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1.0 Purpose

1.1. The purpose of this document is to determine all of the design specifications required for a neonatal heat exchanger.  This includes manufacturability, materials requirement, biocompatibility requirements, and user end requirements.

2.0 Scope

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

3.1. N/A
4.0 Revision History

4.1. Revision 1 – PDS 0001-0001 – 4/17/04 – Re-design of a heat exchanger utilizing a polypropylene fiber bundle.
Manufacturability:

The heat exchanger should be easy to manufacture.  Once manufactured the heat exchanger should be able to under go ethylene oxide (EtO) sterilization. EtO is used in order to obtain good penetration of sterilization at a low temperature. In addition, it will not interfere with surface properties of the polyurethane, polypropylene and PVC. The EtO sterilization should be able to produce a Sterility Assurance Level of 1 in 106. After sterilization, the device should be checked for any hazardous by-products that EtO unfortunately is common for leaving behind on devices.

Materials Requirements:
Materials for the heat exchanger should be selected to minimize potential negative physiological impacts on the patient such as: pyrogenicity, immunogenicity, hemolysis, thrombosis, etc.  The main material contacting the blood will be polypropylene. The polypropylene should be able to withstand pressures up to 1.5 times the normal pressures observed in an ECMO unit.  The PVC selected for the shell should be strong enough to withstand being dropped without cracking or breaking.  The PVC should also be clear so that health care workers can see through it to check the polypropylene fibers for leakage or rupture in device.

Biocompatibility Requirements:

The biocompatibility should be in accordance with ISO 10993.  This means that, the heat exchanger should be designed primarily to minimize hemolysis of the patient’s blood.  The heat exchanger should also be made of materials that will not induce a pyrogenic or immunogenic response.  The heat exchanger should also be constructed in such a way as to prevent the formation of thrombosis, for example the rounding of corners in contact with blood.  It should also be constructed so that protein fouling does not significantly impact the function of the heat exchanger during its proscribed lifetime.

User End Requirements:

The heat exchanger should be able to cool a neonate up to 5 kg in mass on an extracorporeal membrane oxygenation (ECMO) circuit in a period of time no greater than 30 minutes.  The expected lifetime of the heat exchanger should be two weeks in length, where failure usually occurs from thrombosis.  

The inlets and outlets for both sets of tubing should be clearly labeled.  The adapters that the tubing should be made such that standard tubing used in a neonatal ECMO unit are compatible with it.  The heat exchanger should be able to be easily inserted into an ECMO with minimal effort. The top and bottom of the device should be clearly labeled to insure proper insertion of device into circuit. Insertion should be able to be accomplished by perfusionist or trained technician.
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