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[bookmark: _Toc56776102]Introduction
In this assignment I will be looking at a problem encountered within my place of work and will apply the define measure and analyse stages of the DMAIC methodology.
The problem occurred to the air changes requirements in the EOL, End Of Line business unit in particular the clean rooms. 
The contents of this assignment and any and all relating documentation and references are confidential and property of Zimmer Biomet.

[bookmark: _Toc56776103]Background
Zimmer Biomet was established in April 2014 when Zimmer purchased Biomet Inc for $13.4 Billion. Zimmer Biomet is the world’s third largest medical device company, employing 18,200 people in more than 40 countries across the world and selling products in more than 100 countries. In 2019 Zimmer Biomet had a revenue exceeding $8 Billion dollars. Zimmer Biomet designs, develops and manufactures orthopaedic products including, Hips, Knees both partial and full, ankles, wrists, elbows and dental prostheses. In Bridgend, the UK’s only manufacturing plant, Zimmer Biomet employs approximately 700 people with a range of skills and specialties including engineering, NPD, quality, manufacturing, validation, biology, facilities and maintenance. Bridgend currently adopts a 24/7 and 24/5 shift working patters consisting of 4 12 hour shifts on and four days off and 5, 8 hour shifts of mornings, afternoons and nights. 
The plant is generally split into two distinct areas, manufacturing operations and EOL. Manufacturing is where all products are machined, polished, etched and coated. EOL is where all the product is sterilized and cleaned before being sent away to customer via a stock location unit in Holland. 
The clean rooms located within EOL were manufactured and specified as an ISO Class 7 Cleanroom Suite, 















[bookmark: _Toc56776104]Define
[bookmark: _Toc56776105]Problem Statement
During review of “Process Specification” PS No. 146 Cleanroom Process Specification Rev. 5 
[image: ]
(Biomet, 2020)
On 28 Sept 2020, the Bridgend Engineering Services Manager “myself” identified that supplier CDC Facilities Management had been erroneously sending the airflow reports to a Zimmer Biomet colleague based at a different site. On review of the provided reports from April and August 2020, it was identified that there were out of specification (OOS) results for the air change rate to PS No 146 where the Air Changes per hour are required to be between 25-40AC/hour for the following areas: 
The reports for April 2020 shows that the Change room 2 actual reading was 24.6 AC/H 
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(management, 2020)
[bookmark: _GoBack]The reports for August 2020 shows that the Sterile pack 1 actual reading was 24.9 AC/H and Change room 2 actual reading was 24.6 AC/H 
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(management, 2020)
The problem has been chosen because after a random question by the managing director about clean room specifications it became evident that there were no reports for the above services available to the Engineering Services Manager, myself, to ensure that the clean rooms were still meeting the standards set out in GES09811 and in particular ISO Class 7.
The current scope for this is the time period of Jan 2020 – August 2020.

[bookmark: _Toc56776106]Supplier of clean room and validation

CDC were the suppliers chosen to build and validate the clean room to the specification mentioned in GES09811. Part of the service provided by CDC is to carry out regular servicing on the AHU’s and in particular measurement of the air changes per hour in all of the clean room suites. CDC usually carry this out every three months, quarterly. Once CDC finish the service they send out a report to the key stake holders and relevant managers. The reports are reviewed to ensure conformity to the standards set out in GES09811 and if there are any deviations then an investigation must begin to understand why the deviation has happened and how to stop it from happening again. 

[bookmark: _Toc56776107]GES09811 Specification 
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(Services, 2017)

[bookmark: _Toc56776108]Data collection

An air change is how many times the air enters and exits a room from the HVAC Heating Ventilation and Air Conditioning system in one hour, how many times a room would fill up with the air from the supply in sixty minutes.
The fan/motor within the AHU Air Handling Unit pulls the air through the system, it then goes through, 2 sets of pre-filters within the AHU and through final filtration which is located inside the terminal ceiling mounted HEPA filters.







[bookmark: _Toc56776109]AHU Diagram
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(Kosik, 2019)
The air changes are controlled via a fan/motor within the Air Handling Unit, AHU and pulls the air through the system, it then goes through, 2 sets of pre-filters within the AHU and through final filtration which is the terminal ceiling mounted HEPA filters.

[bookmark: _Toc56776110]Process Flow
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[bookmark: _Toc56776111]FMEA AHU/Air Changes
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With the FMEA and knowledge that the AHU’s are serviced by contractor CDC it is possible to now look at data highlighting any issues that may be effecting the air changes per hour. 

[bookmark: _Toc56776112]Measure

[bookmark: _Toc56776113]Data collection plan

What
The service reports for the AHU’s. The reports are in depth maintenance logs of exactly what is undertaken on a frequency. It will show filter changes, tests, service reports and highlight any obvious or hidden issues around the AHU’s.
Biomet Bridgend AHU Pre Planned Maintenance report
Why
Service reports will provide an overview of the operation of the AHU’s. It will also provide data to ensure that the output of the AHU’s meets the specification required within PS 146 Rev 5.

Who

The responsibility for this data collection belongs to the Engineering Services Manager.


How

Data is collected by means of an email from the service contractor and then stores on an internal database

When

Services are carried out quarterly, the reports will be sent every three months.

Where

The reports will be collected on site at Bridgend.


[bookmark: _Toc56776114]Service reports
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(management, 2020)
There is no clear and obvious issue with the service reports highlighting problems with the AHU’s. 
However a requirement of the PS 146 Rev 5 is to have air changes per hour of 25 – 40 Air Changes per Hour. 











[bookmark: _Toc56776115]Air change readings April 2020
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(management, 2020)
The reports for August 2020 shows that the Sterile pack 1 actual reading was 24.9 AC/H and Change room 2 actual reading was 24.6 AC/H 

[bookmark: _Toc56776116]Air change readings August 2020
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(management, 2020)
The reports for April 2020 shows that the Change room 2 actual reading was 24.6 AC/H
The reports for August 2020 shows that Sterile pack 1 actual was 24.9 AC/H and Change room 2 Actual was 24.0 AC/H
There is no evidence to suggest that the AHU’s have failed. Further data will be required and data would be needed to understand how the clean rooms are operated within Zimmer Biomet Bridgend.

[bookmark: _Toc56776117]Data collection plan continued
Further data is required
What
The validation report for clean rooms to meet requirements of ISO Class 7 and any other documentation to suggest that the air changes per hour meet the requirements specified in the monitoring of End Of Line processes. 
Validation report
SOP 094
GES 09811
PS 146
Why
The documents will provide data to allow the continuation of running End Of Line processes within specification as defined.

Who

The data will be collected from contractors and Zimmer Biomet internal procedures.


How

Data is collected by means of an email from the service contractor and then stores on an internal database and also by Zimmer Biomet internal quality management system.

When

Services are carried out annually. 
Where

The reports will be collected on site at Bridgend.



PS 146 Cleanroom process specification Air Change Rate/Air Flow Velocity requirement is 25-40AC/H which is what is required to operate at ISO7 requirements. This is what the clean room was built to achieve if required. 



[bookmark: _Toc56776118]Validation report
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Further reading of PS 146 identified that the monitoring for bioburden control is defined within the document SOP 094.
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(Biomet, 2020)

When reading SOP 094 it is evident that although the clean room suites were manufactured and specified as an ISO class 7 suite, it is currently run as an ISO class 8 suite.
 
[bookmark: _Toc56776119]SOP 094
[image: ]
PS 146 Cleanroom process specification Air Change Rate/Air Flow Velocity requirement is 25-40AC/H which is what is required to operate at ISO7 requirements. This is what the clean room was built to achieve if required. However, the operational specification of the cleanroom in production at Bridgend is ISO8 as defined by SOP 094 currently being run as an ISO Class 8 Cleanroom suite as per BS EN ISO 14644 and GES09811.

The cleanroom suite was manufactured and specified as an ISO Class 7 Cleanroom Suite, but is currently being run as an ISO Class 8 Cleanroom suite as per BS EN ISO 14644. The number of air changes required in this state is 20 AC/H. 

CDC carry out quarterly services of the room Air Changes. The reports show that the AC/H were below that stated in PS146 in April Change room 2 = 24.6 AC/H. August Sterile pack 1 = 24.9 AC/H and Change room 2 = 24.0 AC/H which are all lower than the ISO7 requirement. However, the room is still shown to operate to the requirements of ISO Class 8 with an Air Change per hour requirement equal to or greater than 20 AC/H. This is documented in GES09811 Bioburden control-Cleanroom classified areas. 

[bookmark: _Toc56776120]GES09811 Specification 
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(Services, 2017)


At no point in any of the reports, April and August has the AC/H dropped to below the requirements of ISO8 (20 AC/H). 
This was identified after asking CDC to send the reports to the Engineering Services Manager after looking into the AC/H requirements for the clean rooms in Bridgend. The recipient of the reports was a Mike.Lewis@zimmerbiomet.com who works in the US. The Engineering Services Manager, who should have been correct recipient of the reports is Michael.Lewis2@zimmerbiomet.com, working in Bridgend.

Update to PS 146 has now been completed, (PS 145 Rev 6) AC/H need to be equal to or greater than 20 AC/H and that Air change rate is specified within GES09811. PS 146 updated also show the requirements of ISO Class 8 and that the air changes per hour AC/H need to be equal to or greater than 20 AC/H


[bookmark: _Toc56776121]Updated PS 146
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(Biomet, 2020)
There is no risk to patient safety. 
The AC/H were below the requirements of PS 146 but were within specification for GES 09811. The cleanroom suite at Zimmer Biomet Bridgend was manufactured and specified as an ISO Class 7 Cleanroom Suite, but is currently being run as an ISO Class 8 Cleanroom suite as per BS EN ISO 14644 PS 146 Updated to align with GES09811.
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Engineering Specification

GES09811

Bioburden Control — Cleanroom and Classified Areas
Revision: 1

Effective Date: 24 Jul 2017

Engineering
Specifications Table 1 outlines minimum design specifications, or Critical Process Parameters, for controlled environments

(Note: Exceptions may be authorized by Sterilization Technology with appropriate rationale where need is
demonstrated.)

Design Specifications:

Intended
ded | 150 Class5 | 1SOClass6 | 1SOClass7 | 1SO Class 8 ;
Classification (100, Oro00r o000, 100,005 | White Room | - Grey Room
I Designation
Environments for Upgrade staging
Environments | Environments for | implant packaging | Primary sterile | _area; polymer
Forallaseptic | adiacentto aseptic | implant and assembly. packaging | formulation, polymer
Intended Use : | ;
processing processing packaging and | packaging non-sterle | component molding; and
assembly implanis; Gowning storage | polymer machining
rooms (See Note 1)
Partodats Lovels | SPoaiod e W eel IS0 TABHE [Tkt o 0. o paiies A
Airchanges per | 02-05 misec
hour (See Note 3) =20 240 e i
Differential A Pressure diferential ill exist across the barier between the cleaner zone towards the less clean | -osiive 1o adfacent
Pressure zone (e.q. 10 class 6 10 1SO class 7) as per ISO 14644-4. (See Note 2) (Target2 0.0111C)
Separate Gown Yoo No. designated area in room s
Room Required suffcient
Environmental | Temperature and Humity wil be monitored and controlled. Target — Temperature | Personal Comfort (Unless Process
Parameters 180 25°C (65 to 77°F); Humidity 30 to 65% Driven)

g operations that are performed on dedicated machines (ig, poly only)

Notes: | 1. Grey rooms are not required for polymer moldingimach
its

and include a vlidated clean and dry process that meets GES 09802 Implant Residual Material and Endotoxin
requirements. However, UHMWPE polymer blending and filingsealing of the molds will be done in a grey room

2. Pressure Differential; (Target) Gown Room to Neutral wil be = 2 Pa (2 0.01 WC): Higher dlassification Controlled Environment to
Lower dlassification Controlled Environment (5o, Gown Room) will be 2 10 Pa or 2 0.04 WC); Controlled Environment (nan Gown,
Room) to Neutral will be 15 Pa or > 0.06 WC). Adjacent rooms with the same classification wil have room pressure positive to
outward flow with the exception of areas where process flow is negative due to fisk of cross-contamination to other areas:Ba =
Pascal: WC = Water Column inches.

3. The average velocity s specified in unidirectional airflow clean rooms and is calculated as an average across the entrance plane of
the whole celing (or wall) IEST-RP-CC123 2 Considerations in Cleanroom Design
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7.1.5 Packaging Microbiological Monit

Product packaging will be monitored for bioburden on a monthly basis using the limits set as per
the rules in SOP094. The action and alert limits have been documented as per the process in
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121 The routine monitoring and testing processes performed in the cleanroom
is documented in Section 6 - Responsibilities above.

122 Samples must be collected and dispatched as per this procedure and in a
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for UK and US laboratories is described in Appendix 11.1.

123 The cleanroom suite was manufactured and specified as an ISO Class 7
Cleanroom Suite, but is currently being run as an 1SO Class 8
Cleanroom suite as per BS EN ISO 14644
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Level 3 Document - Bridgend Cleanroom Process Specification
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7.1.2  Air Change Rate/Air Flow Velocity
Area Air Change Rate (AC/Hour)

All Cleanroom Areas 220

Air change rate is specified within GES09811
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