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1.0 Purpose

1.1. The purpose of this document is to identify sources of error and identify means of reducing or eliminating those sources of error.

2.0 Scope

2.1. Re-design of a heat exchanger to rapidly induce hypothermic conditions.

3.0 References

3.1. N/A

4.0 Revision History

4.1. Revision 1 – HFA 0001-0001 – 12/01/03 - Original design of a cooling block incorporated into the ECMO circuit for inducing hypothermic conditions. 

4.2. Revision 2 – HFA 0001-0002 – 2/28/04 - Design change to the re-design of an ECMO heat exchanger. 

4.3. Revision 3 – HFA 0001-0003 – 4/17/04 - Pressure sensor on outlet of heat exchanger; prevention of cooling fluid leakage; prevention of tubing kinks; prevention of inefficient cooling; quality control measures; selection of biocompatible materials; clear labeling; minimization of blood damage.

Human Factors Analysis:

Safety of the end-user (patient):

· Prevention of inefficient cooling of the blood 

· Prevention of cooling fluid leaking into the patient blood

· Prevention of tubing kinks, reducing or restricting blood flow to patient

· No increase in required patient priming volume

· Proper installation of heat exchanger into ECMO circuit

· No clot or thromboemboli formation

· Pressure sensor on outlet of heat exchanger

Needs/requirements of the end-user will be met:

· Design of the heat exchanger such that it rapidly cools the blood to the desired temperature: large enough surface area and selection of material such that efficient heat exchange can occur through tubing wall

· Design of heat exchanger to minimize priming volume: countercurrent flow with patient blood on the inside of microfiber tubing

· Establish quality control measures to test seals and other factors that could contribute to cooling fluid leaking into the blood

· Prevention of clotting through the selection of biocompatible materials and testing of the heat exchanger under physiological conditions

· Clear labeling of heat exchanger: blood inlet and outlet versus cooling fluid inlet and outlet

Optimal Performance of the device:

· Components are durable- ability to withstand high flows

· Easy placement of cooling unit within the ECMO circuit

· Rapid cooling/gradual warming easily achieved 

· Heat exchanger is easily integrated into the ECMO circuit

· No clot or thromboemboli formation during the use of the heat exchanger

· Minimum impact on blood components
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