ANATOMY OF AN ETHYLENE OXIDE

STERILIZATION PROCESS

TECHNICAL TIP #10

There are many advantages to understanding an ethylene oxide
(EO) sterilization process when considering the different
sterilization options. A knowledge of the process may prevent
unnecessary product testing or may identify product changes
which may be required prior to attempting to sterilize with EO.
The following information, although generic in nature, is designed
to provide basic information on the ethylene oxide sterilization
process.

The EO sterilization process has been employed by the health
care industry to sterilize medical devices since the early 1940s
(Griffith and Hall — 1940, 1943)". Although not as well controlled
as the processes of today, the anatomy of the process itself
remains remarkably similar to the earlier process designs. One
can attribute these similarities to the nature of the gas itself.

Simple But Effective

In its pure form (100 percent), EO vapor is flammable and
explosive when allowed to mix with as little as a 3 percent air by
volume®. To safely utilize the gas as an industrial sterilant, the
process is designed using cycle phases which are delivered in
such a manner that will never allow the process to enter into an
unsafe condition. The process may be described in a very simple
form as follows:

e Using a vacuum-tight chamber, an initial vacuum is drawn to
remove air and prevent an unsafe mixture when EO is
injected. After the vacuum is complete, moisture, usually in
the form of steam, is added to the chamber to replace that
moisture which is lost during the initial vacuum phase.

e Next in the sequence is the introduction of the EO gas to a
predetermined concentration. The concentration has been
selected to assure an adequate sterilization process is
delivered. Finally, after the product is allowed to soak in the
EO for a controlled and predetermined amount of time, a
series of washes is performed to rid the chamber of the EO. A
wash consists of pulling a vacuum followed by a
pressurization with an inert gas, which is usually nitrogen. The
vacuum and pressurization processes are repeated for a
predetermined number of repetitions until the chamber
atmosphere is below the flammability limit of 3% for EO.

S TERISE

—_——
—
——
——
—

Isomedix Services

A Simple EO Process In Detail
1. Environmental Preconditioning

Most of the sterilization processes of today start with conditioning
of the products to be sterilized outside of the sterilization
chamber. Preconditioning is usually performed in a room which
has been specially designed to heat and humidify the products to
a stable internal temperature and moisture content prior to
entering the chamber. This will assure that the sterilization
process is reproducible regardless of external influences such as
varying climatic conditions.

Iltems for consideration:

o Be aware of the need to heat and humidify the product for 12
to 72 hours. Packaging integrity and its ability to withstand
preconditioning conditions of a nominal 118°F (47°C) and 65
percent relative humidity must be taken into consideration.
Emphasis should be placed on corrugate strength and
stability over time in the harsh environment.

e Once preconditioning is complete, the products are placed in
a heated chamber which has been designed to withstand the
extreme pressures realized when delivering the sterilization
process.

2. Initial Evacuation

To safely deliver the 100 percent EO process, at least 97 percent
of the air must be removed from the chamber. Today, the two
most common methods of accomplishing this requirement are (1)
pulling a deep vacuum, or (2) performing a series of partial
vacuums followed by a series of nitrogen injections. This
combination, when performed using an adequate number of
repetitions, will purge (remove) the air, thus allowing the process
to be performed safely.

Iltems for consideration:

e The initial vacuum rate is designed and controlled for the
product and its ability to withstand pressure changes. The
evacuation rate is selected to assure package integrity is
maintained by allowing the air trapped inside the package to
vent without destroying the seal integrity. This will assure that
the package’s sterile barrier properties are maintained, thus
ultimately protecting the sterility of the product once the
process is complete.



e The amount of negative pressure (vacuum) designed into
the process is dictated by the pressure sensitivity of the
product. Some devices and/or components are not designed
to withstand deep vacuums and/or high pressures.
Subjecting them to the extreme pressures required to deliver
a deep vacuum or 100 percent EO process will result in
burst packaging and damaged products.

e For those pressure sensitive products, the shallow vacuum
or nitrogen soft cycle is utilized for processing. During a
nitrogen soft cycle, an initial shallow vacuum is drawn
followed by a nitrogen injection. The combination of the
vacuum and nitrogen injection is called a nitrogen wash. This
process is repeated several times (several nitrogen washes)
to assure an adequate removal of air from the vessel.

e Although less demanding on packaging seal integrity, the
nitrogen soft cycle is the less desirable when compared to
the 100 percent EO process. By performing the additional
washes, which are required for safety purposes, additional
time is added to the total process. This delays product
release and, when using a contract sterilization service, adds
additional cost which is based on actual sterilizer time.

3. Humidification

The total inactivation of microorganisms using EO is attained
when sterilizing conditions are met within the chamber. The four
active ingredients required to deliver a successful process are:
e Heat

e Moisture

e Gas concentration

e Time

During the previous preconditioning step, heat and moisture
were added to the product to a predetermined or stable
condition. When the initial evacuation phase of the process is
performed, the product can lose a significant amount of
moisture. This moisture must be replaced prior to introducing
the EO. This is accomplished by adding humidity in the form of
steam injections. The amount of steam required is calculated to
yield a predetermined relative humidity®. After the addition of
steam, the product is allowed to dwell or soak for the amount of
time required to replace the moisture lost from the evacuation
phase.

ltems for consideration:

e The humidification phase of the process can subject the
product to elevated levels of moisture and heat. Care should
be taken when selecting packaging to assure that the
corrugate strength is adequate to withstand the process.

e The levels of moisture are determined by the process design
scientist to assure adequate moisture content within the
product for sterilization purposes. Care is exercised to
prevent overheating when injecting steam. It is extremely
important to identify any temperature limitations prior to initial
process design. If necessary, the process design scientist
can adjust cycle parameters of an existing processes to
compensate for product sensitivity to heat. The cost of the
adjustment may be added time to the entire process.

4. Gas Injections and Gas Dwell

After the humidification phase, liquid EO is first heated into a
gaseous phase, then injected into the chamber. The amount of
gas or gas concentrationsis dependent on two primary factors
which are addressed during cycle design.

The most important factor is to assure that the minimum gas
concentration required to achieve sterility within the product is
attained. This minimum concentration must be balanced against
the second factor, which is the maximum amount of gas that
can be injected before difficulties arise due to high levels of
post-sterilization EO residuals.

After the gas has been injected, the exposure phase of the
process is performed. This is the phase in which the product is
exposed to heat, relative humidity, and gas for a predetermined
amount of time. As a rule of the thumb, the more difficult the
product is to sterilize, the longer the exposure time. The amount
of exposure time is determined by the process design scientist,
after careful analysis of the product, load configuration, and
desired level of sterility. Preliminary laboratory experiments may
be needed prior to validation execution.

Iltems for consideration:

e The time expended for the exposure phase of the process is
dictated by the ability of the gas to penetrate or soak into all
areas of the product required to be sterile. Careful
consideration of the sterilization method during product
design will ultimately result in an optimized sterilization
process, which will save time as well as reduce the costs of
processing.

5. Postexposure Gas Purge and Air Inbleed

After the exposure phase of the process, all gas must be
removed from the chamber until the levels of EO fall below the
flammable limit for the gas (3 percent or 30,000 ppm). This is
accomplished by performing a series of post-vacuums, each
followed with a nitrogen backfill (wash).



A maximum working pressure for the washes is selected by the
process design scientist to assure that the products, which may
have been softened during the exposure phase of the process,
will not be damaged. An ample number of washes is performed
to reduce product residues and facilitate safe handling of the
product after processing.

ltems for consideration:

e Postexposure washes are very similar to the washes
performed during initial evacuation for shallow vacuum
nitrogen soft cycles. However, in the case of the 100 percent
EO processes, the procedure is similar but deeper vacuums
are utilized.

6) Heated Aeration

To reduce the amount of residence time in the vessel, products
after sterilization are usually placed in a heated room for
additional removal of the residual gases. The rooms are
maintained at elevated temperatures and the outgassed residues
are continuously removed from the room and scrubbed. The
aeration rooms help contain any airborne EO and continually
reduce the in-product residues. After aeration, the load is moved
to the warehouse for storage until release.

Iltems for consideration:

e The additional aeration time and heat accelerates the
outgassing process. The amount of time required to clean the
products is a factor of the product material composition and
the intended use of the device (blood contact, mucus
membrane contact, topical, etc.). New guidelines are due to
be published from the Association for the Advancement of
Medical Instrumentation (AAMI), which will provide additional
guidance for the ISO 10993-7* standard currently in use in the
United States and on international markets.

References

1. Griffith and Hall, L.A. 1940, Sterilization Process. US Patent
No. 2, 189,947. Griffith and Hall, L.A. 1943, Sterilization
Process, US Patent No. re. 22,284

2. 1984 Flammability Data on EO-N2-Air Mixtures at 1
Atmosphere, Danbury, CT, Union Carbide, 1984

3. AAMI TIR No. 15 — 1997. Ethylene Oxide Sterilization
Equipment, Process Considerations, and Pertinent
Calculations

4. 1SO 10993-7, Biological evaluation of medical devices — Part
7: Ethylene oxide sterilization residuals, International
Organization of Standardization, 2008

For more information, please contact:

STERIS Isomedix Services
5960 Heisley Road

Mentor, Ohio 44060
877.783.7479
www.isomedix.com

TechTip 10: 11/09, Rev 2

STERIS

)i

Isomedix Services




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



