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1.0 Purpose

1.1. To identify human use-related hazards and optimize how people use and interact with the technology.

1.2 To assess human use related hazards surrounding ph electrodes in in-vitro     

  experimentation.

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.
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Human Factors Analysis

Hardware Element

1. Markings on operating console and in manual

-Instruments reporting range should be clearly available, so that verification may be made periodically by the operator

-The font size and type of text displayed on monitor screen should be large enough to be easily visible and recognizable by the medical staff

-Controller station should be compact, with minimal amounts of cording being used to prevent users and cells from the dangers associated with electrical cords being pulled, and to aid in making assembly simpler

-All users must complete a certification process in using the bioreactor implanted with electrodes

-Emergency contact numbers must be made visible on the controller and bioreactor in cases of malfunction or emergency

2. Alarm system to signal medical staff 

-Signal when perfusion tubing entering the bioreactor is no longer secure, or has a leak 

-An indicator that the hollow fibers for mass transfer have a complete or partial blockage. A possible warning that appears upon the screen indicating 50% blockage within pores of the fibers, for example.

-An alarm which indicates when the gas tanks or media reservoir are empty so that they may be replaced and allow for continued functioning of the cells

-Signal when glucose levels in cell media have dropped below or exceeded physiological conditions healthy for the cells used in experimentation

-This will aid in signaling that the cell viability may be in danger because levels have gone beyond the permissible range

-An alarm should alert the staff when the perfusion rate has dropped too low, as this causes glucose concentrations to be read inaccurately 

3. Materials

-Material used in constructing the artificial liver device must be tested to be compatible with the fluids/elements that will be in contact with its surface so as to prevent cell responses

4. Assembly/Operating procedures

-Must be detailed clearly in a operating manual

-Assembly should take place in a sterile environment to prevent transfer of any harmful elements to the patient

-The tubing components of the media and gas delivery system must not deteriorate during sterilization procedures

-Temperature in which the electrodes may be operated must be indicated clearly so as to prevent malfunctions that may cause damage to cellular components

-If a malfunction occurs, user should be instructed how to disassemble the device without exposing themselves to the enzymes used in the electrode(chemicals in the bioreactor) and to prevent any possible shocks from occurring

5. Calibration Procedure

-An alert signal should be sent to identify to the operating personnel that sensitivity decay has occurred in the electrode so that they may correct it through calibration. 

     6. 
Fluids and Gas Components
-The media used in perfusing cells must be compatible with the primary hepatocyte cell line seeded within the bioreactor

-The appropriate gases must be used. Certain oxygen concentrations of oxygen gas a preferable for bioreactor perfusion. In this case a 21% oxygen level would attempt to be maintained.
Software Element

1. Software Package

-A software package that makes adjustments automatically to perfusion rates, etc. This limits the amount of operator dependence in making changes to the system when drifts have occurred, which will help prevent accidental, incorrect readjustments

-Feedback to the user once the electrode has changed according to the user’s preference. This will aid in prevention of the user reentering orders, which might cause system overload. They will be satisfied that they have completed their adjustment, and will not continue to try to make the same change 

-Pop up boxes asking users for input parameters for experimentation. This may decrease the amount of searching on the menu bar, which may prevent a user from making entries into an unintended area
-Language used in the program (prompts, menu bar) should be jargon free. It should be targeted to a large user population. A user’s level of education should not restrict them from operating the device
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