HIGH INTEGRITY COMPOSITE BAGS ADAPTED FOR STEAM
STERILIZATION STATEMENT OF RELATED APPLICATIONS [0001]This
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[0001] This application claims benefit of U.S. Patent Application No. 60/826,810
filed on September 25, 2006.

FIELD OF THE INVENTION

[0002] This invention generally relates to sterilizable bags and pouches into which
an object may be introduced, sealed, and thereafter sterilized with a thermally-assisted
sterilization process (e.g., utilizing steam at a temperature of about 125° C.), with the

bag retaining high integrity despite being exposed to thermal stress.

DESCRIPTION OF THE RELATED ART

[0003] Various products, including medical supplies and implantable medical
materials, are desirably supplied in sterile form to a user. A desirable method for
sterilizing products is to expose them to high temperature steam at a temperature of at
least about 125° C. To ensure that sterility is not compromised between the time that
the project is manufactured and the time it is packaged, sterilization is desirably
performed on the product when it is disposed within a suitable package, and the
package preferably is formed of materials that will maintain the product in sterile

condition during and after shipment to the user.

[0004] The availability of membrane materials that are substantially impervious to
bacteria and similar infectious agents, but that are permeable to sterilizing gases such as
ethylene oxide and steam, has enabled the performance of gas-based sterilization on
packaged products. Typically, such membrane material include a spun-bonded or melt-
bonded polyolefin fiber web, for example, a spunbonded polyethylene marketed under
the trade name capital Tyvek™, grade S-1073B from E.I. DuPont de Nemours, France.
A typical steam sterilization product employed with packages fabricated at least in part
with spunbonded or meltbonded material includes placing the packaged product in an
autoclave, drawing vacuum to evacuate the package, and then introducing steam at a

temperature of at least about 125° C. Such steam may enter and leave the pouch via the
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SUMMARY OF THE INVENTION

[0009] In one aspect of the invention, a composite bag or pouch comprises: (1) a
first sheet comprising a polyolefin material adapted to permit the passage of a
sterilization gas or vapor while being substantially impervious to bacteria; and (2) a

second sheet comprising a plurality of bonded layers including a first layer comprising
a polyolefin and having a density of less than 0.94 g/cm3 disposed between a second
layer and a third layer comprising a high density polyolefin and having a density of at
least 0.94 g/cm3; wherein the first sheet and the second sheet are locally thermally
welded to one another to form a bag or pouch defining a cavity suitable for holding an

article.

[0010] Another aspect of the invention relates to a method comprising the steps of:

[A] thermally bonding a plurality of (1) first sheets comprising a polyolefin material



adapted to permit the passage of a sterilization gas or vapor while being
substantially impervious to bacteria, to (2) a plurality of substantially
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bag adapted for steam sterilization.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Embodiments of the invention may be best understood by referring to the
following description and accompanying drawings, which illustrate such embodiments.
In general within the drawings, like numbers are intended to refer to like elements or
structures. Reference numbers are the same for those elements that are the same across
different Figures. None of the drawings are drawn to scale unless indicated otherwise.

In the drawings:

[0013] FIG. 1A illustrates a cross-sectional assembly view of a three layers —
namely, a composite sheet formable from a central, flexible low density polyolefin core
layer disposed between two high density polyolefin layers — suitable for forming a gas-
impermeable composite layer useable in a high integrity composite bag adapted for

steam sterilization.

[0014] FIG. 1B illustrates a cross-sectional view of a composite sheet assembled

from the three layers of FIG. 1A.



[0014]FIG. 1B illustrates a cross-sectional view of a composite sheet

assembled from the three layers of FIG. 1A. WO
WQRUB/0¥I?24PCT/US2007/079316 [0015]FIG. 2A illustrates P€rbAtS2007/079316

elevation view of a sterilizable bag according to one embodiment of the
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material. [0016]FIG. 2B illustrates a cross-sectional view of the bag of
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seal along a fourth peripheral side between the gas-impermeable
composite sheet and the gas-permeable spun-bonded or melt-bonded
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[0017] FIG. 2C illustrates the bag of FIGS. 1A-1B, further comprising a seal along
a fourth peripheral side between the gas-impermeable composite sheet and the gas-

permeable spun-bonded or melt-bonded sheet.

DETAILED DESCRIPTION OF THE INVENTION, AND PREFERRED
EMBODIMENTS THEREOF

[0013] The present invention is directed in various aspects to a composite bag or
pouch suitable for sterilization, and related methods. A composite bag is formed from a
gas-permeable (e.g., preferably nonwoven, such as spun-bonded or melt-bonded)
polyolefin material sheet joined to a substantially gas-impermeable sheet comprising a
first layer of a polyolefin having a density of less than 0.94 g/cm’ disposed between a
second layer and a third layer comprising a high density polyolefin and having a
density of at least 0.94 g/cm’. Polyethylene materials are preferred polyolefins for the
various portions of the device, with spun-bonded or melt-bonded polyethylene film
preferably used for the first sheet, high density polyethyelene (HDPE) film preferably
used for the second and third layers of the second sheet, and low density polyethylene
(LDPE) or metallocene linear low density polyethylene (LLDPE) films preferably used
for the first layer (disposed intermediate to the second and third layers) of the second
sheet. Although LDPE would appear to be unsuitable for steam sterilization because it
has a melting temperature below the 125° C target temperature of a steam sterilization
cycle, the HDPE layers surrounding the LDPE core of the second sheet provide ample
thermal resistance for the LDPE core to withstand such a cycle. The LDPE central
layer is highly flexible, and permits the resulting three-layer composite sheet to resist
stress-induced flexure during steam sterilization, and thus remain pinhole-free and

substantially impermeable to bacteria.
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with the diameter of the extruded filaments then being rapidly reduced.

[0018] As used herein, the term "meltblown fiber" refers to fibers formed by
extruding a molten thermoplastic material through a plurality of fine, usually circular,
die capillaries as molten threads or filaments into converging high velocity heated gas
(e.g., air) streams which attenuate the filaments of molten thermoplastic material to
reduce their diameter, which may be to microfiber diameter (the average microfiber

diameter is not greater than about 100 microns, for example, having an average



materials that are produced by the polymerization of at least ethylene
using metallocenes or constrained geometry catalysts, a class of
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peripheral sides thereof, leaving the two layers unsealed along a fourth side of the bag
30 to permit the insertion of an article to be sterilized into a cavity 40 (as illustrated in

FIG. 2B) formed between the two sheets 15, 20. FIG. 2B illustrates the bag or pouch



composed of a gas-permeable sheet 20 and gas-impermeable composite

sheet 15. As illustrated in FIG. 2A, the bag 30 includes local seals 32, 34,
WRZ088I#8EHk to three peripheral sides thereof, leaving the twoR&lg¥§2007/079316
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illustrates the bag or pouch 30 of FIGS. 2A-2B in front elevation view, but

sea iR fdiapey farthed Ptingde dReirsh Mpipcab bt NS sMutiaRsom B1G-

2BSesd diiR Caniyad( {asibustratad Al G ndBIHOERI R pYIdHANYHRIESIR JQIbE The
sterilized (not showrg disposed in the cavity 40. The resulting bag or

respiSienbas BeRMEAE PeSRisePgsass Of SaEreT(XagOrstsaPn, ¥iAleRBYlene

oxiasidmdaimd theJikabife theigauiyietbiaue horsup QHREs Rhai 20 stbltisitially

substantially impermeable to bacteria and similar microbial contaminants.

imRSAEIFARIErdBial T E Amaashi LS SCERRIA afteP B IBAY s autbEinv@icrobial

impéeapnisten!igadisk tevapareitins pigldeatdcdar CRlaSicalithe sOmRPesHRures
I%%er 15 is hjghly resistant to pinhole formation under such conditions.

of BoEffAppiitalthidediatiet PAISHS 18 th B etk tidpopinhole

forfteasn sieldizabledagribksonventional Bags") each having an initially
impermeable sheet composed entirely of HDPE versus steam sterilizable

[002d¢s easppiaviiighan topdiciabbiaicomnpssitesskesipaithtdamesdansifysteam
care layer according to the present invention. ("Inventive Bags").

e AR et mpARCH Y LEHor A i ) A e HbraF Rl gheet
coryssdésiiecin«telidiPEblerbhagscaampasiecholedifierentistaiting nnaiapalmeable
but otherwiste idt ntical in canfi uration..The first bgggty eé;;%onven;[ional .
COBRA LI PSR BRP S TVEK R GFAE SO JiFapresent nvention

(“IspembenBlegh Polyethylene sheet having a thickness in a range of between
110-260 microns (per the manufacturer's specifications), locally and
[00221iphe faily onpedonthy septsfofratdenshlt Gemtjlisaatpls wide td theteegpes of
composed.qf three sandwiche face-bonded layers of twenty-sev .
e R B LS RS e AR SO P flnica
in iwitigecthtiva.safte gesnbableyBuPéhiniyutkiah Begdd $-DOABBd a permeable
unhon polyethy heet..but.locally and.peripherally bonded.to a .
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a rfage-odrideddeetwb@atanimyens (fahidy miorofachicknespddibie&ionkg locally
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s B R Sl hposed
of gerphardiydieddad }ﬁacaéiwétddmypmseﬂtwfeatﬁfsﬁmicmio;lttbtilcthiégsfvss HDPE.
The %&é%%f‘%% %?SBQ iGhed,a0d faee-Rondgd helwegn &Lﬁ%ﬁ%&lﬁ'ﬁy DuPont

ickness H to auto

micron thic PE. Aﬁ sixty bags’were subjecte clave steam
Tysedfitzation hdl0ddy smuphoation pélyatuldendoihoate byl deribyuotdopeopherally
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were found’n the remaining forty samples including twenty bags of the

spugpentiedepeiveBEGTE" ahePtwbnty loagdyofaie BesephrelitiberBad 20' a sheet
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double packaged in steam sterilizable bags - i.e., with each article
betgisposed inysnsiohéifsienierenctiidatsies BHgPEn At dsdagareersteedyected to

auté@ﬁ@é@@%?@Qﬁﬁﬁﬁéﬁqn‘@fﬂéﬁggﬁ%@iﬁ%ﬁ%w&%ﬂ%%Qiﬁa@@@ ‘byStroduction

ouble-bag samples each of two types of bags were prepared. One bag
of pigran('atehveintidbnal BdipHoyingiridizagermbediegd s teriadefompijphelss in
S-1073B spunbonded polyethylene sheet locally and peripherally bonded
to a sheet composed of three sandwiched and face-bonded layers of
HDPE. The other bag type ("Inventivg Bag 3") included the same
permeable DuPont TyvekTm grade S-1073B spunbonded polyethylene

sheet material bonded to a gas-impermeable sheet composed of a
11 DPF ecore Iaver eandwiched and face-bonded hetween two lavere nf



[0024]The resulting bag or pouch 30 is well-suited for steam sterilization,
despite the use of low density polyolefin material within the multi-layer

WQRMS398hce the resulting sheet 2 has enhanced flexibility cBRHRREOTYPZI316
sheet composed of HDPE and thus resist formation of pinholes. WO

theZRRBDBY 24 RipbiHe200 HREA316ARR2ANA iR db e iaRCHINGS Gtional Bag
Huynen '745 and '755 that the suitable density range for the

1” fgs-perniean i TRditRpae draetqeskrivdalr b 1o 4he Bk vigbaistiRiF heet. In
con@abthal PIARyIdoW Qﬁrksgreq@lﬁﬁi@ﬁﬂﬂ@@mmlg%ﬂ%/sﬁﬁ{mtm@n@ng twenty

materials have softeni%temperatures too low to withstand steam .
bags&fitbafivre al REHGr ¢35 E lorand Ry s RSt R HTHY REVAN ERGE OP s
resent invention that a composite sheet incorporating low density .
[Oﬂgé}e@/ethﬁélﬁglﬁ’i SOTHRAH L RRA6T: R bPst X atnrgiamr 3618 gl slble
pacialyewarkabien butidiladrRopiess-suhsiantialiirapioned pedarmanceniter steam

terms of eliminating pinhgles that may be gtherwise geperated during
stegliza S iAo 1{@0%1\/\}%8%%%%&%6%#&% B%Eﬁ@%ﬁﬁ%&d%’é’réﬁh fyter

stehgiesanle iblspegific Tepedtnbieatusesaaniddiusicative endoegisentstalothevere
T 2o P e i o e s 1
Tyvekiatignadensdfiaing antsbatednptie eiylbadinests jasmill supgestpherally
oA R L S B SPASThe ese eriF
Theetkeraigr glaimaaventiterBled X bechieatiiecansé petneabl énirrPoateDyvek ™
T T T T T —
shdst composed of a ULDPE core layer sandwiched and face-bonded between two
layers of HDPE. In each instance, an article to be sterilized was placed within a double
bag of the applicable type — either “Conventional Bag 2 or “Inventive Bag 3” — with
double-bagged samples prepared. Each article-containing double steam sterilizable bag
was subjected to the same autoclave sterilization cycle of 122.0°C for 60 minutes.
After the steam sterilization cycle was completed, the article-containing bags were
placed into shipping cartons and an ISTA 1A drop and shake test (including a vibration
test according to the apparatus section of ASTM D 999-01 and a free fall drop text
according to the apparatus section of ASTM D 5276-98. Thereafter, the articles were
removed from the bags, and both pinhole and tensile pull tests were performed on the
would-be impermeable layer portions of the bags. All bags tested passed the tensile
pull test acceptance criteria of at least 20 N/15mm. No pinholes were found on any of
the formerly inner bags. Of the formerly outer bags, however, seven of the ten (i.e.,
70%) purportedly gas-impermeable sheets from bags of the type Conventional Bag 2
exhibited pinholes, while none (i.e., 0%) of the gas-impermeable sheets of the type

“Inventive Bag 3” exhibited any pinholes.

[0024] The resulting bag or pouch 30 is well-suited for steam sterilization, despite
the use of low density polyolefin material within the multi-layer sheet 2, since the
resulting sheet 2 has enhanced flexibility compared to a sheet composed of HDPE and

thus resist formation of pinholes.



1. A composite bag or pouch comprising: a first sheet comprising a
polyolefin material adapted to permit the passage of a sterilization gas or

WQ a0 being substantially impervious to bacteria; and PCI/AE2BHH079316
sheet comprising a plurality of bonded layers including a first layer

[0025]1pfiSiHQzﬁ\PQlf’QH%ﬁt@a%'ﬁﬁlgﬁﬂﬁglﬁyﬂ@ﬁSﬁ&ﬁﬁﬂ@&ﬁﬁﬁhzﬁ-%%&Eﬁ@le density
disposed between a second layer and a third layer comprising a high

rangg ity o RRAeAF AP IraliRl B ndiff isabeuss @34ferRdlo &/afmepsth the
factheaaﬁr%tlaﬁnﬁ%@@ﬁﬁ%@%@ﬁh%tg@d@c@&yﬁﬁp&%@m elisdhiQNgs have

another to form a bag or pouch defining a cavity suitable for holding an

sofFhing . tMAHATREY Hrpintortidmrnd wiaminfirdixnios: tonlisela’ C or
moPUR-honded:pr meit-Rradedoely airfipehant mateiich Batl hecbap&lite sheet

. pouch of claim 1, wherein the first sheet comprises a spun-bonded or
inch{BRIBARG BoRAHTe RE ¥RBMTRARIaS. BASTHRPBHRFBPISoTRFF bt afmsicam-

steVRaIs thesfiist sheeband nsieatondshaegiaredesivheisliseagd tproved
define an internal cavity suitable for holding an article.. 5. The bag or

Perfoimenet AR WhelisrnginsRinagles thprrebnativiidissggnerated during
step@l¥eihNlemen 6. The bag or pouch of claim 1, wherein the first layer
comprises a metallocene linear low density polyethylene. 7. The bag or
ouch of claim 1, wherein each of the second Iager and the third layer

L0628 prisWa iy hde HSiep iRl ity feisd HRoIPadaBRHY iMatphefgRCsH o specilfic
aspeetveeabe uhd- A ieaB/ RRAAO®OIE Fivention, it will be appreciated

that the utility of the invention is not thus limited, but rather extends to and
encompasses numerous other variations, modifications and alternative embodiments, as
will suggest themselves to those of ordinary skill in the field of the present invention,
based on the disclosure herein. Correspondingly, the invention as hereinafter claimed
is intended to be broadly construed and interpreted, as including all such variations,

modifications and alternative embodiments, within its spirit and scope.
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8. The bag or pouch of claim 1, wherein the second layer has melting
temperature below 125 Celsius. 9. A method comprising: thermally
bonding (i) a plurality of first sheets comprising a polyolefin material
adapted to permit the passage of a sterilization gas or vapor while being
substantially impervious to bacteria, to (ii) a plurality of substantially
gas-impermeable second sheets comprising a plurality of bonded layers

including a first layer comprisina a palyolefin and having a density of less
than 0.94 g/cm3 disposed bet layer and a third layer

Wﬁomé)r'isipgea ltglgh density polyolefin and having a density of at least 0.94

plurality of individually and peripherally sealed composite

1. bag%e&q%ggiyé%ggriB%@p&&ﬁgﬁgﬁ litable for holding an article, with the

plurality of second sheets being substantially impermeable to bacteria;

and a firg shpse sAGPHSI PELF A0y Jebadgenteriah arieddod etedihe railizatioha

steRIPSESH %'HQU&%&WM& chie@liihenberalifysab pags e, steam at a
temperature of at least about 125 Celsius for a time sufficient to sterilize

the iRESAYEACRERY CORPEH) cORtBIEHRRsdareih includipgerdifst layer
coh@HWIRG e ySeamastenilivatlandsitRy @Rk sarATlaheeifamaiied between a

pinhole-free and substantially impermeable to bacteria,. 10. The method .
secondi LMy RER e ORI SR Baye  inphsRe W ind hpapg a dopsity
of Atheas@thod/ofiélaim 9, further comprising the step of thermally bonding

the first layer, second layer, and third layer to form the pluralit o[h cond
shectbers i st alsshrat i re ARt AT D e B ey e one
angibarpoi$erspubapongedcbrdefelispondedtpelyaldfinshedtmng 18.afidemethod
of claim 12, wherein each sheet of the plurality of first sheets comprises
polyethylene. 14. The method of claim 9, wherein the first layer comprises
2. a lowWlaebrgtgr pouch of claim 1, wherein first sheet comprises a spun-bonded or

melt-bonded polyolefin sheet material.

3. The bag or pouch of claim 1, wherein the first sheet comprises a spun-bonded or

melt-bonded polyethylene sheet material.

4. The bag or pouch of claim 1, wherein the first sheet and the second sheet are

peripherally sealed to define an internal cavity suitable for holding an article.

5. The bag or pouch of claim 1, wherein the first layer comprises a low density
polyethylene.
6. The bag or pouch of claim 1, wherein the first layer comprises a metallocene

linear low density polyethylene.
7. The bag or pouch of claim 1, wherein each of the second layer and the third layer

comprises high density polyethylene having a density in a range of between about 0.94

g/cm’ and about 0.96 g/cm’.
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polyethylene. 15. The method of claim 14, wherein the first layer
comprises a metallocene linear low density polyethylene. 16. The method
of claim 9, wherein each of the second layer and the third layer comprises
high density polyethylene having a density in a range of between about
0.94 g/cm3and about 0.96 g/cm3. 17. The method of claim 9, wherein the
second layer has a melting temperature below 125 Celsius. 18. The
method of claim 9, wherein the steam sterilization step includes applying

- subatHid¥fsarRe BrB Sdsta o th¥ AP Speslgelayer has melting teiperatiire
below 125° Celsius.

9. A method comprising:

thermally bonding (i) a plurality of first sheets comprising a polyolefin material
adapted to permit the passage of a sterilization gas or vapor while being substantially
impervious to bacteria, to (i1) a plurality of substantially gas-impermeable second sheets
comprising a plurality of bonded layers including a first layer comprising a polyolefin
and having a density of less than 0.94 g/cm3 disposed between a second layer and a third
layer comprising a high density polyolefin and having a density of at least 0.94 g/cm’, to
form a plurality of individually and peripherally sealed composite bags each having an
internal cavity suitable for holding an article, with the plurality of second sheets being
substantially impermeable to bacteria; and

subjecting the plurality of bags to an autoclave steam sterilization process
including exposing each bag of the plurality of bags to steam at a temperature of at least
about 125° Celsius for a time sufficient to sterilize the internal cavity and any contents
disposed therein;

wherein, following the steam sterilization step, each second sheet remains

pinhole-free and substantially impermeable to bacteria.
10. The method of claim 9, wherein the plurality of bags comprises at least ten bags.

11. The method of claim 9, further comprising the step of thermally bonding the first

layer, second layer, and third layer to form the plurality of second sheets.

12. The method of claim 9, wherein the plurality of first sheets comprise spun-bonded

or melt-bonded polyolefin sheets.

13. The method of claim 12, wherein each sheet of the plurality of first sheets

comprises polyethylene.
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14. The method of claim 9, wherein the first layer comprises a low density

polyethylene.

15. The method of claim 14, wherein the first layer comprises a metallocene linear

low density polyethylene.

16. The method of claim 9, wherein each of the second layer and the third layer
comprises high density polyethylene having a density in a range of between about 0.94

g/cm’ and about 0.96 g/cm”.

17. The method of claim 9, wherein the second layer has a melting temperature below
125° Celsius.
18. The method of claim 9, wherein the steam sterilization step includes applying

subatmospheric pressure to the plurality of bags.
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