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Device Classifications:
21 CFR 820.4240 Cardiovascular Bypass Heat Exchanger, Class II, DTR, Cardiovascular.

Predicate Devices:
Vision Blood Cardioplegia and Extracorporeal Heat Exchanger, Gish Biomedical Inc. K020106


CAPIOX® RXO5 Hollow Fiber Oxygenator with/without hard shell reservoir. Terumo Corporation. K022115 

Device Description:

The PediaCool heat exchanger consists of an extracorporeal heat exchanger and fluid administration set. The heat exchanger consists of non-microporous polypropylene fibers separated by polyurethane epoxy and enclosed in a polyvinyl chloride (PVC) outer shell with a venous reservoir. The hard outer shell contains inlets and outlets for blood and water, which flow counter-currently. The change in this device from the Vision Blood Cardioplegia and Extraporcorporeal Heat Exchanger and Capiox( oxygenator is the incorporation of a polypropylene fiber bundle into the heat exchanger.  

Indication of Use:

The PediaCool heat exchanger will be used for neonates (patient weight range: 2-5 kg) requiring extracorporeal membrane oxygenation (ECMO). This device will be situated after the water pump and oxygenator in the ECMO circuit. The main function of this device is to rewarm the blood of the patient exiting the body to normal physiological temperatures (37°C). In addition to regulating patient temperature, the device is capable of rapidly inducing hypothermic conditions (32-34°C) of the patient’s blood. Induction of hypothermia provides neurological protection for the patient against hyperthermic conditions that may arise from various pathologies.  The intended duration of the PediaCool heat exchanger is a maximum of 14 days. 

Technological Characteristics:

The fundamental scientific technology behind PediaCool is similar to that of the Vision Blood Cardioplegia and Extracorporeal Heat Exchangers.  The modifications made in this device will not alter function in comparison to predicate devices. PediaCool contains a polyvinyl outer shell as used in the Capiox®, in contrast to polycarbonate shells used in both the Vision Blood Cardioplegia and Extracorporeal Heat Exchanger. The PediaCool heat exchanger utilizes non-microporous polypropylene fibers in comparison to the convoluted metal tubes utilized in the Vision Blood Cardioplegia and Extracorporeal Heat Exchangers.  The surface area for the heat transfer is maximized with the polypropylene fiber bundle, resulting in faster heat transfer than other predicate devices.  In addition, the priming volume is maintained within an acceptable range (65-70 mL). 

Biocompatibility:

The PediaCool heat exchanger was tested for biocompatibility in accordance with ISO 10993-1 and for sensitivity and genotoxicity in accordance with the FDA Blue Book Memo G95-1 May 1, 1995 Memorandum.  Biological compatibility testing of the device included: hemolysis, cytotoxicity, sensitization, irritation, acute systemic toxicity, subacute and subchronic toxicity, genotoxicity, and implantation.  Polypropylene, polyurethane, and PVC have all been shown to be biocompatible in physiologic environments.  All materials have shown to be compatible with compounds that may be introduced into the ECMO circuit and subsequently exposed to the heat exchanger (anesthetic agents, other gases, liquids, and medications).

In vitro Testing:

In vitro testing was done to show that the PediaCool Heat Exchanger is substantially equivalent to the Vision Blood Cardioplegia and Extracorporeal Heat Exchanger and Capiox® RX05 oxygenator.  The device showed no deviation from the predicate device in terms of safety according to physical characterization/integrity testing.  The device was tested at levels of 1.5 times the recommended maximum operating conditions for durations exceeding the intended use in order to establish safety (> 14 days) after sterilization and real-time aging occurred.  All potential failure modes for the heat exchanger were thoroughly investigated, including leaks, toxicity, loss of heat transfer efficiency, thromboembolism, and hemolysis. 

Conclusion:

In vitro testing showed that the PediaCool Heat Exchanger is substantially equivalent to the predicate devices.  The biocompatibility testing demonstrated that the polypropylene fiber material was biocompatible.  Subsequent tests verified the materials from the vendor, and post-production testing verified the sterilization of the device.  The device sufficiently passed the recommended standards for hemolysis, cytotoxicity, sensitization, irritation, acute systemic toxicity, subacute and subchronic toxicity, genotoxicity, and implantation.  

