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BLOOD PRESSURE MONITOR WITH VALVE-CHAMBER ASSEMBLY

INCORPORATION BY REFERENCE TO ANY PRIORITY APPLICATIONS

[0001] This application claims priority to U.S. Prov. App. No. 61/862223, filed

August 5, 2013, entitled VALVE-CHAMBER ASSEMBLY and U.S. Prov. App. No.

61/933681, filed January 30, 20 4, entitled VALVE-CHAMBER ASSEMBLY, each of

which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] Blood pressure monitoring is an important indicator of a wearer's

cardiovascular status. Many devices allow blood pressure to be measured by manual or

digital sphygmomanometer systems that utilize an inflatable cuff applied to a person's arm.

These devices often include an inflatable cuff to restrict blood flow and a device capable of

measuring the pressure.

[ 0Θ3] In a typical blood pressure monitoring system, a hand actuated pu p or an

electric motor inflates the inflatable cuff to a pressure level at or above the expected systolic

pressure of the wearer and high enough to occlude an artery. Automated or motorized blood

pressure monitoring systems use a motor or pump to inflate the inflatable cuff, while manual

blood pressure monitors typically use an inflation bulb. As the air from the inflatable cuff is

slowly released, the wearer's blood pressure can be determined by detecting Korotkoff

sounds using a stethoscope or other detection device placed over an artery.

[ 0Θ4] However, both systems have their drawbacks. For example, these systems

can cause pain or discomfort to the wearer. Other adverse effect can include limb edema,

venous stasis, peripheral neuropathy, etc., or simply wearer interruption. In addition, manual

systems make it difficult to measure blood pressure during inflation of the inflatable cuff due

to the difficult of inflating the inflatable cuff at an approximately constant rate using an

inflation bulb. Furthermore, motorized blood pressure monitors are often noisy and can

disturb wearers at rest. In addition to auditory noise in automated or motorized systems, the

motors can cause electrical noise in sensor signals making signal processing used to identify

reference points for blood pressure detection unreliable and difficult.

[00Θ5] Gas canisters, which are frequently used to supply gas in a fast and

efficient manner, can be used in place of the motor and pump. However, due to the relatively

high pressure of the gas inside the gas canister, care must be used when puncturing the seal of

the gas canister to allow the gas to exit. To alleviate this danger, the nozzle of many gas



canisters are threaded to engage with a complementary threaded release valve. A user inserts

the nozzle of the gas canister into the release valve and then rotates the gas canister to engage

the threads. Once the gas canister is sufficiently screwed into the release valve, a sharp point

of the release valve punctures the top of the canister and allows the gas to exit.

[ 06] However, there are several drawbacks to this approach. For example, the

threads of the gas canister or the release valve may be stripped or may not align properly. In

addition, the gas canister is left exposed, and a user may unwittingly unscrew a partially filled

gas canister from the release valve. Furthermore, once punctured, many release valves do not

provide any mechanism for controlling, or stopping, the flow of gas.

BRIEF DESCRIPTION OF THE DRAWINGS

[8007] FIG. 1A is a block diagram illustrating an embodiment of a patient

monitoring system.

[0008] FIGS IB is a drawing illustrating an embodiment of a patient monitoring

system configured to be worn by a user.

[ Θ9] FIGS. 2-5 are exploded perspective views of an embodiment of a valve-

chamber assembly.

[0010] FIGS. 6 and 7 are perspective views of an embodiment of a valve-chamber

assembly.

[001 ] FIGS 8-10 are cross-sectional views of an embodiment of a valve-

chamber assembly.

[0012] FIG. 1 is a diagram of an embodiment of a lock assembly of the valve-

chamber assembly.

[0013] FIG. 12 is a diagram of an embodiment of a safety circuit for the valve-

chamber assembly.

[8014] FIG. 13 is a diagram illustrative of an embodiment of a fastening

assembly

[0015] FIGS 14A-14D are diagrams illustrative of an embodiment of a fastening

assembly.

[0016] FIGS. 15A-15E are diagrams illustrative of various views of an

embodiment of valve assembly.



DETAILED DESCRIPTION

[00 7] As described herein, a valve-chamber assembly is provided that allows a

user to place a gas canister in a chamber assembly, close the cover, and engage the gas

canister with a valve assembly. In some embodiments, the valve-chamber assembly can

provide a user with the ability to control and change the flow rate of the gas exiting the gas

canister. In certain embodiments, the valve-chamber assembly can be used in conjunction

with a blood pressuring monitoring system, such as the one described in greater detail in U.S.

App. No. 13/838,225 filed March 15, 2013 (the '225 Application), incorporated herein by

reference for all purposes. In such embodiments, the valve-chamber assembly can be coupled

with any one or more of the gas pathways and/or gas pathway segments described in the '225

Application (e.g., gas pathways 24 and/or gas pathway segments 210, 214, 218). In some

embodiments, the valve-chamber assembly can be used in place of the chamber 306

described in the '225 Application.

[0 ] For simplicity, as used herein, an upward direction refers to the direction

from the chamber assembly to the valve assembly, and an upward force refers to a force from

the direction of the chamber assembly to the valve assembly. Similarly, a downward direction

refers to the direction from the valve assembly to the chamber assembly, and a downward

force refers to a force in the direction from the valve assembly to the chamber assembly.

However, it will be understood that "upward," the "upward force," "downward," and/or the

"downward force" may be directed upwards, downwards, laterally, or any combination

thereof.

Blood Pressure Monitoring System

[0019] FIG. A is a block diagram illustrating an embodiment of a blood pressure

monitoring system . The blood pressure monitoring system can be used to measure the

blood pressure of a wearer during inflation, deflation or both. In the illustrated embodiment,

the blood pressure monitoring system 0 includes an inflatable cuff 20, a valve-chamber

assembly 100, and a patient monitor 30. However, it will be understood that the blood

pressure monitoring system 10 can include fewer or more components as desired.

[0020] The inflatable cuff 20 can be used to at least partially obstruct the flow of

blood through a wearer's artery in order to measure the wearer's blood pressure, and can

include a bladder that can be filled with gas in a manner controlled by a user and/or the

patient monitor 30. The inflatable cuff 20 can receive the gas for inflation from a gas

reservoir 40 via a gas pathway. However, in some cases, a motor can be used to inflate the

inflatable cuff 20 as desired. In some embodiments, the inflatable cuff 20 can be a disposable



cuff tha can be discarded after a one or a few uses. In certain embodiments, the inflatable

cuff 20 can be reused many times and cleaned or sterilized between uses.

[002 In use, the inflatable cuff 20 can be attached to a wearer's arm or other

location, and can be inflated automatically (e.g., via intelligent cuff inflation) or manually to

obtain blood pressure data. Blood pressure data can include any type of signal received from

a sensor sufficiently responsive to blood pressure to provide an indicator thereof to a user.

Blood pressure data can be in the form of pressure sensor data, auditory sensor data, and the

like.

[0022] The inflatable cuff 2.0 can also include a release valve for releasing the gas

stored therein once inflated. The release valve can be actuated electronically by the patient

monitor 30 or manually by a user. In some embodiments, the release valve can be used when

the pressure in the inflatable cuff 20 reaches unsafe levels or when the inflatable cuff 20 has

been inflated beyond a threshold period of time. In certain embodiments, the release valve

can be actuated electronically using PWM signals.

[0023] The inflatable cuff 20 can further include a wireless transmitter for

wireless communication with the patient monitor 30 and/or valve-chamber assembly 00 . In

some embodiments, the inflatable cuff can include cables for sending and receiving

information to and from the patient monitor 30 and/or valve-chamber assembly 100.

[ 24] A sensor 50 can be placed in close proximity to the inflatable cuff 20 to

monitor the inflatable cuff 20 during inflation and deflation. Alternatively, the sensor 50 can

be located in the patient monitor 30 along a gas pathway between the gas reservoir 40 and

inflatable cuff 20, or at some other location where it is able to collect sufficient data for the

patient monitor 30 to determine the blood pressure of the wearer.

[0025] The sensor 50 can be a pressure sensor or an auditory sensor. In some

embodiments, the sensor 50 can communicate signals responsive to the pressure in the

inflatable cuff 20 to the patient monitor 30 via wired or wireless communication. The patient

monitor can use the signal to determine a blood pressure measurement or change in blood

pressure of the wearer. The patient monitor 30 can additionally use the pressure

measurements to determine if the pressure in the inflatable cuff 20 is above a threshold or is

at an unsafe level. If the pressure in the inflatable cuff 20 is above a threshold or is at an

unsafe level, the patient monitor 30 can actuate an emergency release valve to deflate the

inflatable cuff 20. In an embodiment where the sensor 50 is an auditory sensor, the sensor 50

can be used to detect Korotkoff sounds. In some cases, the sensor 50 be implemented using a

stethoscope.



[0026] With continued reference to FIG. 1A, the patient monitor 30 can include a

display 60, a user interface 70, and a controller 80 The display 60 can be implemented using

a touch screen, LCD screen, LED screen, or other type of screen and can be used to display

one or more physiological parameters, plot diagrams, or user interface information, etc. The

display 60 can be any number of different sizes, and in some embodiments, covers a majority

of one side of the patient monitor 30. The controller 80 can be implemented using a

microprocessor, microcontroller, programmable logic device (PLD), field programmable gate

array (FPGA), and the like.

[0027] The patient monitor 30 can further include a number of components

implemented by the controller 80 for filtering the blood pressure data received from the

sensor 50 and determining the blood pressure of the wearer. The patient monitor 30 can be a

dedicated device for determining blood pressure and other physiological parameters, a

portable electronic device configured to execute a program or application that determines

blood pressure and other physiological parameters, or can be part of a larger patient

monitoring device, such as those devices described in U.S. Patent Application Serial No.

09/516,1 10, titled "Universal/Upgrading Pulse Oximeter, " filed March 1, 2000

(MASIM0.162C1); U.S. Patent Application Serial No. 12/534,827, titled "Multi-Stream

Data Collection System For Noninvasive Measurement Of Blood Constituents, " filed August

3, 2009 (MLHUM.002A); U.S. Patent Application Serial No. 12/497,523, titled "Contoured

Protrusion For Improving Spectroscopic Measurement Of Blood Constituents, " filed July 2,

2009 (MLHUM.007A); U.S. Patent Application Serial No. 12/882,1 1, titled "Spot Check

Monitor Credit System, " filed September 14, 2010 (MLHUM.022A); U.S. Patent Application

Serial No. 13/308,461, titled "Handheld Processing Device Including Medical Applications

For Minimally And Non Invasive Glucose Measurements, " filed November 30, 20 1

(MLHUM. 3 A) and U.S. Patent Application Serial No. 11/366,995, titled "Multiple

Wavelength Sensor Equalization, " filed March 1, 2006 (MLR.003A). Each of which is

incorporated by reference herein.

[0028] n some embodiments, the patient monitor 30 can communicate with the

inflatable cuff 20 and/or the gas reservoir 40 via wired or wireless communication, such as

LAN, WAN, Wi-Fi, infra-red, Bluetooth, radio wave, cellular, or the like, using any number

of communication protocols. The patient monitor 30 can further be configured to determine

blood pressure measurements of a wearer when the inflatable cuff 20 inflating, deflating, or a

combination of both. The patient monitor 30 can use the controller 80 to determine the blood

pressure measurements. The blood pressure measurements determined by the patient monitor



30 can be displayed on the display 60. In addition, the display 60 can display blood pressure

data and filtered blood pressure data in the form of plots of the pressure of the inflatable cuff

and plots of the pressure oscillations in the inflatable cuff 20 caused by blood flowing

through an artery of the wearer. Furthermore, the patient monitor 30 can calculate and the

display 60 can display additional physiological parameters, such as heart rate, perfusion,

oxygen saturation, respiration rate, activity information, temperature, and the like,

combinations thereof or the trend of any of the above.

[0029] The user interface 70 can enable a user to operate the patient monitor 30

and obtain the blood pressure measurements and/or other physiological parameters.

Furthermore, the user interface 70 can enable a user to set or change any number of

configuration parameters. For example, using the user interface 70, a user can determine what

to display on the display 60, such as the blood pressure measurements during inflation and/or

deflation, additional physiological parameters, the pressure plots, and/or other physiological

parameters, etc.

[0030] With continued reference to FIG. 1A, the valve-chamber assembly 100 can

include a chamber assembly 102, a valve assembly 150, a fastening assembly 12.00, and a gas

reservoir 40. Embodiments of the chamber assembly 102 are described in greater detail below

with reference to FIGS. 2-10. Embodiments of the valve assembly 150 are described in

greater detail below with reference to FIGS. 2-10 and 15A-15E. Embodiments of the

fastening assembly 1200 are described in greater detail below with reference to FIGS. 13 and

14A-14D.

[0031] The gas reservoir 40 can house compressed gas and can be operatively

coupled to the inflatable cuff 20 via a gas pathway. As will be described in greater detail

below with reference to FIGS. 2-10 and 15A-15E, in some embodiments, the valve assembly

50 can be located in the gas pathway between the inflatable cuff 20 and the gas reservoir 40.

The valve assembly 150 can provide a desired pressure or flow in the inflatable cuff so long

as there is sufficient gas in the reservoir 40. Accordingly, gas can flow from the gas reservoir

40, through the valve assembly 150 to the bladder of the inflatable cuff 20. n some

embodiments, the gas pathway can be an airtight pathway constructed of any number of

materials including, but not limited to, metal, plastic, cloth, combinations of the same or

some other airtight material.

[0032] The gas reservoir 40 can be implemented using one or more disposable or

reusable gas tanks, cylinders, bottles, canisters, or cartridges, of any number of shapes or

sizes, and can be located in the same room as the wearer, or can be remotely located from the



wearer, such as in a different room or even in a different building. For example, the gas

reservoir 40 can include a large gas tank that remains in a stationary location. The gas

reservoir 40 can be large enough to contain sufficient gas for a large number of blood

pressure readings (e.g. more than 100). Furthermore, the gas reservoir 40 can store

compressed gas at any number of PS levels. For example, the gas reservoir can store

compressed gas up to about 6000 PSI or more, depending on the safety conditions of the

environment Furthermore, the gas tank can be configured to supply gas to multiple inflatable

cuffs 20, thereby limiting the number of gas tanks used for multiple wearers. When the

pressure levels in the gas tank reach a threshold, the gas tank can either be refilled, replaced

or a combination of both. For example a rotating cache of gas tanks can be used as the gas

reservoir 40.

[ 33] Alternatively, the gas reservoir 40 can be implemented using a small gas

tank of any number of sizes. For example, the gas reservoir 40 can be implemented using a

gas tank that is small enough to fit in the palm of a hand, such as a carbon dioxide (C0 2)

cartridges similar to or the same as those used for paint ball guns, tire inflation, or the like.

C0 2 cartridges are available from a number of different manufaciurers and distributors, such

as the AirSource 88 Gram Pre-filled Disposable C0 2 cartridge available from Crosman

(Product Code: CRO-88-GRAM). The PS levels for smaller gas tanks can also differ greatly

and can store compressed gas up to about 2000 PSI or more. In certain embodiments, the gas

reservoir 40 can be implemented using a gas tank of compressed gas at about 1000 PSI.

[0034] Smaller gas reservoirs 40 can be used where mobility is desired. For

example, paramedics or first responders can carry a small gas reservoir 40 for measuring

blood pressure of persons needing emergency medical care. Using the gas reservoir 40, the

emergency personnel (or some other user) can measure the blood pressure of the wearer

during inflation of the inflatable cuff, deflation, or a combination of the two. The

measurements can be taken using a patient monitor 30, manually using a stethoscope, or other

methods.

[0035] n some embodiments, a pressure regulator, or the valve assembly 1 0, can

be placed at an opening of the gas reservoir 40 and can control whether gas exits the gas

reservoir and the amount of gas allowed to exit. The valve assembly 150 can also be

configured to control the rate at which gas flows to the inflatable cuff 20, as well as the

pressure of the gas or PS level.

[0036] Using the valve assembly 150, the inflatable cuff 20 can be inflated at a

controlled rate, such as, for example, an approximately constant rate or linear rate. By



inflating the inflatable cuff at a controlled rate, the wearer's blood pressure can be measured

during inflation and without occluding the artery. In some embodiments, the valve assembly

0 can further include a wireless transmitter for communication with the patient monitor 30,

which in turn may electronically control and/or monitor the flow of gas through the valve

assembly 150. Alternatively, the valve assembly 150 can communicate with the patient

monitor 30 via wired communication.

[0037] Additionally, in some embodiments, the gas reservoir 40 can include a

pressure gauge to monitor the remaining pressure and/or the amount of compressed gas

remaining in the gas reservoir 40 The pressure gauge can communicate the pressure levels to

the patient monitor 30 via wired or wireless communication, similar to the valve assembly

150. Once the pressure gauge indicates a threshold pressure level or gas level has been

reached, the patient monitor 30 can indicate that the gas reservoir 40 should be replaced or

refilled.

[0038] The gas reservoir 40 can contain any number of compressed gases to

inflate the inflatable cuff 20. For example, the gas reservoir 40 can contain compressed air,

carbon dioxide, nitrogen, oxygen, helium, hydrogen, etc. Any number of other gases can be

used to inflate the inflatable cuff 20. Furthermore, the gas reservoir 40 may house enough gas

to inflate the inflatable cuff 20 without the use of a motor or pump during the inflation.

[8039] The gas reservoir 40 can be pre-filled with gas near the wearer or at a

remote site away from the wearer. In one embodiment, the gas reservoir 40 is filled with gas

prior to being associated with the inflatable cuff 20. Pre- ing the gas reservoir 40 prior to

use can significantly reduce the ambient noise caused during inflaiion of the inflatable cuff

20. In addition, by using the gas reservoir 40, the electrical noise from a motor can be

removed. The reduction in ambient and electrical noise and the approximately constant rate

of inflation of the inflatable cuff 20 allows the patient monitor 30 to measure the wearer's

blood pressure while the inflatable cuff 20 is inflating. In addition, the gas reservoir 40 can be

used to quickly inflate the inflatable cuff 20 for blood pressure measurements taken during

deflation of the inflatable cuff 20.

[0040] In some embodiments, multiple gas reservoirs 40 can be included as part

of the blood pressure monitoring system 10. The multiple gas reservoirs 40 can be used for

backup purposes or for different tasks. For example, a first gas reservoir 40 can be a large gas

reservoir and can be used to supply gas to the inflatable cuff 20 when the user is stationary. A

second optionally smaller gas reservoir 40 can also be provided. When the user moves away

from the first gas reservoir 40, the first gas reservoir can be disconnected from the inflatable



cuff 20 and ihe second gas reservoir 40 will supply the gas to the inflatable cuff 20. In certain

embodiments, a pump may be connected to the inflatable cuff 20 and used when the user is

stationary. When the user moves, the pump is disconnected and the gas reservoir 40 supplies

the gas to the inflatable cuff 20.

[004 ] In certain embodiments the gas reservoir 40 can include an identifier that

identifies the gas reservoir 40 to the patient monitor 30. The identifier can be implemented

using one or more memory chips or RF1DS located on the gas reservoir and/or one or more

circuit elements, such as resistors, capacitors, inductors, op-amps, etc. The identifier can

include additional information regarding the gas reservoir 40, such as the type of gas

reservoir, manufacturing date and/or location, storage capacity or amount of gas that the gas

reservoir 40 can hold, the quantity of gas in the gas reservoir, PS levels, usage data,

expiration dates, product histories, etc.

[0042] The patient monitor 30 can use the identifier to determine whether to use

the gas reservoir 40, whether the gas reservoir 40 is compatible with the patient monitor 30,

or whether the gas reservoir 40 is from an authorized supplier. The identifier can be unique

for each gas reservoir 40 or for a set of gas reservoirs 40. In some embodiments, the identifier

indicates that the gas reservoir can be used with the patient monitor 30. n certain

embodiments, only gas reservoirs 40 with a particular identifier are used with the patient

monitor 30. Accordingly, gas reservoirs 40 that do not include the particular identifier can be

rejected and/or ignored by the patient monitor 30. In an embodiment, an emergency use

override may allow for measurements, or a specific number of measurements in an

emergency situation, even when, for example, the identifier does not indicate an authorized

supplier but is otherwise safe for use.

[0043 It is to be understood that other techniques exist for implementing the gas

reservoir 40 without departing from the spirit and scope of the description. For example, the

gas reservoir 40 can be implemented using the central gas line of a building, such as a

hospital or other healthcare facility. Alternatively, the gas reservoir 40 can be implemented

using a bulb, bladder, pump, or the ike. In still further embodiments, the foregoing

alternatives may serve as backup options if the gas reservoir 40 is empty or otherwise not

functional.

[0044] FIG. B is a drawing illustrating an embodiment of the blood pressure

monitoring system 10 configured to be worn by a user. As discussed in greater detail above

and shown in FIG. B, the blood pressure monitoring system 0 can include an inflatable

cuff 2.0, a patient monitor 30, a valve-chamber assembly 100, and a gas reservoir 40



embodied as the gas canister 132. In the illustrated embodiment, the inflatable cuff 20 and

chamber 306 can be removably attached to the patient monitor 30.

[0045 In addition, in the illustrated embodiment, the inflatable uff 20 includes

an arm band and can be wrapped around an arm of a user. The inflatable cuff 20 can include

one or more attachment surfaces 326A, 326B to maintain the inflatable cuff 20 in a relatively

fixed position around the arm of the user. In the illustrated embodiment, the attachment

surfaces 326A, 326B are located on either side of the patient monitor 30. In some

embodiments, the attachment surfaces 326A, 326B are located on one side of the patient

monitor 30, or there is only one attachment surface. The attachment surfaces 326A, 326B can

be made from a variety of different materials, such as, but not limited to, hook and loop type

fasteners, buttons, snaps, hooks, latches, tape, or other device capable of maintaining the

inflatable cuff 20 in a substantially fixed position about the user.

[0046] Although not illustrated in FIG. IB, as described previously, the blood

pressure monitoring system 0 can further include one or more sensors capable of detecting

one or more physiological parameters of the user. The sensors can communicate with the

patient monitor 30 via wired or wireless communication using a variety of protocols,

including, but not limited to, TCP/IP, Bluetooth, ANT, A T+, USB, Firewire, etc.

[ 047] As described in greater detail above and illustrated in FIG. B, the patient

momtor 30 can include the display 60, a communications link indicator 312 (implemented as

either hardware or software to indicate whether a communication link is active and/or

functioning), and user interface objects 314, 316. In some embodiments, the patient

monitor 30 can further include a power monitor that determines the amount of power

remaining for use by the patient monitor 30. When the patient monitor is battery -operated, the

power monitor can determine the amount of time or the number of blood pressure

measurements that remain before the batteries are to be replaced or recharged.

[0048] The patient monitor 30 can be a device dedicated to the measurement of

physiological parameters or can be a portable electronic device configured to measure

physiological parameters. In some embodiments, the patient monitor 30 is a portable

electronic device, such as a smartphone, tablet, or the like, running a program or application

configured to calculate physiological parameters based on signals received from the sensors.

[0049] As described in greater detail in the '225 Application, the patient

monitor 30 can receive data from one or more sensors and processes the data to extract

physiological parameters of the user, and display on the display 60 physiological parameters,



such as heart rate 318 and blood pressure data 320, 322. The patient monitor can also provide

activity recommendations based on the physiological parameters of the user.

[0050 In some embodiments, the patient monitor 30 can also display a health

indicator 324, which can indicate an overall well-being of a user. The health indicator 324

can be based on the heart rate data 3 8, blood pressure data 320, 322, other physiological

parameters, or any combination thereof, and. For example, if the patient monitor 30

determines that the blood pressure data 320, 322 is normal, an arrow ca point to the middle

of the health indicator 324 or the health indicator 324 can be green, etc. If the patient

monitor 30 determines that the blood pressure data 32.0, 322 is high or low, the arrow can

point to the top or bottom health or the health indicator 324 can be red or blue, etc. Similarly,

other physiological parameters or a combination of physiological parameters can be used by

the health indicator 324.

[005 ] The user interface objects 314, 3 6 can be implemented using hardware or

software. For example, the user interface objects 314, 6 can be buttons or keys, form part

of the display 60, or any combination thereof. The user interface objects 314, 316 can be used

to interface with the patient monitor 30. For example, the user interface object 3 4 can be

used to select one or more options from the patient monitor 30, such as which physiological

parameters to display, how to display the physiological parameters, toggle between which

sensors to use, view historical physiological parameter data, etc. In addition, the user

interface objects 314, 316 can be used to determine the frequency with which blood pressure

measurements should be taken. For example, using the user interface objects 314, 316 the

patient monitor 30 can be configured to automatically take blood pressure measurements

sequentially as determined by a user, or can be configured to take only one blood pressure

measurement before requiring additional input from the user. For example, in some

embodiments, by pushing or holding down a user interface object, the patient monitor 30 will

automatically toggle between a single measurement mode and a sequential measurement

mode. Furthermore, the user interface objects 316 can be used to scroll through one or more

options displayed on the display 60. Other user interface objects can be used as desired.

Chamber Assembly

[0052] With reference to FIGS. 2-10, in some embodiments, the chamber

assembly 102 can include a housing 104, a cover 106, pins 108, 110, a bearing 112, each of

which can be made of metal, plastic, another rigid material, or any combination thereof. The

pins 108, 10 and bearing 112 can create a hinged joint that couples the housing 104 to the

cover 106. For example, the pin 108 can be placed through hollowed portions 16 of the



chamber housing 04 and the chamber cover 106. The housing 104 and cover 106 can further

interface via pin 110 and the bearing 112. The pin 110 can be placed through hollowed

portions 130 of the cover 106 and a center of the bearing 112. in some embodiments, the pins

8, 0 can be arranged to form a geometric lock or o her lock configuration. For example,

the distance between the pin 108 and the side of the housing 104 that includes the tracks 18

can be less than the distance between the pin 1 0 and the side of the housing 104 that

includes the tracks 1 8.

[0053] An inner surface 128 of the cover 106 can be grooved to form fit with a

gas canister 132 Although illustrated as being rounded, the gas canister 132 can be a

different shape, such as a prism, pyramid, bulbous, and the like. Furthermore, it will be

understood that the inner surface 8 of the cover 106 can be any shape to interface with the

gas canister 132. In addition, in some embodiments, multiple gas canisters can be placed

within the chamber assembly. When multiple gas canisters are used, they can be placed next

to each other (in parallel) in the housing 104 or one after another (serially). When placed

serially, each gas canister can include two heads, and a valve can be inserted between a head

of one gas canister and the head of another gas canister. n some embodiments the gas

canister heads can include threaded portions that engage with threaded portions of the valve

n certain embodiments, the valve can include clamping mechanism that clamps around the

head of the gas canisters. In addition, the valve can include a pointed portion on either side

that can puncture the top of a lower gas canister and the bottom of an upper gas canister

allowing the gas to flow between the canisters. In this manner, multiple gas canisters can be

used together.

[0054] The inner surface 114 of the housing 104 can be grooved to form fit with

the gas canister 132. In addition, the housing 104 can include a number of cavities 120, 124,

126 and openings 122 to interface with components of the valve assembly 150. In some

embodiments, a portion of the housing 104 that is proximal the valve assembly 150 (e.g., the

opening 122, or the exterior of the housing 104) can be threaded in order to engage with a

complementary threaded valve assembly 150 (e.g., the interior or exterior of the valve 160

and/or valve 1460), as described in greater detail in the '225 Application previously

incorporated herein. In certain embodiments, the valve assembly 150 and the chamber

assembly 1 2 can be pressed together or use some other mechanical locking mechanism to be

coupled together. In addition, the housing 4 can also include one or more tracks 118 to

couple with another device, such as an arm band, patient monitor, bicycle, etc. The one or

more tracks 118 can be located in the center of the housing 104 or off-center. Furthermore,



the one or more tracks 1 can be grooves thai interface with corresponding protrusions from

the other device, or vice versa.

[0055 When open, the cover 106 can provide space for a user to insert the gas

canister 132 into the housing 104. Once closed, the cover 106 and/or bearing 1 2 can exert an

upward force on the gas canister 132, which causes the gas canister 132 to be pushed into and

engage the valve assembly 150 As will be described in greater detail below, the valve

assembly 150 can include a piercing pin 158, pincher, or other sharpened or pointed object

that can interface with the upper portion, or seal, of the gas canister 132, and break the seal of

the gas canister when a sufficient force is exerted against the gas canister 132 from the

bearing 11 .

[0056] n some embodiments, by merely closing the cover 1 6, the gas canister

32 can be positioned such that the upper portion, or seal, of the gas canister 132 can be

broken by the valve assembly 150. In certain embodiments, after closing the cover 106, a

fastening assembly, which will be described in greater detail below with reference to FIGS.

13 and 14A-14D, can be used to position the gas canister such that the upper portion, or seal,

of the gas canister 32 can be broken by the valve assembly 150.

[0057 Once broken, the gas from the gas canister 132 can move through the

valve assembly 150 and a gas pathway to an end point, such as an inflatable blood pressure

cuff, inflatable tire, inflatable tube, etc. For example, in some embodiments, the valve

assembly 150 interfaces with a patient monitor and an inflatable cuff, as described in greater

detail in the '225 Application, previously incorporated herein

[0058] In addition, when closed, the cover 1 6 can interact with the housing 1 4

so that the cover 106 remains closed. For example, a clasp, hook, magnet or locking

assembly, as will be described in greater detail below with reference to FIG 1 , can couple

the cover 106 with the housing 104 to prevent the cover 106 from opening during use, or

while pressurized gas is present in the valve assembly 150 or gas canister 132.

Valve Assembly Embodiments

[0059] With continued reference to FIGS. 2-10, in some embodiments, the valve

assembly 1 0 can include a motor 152, motor shield 154, pressure ring 156, piercing pin 158,

valve 160, output nozzle (or outpixt port) 162, actuator 164, piston 166, bar lever 168, bearing

170, valve cover 172, a set bolt 174, and securing bolts 176, each of which can be made of

metal, plastic, rubber, elastomer, a rigid material, a composite material, or any combination

thereof. However, it will be understood that the valve assembly can be implemented in a

variety of ways, as described in greater detail below with reference to FIGS. 15A-15E.



[0060] The valve cover 172 can be used to protect the components of the valve

assembly 50 from the elements, as well as aid in aligning the components with each other.

The securing bolts 176 ca be used to secure the valve cover 72 to the chamber assembly

102 via the holes 2 of the valve cover and the cavities 126, 4 of the housing 104. When

assembled, the components of the valve assembly 50 can be found between the valve cover

172. and the housing 104.

[0061] The valve 160 can include a low pressure cavity 163 that is distally located

from the chamber assembly 102, a high pressure cavity 167 that is proximally located from

the chamber assembly 102, and a high/low pressure channel 165 (FIGS. 8 and 9) that

provides a gas pathway between the two cavities 163, 1 7. The valve 60 can further include

an output channel 1 that engages with the output nozzle 62. The output nozzle 162 can be

hollow to allow gas to flow through it to an end point. The valve 160 can also include a

groove 178. The groove 178 can help align the valve 160 with the motor 152. and can further

enable a more compact valve assembly 150.

[0062] The piercing pin 158 and the pressure ring 156 (e.g., an O-ririg) can be

located within the high pressure cavity 167 of the valve 160 and interface with the seal of the

gas canister 132. The piercing pin 158 can be hollow and relatively pointed or sharp.

Accordingly, the piercing pin 158 can be used to break the seal of the gas canister 132. The

pressure ring 156 can form a seal around the nozzle of the gas canister 132, and prevent gas

leakage from the high pressure cavity 167 of the valve 160

[0063] The piston 166 can be located in the low pressure cavity 163 of the valve

160. A bushing 180 and an O-ring 182 can be coupled to the piston 166 to prevent gas

leakage. A protrusion 184 on the upper portion of the piston 166 can engage with an

indention 186 found on the side of the bar lever 168 that is proximal to the chamber assembly

102. Once a preferred initial position of the bar lever 168 is determined and the valve cover

72 positioned, the set bolt 74 can be screwed into a hole 94 and used to maintain the bar

lever 168 in the initial position until moved by the actuator 164, as will be described below.

For example, the set bolt 174 ca be screwed into the hole 194 until a threshold torque is

reached. The torque threshold ca be based on a expected force resulting from the

pressurized gas exiting the gas canister 132.

[0064] When the seal of the gas canister 132 is broken, the pressurized gas enters

the high pressure cavity 167, passes through the center of the pressure ring 156, the cavity in

the piercing pin 158, the channel 165, and exerts an upward force against the piston 166. The

upward force on the piston 166 is in turn transferred to the bar lever 168. However, as long as



the downward force exerted on the bar lever 168 from the set bolt 174, the valve cover 172,

and/or the actuator 164 is greater than the force of the piston 166, the bar lever 168 will

remain stationary and the piston 166 will remain in place.

[0065] The motor 2 can b e a gear motor or other electric motor, and can be

used to open and close a gas pathway between the high pressure cavity 167 and the output

channel 161. In some embodiments the gear motor can cause an end thereof to rotate in a

clockwise or counter-clockwise fashion. n certain embodiments, the motor 152 can cause the

end thereof to extend or retract.

[0066] A portion of the motor 152 that is proximal to the chamber assembly 102.

can engage with the housing 104, such as within a cavity 120 of the housing 04 In some

embodiments, the motor 152 is affixed within the cavity 120, such as by form-fitting,

molding, gluing, etc. The portion of the motor 52 that is distal to the chamber assembly 102

can be covered with the motor shield 1 4 to reduce movement of the motor within the cavity

120.

[0067] Furthermore, in some embodiments, the end of the motor 152 can engage

with a portion of the actuator 164 that is proximal to the chamber assembly 102. In some

embodiments, when the motor 152 actuates, the actuator 164 can rotate in a clockwise or

counter-clockwise fashion to open or close the gas pathway between the high pressure cavity

167 and the output channel 161. In certain embodiments, when the motor 152 actuates, the

actuator 64 can extend towards, or retract from, the bar lever 68 to open or close the gas

pathway between the high pressure cavity 1 7 and the output channel 161. An end of the

actuator 164 can engage a bearing 170 placed within a hole 96 of the valve cover 72. The

bearing 170 can act as a buffer between the actuator 64 and the valve cover 172. to prevent

damage

[0068] Although described as being located in the cavity 120, i t will be

understood that the motor 152 can be placed in a variety of locations. For example, the valve

cover 172 can include a cavity similar to the cavity 120 of the illustrated embodiments. In

such embodiments, a portion of the motor 152 can be located within the cavity in the valve

cover and the portion of the motor that engages with the actuator 4 can be proximally

located to the chamber assembly 102.

[0069] In some embodiments, the actuator 164 can include threads that engage

complementary threads in a hole 188 of the bar lever 168 such that rotational movement of

the actuator 64 causes the actuator 164 to advance through the hole 8 in one direction or

another. As the actuator 164 advances through the hole 88 it can exert a force on the bar



lever 168 causing the bar lever 168 to ove in substantially the sa e direction as the

trajectory of the actuator 164. In some embodiments, when the actuator 164 rotates in a first

direction, it exerts an upward force on the bar lever 168, and can create or open the gas

pathway between the high pressure cavity 167 and the output channel 1. When the actuator

164 rotates in a second direction that is substantially opposite the first direction, it can reduce

the amount of upward force on the bar lever 168, exerts downward force on the bar lever

168, or exerts no force on the bar lever 168, and can close, seal, or remove the gas pathway

between the high pressure cavity 167 and the output channel 161.

[0070] In certain embodiments, the actuator 164 extends towards, or retracts from,

the bar lever 68 to open or close the gas pathway between the high pressure cavity 1 7 and

the output channel 161. n such embodiments, when the actuator extends towards the bar

lever 168, it can exert an upward force against the bar lever 168. When the actuator retracts

from the bar lever it can reduce the amount of upward force on the bar lever 168, exert a

downward force on the bar lever 1 8, or exert no force on the bar lever 168. in embodiments

where the motor 1 2 is located distally from the chamber assembly 102 with respect to the

bar lever 168, the force exerted by the actuator 164 when extended or retracted can be

reversed.

[0071] t will be understood that the actuator 1 4 and the bar lever 168 can

interface using different mechanisms as well. For example, in some embodiments, the

actuator 64 can be used to push the bar lever 168 in one direction and/or to pull the bar lever

1 8 in a substantially opposite direction, push but not pull actuator 164, and/or pull but not

push the actuator 164. In some embodiments, once the bar lever 168 is displaced by the

actuator 164, the valve assembly 1 0 can rely upon other forces acting on the bar lever 68

(e.g., gravity, set bolt 174, valve cover 172, etc.) to return i to its initial position.

[0072] An embodiment of the operation of the valve-chamber assembly 100 will

now be described with reference to FIGS. 8- 0, which are cross-sectional views of an

embodiment of the valve-chamber assembly 1 0

[0073] As described previously, closing the chamber cover 106 causes the bearing

112 to exert an upward force on the gas canister 132. The upward force on the gas canister

132 causes the gas canister 132 to engage with the pressure ring 1 6 and the piercing pin 158.

The piercing pin 58 breaks the seal of the gas canister 132, thereby releasing the gas from

the gas canister 132. The gas flows through the hollowed portion of the piercing pin 158 and

into the high/low pressure channel 165 of the valve 160. The pressure from the gas causes an

upward force to be exerted against the piston 166. However, so long as the downward force



exerted on the piston 166 by the bar lever 168 and/or valve cover 172 is equal to or greater

than the force exerted by the gas, the piston 166 remains stationary and the gas remains

enclosed within the valve high/low pressure channel 65 and/or the low pressure cavity 63.

[0074] The motor 152 and actuator 164 can be used to create a gas pathway

between the high/low pressure channel 165 and the output channel 161, thereby enabling gas

to flow from the high/low pressure channel 165 to the output channel 6 1, and out the output

nozzle 162. As described previously, actuating the motor 152 can cause the actuator 164 to

exert an upward force on the bar lever 168. The upward force exerted by the actuator 164 on

the bar lever 168 reduces the downward force exerted by the bar lever 168 against the piston

166. in some embodiments, the upward force exerted by the actuator 164 causes the bar lever

68 to move, creating a space between the bar lever 68 and the piston 166.

[0075] Once the downward force exerted by the bar lever 168 on the piston 166 is

less than the upward force exerted by the pressurized gas (or if the bar lever 168 has moved

distally away from the chamber assembly 102), the piston 1 6 moves distally away from the

chamber assembly 102 and the valve high/low pressure channel 165 due to the upward force

exerted from the pressurized gas in the channel 165. The movement of the piston 166 distally

from the high/low pressure channel 1 5 can create a gas pathway in the low pressure cavity

163 from the high/low pressure channel 165 to the output channel 161, and allow the gas to

travel from the high/low pressure channel 165 to the output channel 161, and to the output

channel . Once in the output channel 161, the gas can flow through the output nozzle 162 .

[0076] The motor 2 and the actuator 164 can likewise be used to seal the output

channel 161 from the valve high/low pressure channel 165 and to close the gas pathway.

Reversing the polarity of the motor 52 can cause the actuator 164 to advance in the opposite

direction. The movement of the actuator 164 in the opposite direction reduces the upward

force exerted on the bar lever 168 and, in some embodiments, can create a downward force

on the bar lever 168. Once the total upward force exerted by the actuator 164 and/or the

piston 166 on the bar lever 168 is less than the downward force exerted on the bar lever 168

by the set bo t 174, valve cover 172, and/or actuator 164, the piston 166 moves proximally

towards the chamber assembly 102 and the gas pathway between the valve high/low pressure

channel 165 and the output channel 161 closes.

[0077] The flow rate of the gas can also be controlled by actuating the motor 152

to vary the distance between the piston 166 and the channel 165. An increased distance

between the piston 66 can result in a higher flow rate and a decreased distance can result in

a lower flow rate. n some embodiments, a pressure sensor at the endpoint, such as a pressure



sensor on a blood pressure cuff, or along a gas pathway to the endpoint, monitors the change

in pressure due to the flow of gas. The change in pressure monitored by the pressure sensor

can be used to control the actuation of the motor. For example, the rate at which pressure is

increasing can be compared to a preferred rate. If the measured rate is less than the preferred

rate, or less than a determined variance from the preferred rate, the motor 152 can increase

the flow rate. In some embodiments, the motor 1 2 can increase the flow rate by increasing

the upward force exerted against the bar lever 168 and/or moving the bar lever distally from

the chamber assembly 102. Likewise, if the measured rate is greater than the preferred rate, or

greater than a determined variance from the preferred rate, the motor can decrease the flow

rate in certain embodiments, to decrease the flow rate, the motor 152 can decrease the

upward force exerted against the bar lever. In addition, once a determined pressure level is

achieved, the motor 152 can close the gas pathway.

Lock Assembly

[0078] FIG. is a diagram of an embodiment of a lock assembly 1000 for the

valve-chamber assembly 100. Advantageously, the lock assembly 1000 can provide a safety

mechanism to prevent a user from opening the chamber assembly 102 when pressurized gas

from the gas canister 1 2 is present in the valve assembly 150. The ock assembly 1000 can

include a pin 1002 and a spring 1004 located in a pin cavity 1006 of the housing 104. n some

embodiments, the lock assembly 00 can further include one or more pressure seals located

on either side of the pin 002 to prevent gas leakage.

[0079] The housing 104 can include a gas channel 10 extending from the valve

160 to the pin cavity 1006. For example, the gas channel 1010 can extend from the high

pressure cavity 167, the low pressure cavity 63, and/or the high/low pressure channel 165 to

the pin cavity 1006. The coyer 6 can include a receiver cavity 1008.

[0080] The pin 1002 can include a head and an elongated portion. The spring

1004 can encircle at least a portion of the elongated portion of the pin 1002, and exert an

upward force against the pin 002 such that the pin 1002. remains within the pin cavity 006

of the housing 104. Once the seal of the gas canister 132 is broken, the gas can flow from the

valve 1 0 to the pin cavity 1006 through the gas channel 1010. The pressure from the gas can

exert a downward force on the pin 1002. The spring 1004 can be selected such that the

expected downward force on the pin 1002. from the pressurized gas exceeds the upward force

on the pin 1002 from the spring 1004. In this way, the downward force from the pressurized

gas causes the pin 1002 to move proximally towards the cover 106 and engage the receiver

cavity 008. Once the pin 1002 is engaged with the receiver cavity 1008, a user can be



prevented from opening the cover 106. Once the gas canister 32 is empty or the valve 160

no longer contains pressurized gas sufficient to overcome the upward force of the spring

1004, the pin 1002 moves distaily from the receiver cavity 008 and returns to the pin cavity

06, thereby unlocking the cover 106.

Valve Protection Circuit

[008 ] FIG. 12 is a block diagram of an embodiment of a valve protection circuit

100. Advantageously, the valve protection circuit 1 00 can be used to cut off gas flow from

the gas canister 132 when a safety issue arises, or when a monitored safety parameter satisfies

a threshold safety status, such as a loss of power, an alarm indicating pressure at an end point

is too high or other alarm, a missing refresh signal from a controller, etc. In some

embodiments, the valve protection circuit 1 0 can be used to move the bar lever 8 (and

piston 166) proximally towards the chamber assembly 102, thereby closing the gas pathway

between the high/low pressure channel 165 and the output channel 16 1

[0082] n the illustrated embodiment, the valve protection circuit 1100 includes

one or more registers 1102, 1104, 1106; buffers 1 8, 1110, 1112, 1114; a buffer 1 16; a

super capacitor 11 8; and an H-bridge 1120 in communication with a motor 1122, such as the

motor 152 described previously. The super capacitor 8 can charge and remain charged

when power is present. When power is not present, or when the control signals are

communicatively disconnected from the H-bridge 1120, the super capacitor 11 8 can

discharge to the H-bridge 11 0.

[0083] The registers 1102, 1104, and 1106 can be implemented using memory,

such as RAM, flip-flops, latches, etc., and can be used to monitor different aspects, or safety

control parameters, of the control system. As mentioned previously, the safety control

parameters can include, but are not limited to, electrical power, pressure at an end point, a

refresh signal from a controller, software alerts, etc. For example, the register 02 can

monitor wheiher sufficient electrical power is present, the register 1104 can monitor wheiher

a refresh is received from a controller (e.g., microprocessor, microcontroller, field-

programmable gate array (FPGA), programmable logic device, etc.), and the register 1106

can monitor whether a software safety signal is activated (e.g., software error, pressure at an

endpoint exceeds a pressure threshold, etc.), It will be understood that other safety control

parameters can be monitored as well.

[0084] The buffers 1108, 1 10, 1 12, 114 can be implemented using tri-state

buffers and used to regulate communication pathways between the control system and the Ι -

bridgel l20, and the fl o of control data to the motor 12.2. For example buffers 1108 and



110 can be used to regulate communication pathways between the high/low pulse- width

modulation signals and the -bridge 120. Similarly, the buffer 11 2 can be used to regulate

a communication pathway between the control signal that causes the motor 1122 to open or

close the gas pathway and the H-bridge 120. The buffer 1 4 can be used to regulate the

communication pathway between the enable signal and the H-bridge 1120, or motor 2.

[0085] During operation, if any monitored safety parameters satisfy a threshold

status, the H-bridge 120 can be communicatively disconnected from the control signals. For

example, if any of the registers 1102, 1104, 106 indicate that there is insufficient power, a

refresh is not received, or there is a software safety issue (e.g., pressure at an end point

exceeds a threshold pressure level), the buffers 108, 110, 1112, 114, can move to a high

impedance state. Once the buffers 1108, 10, 1112, 14, are in the high impedance state,

the H-bridge 11 0 can be communicatively disconnected from the control signals.

[0086] n addition, when any monitored safety parameters satisfy a threshold

status, the super capacitor 11 8 can discharge to the H-bridge 1120. The H-bridge 1 0 can

be configured such that when the super capacitor 8 discharges, the H-bridge 1120 causes

the motor 1122 and (and corresponding actuator) to move in a particular way. For example,

the H-bridge can be configured such that the discharging super capacitor 1 8 causes the

motor to move the bar lever 168 (and piston 166) proximally towards the chamber assembly

102, thereby closing the gas pathway between the high/low pressure channel 165 and the

output channel 16 1 In this manner, if power is lost, a refresh signal is not received properly,

or a software safety warning is activated, the valve assembly 150 can cut off the flow of the

gas from the gas canister 132.

Fastening Assembly

[0087] In some embodiments, the chamber assembly 2 can include a fastening

assembly 1200, which can be used to engage the gas canister 132 with the valve assembly

150. The fastening assembly 1200 can be located at a portion of the chamber assembly 102

that is distal to the valve assembly 150, and in some embodiments can form part of the

chamber assembly 102 (e.g., the base 1204 can form part of the housing 104 that is distal to

the valve assembly 1 0). In certain embodiments, the fastening assembly 1 00 is coupled to

the chamber assembly 102 (e.g.. using threaded portions of the chamber assembly 102 and

the fastening assembly 1200, clamps, clasps, soldering, screws, etc.).

[0088] n the illustrated embodiment of FIG. 13, the fastening assembly 1200

includes a fastening bolt 1202, a base 1204, screws 1206, a locking ring 1208, and pillars

1210, each of which can be made of metal, plastic, rubber, an elastomer, a rigid material, a



composite material, or any combination thereof. However, as will be discussed in greater

detail below with reference to FIGS. 14A-14D, the fastening assembly 12.00 can b e

implemented in a variety of ways.

[0089] The fastening bolt 1202 can be used to increase or decrease the upward

force on the gas canister 132. For example, twisting, or rotating, the bolt 202 in a clockwise

or counter-clockwise direction can cause the fastening bolt (or screw) 202 to move upward

or downward, depending on the configuration of the bolt 1202. A s the fastening bolt 1202

advances upward it can exert an upward force against the gas canister 132. The upward force

can cause the seal of the gas canister 132 to move toward and engage with the piercing pin

1 8, causing the seal to break and release pressurized gas.

[0090] The base 1204, locking ring 1 08 and pillars 2 1 can be used to rotate the

bolt 1202, and can interact in at least two distinct modes. The first mode can be used to

position the base 1204 with respect to the rest of the chamber assembly 102, and the second

mode can be used to engage the bolt 1202. with the gas canister 132.

[ 09 ] In the first mode, the base 204 and the locking ring 1208 can rotate about

the pillars 12 (or the base 12.04 and pillars 12 can rotate around the locking ring 208

depending on the configuration). For example, in this mode, twisting the base 1204 (and

locking ring 1208) does not cause the bolt 1202 to move upward or downward. Accordingly,

the first mode can be used to position the base 1204 with the rest of the chamber assembly

02. after the gas canister 132 has engaged with the piercing pin 158. For example, after the

gas canister 132 has engaged with the piercing pin 158, the edges of the base 1204 may not

line up with the edges of the rest of the chamber assembly 102. By using the first mode the

base 204 and chamber assembly 102 can be properly aligned

[0092] The amount of movement permitted in the first mode can be based at least

in part on the number of pillars 1210, the spacing between the pillars 1210, the number of

protrusions 1212 of the locking ring 1208. and/or the spacing of the protrusions 1212. For

example, in the illustrated embodiment, there are three equally-spaced pillars 1210 and three

equally-spaced protrusions 1212 (two of which are visible in FIG. 13), and the base 1204 can

rotate freely about the bolt 1202 for approximately 120°, at which point the pillars 1210

engage with the protrusions 1 2. However, with four equally-spaced pillars 1 10 and four

equally-spaced protrusions 1212, the base 1204 can be configured to rotate freely about the

bolt for approximately 90°. Similarly, with equally-spaced two pillars 1210 and two

equally-spaced protrusions, the base 1204 can be configured to rotate freely about the bolt for



approximately 180°, etc. Accordingly, the amount of movement permitted in the first mode

can be configured as desired.

[0093 In the second mode, the base 1204 can be positioned such that the pillars

121 0 engage with the protrusions 12 12 of the locking ring 208. n the second mode, rotating

the base 1204 causes the bolt 1202 to rotate in a desired direction (e.g., in the same or

opposite direction as the base 12.04). When in the second mode, the bolt 1202 can be

advanced upward or downward as desired. n some embodiments, the fastening assembly

1200 can be implemented with a single mode, such as the second mode. In such an

embodiment, rotating the base 12.04 can cause the bolt 1202 to move upward or downward,

as desired.

[0094] FIGS. 14A- 14D are diagrams illustrative of another embodiment of the

fastening assembly 1200. In some embodiments, the fastening assembly 1200 includes a

fastening bolt 1302 and a base 1304, each of which can be made of metal, plastic, rubber, an

elastomer, a rigid material, a composite material, or any combination thereof. As described

previously, the base 1304 can be rotated in a clockwise/counter-clockwise direction to cause

the fastening bolt 1302 to advance upward or downward toward or away from the gas

canister 132

[0095] In some embodiments, the fastening assembly 1200 can also include a

cover 13 16 enclosing additional components of the fastening assembly 1200, and a latch

1310, which can reduce the amount of force required by a user to rotate the fastening bolt

302. The latch 131 and the cover can be made of metal, plastic, rubber, an elastomer, a

rigid material, a composite material, or any combination thereof.

[0096] The latch 13 10 can include a hollowed portion 13 12, which can engage

with a pin 1305 located within hollowed portions 13 13 of the base 1304 to create a hinge that

can couple the latch 3 10 and knob 13 4 to the base 1304. A user can position the latch 13 10

and knob 1314 using the hinge, as desired. For example, in some embodiments, a user can

position the latch in a first, or open, position and/or in a second, or closed, position. In the

closed position, the knob 13 14 can be located within a recess 13 18 of the base 1 04. In the

open position, the latch 1310 can extend away from the base 1304, as illustrated in FIG. 14B.

[0097] When in the open position, a user can use the knob 13 4 to rotate the latch

1310 and base 1304 about the head of the fastening bolt 1302. Depending on the direction of

the rotation, the fastening bo 1302 can move in an upward or downward direction. A s

described previously, as the user continues to rotate the base 1304, the fastening bolt 1302



can exert an upward force on the gas canister 132, causing the gas canister to engage with the

valve assembly 150 and the piercing pin 158 to puncture the seal of the gas canister 132.

[0098 FIGS. 14C and 14D provide different views of drawings of an embodiment

of the fastening assembly 1200. FIG. 14C is an exploded view of an embodiment of the

fastening assembly 1200, and FIG. 14D is a perspective view showing the placement of

components of the fastening assembly 1200 within the base 1304.

[0099] n the illustrated embodiments of FIGS. 14C and 14D, the fastening

assembly 1200 can include the fastening bolt 1302, the base 1304, the latch 1310, the cover

1316, as well as a torque iimiter 1306 and an O-ring 1320, each of which can be made of

metal, plastic, rubber, an elastomer, a rigid material, a composite material, or any

combination thereof. Although the illustrated embodiment of FIG. 14C shows four

components of the torque limiter 1306, it will be understood that any number of components

can be used to implement the torque limiter 1306 as desired. For example, in some

embodiments, the fastening assembly 1200 can include one or more components as the torque

limiter 1306. Furthermore, in certain embodiments, the O-ring 1320 can be considered a

component of the torque limiter 1306.

[0100 In some embodiments, the O-ring 1320 can be made of rubber,

polyethylene, plastic, polymer, propylene, polyurethane, or other elastomer or composite

material that is flexible and/or pliable. As illustrated in FIG. 14D, the O-ring 1320 can be

located between the torque iimiter 1306 and the base 1304. The O-ring 1320 can help keep

the torque limiter 1 06 in place and/or provide give, or flexibility, to the torque limiter 1306,

thereby allowing the torque limiter 1306 to move distally from the head of the fastening bolt

1302. In this way, the head of the bolt 1302 can slip through the torque limiter 306 once a

torque threshold is satisfied.

[0101] The torque limiter 1306 can be used to limit the amount of torque that the

fastening bolt 1302 exerts on the gas canister 132. For example, in some embodiments, a user

can twist the base 1304 until the torque satisfies a torque threshold of the torque limiter 1306.

The torque threshold can be set based on the type and configuration of the torque iimiter 1306

and/or the flexibility and softness of the O-ring 1320.

[ 1Θ2] Once the torque satisfies the torque threshold, the torque limiter 1306 can

prevent or reduce the rotational force exerted by the user to the base 1304 from transferring to

the fastening bo t 1302. In this manner, the torque limiter 1 06 can prevent or reduce the

advancement of the fastening bolt 1302 toward the gas canister 132, despite continued

rotation of the base 1304 The torque iimiter 1306 can be implemented in a variety of way s .



For example, the torque limiter 1306 can be implemented using a shear pin, synchronous

magnetic torque limiter, ball detent, pawl and spring, friction plate, magnetic particle,

magnetic hysteresis, etc.

[0103] n the illustrated embodiments of FIGS. 14C and 14D, as a user continues

to twist the base 304 after the torque satisfies the torque threshold, the protrusions on the

head of the fastening bolt 1302 can slip past, or through, the indentations and/or protrusions

of the torque limiter 06 For example, in some embodiments, once the torque threshold is

satisfied, any additional rotational force applied to the base 1304 can cause the torque limiter

1306 to move distally from the head of the fastening bolt 302 .

Valve Assembly Embodiments

[0104] FIGS. 15A-15E are diagrams of various views of another embodiment of a

valve assembly 150, which can be implemented with the chamber assembly 102, described

above and/or the chamber 306 described in the '225 Application. FIGS. 15A and 15B are

diagrams of perspective views of the valve assembly 150. FIG. 15C is a diagram of an

exploded view of the valve assembly 150. FIG. D is a diagram of an exploded cross-

sectional view of the valve assembly 150 along the line 1-1 shown in FIG. 15A. FIG. 15E is a

diagram of a cross-sectional view of the valve assembly 150 along the line 1-1 shown in FIG.

15A.

[0105] In the illustrated embodiments of FIGS. 15A-15E, the valve assembly 1 0

can include pressure rings 1448, 1458, 1466, 1470, a piercing pin 1450, a filter 1452, spring

1454, a channel cover 1456, a valve 1460, output nozzle (or output port) 1462, a rod 1464, a

cap 1468, and a valve cover 1472, each of which can be made of metal, plastic, rubber, an

elastomer, rigid material, composite material, or any combination thereof. For example, in

some embodiments, the pressure rings 1448, 1458, 1466, 1470, channel coyer 1456, and

output nozzle (or output port) 1462, can be made of rubber, polyethylene, plastic, polymer,

propylene, polyurethane, or other elastomer or composite material that is flexible, pliable,

and/or can create a seal between two or more parts. In certain embodiments, the piercing pin

1450, spring 1454, channel coyer 1456, valve 1460, output nozzle (or output port) 1462, rod

1464, cap 1468, and valve cover 1472 can be made of metal, plastic, a rigid material, a

composite material, or any combination thereof. Furthermore, although illustrated as a

circular shape in the illustrated embodiments, it will be understood that the pressure rings

1448, 1458, 1466, 1470, piercing pin 1450, filler 1452, spring 1454, channel cover 1456,

valve 1460, output nozzle (or output port) 1462, rod 1464, cap 1468, and valve cover 1472



can be implemented using a variety of shapes, such as rectangular, square, trapezoidal,

ellipsoidal, etc.

[0106 The valve cover 1472 can be used to protect the components of the valve

assembly 150. When assembled, a number of the components of the valve assembly 150 can

be located within a cavity of the valve and covered by the valve cover 1472, as illustrated in

FIG 15E. The valve cover 1472 can also be used to configure the valve assembly 150 for a

desired pressure level (e.g., a desired pounds per square inch (PSI) level) or pressure level

range, as will be described in greater detail below.

[ 1Θ7] The valve 1460 can be used to convert high pressure gas from the gas

canister 132 to a lower pressure, and ca be made of metal, plastic, a rigid material, a

composite material, or any combination thereof. In addition, the valve can house several

components of the valve assembly 150 within its cavities. In some embodiments, the valve

460 can be threaded on one or multiple ends (on the interior or exterior) in order to engage

with the chamber assembly 02 and/or the valve cover 472 In certain embodiments, screws

and/or bolts can be used to couple the valve 1460 to the chamber assembly.

[ 108 The valve 1460 can include inter alia a low pressure cavity 1463 that is

distally located from the chamber assembly 102, a high pressure cavity 1467 that is

proximally located from the chamber assembly 102, and a high/low pressure channel 1465

that provides a gas pathway between the two cavities 1463, 1467. The valve 1460 can also

include an output channel 1461 tha engages with the output nozzle 1462. The output nozzle

462 can be hollow to allow gas to flow through it to an end point.

[Θ1Θ9] The piercing pin 450 and the pressure ring 1448, such as an O-ring, can

be located within the high pressure cavit 1467 of the valve 1460 and interface with the seal

of the gas canister 1432, as is described in greater detai above with reference to the piercing

pin 158 and pressure ring 156 of FIGS. 2-10.

[0110] In addition, a filter 1452, spring 1454, channel cover 1456, and pressure

ring 1458, can be located within the high pressure cavity 1467. The filter 1452 can be used to

reduce the likelihood of particles in the gas canister 132 entering the valve 160, and can be

made of a fibrous material.

[0111] The spring 1454 can be used to exert an upward force on the channel cover

1456 and the pressure ring 1458. In this manner, the channel cover 1456 and the pressure ring

1458 can create a seal between the high/low pressure channel 1465 and the high pressure

cavity 1467. Furthermore, pressurized gas from the gas canister 132 can provide additional

force against the channel cover 1456 and pressure ring 1458 to maintain the seal between the



high/low pressure channel 1465 and the high pressure cavity 1467, making it more difficult

for gas fro the gas canister 132 to enter the low pressure cavity 1463. Although illustrated

as a spherical shape in the illustrated embodiment, it wil be understood that the channel

cover 1456 can be implemented using a variety of shapes, such as a pyramid, prism, ellipsoid,

spheroid, etc.

[0112] A rod 1464 can extend from the low pressure cavity 1463 to the high

pressure cavity 1467 through the high/low pressure channel 65. In some embodiments, the

end of the rod 1464 that is proximal to the chamber assembly 102 can engage with the

channel cover 1456 via a recess in the channel cover 1456 In certain embodiments, the end

of the rod 1464 that is distal to the chamber assembly 02 can engage with the cap 1468 via a

recess in the cap 1468. n some embodiments, the rod 1464 and recesses of the channel cover

1456 and cap 1468 can be threaded in order to couple together in a more secure manner.

Although in the illustrated embodiment the rod 1464 is shown as a cylinder, it will be

understood that the rod 1464 can be implemented as any number of different shapes, such as

a prism (e.g., rectangular prism, hexagonal prism, etc.).

[01 3] The pressure ring 1466 (e.g., an O-ring) can encircle at least a portion of

the cap 1468 to prevent gas leakage from the low pressure cavity 1463. The pressure ring

1470 can act as a buffer between the rod 1464 and the valve cover 72 to prevent damage, as

well as provide give or flexibility to the cap 1468.

[0114] When the valve assembly 150 is assembled, the spring 1454 can exert an

upward force against the channel cover 1456 and pressure ring 1458 to create an airtight, or

substantially airtight seal between the high pressure cavity 1467 and the high/low pressure

channel 1465 However, as mentioned previously, using the valve cover 1472, a gas pathway

between the high pressure cavity 1467 and the high/low pressure channel 465 can be

opened.

[0115] To open the gas pathway, the valve cover 1472 can be positioned such that

a downward force is exerted against the cap 1468 and the bar 1464. n response, the bar 1464

can exert a downward force against the channel cover 1456. Once the downward force

exerted by the bar 1464 exceeds the upward force exerted against the channel cover 1456

(e.g., due to the spring 1454 and any pressurized gas in the high pressure cavity 1467, etc.),

the channel cover 1456 moves downward opening a gas pathway between the high pressure

cavity 1467 and the high/low pressure channel 1465.

[0116] Once the gas pathway between the high pressure cavity 1467 and the

high/low pressure channel 1465 is opened, the gas in the high pressure cavity 1467 can travel



through the high/low pressure channel 1465 and into the low pressure cavity 1463. As the gas

travels from the high pressure cavity 467 to the low pressure cavity 1463, its pressure can

change. In some embodiments, the change in pressure of the gas from the high pressure

cavity 1467 to the low pressure cavity 1463 can be based at least on the size of the high/low

pressure channel 1465. For the gas in the low pressure cavity 1463, a gas pathway can be

provided from the low pressure cavity 463 to the output channel 1461 based at least on the

length of the bar 1464 (e.g., a longer length can result in a larger gas pathway, and a shorter

length can result in a smaller gas pathway or no gas pathway).

[01 7] The size of the gas pathway (and therefore the rate of flow of the gas)

between the high pressure cavity 1467 and the high/low pressure channel 1465, or the

channel cover 1456 and the valve 1460, can be dependent on at least the size the gap

created by the movement of the channel cover 1456 away from the valve 1460 (e.g.. a larger

gap leads to a larger gas pathway and/or a larger gas flow rate). The location of the valve

cover 1472 can determine the size of the gas pathway by controlling the amount of downward

force exerted on the bar 1464. For example, as the valve cover 1472 moves downward it can

exert a larger downward force on the cap 1468 and the bar 1464. Accordingly, by slightly

adjusting the downward force, or the position of, the valve cover 1472, a user can control the

rate of gas flow through the valve 1460. n some embodiments, a user can change the position

the valve cover 1472 using a screwdriver, by rotating the valve cover 1472, and/or by

exerting a downward force on the valve cover. Similarly, a motor can be used to change the

position of the valve cover 1472.

[ 1 8] In this way, the valve assembly 150 can be set for a particular gas flow rate

(or range) or PSI level (or range). The flow rate and/or PSI level for the valve assembly 150

can be set during manufacturing or onsite. Furthermore, using this configuration, the flow

rate and/or PS level can stay approximately constant until the gas canister is empty. In some

embodiments, a user can set and/or change the flow rate or PSI output. In certain

embodiments, motor can set and/or change the flow rate or PSI output

[0119] n some embodiments, the flow rate and/or pressure (e.g., PS level)

exiting the valve assembly 150 can increase slightly as the pressure in the gas canister 132

decreases. In such embodiments, the increase in flow rate and/or pressure can be used to

determine that the gas canister 32 should be replaced. For example, a pressure sensor, such

as the pressure sensors described in the '225 Application, previously incorporated herein, can

be located in the valve assembly 1 0 or in a gas pathway. The pressure sensor can sense the

pressure of the air exiting the valve assembly 150 and transmit the data to a controller. Once



the controller determines that the flow rate and/or pressure exiting the valve assembly 150

satisfies a threshold level, a notice, or alarm, can be triggered indicating that the gas canister

132 should be replaced

Non-Limiting Example Embodiments

[0120] Various non-limiting example embodiments of the disclosure can be

described in view of the following clauses:

Clause 1. A valve-chamber assembly, comprising:

a bar lever;

a valve comprising a high pressure cavity, a low pressure cavity, a first

channel providing a gas pathway between the high pressure cavity and the low

pressure cavity, and a second channel providing a gas pathway between the low

pressure cavity and a valve output;

a piston proximate to the bar lever exerting an upward force on the bar lever

and located within the low pressure cavity to create a seal between the first channel

and the second channel;

a motor including an engagement portion that rotates about an axis; and

an actuator screw comprising

a first portion engaged with the engagement portion of the motor, and

a second portion engaged with the bar lever, wherein rotation of the

engagement portion of the motor in a first direction causes the actuator screw

to exert a force against the bar lever allowing the bar lever and the piston to

move distally from the channel and providing a gas pathway between the first

channel and the second channel.

Clause 2. A valve-chamber assembly, comprising:

a bar lever;

a valve comprising a high pressure cavity, a low pressure cavity, and a channel

providing a gas pathway between the high pressure cavity and the low pressure

cavity;

a piston proximate to the bar lever and located within the low pressure cavity

to create a seal between the channel and at least a portion of the low pressure cavity;

a motor including an engagement portion: and

an actuator comprising:

a first portion engaged with the engagement portion of the motor, and



a second portion engaged with the bar lever, wherein a first movement

of the motor causes the actuator to exert a force against the bar lever in a first

direction allowing the bar lever and the piston to move distallv from the

channel.

Clause 3. The valve-chamber assembly of clause 2, wherein the low pressure

cavity comprises pressurized gas that exerts a force against the piston in the first

direction.

Clause 4. The valve-chamber assembly of clause 3, wherein the high pressure

cavity comprises pressurized gas having a higher pressure than the pressurized gas in

the low pressure cavity.

Clause 5. The valve-chamber assembly of any of clauses 2-4, wherein movement

of the piston distallv from the channel provides a gas pathway between the channel

and an output of the valve.

Clause 6. The valve-chamber assembly of clause 5, wherein a second movement

of the motor causes the actuator to reduce the force exerted against the bar lever and

allows the piston to move proximaily to the channel thereby closing the gas pathway

between the channel and the output of the valve.

Clause 7. The valve-chamber assembly of any of clauses 2-6, farther comprising

a pressure ring encircling at least a portion of the piston and located between the

piston and a wall of the low pressure cavity, wherein the pressure ring pro vides a seal

between the piston and the wall of the low pressure cavity.

Clause 8. The valve-chamber assembly of any of clauses 2-7, wherein the

channel is a first gas channel, the valve-chamber assembly further comprising a

locking assembly, the locking assembly comprising:

a pin including a head and an elongated portion, the pin located within a pin

cavity of a base of the valve-chamber assembly;

a spring encircling at least a portion of the elongated portion of the pin and

exerting a force against the pin in the first direction;

a receiving cavity located within a cover of the valve-chamber assembly;

a second gas channel extending from the pin cavity to the valve, wherein

pressurized gas from the second gas channel exerts a force against the pin in a second

direction sufficient to overcome the force of the spring and causing the pin to engage

with the receiving cavity.



Clause 9. The valve-chamber assembly of any of clauses 2-8, further comprising

valve protection circuit, the valve protection circuit comprising:

a plurality of registers configured to monitor a status of a plurality of safety

parameters;

a plurality of buffers configured to regulate communication pathways between

a plurality of control signals and the motor; and

a super capacitor, wherein

the plurality of buffers disable the communication pathways between the

plurality of control signals and the motor when the status of any one of the plurality of

monitored safety parameters does not satisfy a threshold status, and wherein

the super capacitor discharges and causes the actuator to move in a second

direction that is substantially opposite the first direction when the status of any one of

the plurality of monitored safety parameters does not satisfy a threshold status.

Clause 0. The valve-chamber assembly of clause 9, wherein the monitored safety

parameters comprise electrical power, a refresh signal, and a safety signal.

Clause 1 . The valve-chamber assembly of any of clauses 9 and 10, wherein the

plurality of control signals comprise a pulse-width modulated signal, an open/close

signal, and an enable signal.

Clause 12. A method for controlling the flow of gas in a valve-chamber assembly,

the method comprising:

providing a bar lever;

providing a valve comprising a high pressure cavity, a low pressure cavity, a

channel providing a gas pathway between the high pressure cavity and the low

pressure cavity wherein the low pressure cavity comprises pressurized gas exerting a

force against the piston in a first direction;

providing a seal between the channel and at least a portion of the low pressure

cavity using a piston proximate to the bar lever and located within the low pressure

cavity;

actuating an actuator engaged with the bar lever in the first direction, wherein

the actuator exerts a force against the bar lever in the first direction thereby providing

a gas pathway between the channel and a valve output; and

actuating the actuator in a second direction to close the gas pathway between

the channel and the valve output.



Clause 13. The method of clause 12, wherein the low pressure cavity comprises

pressurized gas that exerts a force against the piston in the first direction.

Clause 14 The method assembly of clause 13, wherein the high pressure cavity

comprises pressurized gas having a higher pressure than the pressurized gas in the low

pressure cavity.

Clause 15. The method of any of clauses 12. and 13, wherein movement of the

piston distally from the channel provides a gas pathway between the channel and an

output of the valve.

Clause 16 The method of clause 15, wherein a second movement of the motor

causes the actuator to reduce the force exerted against the bar lever and allows the

piston move proximally to the channel thereby closing the gas pathway between the

channel and the output of the valve.

Clause 17. The method of any of clauses 1 - 16, further comprising a pressure ring

encircling at least a portion of the piston and located between the piston and a wall of

the low pressure cavity, wherein the pressure ring provides a seal between the piston

and the wall of the low pressure cavity.

Clause 8 The method of any of clauses 12-17, wherein the channel is a first gas

channel and the method further comprises:

providing a pin including a head and an elongated portion within a pin cavity

of a base of the valve-chamber assembly;

providing a spring that encircling at least a portion of the elongated portion of

the pin and exerts a force against the pin in the first direction; and

exerting a force against the pin in a second direction that is substantially

opposite the first direction using pressurized gas from the valve, wherein the force

against the pin is greater than the force of the spring in the first direction.

Clause 19. The method of any of clauses 12-18, further comprising closing the gas

pathway between the channel and the valve output in response to a determination that

at least one monitored safety parameter does not satisfy a threshold status.

Clause 20. The method of any of clauses 12-19, wherein the at least one

monitored safety parameter comprises at least one of electrical power, a refresh

signal, and a safety signal.

Clause 21. A blood pressure measurement system, comprising:

an inflatable cuff configured to encompass a limb of a patient;



a chamber assembly configured to house a gas canister having gas for inflating

the inflatable cuff;

a valve assembly coupled to the chamber assembly; and

a gas pathway between the valve assembly and the inflatable cuff, wherein the

valve assembly includes:

a valve comprising a high pressure cavity, a low pressure cavity, a first

channel providing a gas pathway between the high pressure cavity and the low

pressure cavity, and a second channel providing a gas pathway between the

low pressure cavity and a valve output,

a channel coyer and a pressure ring located within the high pressure

cavity,

a spring exerting an upward force on the chamiel cover and the

pressure ring to create a seal between the high pressure cavity and the first

channel, and

a rod extending from the low pressure cavity to the high pressure cavity via

the first channel and exerting a downward force on the channel cover to provide a gas

pathway between the high pressure cavity and the first channel.

Clause 22. The blood pressure measurement system of clause 21, wherein the

chamber assembly comprises:

a housing including a base that is distal to the valve assembly, wherein the

housing is configured to house the gas canister;

a bolt extending through an open portion of the base; and

a torque limiter located within the base and at least partially surrounding a

head of the bolt,

wherein if a torque threshold is not satisfied, rotational movement of the base

in a first direction causes the bolt to rotate in the first direction and advance towards

the gas canister, and

wherein if the torque threshold is satisfied, rotational movement of the base in

a first direction causes the head of the bolt to s ip through the torque limiter.

Clause 23. A valve-chamber assembly, comprising:

a valve comprising a high pressure cavity, a low pressure cavity, a first

channel providing a gas pathway between the high pressure cavity and the low

pressure cavity, and a second channel providing a gas pathway between the low

pressure cavity and a valve output;



a channel cover and a pressure ring located within the high pressure cavity;

a spring exerting an upward force on the channel cover and the pressure ring

to create a first seal between the high pressure cavity and the first channel ; and

a rod extending from the low pressure cavity to the high pressure cavity via

the first channel and exerting a downward force on the channel cover to provide a gas

pathway between the high pressure cavity and the first channel.

Clause 24. The valve-chamber assembly of clause 23, further comprising a cap

exerting a downward force on the rod.

Clause 25 The valve-chamber assembly of clause 24, further comprising an C

ring encircling at least a portion of the cap and located between the cap and a wall of

the ow pressure cavity, wherein the O-ring provides a second seal between the cap

and the wall of the low pressure cavity.

Clause 26. The valve-chamber assembly of any of clauses 24 and 2.5, further

comprising a valve cover exerting a downward force on the cap.

Clause 27. The valve-chamber assembly of clause 25, wherein downward

movement of the valve cover results in an increased gas pressure at the valve output.

Clause 28 The valve-chamber assembly of any of clauses 23-26, further

comprising a piercing pin coupled with the spring to pierce a gas canister seal.

Clause 29. The valve-chamber assembly of clause 27, further comprising a base

with a gas canister residing therein.

Clause 30. The valve-chamber assembly of clause 28, further comprising a second

pressure ring coupled with the piercing pin and an upper portion of the gas canister to

provide a second seal between the high pressure cavity and an exterior of the valve.

Clause 1 The valve-chamber assembly of any of clauses 23-29, wherein the high

pressure cavity comprises pressurized gas having a higher pressure than pressurized

gas in the low pressure cavity.

Clause 32. The valve-chamber assembly of any of clauses 23-31, further

comprising:

a base;

a bolt fitted through an open portion of the base;

a torque limiter located within the base and at least partially surrounding a

head of the bolt;

an O-ring located between at least a portion of the torque limiter and the base;

and



wherein if a torque threshold is not satisfied, rotational movement of the base

in a first direction causes the bolt to rotate in the first direction and advance towards

the gas canister, and

wherein if the torque threshold is satisfied, rotational movement of the base in

the first direction causes the head of the bolt to slip through the torque limiter.

Clause 33. A blood pressure measurement system, comprising:

an inflatable cuff configured to encompass a limb of a patient;

a valve-chamber assembly configured to house a gas canister; and

a gas pathway between the valve-chamber assembly and the inflatable cuff,

wherein the valve-chamber assembly includes:

a base,

a bolt fitted through an open portion of the base,

a torque limiter located within the base and at least partially

surrounding a head of the bolt,

an O-ring located between at least a portion of the torque limiter and

the base, and

a latch coupled to the base,

wherein if a torque threshold is not satisfied, rotational

movement of the latch i a first direction causes the bolt to rotate in the

first direction and advance towards the gas canister, and

wherein if the torque threshold is satisfied, rotational

movement of the latch in the first direction causes the head of the bolt

to slip through the torque limiter.

Clause 34 A valve-chamber assembly having a fastening assembly, the fastening

assembly comprising:

a base;

a bolt fitted through an open portion of the base:

a torque limiter located within the base and at least partially surrounding a

head of the bolt;

an O-ring located between at least a portion of the torque limiter and the base;

and

a latch coupled to the base,



wherein if a torque threshold is not satisfied, rotational movement of the latch

in a first direction causes the bolt to rotate in the first direction and advance in a

second direction, and

wherein if the torque threshold is satisfied, rotational movement of the latch in

the first direction causes the head of the bolt to slip through the torque limiter.

Clause 35. The valve-chamber assembly of clause 34, wherein the rotational

movement of the latch causes the bolt to exert a force in the direction of a piercing pin

on a gas canister located within a chamber assembly.

Clause 36. The valve-chamber assembly of any of clauses 34 and 35, wherein the

latch is hingedly coupled to the base and the latch further comprises a knob.

Clause 37. The valve-chamber assembly of clause 36, wherein in a first position,

the knob is located within a recess of the base, and in a second position the knob is

used to rotate the base.

Clause 38. The valve-chamber assembly of any of clauses 34-37, wherein based at

least on the torque threshold being satisfied, rotational movement of the latch in the

first direction causes the torque limiter to move distally from the head of the bolt.

Clause 39. A method for detecting a time to replace a gas canister, the method

comprising:

monitoring an output pressure level of a valve;

determining that the output pressure level satisfies a threshold pressure; and

indicating that a corresponding gas canister should be replaced.

Terminology

[ 12 ] Conditional language, such as, among others, "can," "could," "might," or

"may," unless specifically stated otherwise, or otherwise understood within the context as

used, is generally intended to convey that certain embodiments include, while other

embodiments do not include, certain features, elements and/or steps. Thus, such conditional

language is not generally intended to imply that features, elements and/or steps are in any

way required for one or more embodiments or that one or more embodiments necessarily

include logic for deciding, with or without user input or prompting, whether these features,

elements and/or steps are included or are to be performed i any particular embodiment.

[0122] Depending on the embodiment, certain acts, events, or functions of any of

the algorithms described herein can be performed in a different sequence, can be added,

merged, or left out altogether (e.g., not all described acts or events are necessary for the

practice of the algorithms). Moreover, in certain embodiments, acts or events can be



performed concurrently, e.g., through multi-threaded processing, interrupt processing, or

multiple processors or processor cores or on other parallel architectures, rather than

sequentially.

[0123] A skilled artisan will appreciate that the configurations and principles of

the embodiments can be adapted for any electronic system. The circuits employing the above

described configurations can be implemented into various electronic devices or integrated

circuits. Furthermore, the various topologies, configurations and embodiments described

above may be implemented discretely or integrated on a chip without departing from the

spirit and scope of the description.

[0124] The foregoing description and claims may refer to elements or features as

being "connected" or "coupled" together. As used herein, unless expressly stated otherwise,

"connected" means that one element/feature is directly or indirectly connected to another

element/feature, and not necessarily mechanically. Likewise, unless expressly stated

otherwise, "coupled" means that one element/feature is directly or indirectly coupled to

another element/feature, and not necessarily mechanically. Thus, although the various

schematics shown in the figures depict example arrangements of elements and components,

additional intervening elements, devices, features, or components may be present in an actual

embodiment (assuming that the functionality of the depicted circuits is not adversely

affected).

[0125] Embodiments are also described above with reference to controllers and/or

control systems. The control system and/or controllers can be implemented using a processor

of a general purpose computer, microprocessor, microcontroller, special purpose computer, or

other programmable data processing apparatus (e.g., programmable logic device (PLD), field-

programmable gate array (FPGA), and the like). Relevant instructions can be stored in a

tangible non-transitory computer-readable medium. Such instructions may be provided to the

processor (or other device), such that the instructions, which execute via the processor of the

computer or other programmable data processing apparatus, create means for implementing

the acts performed by the controller.

[0126] These computer program instructions may a so be stored in a computer-

readable memory that can direct a computer or other programmable data processing apparatus

to operate in a particular manner, such that the instructions stored in the computer-readable

memory produce an article of manufacture including instruction means which implement the

acts specified in the flow chart and/or block diagram block or blocks. The computer program

instructions may also be loaded onto a computer or other programmable data processing



apparatus to cause a series of operations to be performed on the computer or other

programmable apparatus to produce a computer implemented process such that the

instructions which execute o the computer or other programmable apparatus provide steps

for implementing the acts specified.

[0127] Although this disclosure has been described in terms of certain

embodiments, other embodiments that are apparent to those of ordinary skill in the art,

including embodiments that do not provide all of the features and advantages set forth herein,

are also within the scope of the disclosure. Moreover, the various embodiments described

above can be combined to provide further embodiments. In addition, certain features shown

in the context of one embodiment can be incorporated into other embodiments as well

Accordingly, the scope of the disclosure is defined on y by reference to the appended claims.



CLAIMS

. A blood pressure measurement system, comprising:

an inflatable cuff configured to encompass a limb of a patient;

a chamber assembly configured to house gas canister having gas for inflating

the inflatable cuff;

a valve assembly coupled to the chamber assembly; and

a gas pathway between the valve assembly and the inflatable cuff, wherein the

valve assembly includes:

a valve comprising a high pressure cavity, a low pressure cavity, a first

channel providing a gas pathway between the high pressure cavity and the low

pressure cavity, and a second channel providing a gas pathway between the

low pressure cavity and a valve output,

a channel cover and a first pressure ring located within the high

pressure cavity,

a spring exerting an upward force on the channel cover and the first

pressure ring to create a seal between the high pressure cavity and the first

channel, and

a rod extending from the low pressure cavity to the high pressure cavity via

the first channel and exerting a downward force on the channel cover to provide a gas

pathway between the high pressure cavity and the first channel .

2. The blood pressure measurement system of Claim I , wherein the chamber

assembly comprises:

a housing including a base that is distal to the valve assembly, wherein the

housing is configured to house the gas canister;

a bolt extending through an open portion of the base; and

a torque limitcr located within the base and at least partially surrounding a

head of the bolt,

wherein if a torque threshold is not satisfied, rotational movement of the base

in a first direction causes the bolt to rotate in the first direction and advance towards

the gas canister, and

wherein if the torque threshold is satisfied, rotational movement of the base in

the first direction causes the head of the bolt to slip through the torque limiter.

3 . A valve-chamber assembly, comprising:



a valve comprising a high pressure cavity, a low pressure cavity, a first

channel providing a gas pathway between the high pressure cavity and the low

pressure cavity, and a second channel providing a gas pathway between the low

pressure cavity and a valve output;

a channel cover and a first pressure ring located within the high pressure

cavity;

a spring exerting an upward force on the channel cover and the first pressure

ring to create a first seal between the high pressure cavity and the first channel; and

a rod extending from the low pressure cavity to the high pressure cavity via

the first channel and exerting a downward force on the channel cover to provide a gas

pathway between the high pressure cavity and the first channel.

4. The valve-chamber assembly of Claim 3 further comprising a cap exerting a

downward force on the rod.

5. The valve-chamber assembly of Claim 4, further comprising an O-ring

encircling at least a portion of the cap and located between the cap and a wall of the low

pressure cavity, wherein the O-ring provides a second seal between the cap and the wa l of

the low pressure cavity.

6. The valve-chamber assembly of any of Claims 4 and 5, farther comprising a

valve cover exerting a downward force on the cap.

7. The valve-chamber assembly of Claim 6, wherein downward movement of the

valve cover results in an increased gas pressure at the valve output.

8. The valve-chamber assembly of any of Claims 3-7, further comprising a

piercing pin coupled with the spring to pierce a gas canister seal.

9. The valve-chamber assembly of Claim 8, further comprising a base with a gas

canister residing therein.

. The valve-chamber assembly of Claim 9. further comprising a second pressure

ring coupled with the piercing pin and an upper portion of the gas canister to provide a

second sea between the high pressure cavity and an exterior of the valve.

. The valve-chamber assembly of any of Claims 3- i 0, wherein the high pressure

cavity comprises pressurized gas having a higher pressure than pressurized gas in the low

pressure cavity.

12. The valve-chamber assembly of any of Claims 3-1 , further comprising:

a base;

a bolt fitted through an open portion of the base;



a torque limiter located within the base and at least partially surrounding a

head of the bolt;

an Q-ring located between at least a portion of the torque limiter and the base;

a

wherein if a torque threshold is not satisfied, rotational movement of the base

in a first direction causes the bolt to rotate in the first direction and advance towards a

gas canister, and

wherein if the torque threshold is satisfied, rotational movement of the base in

the first direction causes the head of the bolt to slip through the torque limiter.

13. A blood pressure measurement system, comprising:

an inflatable cuff configured to encompass a limb of a patient;

a valve-chamber assembly configured to house a gas canister; and

a gas pathway between the valve-chamber assembly and the inflatable cuff,

wherein the valve-chamber assembly includes:

a base,

a bolt fitted through an open portion of the base,

a torque limiter located within the base and at least partially

suiTounding a head of the bolt,

an O-ring located between at least a portion of the torque limiter and

the base, and

a latch coupled to the base,

wherein if a torque threshold is not satisfied, rotational

movement of the latch in a first direction causes the bolt to rotate in the

first direction and advance towards the gas canister, and

wherein if the torque threshold is satisfied, rotational

movement of the latch in the first direction causes the head of the bolt

to slip through the torque limiter.

14. A valve-chamber assembly having a fastening assembly, the fastening

assembly comprising:

a base;

a bolt fitted through an open portion of the base;

a torque limiter located within the base and at least partially surrounding a

head of the bolt;



an O-ring located between at least a portion of the torque limiter and the base;

and

a latch coupled to the base,

wherein if a torque threshold is not satisfied, rotational movement of the latch

in a first direction causes the bolt to rotate in the first direction and advance in a

second direction, and

wherein if the torque threshold is satisfied, rotational movement of the latch in

the first direction causes the head of the bolt to slip through the torque limiter.

15. The valve-chamber assembly of Claim 14, wherein the rotational movement of

the latch causes the bolt to exert a force in the direction of a piercing pin on a gas canister

located within a chamber assembly.

16. The valve-chamber assembly of any of Claims 14 and 15, wherein the latch is

hingediy coupled to the base and the latch further comprises a knob.

17. The valve-chamber assembly of Claim 16, wherein in a first position, the knob

is located within a recess of the base, and in a second position the knob is used to rotate the

base.

18. The valve-chamber assembly of any of Claims 14-17, wherein based at least

on the torque threshold being satisfied, rotational movement of the latch in the first direction

causes the torque limiter to move distally from the head of the bolt.

19. A method for detecting a time to replace gas canister, the method

comprising:

monitoring an output pressure level of a valve;

determining that the output pressure level satisfies a threshold pressure; and

indicating that a corresponding gas canister should be replaced.
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