PRODUCT DESIGN SPECIFICATION:

FOOT-POWERED PNEUMATIC CHEST COMPRESSOR FOR CPR

Function:


CPR is a physically draining procedure for EMS personnel, leading to weaker and slower compressions over time.   A foot-powered chest compressor will act to aid emergency workers and provide strong chest compressions for the entire duration of CPR administration.
Client Requirements:
· Device should be transportable

· Device should have functionality equivalent or superior to current CPR techniques

· Device should be moderately priced

· Device should contain 3 components

· Foot pump: reusable

· Chest cuff: reusable, but inexpensive so it may be disposed of

· Hose connecting foot pump to chest cuff: reusable

· Chest cuff must be easily attached and removed from patient

· Device should be compact and easy to store in ambulance

Design Requirements:
1. Physical and Operational Characteristics
a. Performance Requirements
The device should be lightweight, compact, and portable so it may be used by EMS personnel easily.  It should be able to operate at a compression frequency of 100 compressions per minute for a continuous 45 minutes.  EMS workers should be able to use it multiple times per day, and one person should be able to operate it alone.  The device should also provide ample force for compression across the whole chest.

b. Safety
The device should not cause any additional harm to the patient, including increased risk of breaking ribs, sternum, or xiphoid process over manual chest compressions.  The device should not have any sharp areas or abrasive materials, and should not contain metal.  The device should contain labels displaying proper positioning of the chest cuff, and instructions to use the device only on a patient in need of CPR.  Labels should also be added reminding medical workers to sanitize the device should it come in contact with contaminating substances.  The device should also display a label that only trained medical technicians should use the device.
c. Accuracy and Reliability
The device should be able to administer chest compressions of an adequate depth to generate blood flow through the circulatory system for at least 95% of the compressions.  Compressions should be able to occur at a minimum rate of 100 per minute.
d. Life in Service
The foot pump must be able to work several times a day, up to 45 minutes per use.  The chest cuff should remain in service for at least 3 months.  The length in service for the foot pump and hose should be at least 2 years.

e. Shelf Life
Ideally, the foot pump can be stored indefinitely in a sealed plastic container with the foot pump in its uncompressed position and chest cuffs in their deflated conditions.  The device should not be stored in a hot environment.
f. Operating Environment
The device should function in a wide range of temperatures (-20˚C to 40˚C) to be used either indoors or out of doors.  It should also function in a variety of climates including exposure to rain, dust, dirt, and body fluids.  The device will be used by several different medical workers of various sizes, and used on a variety of different patients.

g. Ergonomics
The device should not require more than 10lbs of force to operate.  It should not inhibit the medical worker’s ability to provide defibrillations, monitor the patient’s vital signs, or transport the patient, meaning it should be lightweight and portable.

h. Size
The chest cuff should be adjustable for a variety of chest sizes.  The device should fit into a carrying case for easy transport, have the ability to be carried in one hand, and fit into an ambulance shelf for easy storage.  The foot pump should have an adequate surface area for the foot to step.

i. Weight
The entire device should not weight more than 5lbs.

j. Materials
The devices should not contain metal.  The chest cuff should contain Velcro for adjustability of the cuff, or another such material to allow for adjustments.  The chest cuff should also be made of a washable material to be cleaned between uses.  The material should be lightweight as possible, preferably plastics.

k. Aesthetics, Appearance, and Finish
The chest cuff should not be a dark color so bodily fluids can be recognized if they come in contact with the device.  The surface of the foot pump should be a different color to easily show the operator where to place their foot.  The top of the chest cuff should also be marked to show which side is to be placed on the chest.

2. Production Characteristics
a. Quantity
One prototype will be produced and tested

b. Target Production Cost
$500 for prototype design and development

$300 for final design manufacturing process
3. Miscellaneous
a. Standards and Specifications
The device should meet all requirements of a class III medical device.  ISO standards also apply.  Extensive testing and pre-market approval will also be required.  The device should be able to perform adequate chest compressions for CPR as set forth by the American Heart Association and the Red Cross.

b. Patient-related Concerns
The device will need cleaning between uses, and sterilization or replacement if it comes in contact with contaminating bodily fluids.  The patient will also need to be monitored for rashes developing from the chest cuff over extended periods of time.

c. Disposal
The product will need to be disposed as hazardous waste only if it has come in contact with bodily fluid.

d. Competition
Chest Compressor

Patent number: 7,060,041

Belt with detachable bladder for cardiopulmonary resuscitation and circulatory assist

Patent Number: 7,104,967
CPR assist device adapted for anterior/posterior compressions  

Patent Number: 7,131,953

Autopulse Device

LifeBelt Device


It should be noted that none of the above devices are widely used on the market due to bulky size and high production costs.
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