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Accelerated Aging of Sterile Medical Device Packages
This standard is issued under the fixed designation F 1980; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope chrometer (The Measurement of Wet- and Dry-Bulb Tem-
1.1 This guide provides information for developing accel- _Perature$

erated aging protocols to rapidly determine the effects, if any, F 88 Test Method for Seal Strength of Flexible Barrier
due to the passage of time and environmental effects on the Materials

sterile integrity of packages and the physical properties of their F 1140 Test Methods for Failure Resistance of Unrestrained
component packaging materials. and Nonrigid Packages for Medical Applicatiéns

1.2 Information obtained using this guide may be used to F 1327 Terminology Relating to Barrier Materials for Medi-
support expiration date claims for medical device packages. _Cal Packaglnﬁ _ _ _ _
1.3 The accelerated aging guideline addresses the primary F 1585 Guide for Integrity Testing of Porous Barrier Medi-
medical package in whole and does not address the package cal Packagés _ _ _
and product interaction or compatibility that may be required F 1608 Test Method for Microbial Ranking of Porous Pack-
for new product development. Package and product compat- 29ing Materials (Exposure Chamber Metifod)
ibility and interactions should be addressed as a material F 1929 Test Method for Detecting Seal Leaks in Porous
analysis process before package design. Medical Packaging by Dye Penetratfon
1.4 Real-time aging protocols are not addressed in this 2.2 AAMI Standards: _ _ _
guide; however, it is essential that real-time aging studies be ANSI/AAMI/IISO 11607, Packaging for Terminally Steril-
performed to confirm the accelerated aging test results using zéd Medical Devices o o _
the same methods of evaluation. AAMI TIR 17-1997, Radiation Sterilization—Material
1.5 Methods used for package process validation, which Qualificatiorf
include the machine process, the effects of the sterilizatio%_ Terminology

process, distribution, handling, and shipping events, are be- o o ]
yond the scope of this guide. 3.1 Definitions—For general definitions of packaging for

1.6 This standard does not purport to address all of themedical devices see ANSI/AAMI/ISO 11607. For terminology
safety concerns, if any, associated with its use. It is thdelated to barrier materials for medical packaging see Termi-

responsibility of the user of this standard to establish appro-n0logy F 1327. . _ _
priate safety and health practices and determine the applica- 3-2 Definitions of Terms Specific to This Standard:

bility of regulatory limitations prior to use. 3.2.1 accelerated aging (AAn—storage of samples at an
elevated temperaturd f,) in order to simulate real time aging
2. Referenced Documents in a reduced amount of time.
2.1 ASTM Standards: 3.2.2 accelerated aging factor (AAFn—an estimated or
D 3078 Test Method for Determination of Leaks in Flexible c@lculated ratio of the time to achieve the same level of
Packaging by Bubble Emission physical property change as a package stored at real Rje (
D 4169 Practice for Performance Testing of Shipping Con<onditions. .
tainers and Systerfis 3.2.3 accelerated aging temperature {J), n—the elevated
D 4332 Practice for Conditioning Containers, Packages, ofemperature at which the aging study is conducted, and it may
Packaging Components for Testing be based on the estimated storage temperature, estimated usage

E 337 Test Method for Measuring Humidity with a Psy- temperature, or both. _
3.2.4 accelerated aging time (AATh—the length of time

the accelerated aging is conducted.
3.2.5 ambient temperature gh), n—storage temperature
1 This guide is under the jurisdiction of ASTM Committee FO2 on Flexible
Barrier Materials and is the direct responsibility of Subcommittee F02.60 on
Medical Packaging. _—
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for real-time aging RT) samples that represents storage con+elative humidity or for checking the hygrometer (see Test
ditions. Method E 337).

3.2.6 package shelf lifen—the amount of real time that a 5.3 ThermometerAny temperature-measuring device may
package can be expected to remain in storage at ambiebe used provided it can accurately indicate the temperature to
conditions, or under specified conditions of storage, andvithin 0.1°C or 0.2°F. The dry-bulb thermometer of the
maintain its critical performance properties. psychrometer may be used either for direct measurement or for

3.2.7 real-time aging (RT,)n—storage time of samples at checking the temperature-indicating device.
ambient conditions. )

3.2.8 real-time equivalent (RTE)r—amount of real-time 6 Accelerated Aging Theory
aging to which given accelerated aging conditions are esti- 6.1 Accelerated aging of materials refers to the accelerated

mated to be equivalent. variation of their properties over time, the properties of interest
3.2.9 zero time (§), n—the beginning of an aging study.  being those related to safety and function of the material or
3.3 Symbols: package.

6.2 In an aging study, the material or package is subjected to
an external stress, which is more severe, or more frequently

Qo = ?enngirr;% IgCtor for 10°C increase or decrease ingpplied than the normal environmental stress, for a relatively
_ . . short period of time.

?“ _ telgjsgetrrz;t:ljsrﬁig; \z-:‘hrlr?he?am?et:enal melts. 6.3 Accelerated aging techniques are based on the assump-

T _ glpha temperature; ﬁeat distortion temperature tion that the chemical reactions involved in the deterioration of

materials follow the Arrhenius reaction rate function. This
4. Significance and Use function states that a 10°C increase or decrease in temperature

. . f a homogeneous process results in approximately, a two
4.1 The loss of package integrity may occur as a result .Ofi)mes or ¥>-time change in the rate of a chemical reaction

physical properties of the materials and adhesive or cohesw@ )’
bonds degrading over time and by subsequent dynamic events1? -

during shipping and handling. 6.4 Determining th&),,involves testing products at various

“ temperatures and defining the differences in reaction rate for a
4.2 The ANSI/AAMINSO 11607 states @hat, the ’.“a'."“f"’.‘c' 10° change in temperature. Modeling the kinetics of material

turer shall demonstrate that, under the rigors of dlstrlbutlonCleterioration is complex and difficult and is beyond the scope

storage, handling, and aging, the integrity of the final packag%f this guide®

is maintained at least for the claimed shelf-life of the medical '

device under storage conditions specified by the manufacturey, Accelerated Aging Plan

as I%ng aslth.e packgge is undamaged 9(; unﬁpeged. d 7.1 Characterization of Materials-AA theory and its ap-
eni.urengzlt t;:)r:\gk:ggén?ngtreor?ezli,m;nc?rgglcki\gteeinteegsrtity %tg :&gcation are directly related to packaging material composi-
. tion. Some areas for consideration are:
7.1.1 Composition,

degrade over time. However, due to market conditions in
which products become obsolete in a short time, and the need7_1_2 Morphology (glassy, amorphous, semi-crystalline,
ighly crystalline, % crystallinity, etc.),

to get new products to market in the shortest possible time, rezhl
7.1.3 Thermal transitionsT(, Tg, T,),

time aging studies do not meet this objective. Accelerated
aging studies provide an alternative means. To ensure that7_1_4 Additives, processing agents, catalysts, lubricants,
sidual solvents, and fillers.

accelerated aging studies do truly represent real time effect;e
7.2 Accelerated Aging Plan-Design Guidelines

real time aging studies must be conducted in parallel to
2&?;'5:1&;?%?:?%9; tiiaémﬁcsttumes must be carried out o th('37.2.1 Te_mperature boundaries, based on the charac_terizatipn
4.4 Conservative accelerated. aging factors (AAFs) must bOf the device and pac_k age materials, must b_e considered in
use.d if little is known about the package material beinggrde.r to ensure that initial, conservative aging factors are
evaluated. More aggressive AAFs may be used with doCu<'31ppl|ed approprla_tely: The temperatures used shquld be based
mented e\./idence to show a correlation between real time a on the character|zat|on_ Qf the packgglng materlals .and the
accelerated aging n tendeq_ storage condlt'lons. Mgterlal characterization apd
' composition are factors in establishing the accelerated aging
Note 1—Determining AAFs are beyond the scope of this guide. temperature boundaries. Temperature selection should be lim-
ited to prevent any physical transition of material.
5. Apparatus 7.2.2 Room or Ambient Temperature {J—Select a tem-
5.1 Room (or Cabinet)of such size that sample containers perature that represents the actual product storage and use
or packages may be individually exposed to circulating air atonditions.
the temperature and relative humidity chosen.
5.1.1 Control Apparatuscapable of maintaining the room at
the required atmospheric conditions within the tolerance limits. °Hemmerich, Karl J., “General Aging Theory and Simplified Protocol for
5.2 Hygrometer—The instrument used to indicate the rela- ?&;j’ﬂgi‘t’ l’;g'ggp;’f yedioal Devices Medical Plastics and Biomaterials
tive humidity should be accurate to2 % relative humidity. A ° Nelson, Wayr;e, “Accelerated Testing Statistical Models, Test Plans, and Data
psychrometer may be used either for direct measurement @halyses,” John Wiley and Sons, New York, 1999.
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Note 2—This temperature is typically between 20-25°C. A tempera-however, consideration must be given to maximizing patient
ture of 25°C is considered a conservative approach. safety since the necessary information to obtain a more
7.2.3 Accelerated Aging Temperature (JJ—Considering accurate and aggressive shelf-life prediction is not readily
the characterization of the materials under investigation, seleetvailable.
a temperature for the accelerated aging testing. The higher the7.4 Accelerated Aging Protocol Steps
accelerated temperature, the greater the AAF and, thus, the7.4.1 Select th&,, value.
shorter the accelerated aging time. Care must be taken not to7.4.2 Define the desired shelf life of the package, such as,
elevate aging temperatures solely for the shortest possibl@marketing needs, product needs, etc.
accelerated aging time. Excessively high temperatures may 7.4.3 Define aging test time intervals, including time zero.
have an effect on the material that may never occur during real 7.4.4 Define test conditions, room temperatufgJ, and
time or at room temperature (see Appendix X1). Guidelines foaccelerated aging temperatuii,f).
selecting an aging temperature are as follows: 7.4.5 Calculate the test duration using @g, T andT 4.
7.2.3.1T,, should be below any material transitions or 7.4.6 Define package material properties, seal strength and
below where the package distorts. Consider the thermal tranntegrity tests, sample sizes, and acceptance criteria.
sitions of the materials under investigation, for example, the 7.4.7 Age samples al,, In parallel, age samples at
choice ofT,, should be at least 10°C less th@p (For more  real-life aging conditionsTgy).
information on this topic, see AAMI TIR 17-1997.) 7.4.8 Evaluate the package performance after accelerated
7.2.3.2 Keeplaa at or below 60°C unless a higher tempera-aging relative to the initial package requirements, for example,
ture has been demonstrated to be appropriate. Temperaturgackage seal strength, package integrity.
higher than 60°C are not recommended due to the higher 7.4.9 Evaluate package, or package performance, or both,
probability in many polymeric systems to experience nonlineagfter real time aging relative to the initial package require-
changes, such as percent crystallinity, formation of free radiments. The estimated AAF method is a simple and conserva-
cals, and peroxide degradation. (For more information on thigive technique for evaluating the long-term performance of a
topic, see AAMI TIR 17-1997.) package; however, like all accelerated aging techniques, it
must be confirmed by real time aging data.
7.5 See the example package shelf-life test plan (Appendix

X2).

7.2.3.3 When elevated temperature aging is not feasible due
to material characteristics, then real-time aging is the only8. Post-Aging Testing Guidance

option. , o 8.1 Packages and materials that have been subjected to
7.3 Accelerated Aging Factor (AAF) Determination aging, that is, accelerated and real time, must be evaluated for
7.3.1 Using the Arrhenius equation wiy, equal to 2 is a physical properties and integrity.

common and conservative means of calculating an aging g » Tests selected should challenge the material or package

factor. functionality that is most critical or most likely to fail due to
NoTe 4—A more aggressive reaction rate coefficient, for example,the stresses resulting from aging. Guide F 1585 may be used as

Qi= 2.2 to 2.5, may be used if the system under investigation isa testing guide for porous barrier medical packaging.

sufficiently well characterized in the literature. The level and nature of 8.3 Some of the physical strength properties to be consid-

damage must be similar to that reported in the literature to ensure that therad for selection are flexure puncture, tensile and elongation

reaction rate coefficient and accelerated aging temperature are maintain;[eéiar impact resistance, abrasion resistance, yellowness index
within appropriate boundaries. This is the responsibility of the manufac- ’ ! Y !

turer. For more information on this topic see AAMI TIR-17-1997. microbial barrier (Test Method F 1608), seal strength (Test

7.3.2 An accelerated aging factor (AAF) estimate is c:alcu-'vmthod F88), and burst strength (Test Methods 114-0)' :
Iatea .by the following equ%tign' 8.4 Packages may be subjected to whole package integrity
) testing by using validated physical, that is, trace gas detection,

AAF = QT =10 (1) dye leak (Test Method F 1929), bubble leak (Test Method

D 3078) or microbial methods (microbial challenge of whole
packages). These methods must include documentation show-

Note 3—If packages containing liquid or other volatile components are
tested, lower temperatures may be required for safety reasons.

where:
Taa = accelerated aging temperature (°C), and I .
T/:: = ambient tempgra?ure (‘PC). = ing that the test method has been validated.

7.3.3 The accelerated aging time (AAT) needed to establish 8-> Acceptance criteria must be established prior to any
equivalence to real time aging is determined by dividing theP@ckage shelf-life testing. Zero time performance data may be
desired (or required) shelf life by the AAF. used as a comparison to final package performance data at the

end of the shelf life test.

Accelerated Aging TiméAAT ) = Desired(RT)/AAF 2)
See Appendix X1 for a graphical representation of the time- Documentation
versus temperature. 9.1 Accelerated Aging

7.3.4 When little information is known about the package 9.1.1 A written test protocol specifying the accelerated
under investigation, the guidance above is provided for selectaging conditions (test temperature, humidity, cycle, ambient
ing and verifying an appropriately conservative aging factor fotemperature), time frame, sample sizes, package description,
the specific scenario. Risk to the manufacturer may be largéme intervals of sampling packages, and specific tests at each
since the method may predict an unduly short shelf-lifetime interval must be developed prior to testing.
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9.1.2 Document the temperature of the chamber used and9.1.5 Document the post aging test results including, any
the calibrated instruments used for measuring and monitoringtatistical methods used to determine whether the package
the aging conditions. meets the performance specification criteria.

9.1.3 Document the test standard references and methods
used for package evaluation. 10. Keywords

9.1.4 List the equipment used for physical and microbial 10.1 accelerated aging; Arrhenius reaction rQe; shelf-
testing including the calibration dates. life

APPENDIXES
(Nonmandatory Information)

X1. ACCELERATED AGING OF POLYMERS

X1.1 Accelerated aging (Fig. X1.1) equivalent to one year  of room-temperature aging when the package is heat-aged at a
selected temperature (°C).

TIME vs TEMPERATURE
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FIG. X1.1 Accelerated Aging of Polymers °

X2. EXAMPLE PACKAGE SHELF-LIFE TEST PLAN

X2.1 Select a conservative AAF estimate, for examQig, aging factor); however, the practice of using only one accelerated time
= 2. (See Fig. X2.1.) point leaves the risk of failure without prior warning from an earlier
accelerated aged time point. At least three time points should be

X2.2 Define aging time points corresponding to the desiregonsidered when trending.

shelf life, for example, two points, such as 2-year and 3-year. . : . .
P P y y X2.3 Build test samples in accordance with a validated

Note X2.1—Trending often is helpful when characterizing the aging production process.
effects on material and package properties. The number of accelerated
aged time points, minimally, is one. The one mandatory time pointis at the Note X2.2—Packages used for zero-time, sterilization, and accelerated
time equivalent to the desired shelf-life (desired shelf-life divided byaging may be produced without actual or simulated product.
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PRODUCTION
PACKAGES

\J

PHYSICAL
STRENGTH TESTS.
PACKAGE
INTEGRITY TESTS

PHYSICAL
STRENGTH TESTS.

PHYSICAL
STRENGTH TESTS.
PACKAGE
INTEGRITY TESTS

NOTE: Real Time aged
STERILIZATION packages are tested the same
as the accelerated aged
packages .

20yr
Accel. Aged
Pkgs

3yr
Accel. Aged
Pkgs

PHYSICAL
STRENGTH TESTS.

PHYSICAL

Distribution STRENGTH TESTS.

Distribution

Simulation Simulation
ASTM D4169 ASTM D4169
D.C 13 D.C13

(SHIPPING UNIT (SHIPPING UNIT

PACKAGE
INTEGRITY TESTS

Phase II
Final Test Report

Pha;se I
Final Test Report

FIG. X2.1 Package Shelf-Life Test Plan

X2.4 Sterilize packages using validated sterilization pro-shelf or on the manufacturer's shelf and then shipped. There may be
cess. The sterilization process may affect the stability of thénstances, however, where this may not be necessary. If known package
materials or package. Materials and packages should be elgilure or performance limits, such as seal strength, puncture, or impact
posed to the maximum process conditions, or number of Cyclergsstance, etc., have been documented adequately and met for the specific

intended to be used prior to the aging study, or both intended product, then physical testing data should be sufficient.

X2.6 Initiate real-time and accelerated aging. Use the
tlefined accelerated aging temperature for the appropriate
eriod of time. The time duration for samples to be placed in

e elevated temperature oven can be calculated from Eq 1 and
2in 7.3.2 and 7.3.3, where AAF is the accelerated aging factor

Note X2.3—Package performance testing normally is performed as and AAT is the accelerated aging time.
part of the aging protocol to determine the long-term effects of distribu- .
tion, handling, and storage. Whether performed before aging or after aging FOr example, wher®,, = 2; ambient temperature = 23°C;
will depend on whether the study is to simulate storage on the hospitdiest temperature = 55°C;

X2.5 Condition the samples according to Practice D 4332
if required; perform distribution simulation according to Prac-
tice D 4169, if appropriate. Packages used for this test mu
contain actual product.
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AAF = 2,(55729/10 cess, redesign the failed medical device or package, attempt to
AAF = 2.0°2=9.19; validate a shorter shelf-life, or wait for real time aging results.
AAT = 365 days/9.19; and The shelf-life is validated if real time aging results are
AAT = 39.7 days= 12 months (real-time equivalent). acceptable. In this scenario, the accelerated aging program is

Note X2.4—The effects of humidity may need to be considered in more rigorous than reality.

conjunction with temperature and incorporated into a test cycle of high X2.8 Evaluate package performance after real-time aging

d low humidity duration’s. An agi | be designed t t . .
?Onr thzweﬁggls 'g hlzjrr:‘ic;ﬁ;s N aging cycle may be designed 1o accoliNia ative to the package requirements.

~ X2.8.1 If the real-time aging results meet the acceptance
X2_.7 Evaluate package pgrformance after accelerated agingiteria, then the package’s shelf-life is validated.
relative to the package requirements. X2.8.2 If the real-time aging results fail to meet the accep-
X2.7.1 If the accelerated aging results meet the acceptandance criteria, the shelf-life must be reduced to the longest shelf
criteria then the product’s shelf-life conditionally is validated life for which real time testing has been successful. If product
depending upon the results of the real-time aging study. has been released to the market at risk based on the accelerated
X2.7.2 If the accelerated aging results fail to meet theaging data, a careful review must be performed and docu-
acceptance criteria then either investigate the production pranented, and the appropriate action taken.
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