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1.0 Purpose

1.1. This document is intended as a basis for determination of design factors.

1.2. This affects the selection of materials as well as the intended use and application of the  

   device.

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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Product Design Specification

I. Overview

a. Bioartificial livers are being developed as a treatment for short-term liver failure or as a bridge to transplant.

b. Small scale, multi-compartment bioreactors are used by the Gerlach Bioreactor Group to research various cell line characteristics.

c. Designed a system for small scale bioreactors to automatically measure and modify the media pH in real-time.

II. Customer Requirements

a. Finer control of media pH to reduce large changes with manual adjustment.

b. Ability for more reproducible results, to improve consistency of resulting bioreactor experiments

c. ETO sterilizable incorporated system components.

d. Decreased operator involvement.

e. A pH electrode which will measure media pH in the range of 6 to 9 with an accuracy of +/- 0.02 and a precision of +/- 0.01.

III. Features and Benefits

a. Provides automatic pH measurement an modification

i. Substantial decrease in user intervention

ii. Optimization of system performance.

b. User definable ranges for parameters

i. Allows system to be tailored for different cell lines.

c. Custom probe reservoir

i. Places electrode in flow path without breaching sterility of the system.

d. Decrease in labor costs and reduction in supply costs

IV. Potential Market

a. In-vitro and clinical scale bioreactors

b. Potential to treat 30,000 patients in U.S. each year.

V. Competitive Analysis

a. Competitors

i. Manually measured

1. Strengths

a. Cost benefit

b. Increased accuracy

2. Weaknesses

a. Increase risk of sterility breach 

ii. PH –Stat titration system

1. Strengths

a. Cost benefit

b. Use of CO2 for pH regulation instead of acid/base titration

2. Weaknesses 

a. Less accurate

b. Lack of remote control system

VI. Constraints

a. Economic

i. Material 

ii. Method of development

b. Regulatory

i. Potential clinical scale up

ii. FDA control compliant

VII. Design Alternatives

a. Reactor embedded probes

i. Modify reactor design to integrate probes into cell chamber

b. T-junction reservoir

i. Some effluent diverted from main flow to probe reservoir

c. In-line reservoir

i. Main effluent flow passed through probe reservoir

VIII. Engineering Technologies

a. SolidWorks modeling

b. LabView software system control

IX. Quality Systems Considerations

a. Manufacturability

i. Milling process utilized for manufacture

ii. Prototyped using cast acrylic

iii. Created in four sections

b. Clinical Implementation

i. FDA regulation ISO 10993

ii. Large scale production using injection molding

c. Hazards associate with automated control of system

i. Biocompatibility of synthetic components

ii. Material degradation over time

iii. Sterility breach

iv. Incorrect probe calibration

v. Software malfunctions

vi. Unclear user interface

d. Regulatory

i. Predicate Device

1. No BLAD devices currently approved by FDA for clinical use in US

2. The reservoirs and pH interface substantially equivalent to dialysis tubing (876.5860) and glass walled blood pH electrode (862.1120)

3. LabView must comply with FDA guidelines for software validation and verification (21 CFR 820.30)

e. Classification 

i. Reservoir classified as class II

ii. Ph probe classified as class II

X. Experimental Analysis

a. Incorporation of probe and reservoir into loop to ensure sealing of system

b. Connection of a mercury manometer across reservoir to measure pressure drop

c. Data acquisition hardware verification

i. PH probe placement into media of varying pH

ii. PH reading conformation using a stand-alone pH meter
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