HFE in Risk Management

Foot-Powered Pneumatic Chest Compression System for CPR

1. Device Overall

The device is a foot-powered pneumatic chest compression system for CPR, which will provide chest compressions to a patient through the use of a foot pump. The device will be used on patients with heart failure, in emergency situations where CPR is required. The device will be compact and light-weight for easy transportation and storage. We expect that the device will weigh no more than 5 lbs and be small enough to fit on the shelf in an ambulance. The components of the device will include: a chest cuff, foot pump, and tubing connecting the pump to the cuff.

No other devices like this are currently in use, however patents exist for similar devices. One of these devices has similar components (chest wrap, tubing, pump), but it is powered by pressurized fluid and an actuator, making it bulkier and much heavier. Another device utilizes a compression belt. The belt is constricted and relaxed through a motorized spool assembly that repeatedly tightens the belt and relaxes the belt. This, again, makes the device larger and heavier. A third device consists of an inflatable vest in combination with ECG electrodes. The actual specifics of the device are unclear, but inflation of the vest is somehow synchronized with on-set of the systole phase of the heart. The last similar device uses a combination of constricting belts, repeatedly inflating bladders, and reciprocating pistons to compress the chest and is quite large and heavy.

There is a need for a compact, light-weight device to aid emergency workers in providing reliable and effective chest compressions during CPR. The device should not require a power source and be simple to use.  Conventional methods often fail when CPR is performed for extended periods of time as emergency workers become fatigued.  When manual CPR is performed for a long time, multiple EMS workers are required to maintain an adequate amount of chest compressions.  Our device will alleviate these problems, so that CPR could be performed for greater lengths of time, decreasing the mortality rate of patients receiving CPR.

2. Device User Interface

The user interface will consist of clear labeling on the device itself. The chest wrap will have printed instructions on it, as well as labeling directions for correct positioning and securing of the device. Users will receive operating manuals, as well as possible training materials. Users will need to be CPR certified, and the device should be incorporated into CPR training courses as well.

3. Device Use

The user will interact with the interface by reading instructions on the device and following labels to properly position and secure the device. The device will not require complicated set up; it will simply need to be position and secured on the patient. The device will not require maintenance other than periodic cleaning. The user will be expected to position and secure the device on the patient and then operated the foot pump.

4. Device User Population

The device population will include EMS workers, nurses, doctors, and possibly also firemen and/or anyone trained in CPR. It is expected that the users will be CPR certified and have at least a moderate amount of training and knowledge in dealing with emergency situations. The user population should be trained on how to use the device during their CPR training. The device is not intended for use by anyone not trained in CPR.

5. Device Use Environments

The device is intended for use anytime, anywhere, in accordance with the needs of EMS workers. The device will travel in an ambulance, and therefore could be used indoors or out, wherever a patient in heart failure may be found. The device is also intended for use in hospitals. There should be no environments for which the device is unsuited.

6. Use-Related Hazards

The use-related hazards established in our Initial Hazard Analysis are mechanical or material failures. In such a case, the device would fail to operate properly, but would not directly cause harm to the patient. The patient would only be endangered in the case that they would not be receiving CPR, in effect “not being helped” rather than harmed. Any operator errors would have the same effect: the device would not operate properly, which would either not maximize CPR or have no effect on the patient. Mechanical and material failures will be minimized by design and material choices to make the device durable and reliable. Such decisions will be evaluated by stress-testing and fatigue-testing. Operator errors will be minimized by clear labeling, instruction manuals and operator training.

7. Verification and Validation

The device will be evaluated by a study group (usability testing) of persons trained in CPR, as well as physicians, EMT workers, and possibly nurses. Testing will be done to determine the level of difficulty in using the device and to determine whether modifications in labeling or the design itself are required. The members of the study group will be given the device and instructed on how to use it. They will then be required to perform CPR on a mannequin using the device and evaluated on whether or not the device is used correctly. They will also fill out a survey to determine how difficult the procedure was and for user input. Physicians may also be consulted for expert review of the device.
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