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0 Introduction

“Quality Management Systems – Process Validation Guidance”, originally finalized in 1999, is being republished as “GHTF/SG3/N99-10:2004 (Edition 2)” after revisions due to the changes in ISO 13485:2003, which is utilized in some regulatory systems. The Process Validation Guidance has been revised in sections 0 through 3.4, Figure 1 and Annex B. The revisions can be generalized in two categories: 1.) Editorial revision of terminology to be consistent with ISO 13485:2003 (i.e., “quality system” to “quality management system” and “design controls” to “design and development controls”), and; 2.) Changes to Figure 1 and the corresponding text to reflect the new process validation requirements found in clause 7.5.2 of ISO 13485:2003. 
This process validation guidance is intended to assist manufacturers in understanding quality management system requirements concerning process validation and has general applicability to manufacturing (including servicing and installation) processes for medical devices. The guidance provides general suggestions on ways manufacturers may prepare for and carry out process validations. 

Process validation is a term used in the medical device industry to indicate that a process has been subject to such scrutiny that the result of the process (a product, a service, or other outcome) can be practically guaranteed. This is vitally important if the predetermined requirements of the product can only be assured by destructive testing. 
Processing deficiencies may only become apparent after an intermediate component is further processed or the finished product is in use. Validation of a process entails demonstrating that, when a process is operated within specified limits, it will consistently produce product complying with predetermined (design and development) requirements.

The medical device industry encompasses a wide range of technologies and applications, ranging from simple hand tools to complex computer-controlled surgical machines, from implantable screws to artificial organs, from blood-glucose test strips to diagnostic imaging systems and laboratory test equipment. These devices are manufactured by companies of varied size, structure, volume of production, manufacturing processes, and management methods. These factors, especially production volume and number of manufacturing steps per unit (e.g. soldering or welding steps) significantly influence how process validation is actually applied. Given this diversity, this guidance does not suggest particular methods of implementation, and therefore, must not be used to assess compliance with quality management system requirements. Rather the intent is to expand on quality management system requirements with practical explanations and examples of process validation principles. Manufacturers can and should seek out/select technology-specific guidance on applying process validation to their particular situation. 

This guidance provides general suggestions on ways manufacturers may prepare for and carry out process validations. Other ways may be equally acceptable; some regulatory requirements place the responsibility on the manufacturer to specify those processes that require validation and the qualification of personnel who operate validated processes. Regardless of the method used to validate the process, records of all validations activities should be kept and the final outcome documented.

While the completion of process validation is a regulatory requirement, a manufacturer may decide to validate a process to improve overall quality, eliminate scrap, reduce costs, improve customer satisfaction, or other reasons. Coupled with properly controlled design and development activities; a validated process may well result in a reduced time to market for new products.

In general, the validation of a process is the mechanism or system used by the manufacturer to plan, obtain data, record data, and interpret data. These activities may be considered to fall into three phases: 1) an initial qualification of the equipment used and provision of necessary services – also know as installation qualification (IQ); 2) a demonstration that the process will produce acceptable results and establishment of limits (worst case) of the process parameters – also known as operational qualification (OQ); and 3) and establishment of long term process stability – also known as performance qualification (PQ).

Many processes are controlled by computers. While the computer software may be considered an integral part of the process, this guideline does not cover software validation.

While the theory of process validation is reasonably straightforward, the decision of the manufacturer to evaluate every process for potential validation may lead to uncertainty. Some regulatory requirements state that every process that cannot be verified by subsequent monitoring or measurement be validated. Guidance is provided for reaching decisions on whether to validate or not.

1
Purpose and scope
1.1
Purpose This process validation guidance is intended to assist manufacturers in understanding quality management system requirements concerning process validation.

1.2
Scope This document has general applicability to manufacturing (including servicing and installation) processes for medical devices. Specific recommendations for verification of design output and design validation are included in the GHTF document covering design control.

2
Definitions

For this document, the following definitions apply. Terms other than those defined herein may be found in the literature.

2.1
Installation qualification (IQ): establishing by objective evidence that all key aspects of the process equipment and ancillary system installation adhere to the manufacturer’s approved specification and that the recommendations of the supplier of the equipment are suitably considered.

2.2
Operational qualification (OQ): establishing by objective evidence process control limits and action levels that result in product that meets all predetermined requirements. 
2.3
Performance qualification (PQ): establishing by objective evidence that the process, under anticipated conditions, consistently produces a product which meets all predetermined requirements.

2.4
Process validation: establishing by objective evidence that a process consistently produces a result or product meeting its predetermined requirements.

2.5
Process validation protocol: a document stating how validation will be conducted, including test parameters, product characteristics, manufacturing equipment, and decision points on what constitutes acceptable test results.

2.6
Verification: confirmation by examination and provision of objective evidence that the specified requirements have been fulfilled.

3
Process validation within the quality management system

Process validation is part of the integrated requirements of a quality management system. It is conducted in the context of a system including design and development control, quality assurance, process control, and corrective and preventive action. 
The interrelationship of design control and process development may, for some technologies, be very closely related. For others the relationship may be remote. The product should be designed robustly enough to withstand variations in the manufacturing process and the manufacturing process should be capable and stable to assure continued safe products that perform adequately. Often this results in a very interactive product development and process development activity.

Daily measuring and monitoring activities are conducted as specified by the process control plan which is often largely developed during process validation.

Corrective actions often identify inadequate processes/process validations. Each corrective action applied to a manufacturing process should include the consideration for conducting process validation/revalidation.

3.1
Process validation decision

The following model may be useful in determining whether or not a process should be validated:
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Figure 1: Process validation decision tree

The model shown describes a decision tree that a manufacturer can follow when deciding on whether a process needs to be validated. The process under consideration in this model is the simplest possible - many processes may be large and/or a complex set of sub-processes.

Each process should have a specification describing both the process parameters and the output desired. The manufacturer should consider whether the output can be verified by subsequent monitoring or measurement (A). If the answer is positive, then the consideration should be made as to whether or not verification alone is sufficient to eliminate unacceptable risk and is a cost effective solution (B). If yes, the output should be verified and the process should be appropriately controlled (C).

If the output of the process is not verifiable then the decision should be to validate the process (D); alternatively, it may become apparent that the product or process should be redesigned to reduce variation and improve the product or process (E). Also, a change in a manufacturing process may result in the need for process validation even though the process formerly only required verification and control.

The risk or cost may also be reduced by redesigning the product or process to a point where simple verification is an acceptable decision (E).

3.2
Examples

The following table is a list of examples of processes which: (1) should be validated, (2) may be satisfactorily covered by verification, and (3) processes which may be verifiable, but for business purposes, validation can be chosen.


(1) 
Processes which should be validated

· Sterilization processes

· Clean room ambient conditions

· Aseptic filling processes

· Sterile packaging sealing processes

· Lyophilization process

· Heat treating processes

· Plating processes

· Plastic injection molding processes


(2) 
Processes which may be satisfactorily covered by verification

· Manual cutting processes

· Testing for color, turbidity, total pH for solutions

· Visual inspection of printed circuit boards

· Manufacturing and testing of wiring harnesses


(3) 
Processes for which the above model may be useful in determining the need for validation

· Certain cleaning processes

· Certain human assembly processes

· Numerical control cutting processes

· Certain filling processes

While the output of a process may be verifiable, application of software used in that process should be validated for its intended use.

4
Statistical methods and tools for process validation

There are many methods and tools that can be used in process validation. A primer on statistics and process validation is provided in Annex A as a guide through the basic concepts. Control charts, capability studies, designed experiments, tolerance analysis, robust design methods, failure modes and effects analysis, sampling plans, and mistake proofing are some of the examples.

5
Conduct of a validation

5.1
Getting started

A consideration should be given to form a multi-functional team to plan and oversee the validation activities. A team approach will help assure the validation processes are well thought out, the protocols are comprehensive and that the final packages are well documented and easy to follow. The team should advise “what could go wrong”. The team also provides an opportunity for key functional areas to communicate early about important new and changed products and processes and can foster cooperation.

Members of the validation team could include representatives from or personnel with expertise in:

· Quality Assurance

· Engineering

· Manufacturing

· Others depending on company organization and product types:

· Laboratory

· Technical Services

· Research & Development

· Regulatory Affairs

· Clinical Engineering

· Purchasing/Planning

Once the validation team has been formed, the next step is to plan the approach and define the requirements. Many manufacturers develop what is referred to as a master validation plan which identifies those processes to be validated, the schedule for validations, interrelationships between processes requiring validation and timing for revalidations. Once these have been established, and the purpose and scope for validations are clearly stated and known, protocol development can commence.

Following is a list of activities which may be used as a checklist to review validation activity:

· Form multi-functional team for validation

· Plan the approach and define the requirements

· Identify and describe the processes

· Specify process parameters and desired output

· Decide on verification and/or validation

· Create a master validation plan

· Select methods and tools for validation

· Create validation protocols

· Perform IQ, OQ, PQ and document results

· Determine continuous process controls

· Control the process continuously
5.2
Protocol development
Detailed protocols for performing validations are essential to ensure that the process is adequately validated. Process validation protocols should include the following elements:

· Identification of the process to be validated

· Identification of device(s) to be manufactured using this process

· Objective and measurable criteria for a successful validation

· Length and duration of the validation

· Shifts, operators, equipment to be used in the process

· Identification of utilities for the process equipment and quality of the utilities

· Identification of operators and required operator qualification

· Complete description of the process

· Relevant specifications that relate to the product, components, manufacturing materials, etc.

· Any special controls or conditions to be placed on preceding processes during the validation

· Process parameters to be monitored, and methods for controlling and monitoring

· Product characteristics to be monitored and method for monitoring

· Any subjective criteria used to evaluate the product

· Definition of what constitutes non-conformance for both measurable and subjective criteria

· Statistical methods for data collection and analysis

· Consideration of maintenance and repairs of manufacturing equipment

· Criteria for revalidation

For all three phases, IQ, OQ, and PQ, based on product/process requirements:

· Determine what to verify/measure

· Determine how to verify/measure

· Determine how many to verify/measure, i.e. statistical significance

· Determine when to verify/measure

· Define acceptance/rejection criteria

· Define required documentation

Knowing exactly what the product requirements are and what key parameters will be necessary to answer the questions of what to measure. Seal thickness, seal strength, pressure testing and visual defects of samples are examples of measurable parameters.

Utilizing statistically valid techniques such as sampling, design experiments, Taguchi methods, response surface studies and component swapping are statistically valid techniques to answer the questions of how many to measure. Utilization of standard test methods such as such as those contained in international or national standards will provide guidance in how to measure specific parameters. Also, it is important to ensure test methods replicate actual use conditions.

During the conduct of various phases of validation, the protocol should address the resolution of discrepancies. Some deviations in established protocol may not negate the results. Each deviation should be addressed, evaluated and a conclusion drawn as to acceptance or rejection of the results. As a result, process control procedures may require modification and those modifications should be validated as part of the overall process.

Addressing all product and process requirements and the establishment of specific criteria for each requirement, upper and lower limits based on product specifications and established standards will help define the acceptance/rejection criteria.

5.3
Installation qualification (IQ)
Simply put, IQ means is it installed correctly? Important IQ considerations are:

· Equipment design features (i.e. materials of construction cleanability, etc.)

· Installation conditions (wiring, utilities, functionality, etc.)

· Calibration, preventative maintenance, cleaning schedules

· Safety features

· Supplier documentation, prints, drawings and manuals

· Software documentation

· Spare parts list

· Environmental conditions (such as clean room requirements, temperature, humidity)

Sometimes activities are conducted at the equipment supplier’s site location prior to equipment shipment. Equipment suppliers may perform test runs at their facilities and analyze the results to determine that the equipment is ready to be delivered. Copies of the suppliers’ qualification studies should be used as guides, to obtain basic data, and to supplement installation qualification. However, it is usually insufficient to rely solely upon the validation results of the equipment supplier. Each medical device manufacturer is ultimately responsible for evaluating, challenging, and testing the equipment and deciding whether the equipment is suitable for use in the manufacture of a specific device(s). The evaluations may result in changes to the equipment or process.

5.4
Operational qualification - (OQ)
In this phase the process parameters should be challenged to assure that they will result in a product that meets all defined requirements under all anticipated conditions of manufacturing, i.e., worst case testing. During routine production and process control, it is desirable to measure process parameters and/or product characteristics to allow for the adjustment of the manufacturing process at various action level(s) and maintain a state of control. These action levels should be evaluated, established and documented during process validation to determine the robustness of the process and ability to avoid approaching “worst case conditions.”

OQ considerations include:

· Process control limits (time, temperature, pressure, linespeed, setup conditions, etc.)

· Software parameters

· Raw material specifications

· Process operating procedures

· Material handling requirements

· Process change control

· Training

· Short term stability and capability of the process, (latitude studies or control charts)

· Potential failure modes, action levels and worst-case conditions (Failure Mode and Effects Analysis, Fault Tree Analysis)

· The use of statistically valid techniques such as screening experiments to establish key process parameters and statistically designed experiments to optimize the process can be used during this phase.

5.5
Performance qualification - (PQ)

In this phase, the key objective is to demonstrate the process will consistently produce acceptable product under normal operating conditions. Please note the guidance for process stability in Annexes A and B “Methods and tools for process validation”.

PQ considerations include:

· Actual product and process parameters and procedures established in OQ

· Acceptability of the product 

· Assurance of process capability as established in OQ

· Process repeatability, long term process stability

Challenges to the process should simulate conditions that will be encountered during actual manufacturing. Challenges should include the range of conditions as defined by the various action levels allowed in written standard operating procedures as established in the OQ phase. The challenges should be repeated enough times to assure that the results are meaningful and consistent.

Process and product data should be analyzed to determine what the normal range of variation is for the process output. Knowing the normal variation of the output is crucial in determining whether a process is operating in a state of control and is capable of consistently producing the specified output.

One of the outputs of OQ and PQ is the development of attributes for continuous monitoring and maintenance. Process and product data should also be analyzed to identify any variation due to controllable causes. Depending on the nature of the process and its sensitivity, controllable causes of variation may include:

· Temperature 

· Humidity 

· Variations in electrical supply

· Vibration

· Environmental contaminants

· Purity of process water

· Light

· Human factors (training, ergonomic factors, stress, etc.)

· Variability of materials

· Wear and tear of equipment

Appropriate measures should be taken to eliminate controllable causes of variation. Eliminating controllable causes of variation will reduce variation in the process output and result in a higher degree of assurance that the output will consistently meet specifications.

5.6 Final report

At the conclusion of validation activities, a final report should be prepared. This report should summarize and reference all protocols and results. It should derive conclusions regarding the validation status of the process. The final report should be reviewed and approved by the validation team and appropriate management.

6
Maintaining a state of validation

6.1
Monitor and control

Trends in the process should be monitored to ensure the process remains within the established parameters. When monitoring data on quality characteristics demonstrates a negative trend, the cause should be investigated, corrective action may be taken and revalidation considered.

6.2
Changes in processes and/or product

Any changes in the process and /or product including changes in procedures, equipment, personnel, etc. should be evaluated to determine the affects of those changes and the extent of revalidation considered.

6.3
Continued state of control

Various changes may occur in raw materials and/or processes, which are undetected, or considered at the time to be inconsequencial. (An example of this type of process is sterilization.) These changes may cumulatively affect the validation status of the process. Periodic revalidation should be considered for these types of processes.

6.4
Examples of reasons for revalidation

Revalidation may be necessary under such conditions as:

· change(s) in the actual process that may affect quality or its validation status

· negative trend(s) in quality indicators

· change(s) in the product design which affects the process

· transfer of processes from one facility to another

· change of the application of the process

The need for revalidation should be evaluated and documented. This evaluation should include historical results from quality indicators, product changes, process changes, changes in external requirements (regulations or standards) and other such circumstances. 
Revalidation may not be as extensive as the initial validation if the situation does not require that all aspects of the original validation be repeated. If a new piece of equipment is purchased for a validated process, obviously the IQ portion of the validation needs to be repeated. However, most of the OQ aspects are already established. Some elements of PQ may need to be repeated, depending on the impact of the new equipment.

Another example might be if a raw material supplier is changed, the impact of that change on the process and resultant product should be considered. Parts of OQ and PQ might need to be redone, as the interaction between the new raw material and the process may not be fully understood. 
7
Use of historical data for validation
Validation of a process can be partially based on accumulated historical manufacturing, testing, control, and other data related to a product or process. This historical data may be found in batch records, manufacturing log books, lot records, control charts, test and inspection results, customer feedback, field failure reports, service reports, and audit reports. A complete validation based on historical data is not feasible if all the appropriate data was not collected, or appropriate data was not collected in a manner which allows adequate analysis. Historical manufacturing data of a pass/fail nature is usually not adequate.

If historical data is determined to be adequate and representative, an analysis can be conducted per a written protocol to determine whether the process has been operating in a state of control and has consistently produced product which meets its predetermined requirements. The analysis should be documented.

The terms “retrospective validation”, “concurrent validation” and “prospective validation” are often used. Any validation can use historical data in the manner described above, regardless of the term used.

8
Summary of activities

Initial considerations include:

· Identify and describe the processes

· Decide on verification and/or validation

· Create a master validation plan

If the decision is to validate:

· Form multi-functional team for validation

· Plan the approach and define the requirements

· Identify and describe the processes

· Specify process parameters and desired output

· Create a master validation plan

· Select methods and tools for validation

· Create validation protocols

· Perform IQ, OQ, PQ and document results

· Determine continuous process controls

· Prepare final report and secure management approval

· Control the process continuously

Maintaining a state of validation:

· Monitor and control the process continuously

· Revalidate as appropriate
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