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10 Pre-sterilized, disposable medical products are commonplace in the United States, and
other countries throughout the world. One significant restraint on the design, development, and
manufacture of such products has been the fact that certain desirable products would include
portions or components which are mutually incompatible from a sterilization standpoint. For
example, it may be desirable to provide a unitary, pre-sterilized product which has a sealed liquid

15  or powder drug component and a plastic apparatus component, such as a tubing or flow control
set.

The integral product, however, cannot be sterilized after assembly because not all of the
components may be subjected to the same form of sterilization. That is, the plastic apparatus
component (e.g., the tubing or flow control device) may only be capable of sterilization with

20 radiation or gas. The drug component, on the other hand, may not be sterilized with either gas or
radiation—gas sterilization would be ineffective to sterilize a sealed drug, while exposing the drug
to radiation may lead to product degradation or otherwise have a deleterious effect on the drug.

Accordingly, efforts have been made to devise a method or means for joining, in‘a sterile
manner, components which are individually pre-sterilized. Such efforts have included the use of

25  electron beam accelerators to sterilize the compromised portion of the assembled components.
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25 and discarded. Although functional, the present invention provides a method which improves the
rate and cost of this process.

E.L Du Pont developed and patented a “Hot Knife” tubing to tubing connection system,
as shown in U.S. Patent No. 4,521,263 to Benin et al. In this system, two thermoplastic tubes with
sealed ends facing each other are placed side by side in a fixture incorporating a special heated

30 knife blade. A connection is made by (1) cutting through both tubes with the heated knife blade,
(2) shuttling the tubes to be connected into alignment on each side of the heated knife blade, and
(3) removing the heated knife blade while pushing the tubes together. This system can be more
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forming a sterile assembly between two or more pre-sterilized components. Preferably, each of
20 the components has at least one closed end suitable for connecting to another component. An
embodiment of the present method and apparatus requires sterilizing an end of each component
to be assembled together with an active sterile field, then assembling the ends together while in
the active sterile field.
It is still a further aspect of the present invention to provide an apparatus and method for
25 performing a sterile fill of a pre-sterilized container with a pre-sterilized liquid component from
a bulk container. Preferably, the empty container has at least one end suitable for accepting the
liquid component, and the bulk container has at least one end suitable for delivery of the liquid.
An embodiment of the present method and apparatus requires sterilizing a suitable end of each
component with an active sterile field, then filling the empty container with an aliquot of liquid
30 from the bulk container while the ends are in the active sterile field.
Specifically, in one embodiment of the present methods, sterilization of the ends of each

component is achieved by creating an electron beam field to produce an active sterile field, and

3
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the ends of the components to be connected, assembled, or filled while a surface supports the ends
20 of the pre-sterilized components within the active sterile field.

One embodiment may have a mechanism which severs the ends of the pre-sterilized
components while supported by the surface in the active sterile field to create open ends, as well
as a mechanism which brings the opened ends into aligned contact with each other while
supported by the surface in the active sterile field. The apparatus is completed by a sealing device

25  which joins the opened ends together.
Other advantages and aspects of the present invention will become apparent upon reading

the following detailed description of the invention.

Description Of The Drawings
30 FIG. 1 illustrates the positioning of two components, a filled wet container and an empty

dry container, before undergoing sterile field connection;



supported by the surface in the active sterile field. The apparatus is

conpl eted b sealing device 25 which joins the opened t her.
Q her aWQa?ﬂ%{’?asggs and aspects of the present invention w ?P@g%%gﬁapparent

upon reading the follow ng detailed description of the invention.
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15 FIGS. 8A through 8D illustrate an alternative connection using a stream of hot air to soften
membrane tubes which are then brought together to join as they cool;

FIG. 9 illustrates the sterile fill process of the present invention.

Detailed Disclosure Of Preferred Embodiment

20 While the invention is susceptible of embodiment in many different forms, this disclosure
will describe in detail preferred embodiments of the invention with the understanding that the
present disclosure is to be considered as an exemplification of the principles of the invention and
is not intended to limit the broad aspect of the invention to the embodiments illustrated.

The present invention involves methods and apparatus for joining plastic components in

25 asterile manner. The term “joining” in this application includes the processes of: 1) connecting
components, where a fluid pathway is created at the time of joining; 2) assembling components,
where a fluid pathway is not complete at joining, but may be completed at a later time; and, 3)
filling at least one component from a bulk container. Particularly, the invention permits the
joining together of tubing to container, tubing to tubing, tubing to connector, vial to connector,

30 container to connector, and even sheet/film stock to itself, in a sterile field.
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20  design variations.

FIGURE 2 illustrates a general assembly line production concept for a sterile joining
system 20. Such a mass production system, it is anticipated, would provide many benefits
throughout the industry. Components 10, 12 are shown spaced along the sterile joining system
20 at various stages of the process. FIGURE 2 shows the sterile joining system 20 comprised of

25 asupport surface 22 extending the length of the system. This surface, when divided lengthwise,
has a left half (L) and a right half (R). Components 10, 12 are shown arranged in pairs on support
surface 22, with component 10 along the left side (L) of surface 22 and component 12 along the
right side (R). The support surface 22 may be a conveyor belt, or similar moving surface, to
automatically transport components 10, 12 through the system 20. Sterile filling using a bulk

30 container may use only a single line of empty components, as will be more fully understood later

in this disclosure.
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vol t ages®Ta oW a great m ght require-a

| essep ﬂ)&&natEI}QJREo%hSdl@z%tef h@tlﬂ:lfehﬁﬁeﬂérls|df21miste@1ﬁﬁiidil©aieﬁceiﬁml)laossahsle,anged
pri or Fo connection. Tube 54 creates the spherical -shaped a-beam field 60
havi gwever manipulation of the joining of components requires very little space. Where a greater

20 space is required, field 60 could be made larger by conventional methods.

Referring to FIGURE 3B, the ends 14 of components 10, 12 are conveyed into the sterile
e-beam field 60. While maintained within sphere 60, ends 14 of each component 10, 12 may be
cut-off, as shown in FIGURE 3C, to create opened ends. The mechanism for opening these ends
may be a mechanical blade, which may be held permanently within the e-beam field 60 to

25 maintain its sterility, or any other suitable cutting or opening mechanism. FIGURE 3D shows that
once the ends 14 are cut-off, the resulting open ends are connected together while still within the
field 60.

While the use of an electron beam field is a preferred source for creating the active sterile

field, applicants of the present invention have anticipated the use of alternative sources, such as
30 a chemical vapor atmosphere. A chemical vapor atmosphere can be created through known

methods, and the chemical may be selected from the group comprising hydrogen peroxide,



approximately a two-inch dianmeter. O her dianmeters of the sterile field are
certai %%ﬁ%?ﬁhbl e, however manipulation of the joiningpef s gent s
requires very lTittle space. Wiere a greater 20 space is required, field 60
coul d be made | arger by conventional nethods. Referring to FIGURE 3B, the

ends pdrcéic apdyRARRINedidtde, 1o? 2y Stifed BYiEIRE chetiCallddghppufd] Banil&iRedhdhe! d
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ends 14 are cut-off, the resulting open ends are connected together while
sBi | hndcoshiadvaritages pf Blegprefgrretieldctron beamaseuroé. an el ectron beamfield is a

preferred source for. creatin he active, sterile. field, applicants of the
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st er ijh thefdifkcton dh@EBVA(A,B).NalEnHOY; T havewpsivelirotatiny tabat72p7Dwhith Helyetos anme
size 5 and cost advantages of the preferred el ectron beam source.
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engage a portion of conmponents 10, 12,  respectively, just behind 10 ends
16, aterdizowhe sunfab¢ GIIRE eBds 14 befopsthep arcipentdbse about conponents 10, 12 by

actuation __in the direction of arr A.B).. C amps 70, ,71.have a jr of
ot o TsayRet cpBGHIPRIS MORAS Will ShriaE o 106 ORgrd eds of O roRAR= 10, of

co . . i LAl 3 [ ' rro
CoTBASRE Brotllye hfo oo AR Wil e BBuRl ERPORES salahd I HGirafCuhE e ST kel r OV
( See tubd SAREMeMbrirneaubd. uathbhe spiks hnd inetitbraye cohfigmationicuebffl of tRe endsddonds

allows the a-beamto
is not necessary. After the short delay to allow for surface sterilization, clamps 70, 71 may be
20 actuated in the direction of arrows (E,F). The spike tube is designed to pierce the membrane tube
and continue to enter the membrane tube until actuation is complete.

FIGURES 6A-6D illustrate a device to vial sterile assembly (as opposed to a sterile
connection) using a variation of the disclosed method. Such an assembly is described in co-
pending U.S. Patent Application Serial No. 09/153,569, the disclosure of which is hereby

25 incorporated by reference. Obviously, with the spike and membrane configuration there isno need
to cut-off the ends of these components in the process.

As stated previously, “assembly” of two components differs from “connection” of two
components in that a fluid pathway is not immediately established with assembly. Where two
drug components are to be combined, it is sometimes the case that the components separately have

30 longer shelf-lives than when combined to form the final product. In such instances, it may be

desirable to package the drug component containers as assembled rather than as connected,



15 sterilize the surface of the ends 14 before they are opened. The type of
connection to be nade will determ ne how t he opened endsP fr nts 10,
12 are Pd{?éjﬁ‘fz into contact with one another. FlI GURES 5A g Gfsggpgg?fustrate
the use of a spike tube and a nenbrane tube. Wth the spi ke and nenbrane

conf bgmaufz avher€ fttis ahficipated ket eidsssdrbledsconponBfts @sey/stordll tfer a hergod T t
delay to allow for surface sterilization, clanps 70, 71 may be 20 actuated
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119 uddenticaldliameter. GuRbsbronghitogathsr te ahihsaeh othen witiar azallat{gekshona) PP K¢ end
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var i altenmativés arhgongidéred tmfallneithin élmascemof §aPeRsPRINVEIGURE 7E, al so a
\s/glr Lgt Lgmf tc%less Itllfeede%lng% con 1g15r"3a1 160 & t@xtrﬁi ulre"%lltdls ?E,’a ﬁe%%x?eq]lt' s&t b@w}%@ﬁ"thee nd
20 contacting ends will need to be effected. The final permanent connection is preferably made
outside the sterile field, but, if necessary, can also be accomplished while the contacting ends are
exposed within the e-beam field sphere 60. This connection can be made using a radio frequency
sealer (such as a HEMATRONTM), a heat sealer, solvent bonding techniques, or the like.
In an alternate method, shown in FIGURES 8A-8D, a device to vial assembly (similar to
25  the assembly shown in FIGURE 6D) connection is illustrated with some variation to the methods
previously discussed. FIGURE 8A shows device 110 and vial assembly 112, both having
membrane tubes 114, positioned for sterile connection. The membrane tube 114 of each
component is subjected to a hot air stream, as shown in FIGURE 8B. The membrane of each tube
114 becomes semi-amorphous, and the tubes 114 are moved toward one another, as shown in

30 FIGURE 8C, within e-beam field sphere 160. FIGURE 8D shows the final connection, where the

membrane tubes have been held together until cool enough to form a proper seal.



Generally, the illustrated configuration may be varied where one conponent
may have a | arger inner dianeter of the seal ed termnal PE?RJSM)@S{‘])SIE he outer
di amet eWOM6EHRE seal ed terminal end of the other conmponent’ such that the
smaller fits snugly into the larger. Al so, the ends 14 may be of an 15

i denti cal Ahcihetveriatidait shevibindlggetjuénegé ilhstration EFlGURES inwhieh thd prisant a
collar (not ,shown). To the extent t@ﬁ]t( such alternative desi n% boo
numeiwieation is nyedsor asterilafillgrposse- 4Rk fludeoniaing (gt BIOWIIRSEGHCLY 8828 her

within a sterile.fiel cr i . il.esC e} -1t ,
such el bts G Brnes REREUNIReTHER 32 B i S EpRAERHAAD RS,
| NVeR{iien heldewaniddl 1B Somhineh eWISR fineMihE Galva DR aritioh aheictive sleriknBeld b0, a
per manent seal between the 20 contacting ends will need to be effected.

The feimpdy preestemlivedicontaimenc?d havingarpinktt per B goveredprebuatly by athia merabriape
field, but, if necessary, ,can,al so, be ac L, i d. whi,l.e the,contact.in
b etshowmh el bepesidhed i SeopBanprinG (oo B TR pavenPubiding SRREINE S be
made j i 3 , :seal er,
Col vaafVelh G 8 Sofetddr A EQRKe it pEUEeATuRy BT RARM: e dipehsinee)
FI GUREEe®R, 8Dshdvtlanvpaint (Q), the dhletsarefbhyd (eimbirdrerard beld 2athih ¢heaterdletiie)d shown
in FIGURE 6D) connection is illustrated wth _sonme variation to the nethods
pr evitOadigpedivith dispensingyalyRi2 b0 1iicb sier BeAoB ST DL UiEH SURCSP. b APgnsiag

h havi nenbr ane ,t uhe 4 Lt r i ¢ : e
Bt AR PanaVis S Tobdlo MARE bf SREM t¥mahfine SERABNRI bPRimtl®,
shownydrile BLIAUURE 288611z eE BEiAN & poedis idd@aindd 4ithacaeris fREIG0 amirthbious,
and the tubes 114 are noved toward one another, as shown in 30 FI GURE 8C,

Wi t hipre-stebidized ¢onshidersishis sefficemtly filledrinlegmostAmay then be pealedshsaler 98 and wher e
the nenbrape tubes ha en hel d toget until cool enough to forma
propé’F@@%‘fﬁog"y‘\BS’%ﬁ‘?ﬁGégﬂ Pﬁsﬁ%wté’g%?ﬁg'mot her variation is shown in
the Sequenﬁﬁgmia{i*'éli;ﬁﬁév@ﬂ r&hirfth g3 e Araviifg WhFRFURB S, Bft@s@nipdneMeNio, o0 i s

e fi

used for a steri process. A bul k fluid container (not shown)
plief erabbyndotes by brpigingthaiy respectiveands imeontach withpoa enethes the ¢ompangnisdOas 92,

v | el hemars B oo £ Heth heeobirhe ol iy featyed v RIRIS
Pre- skafdd A5 6ARLAIIE & @wggfym{wara%rrihﬁancegrme RéteciaVertasth A& @apbEY by

a thin ne ane not shown be positioned, as shown at points (A) and

(B), meltéd, dhien thowaistah be prissqddngsther by\aatuatiodef addmphz0, ddransl qvetedito femzrei ve
an aliquot of sterile liquid. Upon reaching the di spensing . valve 92, as
Dowrs AL pORET SEpE. (BAEORIREISH HEPLIGRS Lk ARb PolRe AT IE PSR SIPTEdFe
Sheri fn%m&ig‘!eqlse, or any other purpose.

While specific embodiments have been illustrated and described, numerous modifications
are possible without departing from the spirit of the invention, and the scope of protection is only

limited by the scope of the accompanying claims.
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60 aligned with dispensing valve 92 to effect sterilization of the outer
surfaces. Then, dispensing 10 val ve 92, having a spiked to

pi erce WO W62h the nenbrane of inlet port 97 within s?gﬁl{‘isgwﬁgﬂ d 60,
and filling may begin. Inlet port 97 is maintained within sterile field 60
until the pre-sterilized contain@rL&RBviIes sufficiently filled. Inlet port
97 may then be sealed by sealer 98 and renoved fromthe sterile field 60,
as sM&mlaim: point (D). Aternatively, however, returning to the draw ng of
FI GURE 2,, after components .10,. 12 5 are connected bringjng their
Fespoct i Ve erbeatgasErlioins of MR B Ref PERETdnd Koy Smpting, o e
noved to sealkpdgesigti on 80. Here the contacting ends may be seal ed using
avai l able technology to forma weld, as known in the art. For instances,
the materi al aof sterilivingaisendmy ednk compiotient to Btjemet] egethed withimanestipe stedked

t oget her by act trﬁeéi on of clanps 70, 71, and cooled to form a seal. After
sealing, the co ¢k ed conponents 10, 12 may be packaged for shipnent,
storage, 204 ﬁ'ﬁfg V. § I i1 :

enbodi nent s #év en |t?‘l?§lslct1r8£te%§ Ce?n gg@?ibgggge%%heiregﬁeﬁgdﬁgftlﬁecg%t%vgns
are possi bl e wi tdwile fdkhandi ng fromthe spirit of the invention, and the
scope of protectionis only |imted by the scope of the acconpanying
claims. 10 WO odeapsRthemmapausstendsdogethercrinlespossg te the tive steplsieldod f or
tlﬁe sterile joining of two or nore pre-sterilized conponents conpri sing
the steps of 5 a. sterilizing an end of each conponent to be j oined

t oget her M t MTHe Aéthad bf dl&ins 1 Sudréin thd Relof frepaping eslud thd@epoftbpehinganh
conponent to be joined while exposed to the active sterile field;, and c.

j oi ni ng the mndpdeach eamponentjiottiedpingdi | e exposed to the active sterile
field. 10 2. The nethod of claim1l, wherein the step of preparing includes
the step of opening an end of each conponent to be joined. 3. The nethod

of claimg, WigrGhioll BEcRIRR, FheRtPihe!step TS eriBizG ORPrisbehE sRPS b -
15 a. creating an electron beam field to produce an active sterile field; and

b. positioning the ends within the electron beam field.

4. Themethod of claim 3, wherein the step of creating an electron beam field comprises

the step of establishing the field at a voltage of less than 300 KeV.

20
5. The method of claim 4, wherein the electron beam field is established within the
range of from about 30 to about 300 KeV.
6. The method of claim 4, wherein the electron beam field is established within the
25 range of from about 30 to about 100 KeV.
7.  The method of claim 6, wherein the electron beam field is established at about 60
KeV.
30

11



15 a. creating an electron beamfield to produce an active sterile field;
and b. positioning the ends within the electron beamfield. 4. The nmethod
of cl ai WRB/GBWrein the step of creating an el ectron beaF &Y ¥Ghpri ses
the step of establishing the field at a voltage of |ess than 300 KeV. 20 5.

The nmethod of claim4 erein the. electron beamfi | .ehed
within thd r%@@l@?o‘*?%im‘f’ﬁ%’ﬁmt%e BBSE Sﬁggzﬁgﬁs%?k%tgétﬁ%pﬁgg of claim
4, wherein the elegch R | ' abloi rb@ite\aintabiive $tosle fRAdradge of
from about BOQtOCa%%%l %l%gﬁi%a{l/'_v%@d%ﬁlgﬁﬂnfgt hg of gl ai m16, wheer ein thg

el ectron beambf i aloditioninesthebhdswithinghe abwnicaloGPoKosplEEre:1 WO 00/ 62820
PCTI USOQ' 09751 8. The nethod of claim1l, wherein the step of sterilizing

conprises the steps of. a. creating a chem cal vapor atnopsphere to produce
ancactive gstenle Liehd; RGsltd 88 BY cleln@RYRemichhiapot henespheiccal
vaBor atnoggphglﬁgsn%hgé.lgﬁ'ﬁ%ﬂgmgfﬁ%hg of cl aielbm 8,C \/\hegrBei n the szgpep of creating
a cheni cal vapgmpaisePsihetep ofcseigatinges suitabls chpmishl sempewichdrom $hg ©EMRe

chemical conpound fromthe group, conprising, hyqrogen peroxi de, peracetic
acid, and chl sompaisingdwidaegen pSTOXifh nggaﬁﬁ%a“g‘i" %ﬂé‘rﬁﬁ’ﬁ“ﬂe é%i n the step of
sterilizing conprises the steps of: 10 a. pulsing a high-energy light with
a large ultraviolet conponent to produce an active sterile field; and b.

posi ti oni Qﬁ"t M SRS oRioE Blafin 1l &hpieirs 8@ stipyif-semidizing donghises the.steps@fmet hod of
claim1l, erein the step of sterilizing conprjses the steps of:

i . f: .15 a.
crgating a pl asnepasingsphighenegy gighdvath akrae pltayidetcamponepiiogprodiiee &1
positioning the term ngqlr. Sﬁalltded (gnds Wi thin the plasm atnosphere. 12. The
met hod of cl ai m 135U lé? Cnd tep of creating a plasma atnosphere is

achi eved using ogQngonigPthe ends within the pulsed high-energy light.

11. The method of claim 1, wherein the step of sterilizing comprises the steps of:
15 a. creating a plasma atmosphere to produce an active sterile field; and

b. positioning the terminal sealed ends within the plasma atmosphere.

12. Themethod of claim 11, wherein the step of creating a plasma atmosphere is achieved

using ozone.

20

13. The method of claim 1, wherein the steps of sterilizing, preparing, and joining are

automated.

14. The method of claim 2, wherein the step of joining comprises the steps of:
25 a. inserting an opened end of one component into the opened end of another
component to create overlapping sections; and

b. bonding the overlapping sections together.

15. The method of claim 2, wherein the step of joining comprises the steps of:

30 a. abutting the opened end of one component with the opened end of another

component; and

b. welding the abutting ends together.

12



13. The method of claim1l, wherein the steps of sterilizing, preparing, and
joining are _automated. 14. The nethod of claim2, wherej p of

j Oi ni ngwe(?ﬂlﬁ?nges the steps of: 25 a. inserting an openegegn 6\06(?}7%%
conponent into the opened end of another conponent to create over| apping
sect i ons; l@andThe mothediofglaimd , whercimihgisten of prepponginchiges hesteprd sevgimgrabdt hod
of claim 2, V\gerein t he stetp gf joining conprises the steps of: 30 a.
abutting the GAEPEG CORWOBFSAE conponent with the opened end of anot her
conponent; and b. welding the abutting ends together. 12 WD 00/62820

PCT/ US00/ 09751 16. The nethod of claim1, wherein the step of preparing

i rficl udes the Themetfodsdetmimng wikerein thesteparferepanpg mehtdes the stép dfuncapminget hod
of claim1l, wherein the step of preparing includes the step of uncapping

at |east one ddapdrapcomRANctgnd.A nethod for sterile filling a
pre-sterilized container having a filling port wwth a bulk sterile fluid
conprising the steps of. 10 a. establishing an active sterile field; b.

i ntroduci pg t Renéthbll kaGteRRE fillHg dpre-skkigized &Tdtdih&ﬂﬂvﬁl@&tfﬂiiﬂgfzoﬂt R 4 gk
active sterile field; c. transferring an aliquot of the bulk sterile fluid
from a suppl ystenlet faideompoisingshpsteps ¢t eri | i zed cont ai ner through the
filling port; and 15.d. removing the filling port of the pre-sterilized
cHht ai ner froﬁﬂtﬁétag]ésﬂp%a%i‘@r"lel%?nl?ﬁ d. 19. The method of claim 18,

further conpr g 'Sicc.)n (Hh%lr%ttgx? ﬁﬂﬁn?ﬁfﬁt—, g{'tgxe fp?@-stfefiiiiédr@)npé?ﬁér iR thd&ctive sterile

pre-sterilize al ne ter rring an aliquot of the bulk sterile
fluid. 20 20. Theiebd®it hod of claim 18, wherein the step of transferring

conpri ses the steps of: a. exposing a_di spensi end attached to suppl
of nPhe bul k s€er itfa@sﬁerr@ng:pq ql,ilqgottqfélge bulk stefile Tuid. gomasupply conta{jnerto epre?p Y

sterilized container through the filling port; and
15 d. removing the filling port of the pre-sterilized container from the active sterile

field.

19. The method of claim 18, further comprising the step of sealing the filling port of the

pre-sterilized container after transferring an aliquot of the bulk sterile fluid.

20
20. The method of claim 18, wherein the step of transferring comprises the steps of:
a. exposing a dispensing end attached to a supply of the bulk sterile fluid into the
active sterile field;
b. breaching the sealed filling port with the dispensing end;
25 c. delivering the bulk sterile fluid to the pre-sterilized container; and
d. sealing the breached filling port.
21. The method of claim 18, wherein the steps of introducing, transferring, and removing
are automated.
30

22. The method of claim 18, wherein the step of establishing comprises the step of
creating an electron beam field with a voltage of less than 300 Kev to produce an

active sterile field.

13



active sterile field; b. breaching the sealed filling port wth the

di spensing end: 25 c. delivering the bulk sterile fluid

pre-stewc??%ﬁiocont ainer; and d. sealing the breached fitP T?‘E%WB%;P!. 21.
The met hod of claim 18, wherein the steps of introducing, transferring, and
renovi ng re.aut onat ed. 30 ... Jhe. et hod of .cl ai 8 rein the step of
est abl i shi“fy E@ﬁﬁ?‘?{g% of flam ?épwgfrengﬁgaeﬁ?%na%a@ fg%}% I’%ﬁsvt\%’ggﬁ’?{'?véﬁhbn “%h a
vol t age of | esgndetFHoa? BbdiRB0te abseBo0K e active sterile field. 13 W

00/ 62820 PCT/ USOQQ 09751 23. The nethod of claim 22, wherein the electron
beamfield is established within the range of fromabout 30 to about 300
KeV. 5 24. The_ nethod. of claim?2 wherein. t he el on field.i

esg abl i shed: W%i’ﬂetgﬂ%& Fl&ﬁ&gg]owﬁ¢$mﬁxgﬁgqﬁro§8)e%%céag%&&es?ag‘gis ang? a"‘Fhe
met hod of cl ai i eamfield is established at about
60 KeV. 10 Zégﬁﬁbgﬂrﬁlt?hg%ngphglaaé@nq? ,q{bv\\ﬁer ein the step of establishing
conprises the step of creating a plasm atnosphere to produce an active
sterile field. 27. The nethod of claim 18, wherein the step of establishing
conpri ses 25he Theapetbed o flayn 24 swhemingthe elestrgy beamn disld isiegtabliskied 19t about6§e
ultraviolet c nent to produce an active sterile field. 28. The net hod
of claim18, ‘ein the step of establishing conprises the step of
cygating a chem cal vapor atnosphere to produce an active sterile field. 20
29. The nethod of claim 18, further conprising the step of preventing the
bul k sterilée THeumethbd af diaim §8,avhereinethebsteri bE esteblishengstemprises fthelsep &0.

The nmethod of claim 18, further conprising the step oft repeating steps (b)
through (d)  creating a plasma atmosphere to produce an active sterile field.

27. The method of claim 18, wherein the step of establishing comprises the step of using
15 a high energy pulsed light with a large ultraviolet component to produce an active

sterile field.

28. The method of claim 18, wherein the step of establishing comprises the step of

creating a chemical vapor atmosphere to produce an active sterile field.

20
29. The method of claim 18, further comprising the step of preventing the bulk sterile
fluid from being affected by the active sterile field.
30. The method of claim 18, further comprising the step of repeating steps (b) through (d)
25 with another pre-sterilized container having a filling port.
31. The method of claim 30, further comprising the step of maintaining the active sterile
field between consecutive pre-sterilized containers.
30 32. The method of claim 20, further comprising the step or repeating the steps of

introducing the filling port, transferring an aliquot, and removing the filling port,

using another pre-sterilized container having a filling port.
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25 with another pre-sterilized container having a filli ng port 31. The
met hod of claim 30, further conprising the step of mai nt g BJ],S actlve
steri | eWOH428%et wveen consecutive pre-sterilized contai ners g/ ]2

met hod of claim 20, further conprising the step or repeating the steps of

introducing the filling port, transferring an aliquot, and renoving the
filling pdit, Themiethgdhelaim2durhercomprisingdhesep af aintaiping thy sierility pfthg
port. 14 WD O 2820 P 0 | ai m 32, further
conpri sing t he %?%B’go‘t“% ?eg{crﬂ%éécjntnﬁgpg 'éelfgrll%e Q%qta?{eﬁg di spensi ng end
bet ween consecutive pre-sterili zed cont ai ners. 5 34. A nethod for the
sterile assenbly of two or nore pre-sterilized conponents together

cdnpri si ng4t hd rs@tbp@ fagithe sterilsasysanblv gf o eranere peneteBligedsomnaannis igseheent
for assenbly; st.er |n the prepared ends of each conponent to be
assenbl ed tog‘é‘trﬂgﬁmwmsﬁ {-active sterile field 10 c. bringing the
prepared endsg| nb%pﬁﬁﬁéﬁﬁeaé‘ﬂoh@eﬁ@@he&ﬂﬂ&fnﬁbﬁéﬂtefoté‘ssérﬂﬁlyaCtl ve sterile
field; and d. asSenbling the prepared ends together while in the active
sterile fiel db. 35terilinmgrtt propared endsaif grciucomponertite be hssemtblfpi togetherapitiin ng
the ends includes the st %r%&cp 15 renmoving a cap fromat |east one of the
ends. 36. The rnet"‘ﬂ@&t“ff’fSt W44, wherein the step of sterilizing conprises
t{¢ steps of. . aprnb e@tﬁd‘stlﬁtertotqﬁamtn &dcdl obiRer Whge e A8 RCdrIE
sterile f|eId an 3 t oning the ends within the electron beamfield.
20 37. The met hocﬁehf anﬂal m 36, wherein the step of creating an el ectron

beam field cqnprises_the step of establ|shi i field at | tage of no
more than 3004 Ke@ssengaémg-meepwggqqggnéﬁftogpfé g’%e "\/6?\‘%?@1“@ %Wéleg"te tron beam

field is established within the 25 range of from about 30 to about 300 KeV.
39. The nethod of claim 38, wherein the electron beamfield is established

wi thin thgs. r gngenedliod sfuniahdy)iwhidteih theadtep bt prefhrifg\the ends includes the step of

15 removing a cap from at least one of the ends.

36. The method of claim 34, wherein the step of sterilizing comprises the steps of:
a. creating an electron beam field to produce an active sterile field; and

b. positioning the ends within the electron beam field.

20
37. The method of claim 36, wherein the step of creating an electron beam field
comprises the step of establishing the field at a voltage of no more than 300 Kev.
38. The method of claim 37, wherein the electron beam field is established within the
25 range of from about 30 to about 300 KeV.
39. The method of claim 38, wherein the electron beam field is established within the
range of from about 30 to about 100 KeV.
30 40. The method of claim 39, wherein the electron beam field is established at about 60

KeV.
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30 40. The nethod of claim 39, wherein the electron beamfield is
established at about 60 KeV. 15 WD 00/ 62820 PCT/ US00/ 09%@,} Sﬁldlmgghe met hod
of claiWPIV2%Perein the step of sterilizing conprises the SEEPEdf: a.
creating a1 chgnd arthodaF@laint 3 wHeedie theostély ofkiatlifinp esthpses stiestepsoft i el d;

and b. positioning the ends within the chem cal vapor atnosphere. 5 42.
The nmet hod ofacl gfeatiaga chemical vanoratraesphersito praduce Ay agtivenderle dield; apdr

at nosphere cgnprises the ste . eGll j em cal conpound
fromthe gr oug‘ 88?‘?%??@53‘5‘3 %%dgr@ghelﬁ%%eeﬁlgﬁ%é%a%%rag@g%ﬁg etz:ici d, and chlorine
di oxi de. 43. The nethod of claim34, wherein the step of sterilizing
conprises the steps of: 10 a. pulsing a high-energy light with a |arge

ul% ravi ol 2. cBhpowsind efrlpinpdRehesein thestew of ereating & chqnaical; vapagatgnosphere
positioning the ends within th Jl sed_ hi_oh- . i 4 T od of
cl ai m 34, \Ahe?%rflﬁnﬁﬁetwg %P 8? Sgltegtglilg ?z?uﬁmagféo%ﬁlg%lsé%’%géuﬁde%gmoﬁg g“%ﬁi‘ga.
creating a pl asiipristhfBFAVBER perdxideOpeIacetiRacl; bhd hlsHiRe Hilogidel el d; and b.

positioning the ends within the plasm atnosphere. 45. The nmethod of claim
41, wherein the step of creating a plasma atnosphere is achieved using
ozone. 20 ,46. syste r. effecting the sterile.joining of at |east two
pre-steri ﬁ?zeﬁ%ﬂﬁ%"r@?ﬁ@m %‘gé’fﬁfﬁé‘?lgélbew%?r? gfsﬁa‘;hzél}g K\ %%eﬁ\%e ‘g?%si'ci‘afrse field
fog enconpassing mlsiheaHigBfersy Ughf wﬁﬁ%ﬂaﬁ%&@&ﬁﬁ@ktb@m@@neﬂt% pestuceaat her ;
25 b. a surface for supporting the ends of the pre-sterilized conponents
within the actiwetiwt gteriledidld;eind; c. a nechani sm whi ch opens the ends of

the pre-sterilized conponents whil.e  support.ed by the.surface in the active
sterile fiel d,k" d.Poéltlﬁgg’rgaIﬁ? ERdsWithip ﬂB?P‘ﬂg@é{‘Pﬁg'eB gﬁé‘&hgnds into aligned

contact with each other 30 while in the active sterile field; and

-

44. The method of claim 34, wherein the step of sterilizing comprises the steps of:
15 a. creating a plasma atmosphere to produce an active sterile field; and

b. positioning the ends within the plasma atmosphere.

45. The method of claim 41, wherein the step of creating a plasma atmosphere is achieved

using ozone.

20
46. A system for effecting the sterile joining of at least two pre-sterilized components
together comprising:
a. anactive sterile field for encompassing at least one end of each component to be
joined together;
25 b. a surface for supporting the ends of the pre-sterilized components within the
active sterile field;
¢. a mechanism which opens the ends of the pre-sterilized components while
supported by the surface in the active sterile field;
d. amechanism which brings the opened ends into aligned contact with each other
30 while in the active sterile field; and

e. a sealing device for bonding the opened ends together.
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e. a sealing device for bonding the opened ends together. 16 WD 00/ 62820
PCT/ USQ0/ 09751 47. The system of claim 46, wherein the i ile field
is cr ezﬂ'@ﬂ‘"wz% | ow vo%t age ag&billlﬁ(m%?ﬁ

| ect b i nst t. 4 t f
ol ai m 47, 4k HYsiomof ST 4t e Leerby BednlIoCts irud bygdoRt witass

wWithin ther f aheet: 30 KeV to about 300 KeV. 49. The system of
claim47, vmgér]gcﬁrno(htkfle];a&fow vol t age el ectron beaminstrunent operates wthin

the range of from about 60 KeV to about 100 KeV. 10 50. The systemof claim

46, wherein the active sterile field is created by a chem cal vapor
at mospher 8. slihe systens gE¢laim 41, whlqﬁlm%@wm slecken bFERTRSATUMERp gperates

atymsphere is l he group of chem cals
Tl udi ng hydvﬁél§ﬁhﬁgﬁl‘%¥i°3£{°ﬁﬁg‘?9§§§?ﬂiw‘E’?@?%%‘?"’%’-cm ori ne dioxide. 52.
The system of claim 46, wherein the active sterile field is created by a

pul sed high- energy light source having a | arge ultraviolet conponent. 20
53. The s&t eFhosystamaphelaen 4y whespin thmgvsamltagé electrpn bearp iirgtigimesnt epaategd by

a plasma atnosphere. 54. .The ) I i% erein the nechani sm
whi ch brings Wﬁgmotb%ﬁaé@eé’rﬁ@n? %%/Odltt%%fva@ta%% @g\é@ at |east one

mechani cal actuator. 25 55. The system of claim 54, wherein the at |east
one nechani cal actuator is automated. 56. The system of claim 46, wherein

tHe surfase fThe sumnoofdlaig 4G whetamthieadtivelserile field is created by a chemical vapor
atmosphere.

51. The system of claim 50, wherein the chemical vapor atmosphere is created by a
chemical selected from the group of chemicals including hydrogen peroxide, peracetic

15 acid, and chlorine dioxide.

52. The system of claim 46, wherein the active sterile field is created by a pulsed high-

energy light source having a large ultraviolet component.

20 53. The system of claim 46, wherein the active sterile field is created by a plasma

atmosphere.
54. The system of claim 46, wherein the mechanism which brings the opened ends into
contact comprises at least one mechanical actuator.
25

55. The system of claim 54, wherein the at least one mechanical actuator is automated.

56. The system of claim 46, wherein the surface for supporting is automated.
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