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ABSTRACT



Current Good Manufacturing Practices for pharmaceutical production includes specific requirements for equipment logging.  Equipment logs must include records of maintenance, cleaning, sanitization, and inspection.  Processes with flexible batch control systems have the advantage of equipment-independent recipes.  This production advantage can be leveraged to provide a significant advantage in equipment logging.  Flexible batch coordination control constitutes a framework for enforcing and documenting equipment suitability for production.



Validation of a state-of-the-art flexible batch facility has recently been completed.  One of the innovative features of the facility’s open-architecture batch control system is its equipment logging functionality.  Distributed relational databases are used to identify cleaning, sanitization, and maintenance requirements for each process equipment based on product, production role(s), cleaning history, maintenance records, etc.  These relational databases are tightly integrated with the batch engine to provide “seamless” equipment status reporting and chronological equipment logs.



The successful project illustrates the power of integrated equipment logging in flexible batch control systems.  The manual entry equipment logbooks of the past can be replaced or supplemented with more accurate and more accessible data.  The combination of equipment-independent recipes and integral equipment logging can provide the documentation to prove that suitable equipment was used in the production of every batch.

�INTRODUCTION



Current Good Manufacturing Practices (cGMP) for pharmaceutical production includes specific requirements for equipment logging.  Equipment logs must include records of maintenance, cleaning, sanitization, and inspection.  Processes with flexible batch control systems have the advantage of equipment-independent recipes.  This production advantage can be leveraged to provide a significant advantage in equipment logging.  Equipment coordination control, particularly unit selection, allocation, and release, constitutes a framework for enforcing and documenting equipment suitability for production.



Validation of a state-of-the-art flexible batch production facility has recently been completed for a major pharmaceutical manufacturer.  The control system for this facility is an open-architecture solution built around Wonderware’s Direktor batch management software.  One of the innovative features of the control system is its integrated equipment logging functionality.  Relational databases are tightly integrated with the Direktor historical databases to provide “seamless” equipment status tracking.



The successful project illustrates the power of integrated equipment logging in flexible batch control systems.  The manual entry equipment logbooks of the past are replaced with more accurate and easily accessible data.  The combination of equipment-independent recipes and integral equipment logging provides the documentation to prove that qualified equipment was used in the production of every batch.





cGMP EQUIPMENT LOGGING REQUIREMENTS

What the Law says

The United States Code of Federal Regulations (CFR) describes the current Good Manufacturing Practice for finished pharmaceuticals in 21CFR part 211.  Subpart D of this description describes requirements for equipment used in the manufacture, processing, packaging, or holding of a drug product.  These requirements include rules for equipment design, size, location, construction, cleaning, and maintenance.



Subpart J of 21CFR part 211 describes Records and Reports requirements for finished pharmaceuticals.  Included in this subpart is the requirement for an “Equipment Cleaning and Use Log” (21CFR part 211.182), which states:



A written record of major equipment cleaning, maintenance (except routine maintenance such as lubrication and adjustments), and use shall be included in individual equipment logs that show the date, time, product, and lot number of each batch processed.  If equipment is dedicated to manufacture of one product, then individual equipment logs are not required, provided that lots or batches of such product follow in numerical order and are manufactured in numerical sequence.  In cases where dedicated equipment is employed, the records of cleaning, maintenance, and use shall be part of the batch record.  The persons performing and double-checking the cleaning and maintenance shall date and sign or initial the log indicating that the work was performed.  Entries in the log shall be in chronological order.

What the Law means

Equipment logging regulations in the CFR are intended to ensure that production equipment is qualified for use.  This determination is made by evaluating and proving that the equipment is suitable to perform its role in production.  Suitability must be measured against standards established for the equipment with respect to its history as well as its production role.  Standards typically address some or all of the following qualifications:



·	Acceptable Equipment Class

·	Acceptable Equipment Characteristics (size, lining material, etc.)

·	In Service

·	Not In Use

·	Calibrated

·	Clean (sufficiency based on intended role and recent history)

·	Inspected



The process of qualifying equipment for production must include conscious evaluation by individuals who are qualified to make such an assessment.



Complete, accurate and up-to-date information is required to qualify process equipment.  However, capturing this information is often an elusive process.  The equipment log required by the CFR addresses this problem.  The log provides a centralized source  of all the information needed to qualify equipment.  Its existence ensures that all pertinent information can be considered by the person(s) evaluating equipment suitability.  In addition, it records the evaluation process details with appropriate signature approvals.



Flexibility Complicates Everything

Flexible manufacturing is fast becoming an essential characteristic of successful chemical manufacturers.  In multi-product, multiple path equipment trains, the rules and procedures for equipment evaluation become very complex.  Qualification depends on such factors as:



The product most recently produced in the equipment

The date/time the equipment was last used

The date/time the equipment was last cleaned

The date/time the equipment was last calibrated

The role the equipment last played in manufacturing

Equipment inspection results

Maintenance and Validation Change statuses



Equipment evaluation complexity for multi-product, multiple path equipment trains is especially apparent in determining the appropriate level of "cleanliness" for usable equipment.  While equipment must typically be sanitized between lots, exceptions can be made when the same equipment is used repeatedly for lots within a campaign.  For example, based on its recent usage and/or the time since its last sanitization, a tank may only be suitable for use in certain roles in the production of a specific product.

�INTEGRATED SOLUTIONS

Distributed Data

Information required  to qualify equipment comes from a variety of sources, for example:



·	Product Managers establish the characteristics needed for production equipment, 

·	Maintenance personnel track equipment calibration and service records, and 

·	Operators use and clean equipment.



Consolidating data from multiple sources has always been a challenge.  Today, integrated information systems can be used to create a secure, reliable, and low-cost solution.



The traditional equipment log is simply a chronological report based on records from one or more of these sources.  In an integrated information system, equipment data is stored in multiple relational databases with common keyed access. Data from these databases is accessible for automating most (if not all) of the equipment evaluation process.  Benefits of a fully integrated information system for equipment logging include reductions in production time, cost, and risk.

User Interface

There is no escaping the fact that most of the relevant data about equipment must be entered and/or verified by someone.  In earlier equipment logging solutions, data entry forms (either paper or electronic) were filled in before, during, and after production.  However, this only solved part of the problem.  Since equipment log entries were initiated and completed manually, the equipment log was subject to missing and inaccurate data.



In an advanced integrated system, most equipment log transactions are initiated automatically and stored electronically.  Where necessary, the system prompts for transaction verification and authorization (Done By, Checked By).  Such systems greatly reduce the time dedicated to record keeping and prevents most log omissions that could compromise product quality.  The key to implementing this approach is to automatically "trigger" equipment database transactions.

Event and Time Triggers

Equipment databases are only as good as the information they contain.  Just as procedures are established for maintaining a written equipment log, rules must also be established for populating an electronic equipment database.  In a well modeled and tightly integrated system, equipment records are generated and evaluated in real-time.  The real-time data collection is triggered by the batch control system since the control system is the source of most recordable equipment "events".  At the same time, provision is made for time-based status transitions (e.g., calibration expiration) and manually recorded events and comments.



One key to correctly modeling the information flow is to identify all events that should trigger a database transaction (i.e., everything that should be reflected in a complete equipment log).  Some important triggers include:



�SYMBOL 183 \f "Symbol" \s 10 \h�	Allocation to a batch (cleaning or production)

�SYMBOL 183 \f "Symbol" \s 10 \h�	Release from a batch (cleaning or production)

�SYMBOL 183 \f "Symbol" \s 10 \h�	Significant in-process status changes (e.g., point of contamination)

�SYMBOL 183 \f "Symbol" \s 10 \h�	Calibration and calibration expiration

�SYMBOL 183 \f "Symbol" \s 10 \h�	Removal from service and restoration to service

�SYMBOL 183 \f "Symbol" \s 10 \h�	Expiration of "Sanitized" or "Clean" status

�SYMBOL 183 \f "Symbol" \s 10 \h�	Manual status changes and comments

�EQUIPMENT LOGGING MEETS FLEXIBLE BATCH

Equipment Usage Events

Flexible batch manufacturing environments provide an excellent framework for integrated equipment logging.  Equipment coordination control demarks some of the most important, and heretofore most elusive, equipment usage events, namely:



�SYMBOL 183 \f "Symbol" \s 10 \h�	Equipment Evaluation,

�SYMBOL 183 \f "Symbol" \s 10 \h�	Equipment Allocation to a specific processing role,

�SYMBOL 183 \f "Symbol" \s 10 \h�	In-process Equipment Status Transitions, and

�SYMBOL 183 \f "Symbol" \s 10 \h�	Equipment Release.



By linking Structured Query Language (SQL) database transactions to these equipment usage events, most of the required equipment log transactions are triggered automatically.



Furthermore, flexible batch control systems provide the user interface and security needed for transaction verification and approvals.  With proper planning and implementation, most of the operator's role in equipment logging is reduced to equipment inspection followed by entering a User ID and password.

Equipment Suitability Evaluation

All flexible batch control systems evaluate equipment for use before allocating it to a batch.  As a minimum, this evaluation includes ensuring that the correct equipment class is used.  Most systems also provide the ability to identify recipe-specific and/or batch-specific equipment characteristics.  By default these characteristics usually include acceptable equipment statuses.



The built-in evaluation of equipment statuses is leveraged to provide complete suitability evaluation for the equipment.  By meticulously maintaining accurate equipment status identifiers as part of each equipment database transaction, equipment suitability evaluation is automatically provided.

Recipe for Flexible Status Tracking

A simplified approach to equipment tracking is to place equipment "In Use" when it is allocated to a batch, "Dirty" when it is released from a production batch, and "Clean" when it is released from cleaning.  However, this approach requires significant manual log adjustments for abnormal and incomplete batches.



By building equipment status transitions into phase logic, production and cleaning recipes can:



1.	Enforce pre-use equipment inspection,

2.	Identify specific mid-batch and end-of-batch equipment status transitions, and

3.	Provide an easy way to incorporate complete equipment status transition information into the batch journal.

�EQUIPMENT STATUS TRANSITIONS

Statuses

As part of the configuration of most flexible batch systems, the user is allowed to identify the available statuses for process units and the statuses that are considered acceptable for use in production.  Unfortunately, for complex processes it is very difficult to define a set of statuses that are both understandable and sufficient.  If statuses are defined too broadly (e.g., "In Use", "Ready", and "Not Ready"):



�SYMBOL 183 \f "Symbol" \s 10 \h�	The equipment logging system will lack multi-use flexibility,

�SYMBOL 183 \f "Symbol" \s 10 \h�	Ancillary status fields will be required to tell the whole story, and

�SYMBOL 183 \f "Symbol" \s 10 \h�	Equipment status change events will be too vague to be useful.



If statuses are defined too tightly (e.g., "Clean enough for pre-pasteurized intermediates of non-sterile products but calibration expired"):



�SYMBOL 183 \f "Symbol" \s 10 \h�	Rules for status transitions will be unwieldy,

�SYMBOL 183 \f "Symbol" \s 10 \h�	Status descriptions will be cryptic, and

�SYMBOL 183 \f "Symbol" \s 10 \h�	Appropriate manual status transitions will not be intuitive.



The proper use of statuses is application-specific and must be carefully considered.  In general, statuses need to be concise enough to be understandable and specific enough to be meaningful.  Ancillary status fields will usually be required for a complete description.

Transition Rules

Transitions from one equipment status to another are based on the event and time triggers described earlier.  Since equipment statuses are the basis for equipment qualification, strict rules must be applied to prevent assigning the wrong status.  Rules for transitioning from one equipment status to another are depicted in many ways.  Often, the most useful depiction is a simple matrix (see Figure 1).  Other useful formats include decision trees, flowcharts, and state transition diagrams.



Valid equipment status transitions in complex processes cannot be determined based upon the current equipment status alone.  For example, it may be valid to use unsanitized equipment, but only for another batch within the same campaign.  In this example the “Last Campaign ID” and the “Next Campaign ID” are considered along with the current equipment status.  As such considerations are incorporated into equipment status transition rules, the operating unit is granted more latitude in optimizing production.



Equipment status transitions are further complicated by precedences in transition rules.  For example, clean status expiration dates may be superseded by campaign expiration dates while the equipment is allocated to a batch.  In this example the normal transition from clean status is inhibited until the equipment is released.

�





FIGURE 1:  VALID EQUIPMENT STATUS TRANSITIONS EXAMPLE



CURRENT�NEW STATUS��STATUS�In Use�Empty�Dirty�Rinsed�Cleaned�Sanitized�Out of Service��In Use�no�Rule � SEQ rule \* MERGEFORMAT �1��OK�Rule � SEQ rule \* MERGEFORMAT �2��no�Rule � SEQ rule \* MERGEFORMAT �3��OK��Empty�Rule � SEQ rule \* MERGEFORMAT �4��OK�OK�no�no�no�OK��Dirty�Rule � SEQ rule \* MERGEFORMAT �5��no�OK�no�no�no�OK��Rinsed�Rule � SEQ rule \* MERGEFORMAT �6��no�OK�OK�no�no�OK��Cleaned�Rule � SEQ rule \* MERGEFORMAT �7��no�OK�no�OK�no�OK��Sanitized�OK�no�OK�no�OK�OK�OK��Out of Service�no�OK�OK�OK�OK�OK�OK��

Rule 1:	Transition allowed only when the Clean expiration date is not “Never”and the active recipe is not a cleaning recipe.



Rule 2:	Transition allowed only when the active recipe is a rinse recipe. 



Rule 3:	Transition allowed only when the active recipe is a sanitization or full-CIP recipe.



Rule 4:	Transition allowed only when the new recipe is a cleaning recipe or is the same as the last product, the campaign has not expired, and in-campaign cleaning is not required for this process class / recipe instance / product combination.

.
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Enforcing the Rules

The degree to which an integrated equipment logging system attempts to enforce status transition rules largely determines the complexity of the system.  While additional complexity usually translates to additional project cost, the investment is likely to generate higher data integrity.  The complexity decision is a strategic one and should be made as early as possible in the project lifecycle.  Factors that influence the decision may include such items as:



�SYMBOL 183 \f "Symbol" \s 10 \h�	The potential cost of equipment logging errors,

�SYMBOL 183 \f "Symbol" \s 10 \h�	The cost of defining, designing, implementing, and testing the equipment logging system,

�SYMBOL 183 \f "Symbol" \s 10 \h�	The degree of rigidity desired in manufacturing procedures,

�SYMBOL 183 \f "Symbol" \s 10 \h�	Training and maintenance costs.

�SUPPORTING DATA

Equipment-Specific Data

Equipment-specific data needed to qualify equipment for pharmaceutical manufacturing includes both static and situational data.  Static data includes:



Equipment Class

Equipment Characteristics (size, lining material, etc.)

Maximum duration of Sanitized status

Maximum duration of Clean status

Maximum duration of Calibrated status



Situational data includes:



Current Equipment Status

Last or current Campaign/Lot/Batch

Last or current product and/or production role

Calibration Expiration Date

Clean Expiration Date

Sanitization Expiration Date

Name of the individual who last cleaned the equipment



The raw data needed to assemble this information often resides in more than one location and in more than one format.  There are three ways to address this problem:



Query remote databases for data to be used in equipment evaluation.

Evaluate equipment suitability in multiple locations, with each evaluation resulting in a “go / no-go” decision.

Consolidate data by manual entry in multiple locations.



All of these approaches are useful in implementing integrated equipment logging at a reasonable cost and without undue disruption of existing systems.

Role-Specific Data

The key to maximum flexibility in equipment usage is defining equipment qualifications based on the equipment’s role in production.  This allows, for example, use-specific treatment of equipment that only comes in contact with purified water in one recipe but contacts finished product in another.



Coordination control in flexible batch applications provides the “hooks” needed to determine and utilize information about the equipment’s role in production.  Role-specific data provides the mechanism for adapting status transition rules to specific equipment circumstances.  Role-specific data is indexed by Product ID and Instance Name (or Process Class) and includes:



Minimum equipment status required for intra-campaign use

Specific cleaning procedures or cleaning recipes required for post-use equipment status transitions

Records of Equipment Cleaning, Maintenance, and Use

The electronic equivalent of an entry in a written equipment log is a record in the equipment log database.  In a well-modeled system, the only types of records present in this database will be equipment status transitions and ad hoc user comments.  Records in the equipment log database include all of the data needed to support status transitions, even when this data is redundantly stored in other locations.  This redundancy is offers two distinct advantages:



Data supporting production can be archived and retrieved in a standalone format, and

Independent evolution of the production system is simplified.



All records in the equipment log database include a date/time stamp along with data fields, including:



“From” status

“To” status

Lot number

Recipe ID

Role (instance)

Expiration dates (calibration, sanitized status, clean status)

Comment

Done By / Checked By

Tying it All Together

As with most other control system functionality, integrated equipment logging is monitored and controlled from an operator workstation.  When a batch is initiated from a workstation, the batch engine evaluates equipment for allocation.  This standard equipment evaluation considers information about unit suitability (class, size, etc.) and availability that is not specific to the equipment’s recent history and intended use.  This evaluation is augmented by a custom evaluation routine that considers more esoteric factors in accepting or rejecting equipment candidates.  In the process, this custom evaluation routine queries other databases for the equipment-specific and product-specific information that must be considered.



Once the equipment arbitration process is complete, manual phases in the recipe are used to synchronize the logged equipment status with the actual equipment status.  The execution of these phases provides the mechanism for displaying inspection instructions, recording operator comments, and recording “Done By / Checked By” identities.  Based on equipment inspection, operators are authorized to change the recipe-specified status to any other valid status (e.g., a lesser form of “Clean”).



A database entry form at the workstation permits ad hoc additions to the equipment log.  The data entry form includes functionality that ensure that only valid status transitions are selected.   The database entry is not needed for routine operations, but is always accessible for entering comments and logging status transitions triggered by manual events.



The final piece of the system handles time-triggered events.  On a regular basis, equipment time limits (for calibration, sanitization, and clean status) are evaluated for expiration.  When any expiration is detected, the equipment status is automatically downgraded and an alarm is generated.

�SUMMARY



A complete and accurate equipment log is required for pharmaceutical manufacturing by the U.S. Code of Federal Regulations.  The intent of this requirement is to ensure that equipment used in pharmaceutical production is qualified for use.  For multi-product, multiple path processes, equipment logging is a complex task regardless of what methods are employed.  Integrated information systems, using  relational database technology, are capable of automating this task.



Equipment coordination control in a flexible batch control system provides the framework needed to make integrated equipment logging possible.  By leveraging the equipment usage events exposed by an S88 compliant control system, equipment status transitions can be monitored and controlled.



Designing and implementing  an integrated information system for equipment logging is a very complex endeavor.   Careful and thorough requirements definition and design, with both strategic and “real-world” constraints considered, are essential to success.  The result is well worth the effort invested.  Once fully integrated, the electronic equipment log is more accurate and requires much less effort to maintain than the traditional written log.
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