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1.0 Purpose

1.1. To identify device design problems prior to distribution to eliminate costs associated with recalls.

1.2. To offer a measure of protection from product liability damage. 

1.3.  To identify potential hazards associated with the device being developed.

1.4.  To identify the source of the hazardous condition.

1.5.  An assignment of risk to the hazardous condition.

2.0.  Scope

2.1. This procedure pertains to procedures developed and utilized by and for the Bioreactor    Perfusion Group at the University of Pittsburgh McGowan Institute for Regenerative Medicine, located in Pittsburgh, Pennsylvania.

3.0.   References

       3.1. Objective Tree and Human Factors Analysis

3.2.  510K, IDE, PMA  

4.0.  Initial Factors Analysis

4.1. To identify the potential hazards associated with the overall bio-artificial liver device.

4.2. To assess hazards associated with pH electrode incorporation.

5.0.  Revision History

5.1. Revision 1 – 11/09/03 - GBG-PITT-003

5.2.  Revision 2 – 11/13/03 - GBG-PITT-003

5.3.  Revision 3 – 03/04/04 - GBG-PITT-003

5.4.  Revision 4 – 03/27/04 - GBG-PITT-003

Initial Hazard Analysis


The FDA has a number of requirements that deal with patient advocacy and safety, which must be examined. There are many components that go into the design and construction of an artificial liver bioreactor. Each of these components have associated with them risks and hazards of varying degrees. The introduction of glucose and ph electrodes into the bioreactor system only increases the number of potential hazards and risks associated with these liver assist devices

Hazards associated with the overall bioartificial liver device

· Any synthetic components of the artificial liver device must be biocompatible. The materials chosen for construction must be durable enough so as to ensure the integrity of the parts and prevention of device breakdown, causing failure, or release particulate material into the blood returning to the patient. 

· Material degradation occurs over time. A probable lifetime should be clearly identified on the extracorporeal device or the controller so that the faulty component may be replaced. 

· The surfaces used in construction of the assist device must be biocompatible with the patient’s circulation so as to prevent the complement and coagulation mechanisms.

· The hollow fiber bundles found in the bioreactor compartments must be biocompatible with the circulating fluids and the cells cultured within the chambers.

· There is the potential for the pored of the hollow fibers to potentially become clogged with varying debris. An alert system should indicate whether the pores have been blocked as this effects mass transfer across the membrane surface of nutrients and waste products. 

· Clotting conditions must be closely monitored to ensure that thrombosis does not occur in the surfaces contacting blood.  A blood clot could cause a number of problems, including stroke.  Taking frequent ACT measurements would reduce thromboembolic complications.  

· The primary hepatocyte cell line within the bioartificial liver must be maintained. The cells must be able to survive, proliferate, and perform specific liver functions. 

· Precautions must be taken to prevent dangerous toxins or transmissible viruses from passing from the cells in the culture chamber to the patient. The chamber should be secured to prevent the escape of such particles

· The amount of assembly required by the user of the device should be minimal to eliminate potential hazards associated with assembling the bioreactor incorrectly. Manuals should provide detailed, understandable descriptions.

· Power supply:  safeguards must be made to reconcile any failure of the power supply (power failures, power surges) with the correct operation of the device.  Power interruption could be of paramount concern to the patient, as any device downtime could prove detrimental to the patient’s health. In addition, a break in the source flow will impact the viability of the cell within the culture chamber of the bioreactor. An uninterruptible power supply could help with the outages, while a circuit breaker could help with the surges.

· Pump mechanism and tubing: steps must be taken to ensure the mechanical soundness of the pump device used to introduce media into the cell compartment.  A pump that operates too loudly may prevent the user from hearing alarms indicating malfunctions in the electrodes. 

· Many times there may be user error associate in making readjustments to the bioreactor system using the software controlling package. A more adequate system would make automatic changes when levels that were inadequate were detected. This would limit the amount of user interface with the system and prevent error from incorrect input. 

Hazards associated with pH  electrode incorporation

· Enzymes may also be released from the electrodes in the surrounding cell media which may be hazardous to the cells in the chambers. Assurance that the electrodes are incased or coated with a material which prevents such leakage is important.

· The monitoring electrodes should be introduced into the bioreactor in a sterile manner. This is to eliminate the transmission of viruses, bacteria, foreign microorganisms from harboring on the device/in the cell chamber and affecting the metabolic performance of the chosen cells. 

· The material of which the electrodes are constructed with should be resistant to cell growth upon its surface.

· The position of the electrode in the bioreactor must also be examined so that it does not create an issue in which leakage from the chambers of media/cells is occurring. In addition, insertion of the electrodes should maintain the current cell culture environment in which microorganisms can not easily enter the system. 

· The electrodes must also be resistant to temperature and moisture fluctuations in the atmosphere. Such fluctuations can impact the measurements of the electrodes, making recalibration necessary.

· If calibrations are necessary, an easy one step system should be employed such that error may easily be corrected by the user, with minimal confusion.

· An in vitro environment also presents the possibility of shock. It is necessary to guarantee that the voltage across the electrode, or any current generated is not large enough to damage the cells in the culture chamber.

· Perfusion rates or different components in the media in contact with the electrode may cause inaccurate readings in the glucose concentration over time, if they are set too low or are incompatible with surface properties. An alarm system should be put in place to monitor such rates and alert the operator’s of inadequate levels.

· Inaccuracy of the probes could result in a number of problems, including incorrect compensation for measured parameter differentiation.  Regular parameter measurement would help verify probe measurements.
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