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1.0 Purpose

1.1. The purpose of this document is to determine possible failure modes of the heat exchanger, the failures impact on the system, the hazards associated with each failure mode, and applicable means of preventing or controlling the failure modes.

2.0 Scope

2.1. Re-design of an ECMO heat exchanger to rapidly induce hypothermic conditions.
3.0 References

3.1. N/A

4.0 Revision History

4.1. Revision 1 – FMEA 0001-0001- 4/10/04 – Re-design of a heat exchanger utilizing a polypropylene fiber bundle.

	Component
	Failure Mode
	Effects on the System
	Potential Hazards
	Risk Index
	User Detection Means
	Applicable Controls

	Casing
	Crack
	Loss of cooling fluid; reduced heat transfer capability
	Slip and fall hazard; patient rewarming
	14
	Visible inspection of the device
	Manufacture the casing so that it can withstand reasonable abuse

	"
	Bad seal between casing and potting material
	Blood contamination; loss of cooling fluid; irregular flow patterns in the device
	Possible patient infection; hypervolumia in the patient; hypovolumia in the patient
	10
	Visible inspection; blood in the water bath; increased patient blood pressure
	Inspection of sealing after the device is manufactured; quality assurance testing

	Caps
	Clot Formation
	Pressure flucuations; plug microfibers and reduce heat transfer
	Emboli related hazards for the patient; erratic pressures; patient rewarming; reduced oxygenation of the patient
	2
	Pressure sensors
	Create user guidelines for the device that include the use of a pressure sensor on the inlet and outlet of the device

	"
	Bad seal between cap and casing
	Presure drops; blood loss; blood contamination
	Patient blood loss and associated blood pressure drop; possible infection risk due to blood contamination
	10
	Visible inspection of the device
	Inspection of sealing after the device is manufactured; quality assurance testing

	"
	Crack
	Possible blood loss and pressure drop
	Patient blood loss and associated blood pressure drop; possible infection risk due to blood contamination
	10
	Visible inspection of the device
	Manufacture the cap so that it is durable enough to withstand normal use; inspection of device prior to shipment

	Tubing Connectors (Blood side)
	Crack
	Possible blood loss and pressure drop
	Patient blood loss and associated blood pressure drop; possible infection risk due to blood contamination
	10
	Visible inspection of the device
	Design tubing connector so that it is less prone to cracking; inspect device prior to shipment

	"
	Poor seal with tubing
	Possible blood loss and pressure drop
	Patient blood loss and associated blood pressure drop; possible infection risk due to blood contamination
	10
	Visible inspection of the device; blood leaking from between tubing and tubing connector
	Design the tubing connector with ridges to prevent the tubing from coming off; specify tubing sizes that may be used with the device

	"
	Breaks off
	Possible blood loss and pressure drop
	Patient blood loss and associated blood pressure drop; possible infection risk due to blood contamination
	15
	Visible inspection of the device; circuit no longer functioning; pressure sensor alarms
	Design the tubing connector so that it is resistant to being broken

	Tubing Connectors (Water side)
	Poor seal with water bath tubing
	Loss of cooling fluid; reduced heat transfer capability
	Slip and fall hazard; patient rewarming; potential damage to water bath
	14
	Visible inspection of the device; loss of water in the water bath
	Design the tubing connector with rigids to prevent the tubing from coming off; specify tubing sizes that may be used with the device

	"
	Breaks off
	Loss of cooling fluid; reduced heat transfer capability
	Slip and fall hazard; patient rewarming; potential damage to water bath
	17
	Visible inspection of the device; loss of water in the water bath
	Design the tubing connector so that it is resistant to being broken

	"
	Crack
	Loss of cooling fluid; reduced heat transfer capability
	Slip and fall hazard; patient rewarming; potential damage to water bath
	14
	Visible inspection of the device
	Design the tubing connector of a durable material that can withstand normal usage; inspect device prior to shipment

	Microfibers
	Clot Formation
	Increase in pressure in heat exchanger
	Potential stroke or ischemia in patient
	2
	Pressure sensor alarms
	Design device with materials that reduce clot formation; write an operating manual for the device that states the requirement of a pressure sensor on the outlet side of the heat exchanger

	"
	Break/Rupture
	Altered pressures of both patient and cooling fluid
	Patient blood loss and associated blood pressure drop; possible infection risk due to blood contamination
	8
	Visible inspection of the device; blood present in the cooling fluid; drastic change in patient blood pressure
	Design device so that under normal operating conditions the maximum pressure of the microfibers is not exceeded

	Weave Fibers
	Break
	Altered cooling fluid flow patterns
	Heat exchanger may have a decreasee usable lifetime
	19
	No means of detection after manufacturing
	Inspect weave fibers as the heat exchanger tubing is being assembled; establish a quality assurance proctol to minimize potential damage to weave fibers

	Potting Material
	Cracks
	Loss of cooling fluid into the blood
	Patient blood loss and associated blood pressure drop; possible infection risk due to blood contamination
	15
	Change in patient blood pressure; decrease in cooling fluid volume
	Inspect device prior to shipment; select material and potting procedure to reduce the risk of cracking
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