilator may have the capability of determining the patient's ventilation efficiency and gas

exchange. Together with other ventilator information and settings, and patient activity level and

well being information and optionally other patient clinical information, the information can be

useful in titrating and optimizing the therapy as well as managing the patient, and monitoring the

efficacy of the therapy. The sensors and ventilator may have the ability to accomplish the

following:

[00096] EtCO2 values can be displayed, stored, trended, and provided in a report. EtCO2

reporting can be reported with other information such as ventilator parameters, other monitored

values such as pedometer reading, etc. EtCO2 values can be used to automatically or manually

adjust ventilator output, for example to go from rest mode to active mode. EtCO2 values can be

continuously measured and displayed. EtCO2 values can be reported as exhalation phase values,

or inspiration phase values, or both exhalation and inspiration phase values, or an average value

of inspiration and expiration. EtCO2 values can be reported as ml EtCO2/ml tidal volume, or as



a percentage of tidal volume, or can be normalized to or reported as a function of the breath rate

or minute volume or breathing pressure, or breathing flow rate, or I:E ratio, or residual volume.

[00097] Oxygen saturation monitoring and feedback function may utilize a sensor. The

ventilator may have an integral and/or modularly attached pulse oximetry sensor. Based on the

sensor, the ventilator may have the capability of determining the patient's ventilation efficiency

and gas exchange. Together with other ventilator information and settings, and patient activity

level and well being information and optionally other patient clinical parameters, the information

can be useful in titrating and optimizing the therapy as well as managing the patient, and

monitoring the efficacy of the therapy. The sensors and ventilator may have the ability to

provide the following functions and values: SpO2 values can be displayed, stored, trended, and

provided in a report. SpO2 reporting can be reported with other information such as ventilator

parameters, other monitored values such as pedometer reading, etc. SpO2 values can be used to

automatically or manually adjust ventilator output, for example to go from rest mode to active

mode. A pulse oximeter may also provide heart rate.

[00098] Spontaneous respiration rate sensing function may utilize sensors. The spontaneous

breath sensors integral to the ventilation catheter and ventilator, continuously un-interruptedly

record the spontaneous breath rate of the patient. Based on the sensor, the ventilator may have

the capability of determining the patient's spontaneous respiration rate. Together with other

ventilator information and settings, and patient activity level and well being information and

optionally other patient clinical parameters, the information can be useful in titrating and

optimizing the therapy as well as managing the patient, and monitoring the efficacy of the

therapy. The sensors and ventilator may have the ability to determine or provide the following

functions and values: The spontaneous breath rate (RRSpont) is displayed, stored, trended and

provided in a report. RR spOnt reporting can be reported with other information such as ventilator

parameters, other monitored values such as pedometer reading, etc. RRspOnt values can be used

to automatically or manually adjust ventilator output, for example to go from rest mode to active

mode.

[00099] Depth of breathing monitoring function may utilize sensors. Using intra-tracheal

breath sensors, the depth of spontaneous respiration is recorded. Based on the sensor, the

ventilator may have the capability of determining the patient's ventilation efficiency and gas

exchange, as well as distress level or activity level. Together with other ventilator information



and settings, and patient activity level and well being information and optionally other patient

clinical parameters, the information can be useful in titrating and optimizing the therapy as well

as managing the patient, and monitoring the efficacy of the therapy. The sensors and ventilator

may have the ability to determine or provide the following functions and values: depth of

respiration can be correlated to tidal volume, and the type of breathing (at rest, sleep, exertion,

exercise). The breath sensor signal can be correlated with a reference spirometry value to

provide an accurate estimate of the tidal volume. Depth of breathing can be used to determine

health status and ventilator settings.

[000100] Therapy utilization and compliance function may utilize sensors. Based on the

various sensors, the sensor(s) and ventilator may have the ability to determine utilization and

compliance as a function of activity level and well being level. The ventilator may have the

ability to record frequency and duration of use of the therapy. Use of therapy can be recorded

and reported as a function of hours per day, hours per week, etc., and can be organized into

subcategories such as hours at "rest" setting and hours at "exercise" setting, etc. Target values

(prescribed by clinician), for example how many hours of therapy per day, can be entered into

the ventilator, and actual therapy can be tracked and reported in comparison to target value.

Alerts can be enabled if the actual therapy durations are shorter or longer than prescribed values,

or if the therapy is not being used at the correct time of the day.

[000101] Oxygen source level (duration) monitoring function may utilize sensors. A user may

enter oxygen pressure or oxygen cylinder size of the source. The ventilator may track patient

breath rate, which is the ventilator rate, and the ventilator volume setting, and provides a

displayed value of duration of oxygen source remaining. Remaining time alert may be activated

based upon a user entering a threshold setting, for example 30 minutes. At such time, the

ventilator alerts the user when 30 minutes of oxygen is remaining.

[000102] Ventilator auto-set up function may require a user to enter patient information, such

as height, weight, oxygen therapy flow rate prescription, minute ventilation requirement, tidal

volume requirement. The ventilator volume setting may then be automatically adjusted to the

entered patient information.

[000103] Automatic therapy titration function may involve ventilator volume and timing setting

automatically adjusted based on patient's breathing profile. For example, a steep spontaneous

inspiratory flow curve may adjust the ventilator timing to trigger early and strong, versus a



shallow spontaneous inspiratory flow curve that may adjust the ventilator timing to trigger with a

delay and at a lower amplitude delivery flow rate, pressure or volume.

[000104] A spirometry function may allow the ventilator to estimate the depth of breathing or

tidal volume by the intra-tracheal breathing signal collected by the breath sensors. A patient may

need a correlation factor of breath sensor signal to breathing volume which is performed when

the ventilator is prescribed and provided to the patient. The ventilator can estimate residual

volume by correlating tracheal gas composition, breath rate, tracheal breathing gas flow rate, and

oxygen volume delivery to lung volume.

[000105] Exacerbation detection and prevention may allow the ventilator, based on clinical

indicators, predicts the onset of a COPD exacerbation. Once the exacerbation is predicted in

advance, the ventilator can take action to help prevent the exacerbation from occurring: the

ventilator can remotely notify a clinician to intervene; for example provide the appropriate

medication to prevent the exacerbation from taking place; the ventilator can change its settings to

provide more ventilatory support or more oxygen to prevent or minimize the exacerbation;

and/or the ventilator can automatically or semi-automatically introduce a medication through the

breathing circuit or ventilation catheter into the patient's airway in response to the exacerbation

detection and after satisfaction of the requisite threshold values. Exacerbations can be predicted

by frequency of coughing, type of cough, mucus production level, breath rate, activity level,

SpO , EtCO , depth of breathing, or other clinical parameters. The ventilator can archive patient

parameters or events, and correlate the archived parameters of the last 24 hours to the

exacerbation, after the exacerbation has occurred. This can be done automatically by the

ventilator or the correlation can be prompted by the clinician. The patient then has his/her

individual signature for predicting an exacerbation. A coughing detection system, or

bronchospasm detection can optionally be included independent of the exacerbation detection

system. The cough and bronchospasm events can be measured, recorded, trended and reported

to a user or clinician for use in determining the appropriate intervention.

[000106] A vibration alarm function may be provided. Because the patient may be using the

ventilator in public while the patient is being active and mobile, and since the patient may be

wearing the ventilator, it may be desirable to have a vibration setting for alarms to avoid

disturbing other people with audible alarms. The ventilator can optionally include a feature to

sense if the ventilator is being worn, versus being toted. If toted, the ventilator can command the



vibration alarm setting function to be disabled. The vibration setting can optionally convert to an

audible alarm if the vibration alarm is not responded to in a pre-determined time frame.

[000107] Table 1 is an example of monitored "Activity Level" performed by a ventilator,

including activity level trending, along with other indices such as "Exacerbations". Table 1

indicates the data recorded or received by the system as a direct input from a device, sensor or

user input. Information such as that found in Table 1 may be stored, reported or used in any of a

number of different ways. The information in Table 1 may be stored in memory available as part

of the ventilator electronics. The information in Table 1 may be provided as part of an output for

display on a monitor, a print out or as part of an ongoing evaluation of a patient's progress.

TABLE 1

[000108] In addition or alternatively, the information in Table 1 can be displayed on the user

interface of the ventilator, can be transmitted to a central monitoring station like a respiratory

therapy department or nurse's station, or to a remote viewing or archiving location like a doctor's

office, or can be formatted for printing and hard copy archival.

[000109] Additionally or alternatively, when a particular parameter from Table 1 is selected,

for example, "Spontaneous Respiratory Rate", additional information can be viewed or

expanded, as shown in the example Table 2 below, so that the therapeutic value can be compared

with the baseline value.



TABLE 2

[000110] Additional details of ventilation systems and methods for providing ventilation

therapy are described in International Application Number PCT/US2006/036600 and United

States Patent Publication No. US2008/0 135044.

[000111] Although the foregoing description is directed to the preferred embodiments of the

invention, it is noted that other variations and modifications will be apparent to those skilled in

the art, and may be made without departing from the spirit or scope of the invention. Moreover,

features described in connection with one embodiment of the invention may be used in

conjunction with other embodiments, even if not explicitly stated above.



Claims:

1. A ventilator system comprising:

a ventilator comprising a ventilation gas source, a ventilation gas delivery circuit, and a

control unit;

a patient interface in communication with the ventilation gas delivery circuit;

at least one breath sensor;

at least one patient activity sensor;

wherein the ventilator is adapted to provide mechanical assistance to respiratory muscles

to support work of breathing of a spontaneously breathing patient;

wherein the ventilator is adapted to be coupled to a patient for permitting ambulation of a

respiratory compromised patient while supporting the work of breathing; and

wherein the control unit adjusts ventilation based upon activity level of the patient by

processing measurements from the at least one breath sensor and the at least one

patient activity sensor.

2 . The ventilator system of claim 1, wherein the ventilator reports activity level to a

remote device.

3. The ventilator system of claim 1, wherein the patient interface maintains an open

airway system to permit the patient to breathe ambient air freely and spontaneously.

4 . The ventilator system of claim 1, wherein the at least one patient activity sensor is

a pedometer to record ambulation of the patient.

5. The ventilator system of claim 1, wherein the at least one patient activity sensor is

an actigraphy sensor to record activity level of the patient.

6 . The ventilator system of claim 1, wherein the control unit executes a patient

exercise test mode.

7 . The ventilator system of claim 1, wherein the control unit detects respiration from

the at least one breath sensor and patient activity measure from the at least one patient activity

sensor over a predetermined time and processes the respiration and the patient activity measure

to adjust the ventilation.



8. The ventilator system of claim 7, wherein the respiration is a measure of

consecutive breaths over the predetermined time, and ventilation is adjusted after a

predetermined number of breaths at a predetermined rate.

9 . The ventilator system of claim 1, wherein the at least one breath sensor measures

respiration information selected from the group consisting of: spontaneous breath rate,

spontaneous breathing I:E ratio, spontaneous inspiratory and expiratory time, spontaneous depth

of breathing, and combinations thereof.

10. The ventilator system of claim 8, wherein the control unit records trends from the

at least one breath sensor and the at least one patient activity sensor.

11. The ventilation system of claim 1, wherein the at least one breath sensor detects

an onset or precursor to a respiratory exacerbation, and the control unit executes a change in

ventilator parameters to avoid or alleviate the exacerbation.

12. The ventilator system of claim 1, wherein the control unit exports the onset or

precursor to a respiratory exacerbation to an external source.

13. The ventilator system of claim 1, wherein the control unit comprises a processor

and a memory, and wherein the memory stores measured ventilation parameters regarding

activity level of the patient, and wherein after a respiratory exacerbation, the stored respiratory

status parameters prior to the respiratory exacerbation are used to program a signature for

predicting future respiratory exacerbations.

14. The ventilator system of claim 1, further comprising a display, and wherein the

display indicates an overall health index, wherein the overall health index comprises at least one

patient health status measure, and at least one ventilator parameter measure.

15. The ventilator system of claim 1, further comprising a patient interface for

inputting health status normal values or health status goals, and wherein the patient interface

displays patient health status compared to the at least one health status normal values or health

status goals.

16. The ventilator system of claim 1, wherein the at least one breath sensor measures

respiration rate and the at least one patient activity sensor measures patient activity, and the

combination of measurements is used to adjust the ventilation.

17. A ventilator system comprising:



a ventilator comprising a ventilation gas source, a ventilation gas delivery circuit, and a

control unit;

a patient interface in communication with the ventilation gas delivery circuit;

at least one breath sensor;

at least one health status measuring sensor;

wherein the ventilator is adapted to provide mechanical assistance to respiratory muscles

to support work of breathing of a spontaneously breathing patient;

wherein the ventilator is adapted to be coupled to a patient for permitting ambulation of a

respiratory compromised patient while supporting the work of breathing; and

wherein the control unit adjusts ventilation based upon health status level of the patient

by processing measurements from the at least one breath sensor and the at least

one health status measuring sensor.

18. The ventilator system of claim 17, wherein the ventilator reports health status to a

remote device.

19. The ventilator system of claim 17, wherein the patient interface maintains an open

airway system to permit the patient to breathe ambient air freely and spontaneously.

20. The ventilator system of claim 17, wherein the control unit executes a patient

exercise test mode.

21. The ventilator system of claim 17, wherein the control unit detects respiration

from the at least one breath sensor and patient health status measure from the at least one health

status measuring sensor over a predetermined time and processes the respiration and the health

status measure to adjust the ventilation.

22. The ventilator system of claim 21, wherein the respiration is a measure of

consecutive breaths over the predetermined time, and ventilation is adjusted after a

predetermined number of breaths at a predetermined rate.

23. The ventilator system of claim 17, wherein the at least one breath sensor measures

respiration information selected from the group consisting of: spontaneous breath rate,

spontaneous breathing I:E ratio, spontaneous inspiratory and expiratory time, spontaneous depth

of breathing, and combinations thereof.

24. The ventilator system of claim 17, wherein the control unit records trends from

the at least one breath sensor and the at least one health status measuring sensor.



25. The ventilator system of claim 17, wherein the at least one breath sensor detects

an onset or precursor to a respiratory exacerbation, and the control unit executes a change in

ventilator parameters to avoid or alleviate the exacerbation.

26. The ventilator system of claim 17, wherein the control unit exports the onset or

precursor to a respiratory exacerbation to an external source.

27. The ventilator system of claim 17, wherein the control unit comprises a processor

and a memory, and wherein the memory stores measured ventilation parameters regarding health

status of the patient, and wherein after a respiratory exacerbation, the stored respiratory status

parameters prior to the respiratory exacerbation are used to program a signature for predicting

future respiratory exacerbations.

28. The ventilator system of claim 17, further comprising a display, and wherein the

display indicates an overall health index, wherein the overall health index comprises at least one

patient health status measure, and at least one ventilator parameter measure.

29. The ventilator system of claim 17, further comprising a patient interface for

inputting health status normal values or health status goals, and wherein the patient interface

displays patient health status compared to the at least one health status normal values or health

status goals.

30. The ventilator system of claim 17, wherein a user interface for the control unit

comprises an input for a health status goal, and wherein the control unit adjusts the ventilator to

result in a health status that matches as close as possible to the health status goal.

31. The ventilator system of claim 17, wherein the at least one breath sensor measures

respiration rate and the at least one health status measuring sensor measures patient health status,

and the combination of measurements is used to adjust the ventilation.

32. A mobility assist device comprising:

a portable ventilator with a control unit, the control unit comprising a processor and a

memory;

a health status measuring device, wherein the health status measuring device measures at

least one parameter indicating the current health status of a patient relative to a current activity

level or a health goal; and

wherein information from the health status measuring device is used to adjust the control

unit to adjust the ventilation parameters.



33. The mobility assist device of claim 32, wherein the control unit adjusts the

ventilation parameters based on information from both the health status measuring device and

information from at least one breath sensor.
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