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Function:

The most common method of initiating breathing in an individual suffering from cardiac arrest or pulmonary failure, aside from CPR, is through the use of a manual resuscitator or bag-valve-mask (BVM) system.  Although the standard BVM system provides a versatile and light-weight alternative to CPR there are several primary drawbacks.  The efficacy of resuscitation using a manual BVM is highly dependant on the training and skill level of the resuscitator using the device and, as a result, many potential complications exist; the most significant of which involve the over/under inflation of the patients’ airway.  Well documented side-effects have been observed, including lung tissue damage, decreased lung compliance, gastric distension, and regurgitation.  Currently, there are several products that attempt to control these issues – most of which center on the airway or valve pressures.  A portable, reusable device is desired which can accurately measure and display Bag Valve Mask tidal volumes.  The device will provide the user with a constant, real-time display of the volume of air introduced to the patients’ airway during each inflation/deflation cycle, potentially minimizing the side-effects commonly observed with standard BVM use.
Client Requirements:
· Device should provide an accurate (± 50 mL) measurement of BVM tidal volumes
· Device should not reduce airflow by more than 5% while in operation

· Device should accurately measure air flow volumes between 0 and 2000 mL

· Device should have ends that fit into the standard BVM device  

Patient side: outer diameter = 15mm, inner diameter = 13mm
Operator side: outer diameter =  23mm, inner diameter = 15mm
· Device should automatically reset to zero within 0.05s after the bag has stopped deflating

· Device should be able to be disinfected
· Device should be reusable, capable of withstanding use up to 6000 cycles 
· Device should  be competitively priced (~$50 each)

· Device should provide a reading that is unambiguously clear to a person with 20-20, or appropriately corrected, vision at a distance of 1 m, based on standard ventilation positions
· Device should be able to be attached to a BVM above the one-way flow valve, with the LED display being fully adjustable to the users’ requirements
· Device should provide an LED metronome of the recommended inflation/deflation cycle time.
· Device should provide the user with an indication of low battery power.    
· Device should have a low resistance to flow (3.0cm H20 ±1.0cm @ 60L/min flow).
Design Requirements:

1.  Physical and Operational Characteristics:

a.  Performance Requirements: The device must be able to attach to standard BVM tubing dimensions and prevent any airflow leaks greater than 1% of the tidal volume for the life of the product (one-time, 6000 continuous cycles).  Additionally, the device must accurately (± 50 mL) measure BVM tidal volumes between 0 and 2000 mL and should not reduce airflow by more than 5% while in operation.  The device must reset to zero within 0.05s after the bag has stopped deflation.  In addition, the device should provide a continual LED metronomic display indicating the timing patterns for inflation/deflation cycles.  The device will provide an indication of low power supplied to the circuit through the use of two standard LED’s, one designated for each of the two batteries used.  Attachment should be easy to understand and perform.

b.  Safety: The device should be disinfected of 98% of microorganisms prior to use and should be free of latex.  The casing should provide an airtight seal between the electrical components and the external environment, preventing microbial buildup. Use of the device should not significantly slow or hinder the operator’s use of the BVM.  Also, the device should not make the patient uncomfortable.
c.  Accuracy and Reliability: The device should be accurate to within 50 mL of the recorded tidal volume, and should have a precision of 20 mL.  The device should measure tidal volumes from 0 to 2000 mL.  The device will be able to be used on a continual basis up to 6000 cycles without compromising the accuracy.
d.  Life in Service: The device must be capable of operating for the lifetime of the batteries (~2 hrs.) at a rate of 25 breaths per minute, without compromising the accuracy.  In addition, the device must be reusable up to 6000 cycles.  
e.  Shelf Life: The device should last for two years if stored at 1 atmosphere, 21°C, with a humidity level of 50%.  The device should be able to be sanitized between uses with standard ethanol alcohol.  Batteries will be required to be periodically checked and maintained.  
f.  Operating Environment: The device should be able to withstand paramedic use in all outdoor environments of the United States and under the most vigorous ventilating pressures.  In addition, the device should be able to withstand a fall from 3 m.  The device will be stored in a standard EMS kit while not in use (typically cloth bag void of major dust particles).  While in use the device may be exposed to setting that contains blood, saliva, and other bodily fluids, as well as everyday dust and outside pollutants.  
i.  Temperature range:
-40 to 65°C
ii.  Humidity range:

0 to 100% humidity

iii.  Pressure range:

0.5 to 4.0 atmospheres

g.  Ergonomics:  The device should be lightweight and easily transported, not significantly adding to the weight of standard BVM systems (450-600g).  The volume gauge must be easy to read at all possible viewing angles.   Once above parameters are met, the device should be as compact 
as possible.

h.  Size: The device should be no larger than a cube with each side having a length of 10 cm, while the inlet and outlet ports should fit with the standard fittings.
i.  Weight: The device should have a mass of no more than 100g.
j.  Materials: The device must be constructed of durable materials which do not elicit an immune response (i.e. no latex) and are easily manufactured.  The materials should also have broad ranges of operable temperatures, taking into account extreme environments.  Examples include PE, PVC, and polyurethanes.  The materials should be relatively inexpensive as well.
i.  Aesthetics: The device should be smooth and have no sharp edges.  The device should likely be cylindrical in appearance and should benefit from being translucent, as the other components of BVM’s are clear in their finish.  Device meter should be colored based on standard volume ranges (blue is good, red is bad e.g.).

2.  Production Characteristics:

a.  Quantity: One prototype is to be fabricated.  If the device makes it to the commercial market; however, approximately 1,000,000 devices may be needed annually.
b.  Target Product Cost: Since existing manometers and CO2 detectors sell for approximately $50-150, the device must be produced below these prices and sold within the same price range.  An acceptable price-point will be determined based on current market trends and sales forecasts. 
3.  Miscellaneous:

a.  Standards and Specifications: Since this device is likely a Class I medical device, it will comply with FDA regulation 21.CFR.868.9: “ventilator tubing is device intended for use as conduit for channeling of gases between ventilator and patient during ventilation of patient…device is exempt from pre-market notification procedures”.  Accordingly, the device will be registered with the FDA and will provide assurance of its safety and effectiveness.  
b.  The fittings have standard sizes as well: specified by IS0 5356-1: 1987 -Anesthetic and Respiratory Equipment-Conical connectors-Part 1: Cones and Sockets. ASTM F1054:

Patient side: outer diameter = 15mm, inner diameter = 13mm.

Operator side: outer diameter = 23mm, inner diameter = 15mm.

c.  Customer: The device should be able to be attached onto a standard BVM.  The device will be adjustable around the axis of the tubing as required by the user.
d.  Competition: While there are numerous devices on the market that measure the tracheal or valve pressure, there are none on the market that monitor air volume.
