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VENTILATION SYSTEMS AND METHODS 

RELATED APPLICATION DATA 

present application claims benefit of U.S. provisional application Serial No. 

filed November 11, 2009, the entire disclosure of which is expressly 

by reference herein. 

FIELD OF THE INVENTION 

present invention relates generally to ventilators and systems and methods of 

for humans and other animals. More particularly, the present invention relates to 

that may be built with minimal resources, allowing for inexpensive mass 

BACKGROUND 

capacity mechanical ventilation during an influenza pandemic requires 

of positive pressure ventilation ("PPV") and delivery of positive end 

pressure ("PEEP"). The duration of disease may last from days to weeks, and 

ventilation may be required for greater than one week. One of the most 

results of a severe influenza infection is acute respiratory distress syndrome 

ARDS, which is the most frequent severe complication of influenza, is 

by diffuse inflammation of the lungs leading to impaired gas exchange. 

marketed ventilators range from costly, sophisticated machines to simple 

transport devices. Patients with ARDS need advanced ventilators capable of PPV 

to overcome the increased alveolar collapse caused by inflammation. Currently 

full-featured machines are prohibitively expensive, fragile, and overly complex 

less skilled personnel. Portability and durability are limited and a constant power 

required. These features make full-featured machines unsuitable for use in field 

rural areas, or in a large scale emergency situation such as a pandemic. 

marketed transport ventilators are designed to be used as a temporary 

patient travel to and from a full-featured ventilator. Although they are more 

than the full featured ventilators, transport ventilators are not appropriate for use in 
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ARDS patients during a pandemic. They often do not provide PEEP, have no spontaneous 

assist mode and are not approved for critical care use. Inefficient use of compressed air and 

electricity also make them ill-suited for low-resource environments and developing nations. 

[0006] Low-cost resuscitators are currently available for under two hundred dollars ($200). 

5 These devices are designed as a last resort in acute situations and require constant direct 

supervision. They are generally not used to support an ARDS patient for any clinically 

relevant length of time. 

[0007] When considered on a global scale, the disparity in pandemic resources between 

wealthy and impoverished nations is alarming. With the majority of the world's vaccine 

10 supply already purchased by wealthy nations, coverage in developing nations may be 

inadequate. Many countries already face an extreme shortage of ventilators, even in the 

absence of a pandemic. For example, in the United States, there are approximately 205,000 

ventilators for a population of 300 million. In India, where the population exceeds 1.1 

billion, there are only 35,000 intensive care ventilators available. What is needed to address 

15 this disparity is an extremely low-cost ventilator, specifically tailored to meet the needs of 

acute respiratory distress patients in low-resource, rural and emergency environments. 

SUMMARY OF THE INVENTION 

[0008] The present invention is directed generally to ventilators and systems and methods 

20 of ventilation for humans and other animals. For example, the ventilators described herein 

may be built with minimal resources, e.g., allowing for inexpensive mass production. 

[0009] In accordance with an exemplary embodiment, a ventilation system is provided that 

includes a source of pressurized gas; a patient vessel; a first pressure sensor coupled to the 

patient vessel for detecting the pressure of ventilation gas within the patient vessel; and a 

25 valve assembly, e.g., including one or more valves, communicating with the gas source via 

a source line, the patient vessel, and an inhalation line for delivering ventilation gas to a 

patient. A controller may be coupled to the valve assembly for selectively directing the 

valve assembly between a storage configuration where ventilation gas is delivered from the 

gas source into the storage vessel, and a delivery configuration where ventilation gas is 

30 delivered from the storage vessel to a patient via the inhalation line. The controller may 

also be coupled to the first pressure sensor for detecting a first pressure within the storage 

vessel when the valve assembly is directed to the delivery configuration, and detecting 

subsequent pressure thereafter while ventilation gas is delivered from the storage vessel to 
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the patient via the inhalation line, the controller determining the volume of ventilation gas 

delivered to the patient based at least in part on the difference between the first pressure and 

the subsequent pressure. 

[0010] In accordance with another embodiment, a ventilator is provided that includes a 

5 source of pressurized gas; a pre-fill vessel; a patient vessel; a valve assembly 

communicating with the gas source via a source line, the pre-fill and patient vessels, and an 

inhalation line for delivering ventilation gas to a patient; and a controller coupled to the 

valve assembly for selectively directing the valve assembly between a delivery 

configuration where ventilation gas is delivered from the patient vessel to a patient via the 

10 inhalation line and pressurized gas is delivered from the gas source to the pre-fill vessel, and 

a storage configuration where pressurized gas is delivered from the gas source and the pre-

fill vessel into the storage vessel to store pressurized gas in the storage vessel. 

[0011] In accordance with yet another embodiment, a method for ventilating a patient is 

provided that includes placing the patient's airway in fluid communication with an 

15 inhalation line of a ventilator, the ventilator including a storage vessel therein and a source 

of pressurized gas. Ventilation gas is delivered from the gas source into the storage vessel 

during a storage phase, and ventilation gas is delivered from the storage vessel to the patient 

via the inhalation line during a delivery phase. During the delivery phase, the change in 

pressure in the storage vessel may be measured, e.g., to determine a volume of pressurized 

20 gas being delivered to the patient from the storage vessel. The ventilator may be operated 

based at least in part on the change in pressure in the storage vessel independent of the 

duration of the inhalation phase and/or based at least in part on the change in pressure in the 

storage vessel without measuring a flow rate of ventilation gas delivered to the patient. 

[0012] In accordance with still another embodiment, a method for ventilating a patient is 

25 provided that includes performing the following steps one or more times sequentially: a) 

delivering ventilation gas from a storage vessel within a ventilator to the patient via an 

inhalation line with the storage vessel isolated from a gas source of the ventilator; b) 

measuring the change in pressure in the storage vessel while ventilation gas is delivered to 

the patient from the storage vessel; c) determining the volume of ventilation gas delivered to 

30 the patient based at least in part on the change in pressure; d) discontinuing delivery of 

ventilation gas from the storage vessel to the patient; and e) delivering ventilation gas from 

the gas source into the storage vessel to refill the storage vessel with pressurized gas. 
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[0013] In one embodiment, measuring the change in pressure may include measuring a first 

pressure in the storage vessel before or immediately after beginning to deliver ventilation 

gas to the patient from the storage vessel; and measuring pressure in the storage vessel at 

predetermined time intervals thereafter while ventilation gas is delivered to the patient, the 

5 volume of ventilation gas delivered to the patient being determined based at least in part on 

the difference between the first pressure and the subsequent pressure. For example, the 

cumulative volume of ventilation gas delivered during each time interval may be compared 

to a predetermined maximum volume, and the delivery of ventilation gas from the storage 

vessel to the patient may be discontinued when the estimated cumulative volume meets or 

10 exceeds the predetermined maximum volume. In another embodiment, the pressure within 

the storage vessel may be monitored while ventilation gas is delivered to the patient from 

the storage vessel to determine a derivative of the pressure with respect to time until the 

derivative drops to a predetermined threshold approaching zero, whereupon delivery may be 

discontinued. 

15 [0014] In accordance with yet another embodiment, a ventilator is provided that includes a 

housing; a source of pressurized ventilation gas; a valve within the housing to control the 

flow of ventilation gas to a patient via an inhalation line; and a flow restrictor for limiting a 

flow rate of ventilation gas from the compressor to the patient, the flow restrictor located 

after the valve in the inhalation line. The flow restrictor may be manually adjustable for 

20 changing a maximum flow rate deliverable through the inhalation line to a patient and/or 

may be decoupled from a controller controlling the valve. 

[0015] In accordance with still another embodiment, a ventilator is provided that includes a 

housing; a source of pressurized ventilation gas; and one or more valves within the housing 

communicating with the gas source and an inhalation line for delivering ventilation gas to a 

25 patient, the one or more valves operable only in either a fully opened or a fully closed state 

to control the flow of ventilation gas to the patient. 

[0016] In accordance with yet another embodiment, a method for ventilating a patient is 

provided that includes placing the patient's airway in fluid communication with an 

inhalation line of a ventilator; operating a compressor within the ventilator substantially 

30 continuously for generating a substantially continuous stream of pressurized gas within the 

ventilator; intermittently delivering pressurized gas from the ventilator to the patient; and 

storing at least a portion of the stream of pressurized gas from the compressor within the 

ventilator. 
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[0017] In one embodiment, at least a portion of the stream of pressurized gas may be stored 

within a patient vessel within the ventilator, and wherein the pressurized gas intermittently 

delivered to the patient is delivered from the patient vessel. For example, the ventilator may 

divert a portion of the stream of pressurized gas to a pre-fill vessel when the pressurized gas 

5 is delivered to the patient from the patient vessel. At least a portion of the stream of 

pressurized gas diverted to the pre-fill vessel may be delivered into the patient vessel when 

at least a portion of the stream of pressurized gas is being stored in the patient vessel to 

increase the volume and/or pressure of pressurized gas stored in the patient vessel. 

[0018] For example, the compressor may generate a substantially continuous stream of 

10 pressurized gas at a flow rate between about eight and twelve liters per minute (8-12 1pm). 

In another example, the portion of the stream of pressurized gas stored within the patient 

vessel may create a peak internal pressure within the patient vessel of at least 350 cc H2O (5 

psi), at least 700 cc H2O (10 psi), or at least 1100 cc H2O (15 psi). In yet another example, 

the maximum pressure in the inhalation line during delivery of ventilation gas to the patient 

15 may be 70 cc H2O (1 psi). In addition or alternatively, the ratio of the peak internal 

pressure within the patient vessel and the maximum pressure in the inhalation line is at least 

two (2) or five (5). 

[0019] In accordance with yet another embodiment, a ventilation system is provided that 

includes a pressure source, a first valve (e.g., solenoid valve assembly), a first actuator 

20 configured to activate the first valve, and a conduit. The first valve may be electronic and 

may use from about 1.2 W to about 4.8 W during regular operation. The controller may 

apply an initially larger voltage across the valve while the valve is opening, e.g. to speed its 

opening, and then may reduce the voltage to hold the valve open, e.g., to decrease the power 

consumption of the valve. The ventilation system may be configured to be attached to the 

25 pressure source. For example, the pressure source may be a central air pressure supply line 

(e.g., passed through the walls of a health care facility), to which the ventilation system may 

be coupled, a substantially constant volume pressure vessel (e.g., a pressurized air tank), 

and/or an internal or external compressor to which the ventilation system may be coupled. 

30 

[0020] The ventilation system may include one or more solenoid assemblies. For example, 

the solenoid assembly may have a first actuator that may have a first solenoid. The 

ventilation system may also have a second valve (e.g., an exhale valve). The first actuator 

may be configured to activate the first valve and/or the second valve. The solenoid 

assembly may have a second solenoid that may actuate a second valve. In different settings, 
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the solenoid valve assembly may route air from the pressure source to one or more pressure 

vessels (i.e., recharging the pressure vessels) and/or from the pressure vessels to an 

inhalation line to the patient. 

[0021] The solenoid valve assembly may control the flow of a large volume of air, e.g., by a 

5 small electromagnetic valve requiring low power, for example, less than about three Watts 

(3 W), or less than or equal to about 1.6 W. 

[0022] The system may be operated in one or more different modes, as desired, e.g., 

controlled between Control Mode Ventilation (i.e., "CMV"), Assist-Control ("A-C") and 

continuous positive airway pressure ("CPAP"), and/or bilevel positive airway pressure 

10 ("BiPAP") modes. 

[0023] In accordance with another embodiment, a ventilation system for ventilating a 

patient may be provided that includes a pressure source, a first pressure vessel, a second 

pressure vessel, and a conduit configured to lead to the patient. The device may have a first 

valve, and the pressure source may be in fluid communication with the pressure conduit via 

15 the first valve. The pressure source may be in fluid communication with the conduit. 

[0024] In accordance with yet another embodiment, a method is provided for ventilating a 

patient that may include placing the patient's airway in fluid communication with a 

ventilator that may have a pressure vessel. The method may include measuring the change 

in pressure in the pressure vessel. The method may include activating the ventilator based 

20 at least in part on the change in pressure in the pressure vessel. For example, the ventilator 

may be operated without measuring flow rate and the duration of various phases of 

operation, e.g., delivery or inhalation phase and/or storage or exhalation phase. 

[0025] The method may include delivering a gas from the pressure vessel to the patient's 

airway. The pressure vessel may be a rigid, fixed volume structure, such as a gas tank. The 

25 pressure in the pressure vessel may decrease during the delivering of the gas to the patient's 

airway, and the method may include determining a volume of gas discharged from the 

pressure vessel by measuring the change in pressure in the pressure vessel. The method 

may include displaying a volume of gas discharged from the pressure vessel on an output 

device, e.g., a display or other user interface. 

30 [0026] In accordance with still another embodiment, a method is provided for ventilating a 

patient that may include placing the patient's airway in fluid communication with a 

ventilator. The ventilator may include a pressure vessel, and the method may include 
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measuring the change in pressure in the pressure vessel. The method may include activating 

the ventilator based at least in part on the change in pressure in the pressure vessel. 

[0027] The systems and methods provided herein may offer the clinical functionality of a 

sophisticated ICU or transport machine at a price that may be an order of magnitude lower 

than other systems. Further, the systems and methods herein may operate with minimal 

power and/or no external or compressed oxygen requirements. 

[0028] The above summary is not intended to describe each embodiment or every 

implementation of the present invention. Rather, a more complete understanding of the 

invention will become apparent and appreciated by reference to the following detailed 

description and claims in view of the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] It will be appreciated that the exemplary systems and methods shown in the 

drawings are not necessarily drawn to scale, with emphasis instead being placed on 

illustrating the various aspects and features of the illustrated embodiments. The drawings 

illustrate exemplary embodiments, in which: 

[0030] Figure 1 is a general schematic of an exemplary embodiment of a ventilator 

indicating air and data flow paths between components of the ventilator. 

[0031] Figure 2 is a detailed schematic of the ventilator of Figure 1 showing an exemplary 

arrangement of gas flow and control components of the ventilator. 

[0032] Figures 3A and 3B are time-synchronized graphs of patent airway pressure cycling 

and pressure vessel pressure cycling, respectively, during an exemplary method for 

operating a ventilation system, such as the ventilator of Figures 1 and 2. 

[0033] Figure 4 is a flowchart showing exemplary algorithms for operating a ventilator, 

such as the ventilator of Figures 1 and 2. 

[0034] Figure 5A is a front view of an exemplary user interface panel that may be provided 

on a housing of a ventilator, such as the ventilator of Figures 1 and 2. 

[0035] Figure 5B shows exemplary embodiments of a ventilator system that include a 

ventilator housing, and a display that is legible in both horizontal and vertical orientations. 

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS 

[0036] Turning to the drawings, Figure 1 shows an exemplary embodiment of a ventilator 

system 10, e.g., a portable ventilator that includes a relatively light-weight housing 12 
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carrying various components of the system 10. Generally, the system 10 includes one or 

more source lines 22 that receive gas from one or more sources of pressurized gas 20 and an 

array 40 including one or more storage vessels and/or valves communicating with the gas 

source(s) 20 via the source line(s) 22 and/or communicating with an inhalation line 24, e.g., 

for delivering gas to a patient, as described further below. For example, as shown in Figure 

2, the array 40 may include a valve assembly 46 including one or more valves 

communicating with one or more storage vessels 42. The system 10 may also include one 

or more controllers 60 coupled to the array 40, e.g., for operating one or more valves of the 

array 40, to one or more sensors, e.g., pressure sensors 70 that provide pressure data from 

10 one or more components of the system 10, and/or to other components of the system 10. 

[0037] Optionally, the system 10 may also include one or more additional components, e.g., 

one or more user interfaces 62, power sources 64, flow restrictors 72, valves 76, 78, filters, 

and the like, carried by the housing 12, as described further below. In addition or 

alternatively, the system 10 may include one or more external components, e.g., sources of 

15 pressurized gas and/or fluids, power sources, tubing, valves, and the like (not shown), and 

the housing 12 may include various connectors, e.g., pneumatic or electrical connectors 

(also not shown), for coupling such components to the system 10. 

[0038] Generally, the ventilation system 10 may controllably deliver gas to a patient via the 

inhalation line 24 and external tubing and/or other components coupled to the inhalation 

20 line 24. The ventilation system 10 may control the flow rate and/or volume of the gas 

delivered to the patient, and/or may control the resistance against the exhalation from the 

patient, e.g., as described further below. It will be appreciated that the terms "gas" or "air" 

may be used generically herein, even though the particular fluid involved may be air, 

oxygen, and the like whether under positive gauge pressure ("pressurized") or substantially 

25 zero gauge pressure ("ambient"), and/or may include other fluids, such as anesthetics, 

nitrous oxide, carbon dioxide, and the like. 

[0039] With additional reference to Figure 2, an exemplary configuration of a source of 

pressurized gas 20 is shown that includes an air compressor 26, one or more step-down 

orifices or other restrictors 28, an optional pre-fill vessel 44, and an optional oxygen control 

30 valve 29 for controlling delivery of external pressurized gas into the system 10. The 

components of the gas source 20 and/or other components communicating along gas flow 

paths may be coupled by one or more flow paths, e.g., including tubing or other conduits, 

manifolds, and the like (not shown), as desired. 
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[0040] The compressor 26 may be any device capable of drawing ambient air or other gas 

into the system 10 and compressing the gas to one or more desired pressures for delivery to 

the source line 22. The compressor 26 generally includes one or more inlets, e.g., an inlet 

26a communicating with the control valve 29 for drawing gas into the compressor 26, and 

5 an outlet 26b doe providing pressurized gas to the source line 22. Alternatively, the 

compressor 26 may include a plurality of inlets (not shown), e.g., an inlet for drawing 

ambient air into the compressor and an inlet for receiving gas from the oxygen control valve 

29 or other external source. If the compressor 26 draws ambient air from an area outside 

the housing 12, one or more filters (not shown) may be provided upstream of the 

10 compressor inlet 26a, if desired, to remove dust or other debris. In exemplary 

embodiments, the compressor 26 may be capable of delivering pressures equal to or greater 

than about 700 cm H2O (10 psi), or equal to or greater than about 350 cm H2O (5 psi). 

15 

[0041] The oxygen control valve 29 may be coupled to one or more external sources of gas, 

such as a fixed volume source, e.g., a cylinder or tank, a substantially continuous source, 

e.g., an air or oxygen supply line from a hospital or other health care facility, a concentrator, 

an external pump or compressor, and the like (not shown). Optionally, the oxygen control 

valve 29 may include a bypass valve or position and a line (not shown) may be provided 

that bypasses the compressor 20 and instead delivers gas from the external source(s) directly 

to the source line 22, if desired. 

20 [0042] As shown, the oxygen control valve 29 may include two inlets 29a, 29b that may be 

coupled to different external gas sources. For example, inlet 29a may be coupled to one or 

more external sources of air, e.g., ambient air and/or compressed air, while inlet 29b may be 

coupled to one or more external sources of pure oxygen, e.g., low flow oxygen and/or 

compressed oxygen. Each line communicating with the inlets 29a, 29b of the oxygen 

25 control valve 29 may include a step-down regulator 28a, 28b, e.g., if the external source(s) 

including compressed gas, to ensure that a maximum predetermined pressure is not 

exceeded. The housing 12 may include connectors (not shown) for coupling the external 

source(s) to the system 10 for delivery into the oxygen control valve 29 and compressor 26. 

[0043] The oxygen control valve 29 may control a ratio or mixture of the gases from the 

30 external sources communicating with the inlets 29a, 29b that is delivered to the compressor 

26. For example, the oxygen control valve 29 may be a multiple position device, e.g., a 

two-, three- or four-position regulator or control valve, which may be manually actuated by 

a user or electronically actuated by the controller 60. For example, the oxygen control valve 
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29 may have discrete settings to deliver about twenty one percent (21%) (i.e., no 

supplemental oxygen), about fifty percent (50%), or about one hundred percent (100%) 

oxygen to the compressor inlet 26a (or directly to the source line 22) from the external 

sources (not shown). At the about one hundred percent (100%) setting of the oxygen 

5 control valve 29, substantially the only gas delivered to the patient is from the external 

oxygen supply. Thus, the oxygen control valve 29 may be adjusted to control the rate of 

oxygen released (e.g., as calculated as a ratio of oxygen volume to air volume). 

Alternatively, the control valve 29 may be omitted and any external gas source may be 

coupled to the compressor 26 and/or source line 22 simply via a connector on the housing 

10 12. 

[0044] Optionally, a step-down restrictor (not shown) may be provided in the source line 

22. For example, the restrictor may be may be an orifice or other device that regulates gas 

entering the valve assembly 46, e.g., to ensure that a maximum pressure is not exceeded 

regardless of the source, i.e., whether the gas is from the compressor 26 or an external 

15 source via the control valve 29. For example, such a pressure step-down restrictor may 

limit the pressure delivered to the valve assembly 46 from the source line 22, i.e., from the 

compressor 26 and/or control valve 29, e.g., to not more than about 700 cm H2O (10 psi). 

[0045] If desired, the gas source 20 may include one or more vessels or reservoirs for 

temporarily storing gas delivered from the compressor 26 and/or external source(s). For 

20 example, as shown in Figure 2, a pre-fill vessel 44 may be provided that communicates with 

the source line 22 such that pressurized gas from the compressor 26 may be delivered into 

the pre-fill vessel 44 and/or stored gas in the pre-fill vessel 44 may be delivered into the 

source line 22, e.g., to supplement gas delivered to the valve assembly 46 and/or patient 

vessel 42, as described further below. 

25 [0046] The compressor 26 and/or other components may be powered by one or more power 

sources, e.g., one or more batteries. For example, a single array of rechargeable batteries 64 

may be provided within the housing 12 (shown in Figure 1) that may be coupled to all of the 

components of the system 10 requiring electrical power. Alternatively, separate power 

sources (not shown) may be provided for the compressor 26, the controller 60, and/or the 

30 valves of the array 40, if desired. 

[0047] In addition or alternatively, the power source may include a connector (not shown) 

for coupling the system 10 to an external power source, such as a generator, one or more 

power cells, batteries, a wall outlet from a building, and the like (not shown). If the external 
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within or external to the housing 12, for converting the power for use by components of the 

system 10. Optionally, when an external power source is connected to the system 10, the 

system 10 may selectively or automatically recharge the one or more batteries. 

5 [0048] Optionally, the ventilation system 10 may include a CPAP or BiPAP circuit (not 

shown), which may bypass the valve assembly 46 and provide an alternative flow path 

between the source line 22 and the inhalation line 24. For example, a manual or automatic 

switch (not shown), e.g., controlled by the user and/or the controller 60 may open the 

BiPAP circuit, preventing gas from entering the valve assembly 46. The CPAP circuit may 

10 include a line that communicates directly from the source line 22 to the inhalation line 24 to 

deliver a substantially continuous stream of pressurized air or other gas to a patient at a 

predetermined pressure. Alternatively, a BiPAP circuit may deliver a substantially 

continuous stream of pressurized gas at two or variable pressures. The CPAP or BiPAP 

circuit may include a fixed or variable flow restrictor for delivering a substantially 

15 continuous stream of pressurized gas to a patient at one or more predetermined pressures. 

The controller 60 may be coupled to a BiPAP or CPAP switch (not shown) in the circuit, 

and, when operating in BiPAP or CPAP mode, the controller 60 may adjust the BiPAP or 

CPAP switch to route the pressurized gas from the gas source 20 through the BiPAP or 

CPAP circuit, bypassing the valve assembly 40. 

20 [0049] With particular reference to Figure 2, the system 10 generally includes one or more 

storage vessels or reservoirs, e.g., a patient storage vessel 42, for storing pressurized gas, 

and the valve assembly 46 includes one or more valves for directing flow of pressurized gas 

between the patient vessel(s) 42, the supply line 22, and/or the inhalation line 24. In the 

exemplary embodiment shown, the valve assembly 46 may include a single valve, e.g., a 

25 three-port, two-position solenoid valve, such as an electromechanical solenoid valve 

assembly, hydraulic valve assembly, pneumatic valve assembly, and the like. 

[0050] For example, as shown, the solenoid valve assembly 46 may have an incoming port 

46a coupled to the source line 22, a port 46b from the solenoid valve assembly 46 for 

communicating with the one or more storage vessels 42, and an outgoing port 46c to the 

30 inhalation line 24. Thus, the solenoid valve assembly 46 may control the gas flow from the 

gas source 20 and source line 22 to the patient vessel 42 and from the patient vessel 42 to 

the inhalation line 24, as described further below. 
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[0051] Alternatively, the valve assembly 46 may include two or more valves that may open 

or close selected flow paths through the ventilator 10, e.g., a first flow path between the 

source line 22 and the patient vessel 42, and a second flow path between the patient vessel 

42 and the inhalation line 24, as described further below. Thus, in either embodiment, the 

5 valve assembly 46 may be directed between two or more configurations, for example, 

between a storage configuration and a delivery configuration, as described further below. In 

the delivery configuration, a first flow path may be opened between the patient vessel 42 

and the inhalation line 24, e.g., for delivering ventilation gas from the patient vessel 42 to a 

patient, while in the storage configuration, a flow path may be formed between the gas 

10 source 20 and the patient vessel 42, e.g., for delivering pressurized gas into the patient 

vessel 42 to recharge or refill the patient vessel 42, as described further below. 

[0052] Generally, the patient vessel 42 may be sized to approximate a maximum expected 

single tidal volume, i.e., a single bolus of gas delivered to a patient during a single 

inhalation, at an expected maximum vessel pressure. For example, the patient vessel 42 

15 

20 

may hold up to about two thousand cubic centimeters (2,000 cc) of gas at about 56 cm H2O 

in the vessel to deliver a 800 cc tidal breath at about 40 cmH2O in a patient, or up to about 

four hundred cubic centimeters (400 cc) of gas at about 60 cm H2O in the vessel to deliver a 

800 cc tidal breath at 20 cm H2O in a patient. Vessel volume and maximum pressure may 

also vary based on resistance to gas flow in the ventilator or patient circuit. As an example, 

a relatively higher pressure or larger vessel may be desired to increase the flow of gas to the 

patient. Thus, the patient vessel 42 may be a substantially rigid cylinder or other enclosed 

reservoir having a volume between about four hundred and two thousand cubic centimeters 

(400-2000 cc). 

[0053] Alternatively, the system 10 includes two pressure vessels, for example, a large 

25 patient pressure vessel and a small patient pressure vessel (not shown), e.g., as described in 

provisional application Serial No. 61/260,296. If the system 10 includes multiple pressure 

vessels, the pressure vessels may be structurally identical in size and/or shape or may have 

different sizes and shapes. In this alternative, the valve assembly 40 may include one or 

more pressure vessel switches (not shown) that may be in data communication with and/or 

30 under the control of the controller 60, e.g., for controlling flow between the vessels and/or 

the other lines of the system 10. For example, when actuated, e.g., by the controller 60, the 

pressure vessel switch(es) may route gas flow between the patient vessels to or from the 
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valve assembly 46, and/or to or from either or both pressure vessels, e.g., as described in 

application Serial No. 61/260,296. 

[0054] The patient vessel 42 may include one or more pressure sensors, such as patient 

vessel pressure sensor 70a. Optionally, if the system 10 includes a pediatric (or other 

5 additional) storage vessel (not shown), the pediatric storage vessel may also include one or 

more pressure sensors, such as a pediatric storage vessel pressure sensor (also not shown). 

The storage vessel pressure sensor(s) 70a may be located inside or adjacent to, but 

communicating with, the internal volume of the patient vessel 42. The pressure sensor(s) 

70a may be coupled to the controller 60, e.g., for providing pressure data for the patient 

10 vessel 42 to the controller 60, as described further below. 

[0055] Optionally, the system 10 may include one or more additional pressure sensors, 

which may be coupled to the controller 60 for providing pressure data that may be used by 

the controller 60 during operation of the system 10. For example, the system 10 may 

include an atmospheric pressure sensor 70b, which may be exposed to external ambient 

15 pressure to provide atmospheric pressure data to the controller 60. 

[0056] In addition, a patient airway sensor 70c may be provided in the inhalation line 24, 

e.g., to detect the pressure in the inhalation line 24 where the inhalation line 24 

communicates with the patient's airway, as described further below. 

[0057] In addition, the ventilation system 10 may include one or more regulators and/or 

20 valves, e.g., in the inhalation line 24 and/or an exhalation line 74 of the system 10. For 

example, a flow restrictor 72 may be provided in the inhalation line 24, e.g., between the 

patient 90 and the valve assembly 46. The flow restrictor 72 may be configured to limit the 

inspiratory pressure delivered to the patient, e.g., to a maximum of about 60 cm H2O (0.9 

psi). Optionally, the flow restrictor 72 may be adjustable for controlling the flow rate of 

25 ventilation gas delivered to the patient during inhalation. For example, the flow restrictor 

72 may be manually adjustable for changing a maximum flow rate deliverable through the 

inhalation line 24 to the patient 90, e.g., such that the flow restrictor 72 is decoupled from 

the controller 60. For example, the flow restrictor 72 may be adjustable via a knob or other 

control (not shown) on the housing 12 or by directly accessing the flow restrictor 72. 

30 Alternatively, if desired, the flow restrictor 72 may be coupled to the controller 60, e.g., 

such that the controller 60 may actuate the flow restrictor 72 to adjust the maximum flow 

rate based upon user input and/or based on operating parameters of the system 10. 
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[0058] Optionally, the ventilation system 10 may include a pressure relief valve (not 

shown), e.g., also in the inhalation line 24 downstream of the flow restrictor 72 and the 

patient 90. The pressure relief valve may be configured to automatically open and release 

excess pressure that may occur in the inhalation line 24, e.g., to limit the inspiratory 

5 pressure to a pressure of not more than about 60 cm H2O (0.9 psi). 

[0059] The patient airway sensor 70c may be provided in the inhalation line 24 downstream 

of the flow restrictor 72 and/or pressure relief valve, e.g., adjacent a connection point to a 

patient circuit outside of the housing 12. The controller 60 may be coupled to the patient 

airway sensor 70c to detect the inhalation pressure to which the patient is exposed. For 

10 example, the controller 60 may use data from the patient airway sensor 70c to determine 

peak airway pressure, static and/or dynamic airway pressure, and/or other parameters. 

[0060] A separate pressure sensor 70b is used to measure atmospheric pressure. The 

atmospheric pressure sensor 70b returns data to the controller 60 used in determining patient 

breath triggering (-2 to -5cm H2O change) in conjunction with data from the airway 

15 pressure sensor 70c. As described further below, calibration routine may be performed with 

each new patient. During the calibration process, the patient circuit is connected and 

capped, and the controller 60 may cycle ventilation gas air though the circuit and record the 

volume, which is subtracted from the displayed tidal volume to provide a closer estimation 

of physiologic tidal volume. 

20 [0061] In addition, the ventilation system 10 may have an expiratory block, e.g., external to 

the housing 12, through which the patient may exhale. For example, as shown in Figure 2, 

the expiratory block may include an exhale valve 76 and a PEEP ("positive end expiratory 

pressure") valve 78, which may be connected to external tubing communicating with the 

inhalation line 24. Either or both of these valves 76, 78 may be removable, disposable 

25 and/or washable for reuse, or permanently attached to the tubing, the housing, or other 

component of the system 10. 

[0062] The exhale valve 76 may be configured to open to the atmosphere during exhalation 

and close during inhalation. An exhale gas line 77 may communicate from the valve 

assembly 46 to the exhale valve 76, e.g., and optionally, a valve, e.g., a two-port solenoid 

30 valve (not shown) may be provided in the exhale valve gas line 77 for controlling air flow 

into the exhale valve gas line 77. The exhale valve 76 may route exhalation from the 

patient 90 between the PEEP valve 78 and an optional release valve, e.g., a substantially 

zero-resistance release solenoid valve (not shown). The release valve may be coupled to the 
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controller 60 and/or a power source (not shown), which may be selectively opened and 

closed. For example, when the release valve is opened, the exhale valve 76 may route 

exhalation gas out of the open, and the release valve. When the release valve is closed, the 

exhale valve 76 may route exhalation gas to the PEEP valve 78. The release valve may be 

5 integral with the exhale valve 76, or may be a separate, attached component from the exhale 

valve 76. 

[0063] The PEEP valve 78 may be automatically and/or manually adjustable to set a desired 

PEEP pressure and/or may be a spring-loaded valve. For example, the PEEP valve 78 may 

be coupled to the controller 60, which may actuate a motor or solenoid (not shown) within 

10 the PEEP valve 78 to adjust the PEEP pressure. The PEEP pressure may be, for example, 

between about 0 H2O (0 psi) and about 30 cm H20. 

[0064] As described above, the controller 60 may be coupled to the various components of 

the system 10, e.g., for receiving data and/or controlling operation of various components of 

the system 10. The controller 60 may include one or more hardware components, e.g., one 

15 or more processors, memory, storage devices, and the like (not shown) and/or software 

modules that control one or more aspects of the operation of the apparatus 10. The 

controller 60 may be coupled to the user interface 62, which may include one or more 

displays, input devices, and the like, to display operating parameters and/or other 

information regarding the system 10 and/or to allow a user to set parameters or otherwise 

20 provide input into the operation of the system 10. 

[0065] For example, the controller 60 may be coupled to receive pressure data from the 

patient vessel pressure sensor 70a, the atmospheric pressure sensor 70b, the patient airway 

sensor 70c, and/or other pressure sensors (not shown) of the ventilation system 10 and 

display one or more parameters and/or operate the system 10 based at least in part on the 

25 pressure data obtained. The controller 60 may send and/or receive control data to and from 

the valve assembly 46, BiPAP switch, release solenoid valve, and/or other operable 

components of the system 10. 

[0066] Using the data from the patient vessel pressure sensor 70a, the controller 60 may 

determine the tidal volume and minute volume based at least in part on the pressure drop 

30 from the beginning of inhalation. For example, the controller 60 may sense the beginning 

of the patient's breath when a predetermined change in pressure is detected, e.g., about a -2 

cm H2O (0.03 psi) change within 0.01 sec to 0.5 sec, more narrowly 0.1 sec to 0.3 sec, for 

example, about 0.2 sec based on pressure data from the patient airway sensor 70c. 
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[0067] The user may set performance characteristics of the ventilation system 10 via the 

user interface 60 to the controller 60. For example, the user may set the inspiratory 

pressure, oxygen concentration, inhalation to exhalation ratio, PEEP pressure, or 

combinations thereof. 

5 [0068] The controller 60 may control the mode of ventilation, for example, by controlling 

the valve assembly 46, the BiPAP switch, and/or other components of the system 10. For 

example, the controller 60 may be used to set the ventilation system 10 to operate in one or 

more modes, such as control mode ventilation ("CMV"), Assist-Control ("A-C" or "A/C") 

mode ventilation, or BiPAP or CPAP mode ventilation, as described elsewhere herein. 

10 [0069] In control mode ventilation, the ventilation system 10 may deliver individual, 

discrete, pressurized volumes of air ("ventilator breaths") to the patient at a substantially 

fixed rate. The inhalation-to-exhalation ratio may be, for example, 2:1, 1:1, 1:2, 1:3, or 1:4. 

The inspiratory rate may be, for example, between about zero and sixty (0-60) breaths per 

minute. The ventilation system 10 may be controllable to adjust breaths per minute in 

15 increments, e.g., of one breath per minute. 

[0070] In assist-control mode ventilation, the patient may initiate inhalation (e.g., when the 

patient inhalation generates a -2 cm H2O (0.03 psi) change in the pressure sensed through 

the patient pressure sensor). The controller 60 may then control the valve assembly 46 to 

route ventilation gas from the patient vessel 42 to flow into the inhalation line 24 and/or 

20 flow restrictor 72. If a patient inhalation is not detected in a given amount of time, from 

about two seconds (2 sec) to about eight seconds (8 sec), e.g., about six seconds (6 sec), the 

controller may trigger a ventilator breath. The user may adjust a rescue breath timer, e.g., 

via the user interface 62, to set the time before the controller 60 triggers a ventilation breath. 

[0071] In BiPAP or CPAP mode, the controller 60 may adjust the BiPAP (or CPAP) switch 

25 to route pressurized gas from the source line 22 through the BiPAP (or CPAP) circuit, 

bypassing the valve assembly 46, to deliver substantially continuous gas pressure to the 

patient. 

[0072] The system 10 also be configured to operate in a Synchronized Intermittent 

Mechanical Ventilation ("SIMV") mode and a Pressure Supported SIMV ("PS-SIMV") 

30 mode. As a patient recovers from respiratory distress, the patient may be weaned from 

mechanical ventilation back to spontaneous breathing. The weaning may be accomplished 

using a patient-triggered synchronized mode of ventilation, for example, synchronized 

intermittent mandatory ventilation (SIMV) mode or assist control mode. 
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[0073] SIMV provides a preset number of mechanical breaths synchronized with the 

patient's spontaneous and unassisted efforts. In PS-SIMV mode, each patient-initiated 

breath is supported with a pre-set amount of pressure chosen by the operator. 

[0074] In SIMV mode, the ventilation system 10 may use the same inhale triggering 

5 algorithm used in A/C mode to sense spontaneous inhalation. However, this breath is not 

supported with positive pressure from the system 10. Instead, the exhale valve 76 is opened 

when the SIMV mode is chosen and the patient inhales ambient air plus PEEP, performing 

all the work of breathing themselves. The exhale valve 76 may remain open during SIMV 

mode except during the inhale cycle of a ventilator breath. 

10 [0075] Generally, with additional reference to Figure 2, during operation, the flow of air 

through the system 10 may be described as follows. Pressurized gas may be provided to the 

source line 12, e.g., supplied from the compressor 22 and/or one or more external sources 

(not shown), as described above. The pressurized gas from the source line 22 may be 

delivered to the valve assembly 46, which may control flow to the patient vessel 42 and/or 

15 inhalation line 24. For example, during a storage phase, the valve assembly 46 may be 

directed to a storage configuration that opens a flow path from the source line 22 to the 

patient vessel 42. Thus, pressurized gas may be delivered into the patient vessel 42 to 

recharge or refill the patient vessel 42. During a delivery phase, the valve assembly 46 may 

be directed to a delivery configuration that opens a flow path from the patient vessel 42 to 

20 the inhalation line 24. Thus, ventilation gas from the patient vessel 42 may be delivered to a 

patient via the inhalation line 24 with the patient vessel 42 and inhalation line 24 isolated 

from the source line 22. 

25 

[0076] If the system 10 includes a pre-fill vessel 44, the pre-fill vessel 44 may remain in 

constant communication with the source line 22. For example, during the delivery phase, 

the pre-fill vessel 44 may receive pressurized gas from the compressor 26 or external 

sources, while during the storage phase, the pre-fill vessel 44 may supplement pressurized 

gas delivered to the patient vessel 42. 

[0077] The pressure sensor 70a coupled to the patient vessel 42 provides pressure data to 

the controller 60, which uses the data to determine tidal volume and/or minute ventilation 

30 based at least in part or solely on the pressure drop from the beginning to end of an 

inhalation. 

[0078] The flow restrictor 72 limits or controls the flow rate of ventilation gas delivered to 

the patient via the inhalation line 24 during inhalation. Downstream of the flow restrictor 
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72, ventilation gas passes the pressure relief valve, e.g., set to open at about 60cm H2O, and 

the patient airway sensor 70c, e.g., located at the connection point to the external patient 

circuit. The patient airway sensor 70c returns data to the controller 60, which may use the 

data to determine peak airway pressure, which may be displayed on a control panel of the 

5 user interface 62. Air exhaled by the patient is returned through the exhale valve 76, which 

is open to the atmosphere during exhalation and held closed during inhalation. The exhale 

gas line valve (not shown), which may be powered by the same or different power source as 

other components of the system 10, controls air flow into the exhale valve gas line 77. 

Before exiting the device, exhaled air passes through the positive end expiratory (PEEP) 

10 valve 78. 

[0079] The atmospheric pressure sensor 70b is used to measure atmospheric pressure. The 

controller 60 uses data from the sensor 70b, e.g., in determining patient breath triggering (-2 

to -5 cm H2O change) in conjunction with data from the patient airway sensor 70c. 

[0080] Before use of the system 10, a calibration routine may be performed with each new 

15 patient. During the calibration process, the external patient circuit is connected to the 

inhalation line 24 and capped. The system 10 is then operated to cycle ventilation gas 

through the circuit and the controller 60 records the measured volume, which is subtracted 

from the displayed tidal volume to provide a closer estimation of physiologic tidal volume. 

[0081] Figures 3A and 3B illustrate pressure parameters of the system 10 when operated in 

20 Assist/Control mode ventilation. As shown in Figure 3A (with additional reference to 

Figure 2), a patient inhale attempt at point A may trigger air delivery from the system 10 

when a predetermined drop in pressure is detected at the patient airway sensor 70c. 

Depending on the mode selected, either a specified pressure, inhale time, or volume limit 

may signal the controller 60 to adjust the valve assembly 46 to stop airflow through the 

25 inhalation line 24 to the patient. For example, if the controller 60 is set to discontinue 

delivery at a predetermined peak pressure, pressure limits are detected by the patient airway 

sensor 70, while if the controller is set to discontinue delivery at a predetermined volume 

limit, tidal volumes are detected by the patient vessel pressure sensor 70a. Optionally, the 

controller 60 may track time of inhale and exhale and atmospheric pressure. 

30 [0082] To suppress false triggering (auto-cycling), the controller 60 may wait for a 

predetermined minimum exhale time before it analyzes the exhalation pressure. For 

example, as shown in Figure 3A, after the minimum exhale time passes at point D, the 

controller 60 may analyze the change in pressure over time, measuring dp/dt, to determine 
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the inhalation trigger when dp/dt exceeds, for example, about -2 cm H2O per 0.1 sec. At 

that time, the pressure cycle starts over. 

[0083] Figure 3B compares the changes in pressure between the patient airway and the 

patient vessel over time. As described above with reference to Figure 3A, at point A, a 

5 patient may attempt to inhale, which may trigger the controller 60 to direct the valve 

assembly 46 to the delivery configuration at point B. As shown, at point B, the pressure 

within the patient vessel 42 may be maximized immediately before the valve assembly 46 is 

directed to the delivery configuration to open a flow path between the patient vessel 42 and 

the inhalation line. During inhalation, after point B, pressure within the patient airway 

10 increases and pressure within the patient vessel 42 decreases. 

[0084] At point C, the controller 60 directs the valve assembly 46 to the storage 

configuration, closing the flow path between the patient vessel 42 and the inhalation line 24 

and opening a flow path between the patient vessel 42 and the source line 22, thus 

discontinuing delivery of ventilation gas to the patient. Consequently, pressure within the 

15 patient airway begins to decrease. With the patient source vessel 42 communicating with 

the gas source 20, e.g., the compressor 26, external source(s), and/or pre-fill vessel 44, via 

the source line 22, pressure within the patient vessel 42 increases between points C and E, 

as shown. 

[0085] Figure 4 illustrates an exemplary algorithm or instructions the controller 60 may 

20 execute during operation of the system, e.g., including an inhalation trigger algorithm that 

may be initiated beginning at exhalation of a patient placed on the system 10. As described 

above, the controller 60 may include one or more processors, memory, and other hardware 

components, and/or one or more software modules for performing the various functions of 

the controller 60. For example, in one embodiment, the controller 60 may include a single 

25 electrical circuit board that includes a plurality of electrical components thereon for 

operating the system 10. Alternatively, the controller 60 may be provided as multiple 

subcontrollers that control different aspects of the operation of the system 10. 

[0086] At step 110, the system 10 may be initialized, e.g., when an "on" switch or other 

input has been activated from the user interface 62 to turn the system 10 on. Any registers 

30 of the controller 60 may be initialized at this time, and/or any hardware components of the 

system 10 may be tested and/or activated. For example, the controller 60 may store one or 

more parameters in memory (not shown), e.g., a "minimum slope" value for the derivative 

of pressure over time in the patient airway during exhalation of the controller 60, and/or a 
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value for PEEP, for subsequent operation, which may be fixed or may change during 

operation. In an exemplary embodiment, when the algorithm begins, the controller 60 may 

reset the value for PEEP in the controller memory to zero (0). 

5 

[0087] At step 112, the controller 60 may poll the input device(s) of the user interface 62, 

e.g., to determine whether the user has instructed the controller 60 to calibrate the system 

10. For example, the user interface 62 may include a fixed calibrate button 62a (see Figure 

5A) or calibration may be selected from a set of menus, e.g., on a touch screen or other 

input device. If the controller 60 determines that calibration should be performed, the 

controller 60 may execute a calibration at step 114. 

10 [0088] The total volume of air delivered by a ventilator during a single inhalation is made 

up of two components: "tidal volume," the air actually filling the patient's lung, and dead 

space. Dead space may include the patient's airway from the mouth to the lungs, called 

"physiologic dead space," which includes the trachea and major bronchi, and the volume of 

the "patient circuit," i.e., the flow path connecting the patient to the ventilator. The 

15 calibration procedure may involve determining the volume of air in the patient circuit at a 

given inspiratory pressure. This volume may later be subtracted from the total volume 

delivered from the patient vessel 42 during an inhalation and displayed as tidal volume. 

Calibrating the system 10 to get a more accurate tidal volume excluding the dead space may 

be used for all patients, for example, for pediatric or small patients, where tidal volumes 

20 may be equal to or less than the patient circuit volume. 

[0089] During calibration, the system 10 may deliver a single breath or a set number of 

breaths, for example, five breaths, at an inspiratory pressure set by the operator. The 

inspiratory pressure chosen to perform the calibration procedure should be the same or 

similar to the inspiratory pressure applied during patient use. During the calibration 

25 procedure, the patient circuit is attached to the system 10 but the end is capped, for example, 

with a plastic cap or the operator's thumb. The volume delivered from the patient vessel 42 

is recorded for each of the breaths delivered during the calibration procedure. The average 

of these volumes may be determined and stored in memory of the controller 60, whereupon 

the calibration procedure is finished. The stored average patient circuit volume is 

30 subtracted from every tidal volume during subsequent delivery of ventilation gas, and the 

difference may be displayed on the user interface 62 and/or stored in memory of the 

controller 60. The average patient circuit volume may remain in memory and/or be used by 

the controller 60 until the calibration procedure is repeated or the system 10 is turned off. 
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The calibration procedure may be repeated at any time, provided the patient circuit is 

disconnected from a patient. 

[0090] Next, at step 120, the controller 60 may poll the user interface 62 to determine 

whether a particular mode of ventilation has been selected by a user. For example, as 

5 shown in Figure 5A, the user interface 62 may include a menu of modes 62c that may be 

selected by a user. Returning to Figure 4, exemplary choices of automatic or assist modes 

are shown, although it will be appreciated that the controller 60 and system 10 may be 

operated in more than other modes than these two, such as those described elsewhere 

herein. 

10 [0091] For example, if automatic mode is selected (or no other mode is selected and 

automatic mode is the default), at step 130, the system 10 may begin inhale, i.e., direct the 

valve assembly 46 to the delivery configuration to deliver ventilation gas from the patient 

vessel 42 to the patient via the inhalation line 24. While ventilation gas is delivered to the 

patient from the patient vessel 42, pressure within the patient vessel 42 may be monitored 

15 periodically by the controller 60 at step 132, e.g., using the patient vessel pressure sensor 

70a. At step 134, the controller 60 may inquire whether an inhale timer has expired. If not, 

the controller 60 may return to step 132 and continue to monitor the pressure within the 

patient vessel 42 as ventilation gas is further delivered. If the controller 60 determines that 

the inhale timer has expired, the controller 60 may direct the valve assembly 46 to the 

20 storage configuration, discontinuing delivery of ventilation gas to the patient. 

[0092] At step 136, the controller 60 may then determine the tidal volume of ventilation gas 

delivered to the patient. The controller 60 may determine the tidal volume based at least in 

part on the change in pressure within the patient vessel 42. For example, tidal volume may 

be determined simply by measuring the change in pressure in the pressure vessel during the 

25 inhalation cycle , e.g., without requiring flow rate and/or duration of gas delivery. At room 

temperature, air and oxygen are ideal gasses and the volume of the pressure vessel is fixed. 

Accordingly, the controller 60 may use the ideal gas law (pV = nRT) to determine the moles 

of gas dispensed by the pressure vessel during inhalation. The controller 60 may then 

determine the volume of gas under the patient airway pressure, which equals tidal volume. 

30 [0093] The controller 60 may determine the minute volume by dividing the total tidal 

volume inhaled for the past minute by one minute. 

[0094] At step 138, the system 10 may begin exhale, and, at step 140, may monitor the 

patient pressure, e.g., using the patient airway sensor 70c. At step 142, the controller 60 
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may periodically check if the minimum exhalation time has passed. If not, the controller 60 

may return to step 140 and continue to monitor the patient pressure. 

[0095] Optionally, once the minimum exhalation time has passed, the controller 60 may 

check if a rescue breath is needed (i.e., if it has been too long since the patient's last 

5 inhalation). Whether a rescue breath is needed is determined by checking if a rescue breath 

timer has elapsed. If the rescue breath timer is elapsed, the controller 60 may initiate an 

inhalation. If a rescue breath is not needed, the controller 60 may determine whether the 

patient airway sensor 70c detects a pressure less than the PEEP value in the controller's 

memory. The controller 60 may then initiate an inhalation. 

10 [0096] If the patient airway pressure measured by the patient airway sensor 70c is still 

above the PEEP value stored in the controller's memory, the controller 60 may then sample 

a pre-determined number of immediately prior readings, for example, about five samples, 

from the patient airway sensor 70c sensor and check whether the change in pressure over 

time is less than the inhalation trigger limit, for example about -2 cm H2O per 0.1sec. 

15 [0097] If the change in pressure over time is not less than the inhalation trigger limit (which 

is less than or equal to zero), the controller 60 may return to the step of the algorithm to 

check if the rescue breath timer is elapsed. 

[0098] If the change in pressure over time is greater than the inhalation trigger limit (which 

is less than or equal to zero), the controller 60 may then check if the recent change in 

20 pressure over time is the closest change in pressure over time to zero recorded for the given 

exhalation (i.e., whether the slope is flat). If the change in pressure over time is less than 

the inhalation trigger limit, the controller 60 checks if the recent change in pressure over 

time is greater than the pre-determined minimum slope value. If the recent change in 

pressure over time is greater than the minimum slope value and the change in pressure over 

25 time most recently recorded is the closest to the zero for the given exhalation, the controller 

60 may be prepared to set the current pressure as a new PEEP value in the controller's 

memory, replacing a previous PEEP value. The controller 60 may also then store the most 

recent change in pressure over time in the controller's memory as the current "flattest" 

change in pressure over time. 

30 [0099] If the recent change in pressure over time is less than the minimum slope value, or 

the recent pressure change over time is not the closest to zero for the given inhalation, then 

the algorithm may return to the step of checking if the rescue breath timer is less than zero. 
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[00100] 	Returning to Figure 4, if assist mode is selected during operation of the system 

10, steps 150-162 may be performed. For example, at step 150, patient pressure may be 

periodically monitored until, at step 152, the patient pressure falls below an inhale 

threshold. When this occurs, at step 154 the system may begin inhale, i.e., the controller 60 

5 may direct the valve assembly 46 to the delivery configuration to begin delivering 

ventilation gas from the patient vessel 42 to the patient via the inhalation line 24. At step 

156, the patient pressure may be periodically monitored during gas delivery to determine 

whether the patient pressure has reached or exceeded an exhale threshold, at step 158. 

When the patient pressure has reached or exceeded the exhale threshold, gas delivery may 

10 be discontinued, and the tidal volume may be determined, at step 160, similar to the 

methods described above. At step 162, exhale may begin, and the patient vessel 42 may be 

recharged from the gas source 20, as described above, and the algorithm may be reset. 

[00101] 	Figure 5A illustrates an example of an intuitive user interface panel 62 that may 

be provided on a housing of a system, such as those described elsewhere herein. Input 

15 controls are grouped according to priority. The most critical functions (breath rate, mode, 

pressure and volume targets) may be on the user's left, e.g., at 62d, adjacent to a display 

screen 62b. A default setting button executes a software algorithm to pre-set the device in 

volume control mode with either an average adult tidal volume and rate, for example, 500 

cc and 12 bpm, or an average pediatric tidal volume and rate, for example 200 cc and 14 

20 bpm. Secondary controls for alarm settings and patient inhalation triggering are located 

further from the display screen, e.g., on the user's right at 62e. In the embodiment shown, 

text on the control panel 62 is written at a forty five degree (45°) angle to be legible in both 

upright and horizontal orientations. As illustrated in Figure 5B, the text on the display 

screen 62 may be re-oriented by gyroscopic control to appear upright when the ventilation 

25 system 10 is in a vertical or horizontal orientation. 

[00102] 	Figure 5B also shows an exemplary embodiment of a housing 12 for a 

ventilation system 10, such as those described above. As shown, the housing 12 may have a 

rounded prism shape, e.g., an elongate equilateral triangle shape. The three side surfaces of 

the housing 12 may be substantially smooth, which may facilitate storage and/or reduce risk 

30 of damaging components of the system 10. Optionally, one end of the housing 12 may 

include a recess in which all connectors 13 for coupling external components, e.g., gas 

sources, power sources, patient circuit, and the like (not shown), may be located. Thus, the 
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recess may protect the connectors 13 from damage and/or facilitate stacking multiple 

housings 12 on top of one another with minimal interference from the connectors 13. 

[00103] 	In addition or alternatively, if desired, the ends of the housing 12 may include 

rubber or other absorbable bumpers, e.g., extending around the periphery of the ends to 

5 reduce the risk of damage to internal components due to dropping or striking the housing 

12. In addition or alternatively, the opposite ends of the housing 12 may have male and 

female shapes, e.g., to allow a male end of one housing 12 to be nested into the female end 

of another housing 12, e.g., to facilitate stacking or storage of multiple systems 10. 

[00104] 	It is apparent to one skilled in the art that various changes and modifications can 

10 be made to this disclosure, and equivalents employed, without departing from the spirit and 

scope of the invention. Elements shown with any variation are exemplary for the specific 

variation and can be used on other variations within this disclosure. Any elements 

described herein as singular can be pluralized (i.e., anything described as "one" can be more 

than one). Any species element of a genus element can have the characteristics or elements 

15 of any other species element of that genus. The above-described configurations, elements 

or complete assemblies and methods and their elements for carrying out the invention, and 

variations of aspects of the invention can be combined and modified with each other in any 

combination. 

[00105] 	Exemplary embodiments of the present invention are described above. Those 

20 skilled in the art will recognize that many embodiments are possible within the scope of the 

invention. Other variations, modifications, and combinations of the various components 

and methods described herein can certainly be made and still fall within the scope of the 

invention. For example, any of the treatment devices described herein may be combined 

with any of the delivery systems and methods also described herein. Thus, the invention is 

25 limited only by the following claims, and equivalents thereto. 
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CLAIMS 

We claim: 

1. A ventilator comprising: 

a source of pressurized gas; 

5 a storage vessel; 

a first pressure sensor coupled to the storage vessel for detecting the pressure of 

ventilation gas within the storage vessel; 

one or more valves communicating with the gas source via a source line, 

communicating with the storage vessel, and communicating with an inhalation line for 

10 	delivering ventilation gas to a patient; and 

a controller coupled to the one or more valves for selectively directing the one or 

more valves between a storage configuration where ventilation gas is delivered from the gas 

source into the storage vessel, and a delivery configuration where ventilation gas is 

delivered from the storage vessel to a patient via the inhalation line, 

15 	the controller coupled to the first pressure sensor for detecting a first pressure within 

the storage vessel when the one or more valves is directed to the delivery configuration, and 

detecting subsequent pressure thereafter while ventilation gas is delivered from the storage 

vessel to the patient via the inhalation line, the controller determining the volume of 

ventilation gas delivered to the patient based at least in part on the difference between the 

20 	first pressure and the subsequent pressure. 

2. The ventilator of claim 1, wherein the controller is configured for detecting 

subsequent pressure within the storage vessel at predetermined time intervals after directing 

the one or more valves to the delivery configuration, the controller determining the volume 

25 	of ventilation gas delivered to the patient based at least in part on the difference between the 

first pressure and the subsequent pressure. 

3. The ventilator of claim 2, wherein the controller compares the estimated 

cumulative volume of ventilation gas delivered during each time interval to a predetermined 

30 	maximum volume and directs the one or more valves to close the inhalation line when the 

estimated cumulative volume meets or exceeds the predetermined maximum volume. 



WO 2011/060204 
	

PCT/US2010/056428 

-26- 

4. The ventilator of claim 1, wherein the first pressure sensor is pneumatically 

connected to the storage vessel at a location away from any ports in the storage vessel 

communicating with the one or more valves such that flow through the flow path does not 

substantially affect the pressure detected by the first pressure sensor. 

5 

5. The ventilator of claim 1, wherein the controller is configured for 

determining the volume of ventilation gas delivered to the patient without requiring 

information regarding the flow rate of the ventilation gas from the storage vessel. 

10 6. The ventilator of claim 1, wherein the controller is configured for 

determining the volume of ventilation gas delivered to the patient without information 

regarding the duration of time that the one or more valves are in the deliver configuration. 

7. The ventilator of claim 1, wherein the controller is configured for monitoring 

15 pressure within the storage vessel while ventilation gas is delivered to the patient from the 

storage vessel over time to determine a derivative of the pressure with respect to time until 

the derivative drops to a predetermined threshold approaching zero, whereupon the 

controller actuates the one or more valves to close the inhalation line to discontinue delivery 

of ventilation gas to the patient from the storage vessel. 

20 

8. The ventilator of claim 1, wherein the one or more valves are configured 

such that, in the delivery configuration, the inhalation line is only exposed to ventilation gas 

within the storage vessel and isolated from the gas source. 

25 9. The ventilator of claim 1, wherein the one or more valves comprise a three-

port, two-position valve coupled between the source line and the inhalation line. 

10. The ventilator of claim 1, wherein the valve one or more valves comprise a 

first valve coupled to the source line for opening and closing the source line and a second 

30 valve coupled to the inhalation line for opening and closing the inhalation line. 

11. The ventilator of claim 1, wherein the source of pressurized ventilation gas 

includes a compressor that operates substantially continuously. 
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12. The ventilator of claim 1, wherein the source of pressurized ventilation gas 

comprises a source of one or more of pure oxygen and pressurized air. 

5 13. The ventilator of claim 1, wherein the source of pressurized gas comprises: 

a compressor comprising an outlet communicating with the source line; 

a connector for coupling an external source of pressurized gas to the ventilator; and 

a control valve coupled to the connector for selectively delivering pressurized gas from the 

external source to either an inlet of the compressor or the source line. 

10 

14. The ventilator of claim 1, further comprising a restrictor in the inhalation line 

for limiting a flow rate of ventilation gas from the storage vessel to the patient. 

15. The ventilator of claim 14, wherein the restrictor is adjustable to change a 

15 maximum flow rate in the inhalation line to the patient. 

16. The ventilator of claim 1, further comprising a restrictor in the source line 

between an outlet of the gas source and the one or more valves for limiting the pressure of 

ventilation gas delivered to the one or more valves from the source line. 

20 

17. The ventilator of claim 1, further comprising a second patient pressure sensor 

coupled to the inhalation line for detecting pressure in the inhalation line, the controller 

coupled to the patient pressure sensor for monitoring pressure in the inhalation line to 

determine when the patient initiates inhalation, whereupon the controller directs the one or 

25 more valves to the delivery configuration. 

18. The ventilator of claim 1, wherein the source of ventilation gas comprises a 

compressor configured for delivering a maximum pressure to the source line of at least 350 

cm H2O (5 psi). 

30 

19. The ventilator of claim 18, further comprising a restrictor in the inhalation 

line, the restrictor limiting the maximum pressure of ventilation gas delivered to the patient 

from the storage vessel to no more than sixty centimeters of water (60 cm H20). 
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20. The ventilator of claim 1, wherein the gas source comprises: 

5 

a compressor; and 

a pre-fill vessel, 

wherein the one or more valves are coupled to the compressor and the pre-fill vessel 

such that, in the delivery configuration, the compressor communicates with the pre-fill 

vessel for delivering pressurized gas into the pre-fill vessel, and wherein, in the storage 

configuration, the storage vessel communicates with the compressor and the pre-fill vessel 

for receiving pressurized gas from both the compressor and the pre-fill vessel. 

10 

21. A ventilator comprising: 

a source of pressurized gas; 

a pre-fill vessel; 

a patient vessel; 

15 one or more valves communicating with the gas source via a source line, 

communicating with the pre-fill and patient vessels, and communicating with an inhalation 

line for delivering ventilation gas to a patient; and 

a controller coupled to the one or more valves for selectively directing the one or 

more valves between a delivery configuration where ventilation gas is delivered from the 

20 	patient vessel to a patient via the inhalation line and pressurized gas is delivered from the 

gas source to the pre-fill vessel, and a storage configuration where pressurized gas is 

delivered from the gas source and the pre-fill vessel into the storage vessel to store 

pressurized gas in the storage vessel. 

25 22. The ventilator of claim 21, wherein the one or more valves define a first flow 

path in the storage configuration communicating between the patient vessel and the gas 

source and pre-fill vessel for delivering pressurized gas from the gas source and the pre-fill 

vessel into the patient vessel and defining second and third flow paths in the delivery 

configuration, the second flow path communicating between the patient vessel and 

30 	inhalation line to deliver ventilation gas within the patient vessel to a patient via the patient 

line, and the third path communicating between the gas source and the pre-fill vessel for 

delivering pressurized gas into the pre-fill vessel. 
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23. The ventilator of claim 21, wherein the one ore more valves comprise a 

three-port, two-position valve. 

24. The ventilator of claim 21, wherein the source of pressurized ventilation gas 

5 includes a compressor that operates substantially continuously while the one or more valves 

are directed between the storage configuration and the delivery configuration. 

25. The ventilator of claim 21, wherein the source of pressurized ventilation gas 

comprises a source of pure oxygen. 

10 

26. The ventilator of claim 21, wherein the source of pressurized ventilation gas 

comprises a source of pressurized air. 

27. The ventilator of claim 21, wherein the source of pressurized gas comprises: 

15 a compressor comprising an outlet communicating with the source line; 

a connector for coupling an external source of pressurized gas to the ventilator; and 

a control valve coupled the connector for selectively delivering pressurized gas from the 

external source to either an inlet of the compressor or the source line. 

20 28. The ventilator of claim 21, further comprising a restrictor in the inhalation 

line for limiting a flow rate of ventilation gas from the patient vessel to the patient. 

29. The ventilator of claim 28, wherein the restrictor is adjustable to change a 

maximum flow rate in the inhalation line to the patient. 

25 

30. The ventilator of claim 21, further comprising: 

a vessel pressure sensor coupled to the patient vessel for detecting the pressure of 

ventilation gas within the patient vessel, 

wherein the controller is coupled to the vessel pressure sensor for detecting a first 

30 pressure within the patient vessel when the one ore more valves are directed to the delivery 

configuration and detecting subsequent pressure within the patient vessel at one or more 

time intervals thereafter, the controller determining the volume of ventilation gas delivered 
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to the patient based at least in part on the difference between the first pressure and the 

subsequent pressure. 

31. The ventilator of claim 30, wherein the controller compares the determined 

5 cumulative volume of the ventilation gas delivered by each time interval to a predetermined 

maximum volume and directs the one or more valves from the delivery configuration to the 

storage configuration when the determined cumulative volume meets or exceeds the 

maximum volume. 

10 32. The ventilator of claim 30, wherein the vessel pressure sensor is 

pneumatically connected to the vessel at a location away from any ports in the patient vessel 

communicating with the one or more valves such that flow through the flow path does not 

substantially affect the pressure detected by the vessel pressure sensor. 

15 33. The ventilator of claim 30, wherein the controller is configured for 

determining the volume of ventilation gas delivered to the patient without requiring 

information regarding the flow rate of the ventilation gas from the patient vessel. 

34. The ventilator of claim 30, wherein the controller is configured for 

20 determining the volume of ventilation gas delivered to the patient without information 

regarding the duration of time that the one or more valves are in the deliver configuration.. 

35. The ventilator of claim 30, wherein the controller is configured for 

monitoring pressure within the patient vessel while ventilation gas is delivered to the patient 

25 from the patient vessel over time to determine a derivative of the pressure with respect to 

time until the derivative drops to a predetermined threshold approaching zero, whereupon 

the controller actuates the one or more valves to close the inhalation line to discontinue 

delivery of ventilation gas to the patient from the patient vessel. 

30 36. The ventilator of claim 21, further comprising a patient pressure sensor 

coupled to the inhalation line for detecting pressure in the inhalation line, the controller 

coupled to the patient pressure sensor for monitoring pressure in the inhalation line to 
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determine when the patient initiates inhalation, whereupon the controller directs the one or 

more valves to the delivery configuration. 

37. The ventilator of claim 21, wherein the source of ventilation gas comprises a 

5 	compressor configured for delivering a maximum pressure to the source line of at least 350 

cm H2O (5 psi). 

38. The ventilator of claim 37, further comprising a restrictor in the inhalation 

line, the restrictor limiting the maximum pressure of ventilation gas delivered to the patient 

10 	from the patient vessel to no more than sixty centimeters of water (60 cm H20). 

39. A portable ventilator comprising: 

a housing; 

a power source within the housing; 

15 a compressor within the housing operating substantially continuously during 

operation of the ventilator; 

a storage vessel within the housing; 

a first pressure sensor coupled to the storage vessel for detecting the pressure of 

ventilation gas within the storage vessel; 

20 one or more valves communicating with the compressor via a source line, 

communicating with the storage vessel, and communicating with an inhalation line for 

delivering ventilation gas to a patient; and 

a controller coupled to the one or more valves for selectively directing the one or 

more valves between a storage configuration where ventilation gas is delivered from the 

25 	compressor into the storage vessel, and a delivery configuration where ventilation gas is 

delivered from the storage vessel to a patient via the inhalation line, the controller coupled 

to the first pressure sensor for detecting a first pressure within the storage vessel when the 

one or more valves are directed to the delivery configuration, and detecting subsequent 

pressure thereafter while ventilation gas is delivered from the storage vessel to the patient 

30 	via the inhalation line, the controller determining the volume of ventilation gas delivered to 

the patient based at least in part on the difference between the first pressure and the 

subsequent pressure. 
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40. The ventilator of claim 39, wherein the controller is configured for detecting 

subsequent pressure within the storage vessel at predetermined time intervals after directing 

the one or more valves to the delivery configuration, the controller determining the volume 

of ventilation gas delivered to the patient based at least in part on the difference between the 

5 first pressure and the subsequent pressure. 

41. The ventilator of claim 40, wherein the controller compares the estimated 

cumulative volume of ventilation gas delivered during each time interval to a predetermined 

maximum volume and directs the one or more valves to close the inhalation line when the 

10 estimated cumulative volume meets or exceeds the predetermined maximum volume. 

42. The ventilator of claim 39, wherein the controller is configured for 

determining the volume of ventilation gas delivered to the patient without requiring 

information regarding the flow rate of the ventilation gas from the storage vessel. 

15 

43. The ventilator of claim 39, wherein the controller is configured for 

determining the volume of ventilation gas delivered to the patient without information 

regarding the duration of time that the one or more valves are in the deliver configuration. 

20 44. The ventilator of claim 39, wherein the controller is configured for 

monitoring pressure within the storage vessel while ventilation gas is delivered to the 

patient from the storage vessel over time to determine a derivative of the pressure with 

respect to time until the derivative drops to a predetermined threshold approaching zero, 

whereupon the controller actuates the one or more valves to close the inhalation line to 

25 discontinue delivery of ventilation gas to the patient from the storage vessel. 

45. The ventilator of claim 39, wherein the one or more valves are configured 

such that, in the delivery configuration, the inhalation line is only exposed to ventilation gas 

within the storage vessel and isolated from the gas source. 

30 

46. The ventilator of claim 39, wherein the one or more valves comprise a three- 

port, two-position valve coupled between the source line and the inhalation line. 
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47. The ventilator of claim 39, wherein the one or more valves comprise a first 

valve coupled to the source line for opening and closing a first flow path between the source 

line and the storage vessel and a second valve coupled to the inhalation line for opening and 

closing a second flow path between the storage vessel and the inhalation line. 

5 

48. The ventilator of claim 39, wherein the housing comprises a connector for 

coupling an external source of pressurized gas to the ventilator; and a control valve coupled 

the connector for selectively delivering pressurized gas from the external source to either an 

inlet of the compressor or the source line. 

10 

49. The ventilator of claim 39, further comprising a restrictor in the inhalation 

line for limiting a flow rate of ventilation gas from the storage vessel to the patient. 

50. The ventilator of claim 39, further comprising a restrictor in the source line 

15 between an outlet of the compressor and the one or more valves for limiting the pressure of 

ventilation gas delivered to the one or more valves from the source line. 

51. The ventilator of claim 39, further comprising a user interface mounted to the 

housing, the interface coupled to the controller for selecting one or more parameters of the 

20 ventilator controlled by the controller. 

52. The ventilator of claim 51, wherein the user interface comprises a display. 

53. The ventilator of claim 52, further comprising a gyroscopic sensor coupled to 

25 the controller, the controller detecting a spatial orientation of the housing based on data 

from the gyroscopic sensor, the controller orienting information displayed on the display 

based at least in part on the spatial orientation of the housing. 

54. The ventilator of claim 51, wherein the user interface comprises an input 

30 device for inputting commands to the controller. 
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55. The ventilator of claim 39, further comprising one or more power sources 

within the housing for providing electrical power to one or more of the compressor, the one 

or more valves, and the controller. 

5 56. A method for ventilating a patient, comprising: 

placing the patient's airway in fluid communication with an inhalation line of a 

ventilator, the ventilator comprising a storage vessel therein and a source of pressurized gas; 

delivering ventilation gas from the gas source into the storage vessel; 

delivering ventilation gas from the storage vessel to the patient via the inhalation 

10 line with the storage vessel isolated from the gas source; 

measuring the change in pressure in the storage vessel while ventilation gas is 

delivered to the patient from the storage vessel; and 

operating the ventilator based at least in part on the change in pressure in the storage 

vessel independent of the duration of the inhalation phase. 

15 

57. A method for ventilating a patient, comprising: 

placing the patient's airway in fluid communication with an inhalation line of a 

ventilator, the ventilator comprising a storage vessel therein and a source of pressurized gas; 

delivering ventilation gas from the gas source into the storage vessel; 

20 delivering ventilation gas from the storage vessel to the patient via the inhalation 

line with the storage vessel isolated from the gas source; 

measuring the change in pressure in the storage vessel while ventilation gas is 

delivered to the patient from the storage vessel; and 

operating the ventilator based at least in part on the change in pressure in the storage 

25 vessel without measuring a flow rate of ventilation gas delivered to the patient. 

58. A method for ventilating a patient, comprising: 

a) placing the patient's airway in fluid communication with an inhalation line of 

a ventilator, the ventilator comprising a storage vessel therein and a source of pressurized 

30 gas; 

b) delivering ventilation gas from the storage vessel to the patient via the 

inhalation line with the storage vessel isolated from the gas source; 
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c) measuring the change in pressure in the storage vessel while ventilation gas 

is delivered to the patient from the storage vessel; 

d) determining the volume of ventilation gas delivered to the patient based at 

least in part on the change in pressure; 

e) discontinuing delivery of ventilation gas from the storage vessel to the 

patient; and 

0 	delivering ventilation gas from the gas source into the storage vessel to refill 

the storage vessel with pressurized gas. 

59. The method of claim 58, wherein measuring the change in pressure 

comprises: 

measuring a first pressure in the storage vessel before or immediately after 

beginning to deliver ventilation gas to the patient from the storage vessel; and 

measuring pressure in the storage vessel at predetermined time intervals thereafter 

while ventilation gas is delivered to the patient, the volume of ventilation gas delivered to 

the patient being determined based at least in part on the difference between the first 

pressure and the subsequent pressure. 

60. The method of claim 59, wherein the cumulative volume of ventilation gas 

delivered during each time interval is compared to a predetermined maximum volume, the 

method further comprising discontinuing delivery of ventilation gas from the storage vessel 

to the patient when the estimated cumulative volume meets or exceeds the predetermined 

maximum volume. 

61. The method of claim 58, wherein steps b) to f) are repeated sequentially one 

or more times. 

62. The method of claim 61, wherein the pressure within the storage vessel is 

monitored while ventilation gas is delivered to the patient from the storage vessel during 

step b) to determine a derivative of the pressure with respect to time until the derivative 

drops to a predetermined threshold approaching zero, whereupon step e) is initiated. 

63. A ventilator comprising: 
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a housing; 

a source of pressurized ventilation gas; 

a valve within the housing to control the flow of ventilation gas to a patient via an 

inhalation line; and 

5 a flow restrictor for limiting a flow rate of ventilation gas from the compressor to the 

patient, the flow restrictor located after the valve in the inhalation line. 

64. The ventilator of claim 63, wherein the flow restrictor is manually adjustable 

for changing a maximum flow rate deliverable through the inhalation line to a patient. 

10 

65. The ventilator of claim 63, wherein the flow restrictor is decoupled from a 

controller controlling the valve. 

66. A ventilator comprising: 

15 a housing; 

a source of pressurized ventilation gas; and 

one or more valves within the housing communicating with the gas source and an 

inhalation line for delivering ventilation gas to a patient, the one or more valves comprising 

one or more valves that are operable only in either a fully opened or a fully closed state to 

20 control the flow of ventilation gas to the patient. 

67. A method for ventilating a patient, comprising: 

placing the patient's airway in fluid communication with an inhalation line of a 

ventilator; 

25 operating a compressor within the ventilator substantially continuously for 

generating a substantially continuous stream of pressurized gas within the ventilator; 

intermittently delivering pressurized gas from the ventilator to the patient; and 

storing at least a portion of the stream of pressurized gas from the compressor within 

the ventilator. 

30 

68. The method of claim 67, wherein at least a portion of the stream of 

pressurized gas is stored within a patient vessel within the ventilator, and wherein the 

pressurized gas intermittently delivered to the patient is delivered from the patient vessel. 
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69. The method of claim 68, wherein the ventilator diverts a portion of the 

stream of pressurized gas to a pre-fill vessel when the pressurized gas is delivered to the 

patient from the patient vessel. 

5 

70. The method of claim 69, wherein at least a portion of the stream of 

pressurized gas diverted to the pre-fill vessel is delivered into the patient vessel when at 

least a portion of the stream of pressurized gas is being stored in the patient vessel to 

increase the volume and/or pressure of pressurized gas stored in the patient vessel. 

10 

71. The method of claim 67, wherein the compressor generates a substantially 

continuous stream of pressurized gas at a flow rate between about eight and twelve liters per 

minute (8-12 1pm). 

15 72. The method of claim 67, wherein pressurized gas is delivered from the 

ventilator to the patient when inhalation is initiated. 

73. The method of claim 72, wherein at least a portion of the stream of 

pressurized gas from the compressor is stored within the ventilator when exhalation is 

20 initiated. 

74. The method of claim 68, wherein the portion of the stream of pressurized gas 

stored within the patient vessel creates a peak internal pressure within the patient vessel of 

at least 350 cc H2O (5 psi). 

25 

75. The method of claim 68, wherein the portion of the stream of pressurized gas 

stored within the patient vessel creates a peak internal pressure within the patient vessel of 

at least 700 cc H2O (10 psi). 

30 76. The method of claim 68, wherein the portion of the stream of pressurized gas 

stored within the patient vessel creates a peak internal pressure within the patient vessel of 

at least 1100 cc H2O (15 psi). 
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77. The method of any one of claims 67-76, wherein the maximum pressure in 

the inhalation line during delivery of ventilation gas to the patient is 70 cc H2O (1 psi). 

78. The method of any one of claims 68-77, wherein the ratio of the peak 

5 	internal pressure within the patient vessel and the maximum pressure in the inhalation line 

is at least two (2). 

79. The method of any one of claims 68-77, wherein the ratio of the peak 

internal pressure within the patient vessel and the maximum pressure in the inhalation line 

10 	is at least five (5). 

80. The ventilator of any preceding claim, wherein the internal volume of a flow 

path from the source line to the inhalation line including the interior volume of any vessels 

and valves is at least 900 cc. 

15 

81. A ventilation device for ventilating a patient comprising: 

a pressure source; 

a first valve; 

a first actuator configured to activate the first valve, wherein the first actuator 

20 	comprises a first valve, wherein the first valve is electronic and uses less than about 1.6 W 

during regular operation; and 

a conduit; 

wherein the ventilation device is configured to be attached to a pressure source. 

25 82. The device of claim 81, wherein the first actuator comprises a first solenoid. 

83. The device of claim 18, further comprising a second valve, wherein the first 

actuator is configured to activate the second valve. 

30 84. The device of claim 81, further comprising a second valve, and a second 

actuator, wherein the first actuator is configured to activate the second valve, and wherein 

the second actuator comprises a second solenoid. 
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85. The device of claim 81, wherein the device can be controlled between a 

control mode ventilation, assist-control mode ventilation, and constant inhalation pressure 

delivery, including BiPAP or CPAP, modes. 

5 86. A ventilation device for ventilating a patient comprising: 

a pressure source; 

a first pressure vessel; 

a second pressure vessel; and 

a conduit configured to lead to the patient. 

10 

87. The device of claim 86, further comprising a first valve, and wherein the 

pressure source is in fluid communication with the pressure conduit via the first valve. 

88. The device of claim 86, wherein the first pressure vessel and the second 

15 pressure vessel are rigid containers. 

89. A method for ventilating a patient comprising: 

placing the patient's airway in fluid communication with a ventilator comprising a 

pressure vessel; 

20 measuring the change in pressure in the pressure vessel; and 

activating the ventilator at least in part on the change in pressure in the pressure 

vessel. 

90. The method of claim 89, further comprising delivering a gas from the 

25 pressure vessel to the patient's airway. 

91. The method of claim 90, wherein the pressure in the pressure vessel 

decreases during the delivering of the gas to the patient's airway. 

30 92. The method of claim 89, further comprising determining a volume of gas 

discharged from the pressure vessel using the change in pressure in the pressure vessel. 
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93. The method of claim 89, further comprising displaying a volume of gas 

discharged from the pressure vessel on an output device. 

94. The method of claim 89, wherein the pressure vessel is rigid. 

5 

95. A method for ventilating a patient comprising: 

placing the patient's airway in fluid communication with a ventilator comprising a 

pressure vessel; 

measuring the change in pressure in the pressure vessel; and 

10 activating the ventilator at least in part on the change in pressure in the pressure 

vessel. 


