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rel ates to a process for termnal sterilization of
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METHOD QOF TERMINA! STEAM STERILIZATION

The present invention relates to a process for terminal
5 sterilization of pre-filled plastic and glass syringes and
cartridges containing liquid pharmaceutical, biological or ,
veterinary products. More particularly, the invention relates to a
process for terminal sterilization of liquid contrast media for
parenteral administration contained in plastic and glass syringes
10 and cartridges.

The prior art discloses containers, apparatus and processes
for steam-sterilization of products and medical devices used in
the health and medical fields where sterility is an absolute
requirement. Generally speaking, such sterilization may be

15 accomplished by steam-sterilizing the containers/packages and
contents separately, followed by placing the contents into the
containers/packages and hermetically sealing the same for use
at a later time. Such processes, however, carry the risk of
contamination and introduction of pyrogens during the transfer

20 of the products into their containers/packages. The trend in the
pharmaceutical industry is toward terminal steam-sterilization
wherein the contents are sterilized within their containers/-
packages. |

insthe process of such steam-sterilization, the pre-filled

25 containers/packages are placed in an autoclave and are subjected
to operational cycles which include: purging air from the
autociave chamber by forcing saturated steam therethrough at
about a pressure of 1 to 20 psig at a temperature of about 100°C
to 150°C for about a minute to 30 minutes; further introducing

30 steam into the autoclave chamber so that the temperature of
about 100°C to 125°C is reached therein; maintaining the
temperature for a time sufficient to sterilize the content of the
autoclave; cooling the autoclave and removing the containers/-
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pre-filled plastic and gl ass syringes and cartridges containing liquid
pharmaceutical, biological or veterinary products. Mre particularly, the
invention relates to a process for termnal sterilization of liquid
contrast media for parenteral adm nistration contained in plastic and gl ass
syringes and cartridges. The prior art ,di scl oses contai ners,

appar atus and processes for steam sterili zatzl on of products and rredl cal
devi ces used in thmdkegbs htteerdfromali c Jlypidad| centebrere sémtrainingypaserral

absol ute requir e, s|a' ét}’chs%aéia'gg ?ﬁ}&SUie%t E‘srtbbgéiaéd Vialf%d

acconpl i shed by steam sterl ners/ es an con‘?ents
separately, follovRRtties pracabie §%é~‘é6$¥taéﬁt§ ¢rﬁfG$§W@ é’éfrﬁ?@ %/ briwesse s

and hermetical |y sthel cogtdiferssane therautoelave eharber créated Byicihepr ocesses,
however carry sl perﬁér;k.oﬁsl COBIRTDR e et BUELLL" AOWRYERIRPE:
filled syrmges and cartridges made of plastic or glass do not
tolerate significant pressure differential when the internal
pressure is greater than the external; such pressure differential
resuits in an unacceptable number of container/package failures
10 that will occur either during the heating phase or the cooling
phase of the autoclave cycle.

In the case of glass syringes and cartridges such failure
typically will be in the form of plunger blow-out during the
heating phase caused by the sum total of product vapor pressure,

15 thermal expansion of the product and the pressure increase of
the gas occupying the head space in the container. Should seal
integrity be maintained through the heating phase, failure may
occur during the cool-down phase of the sterilization cycle when
the liquid content in the containers is at or above its boiling

20 point, creating pressures within the containers greater than one
atmosphere while the pressure in the autoclave drops to one
atmosphere.

In the case of plastic syringes and cartridges, in addition
to container/package failure by plunger blow-out during

25 sterilization, the heat and pressure in the autoclave chamber
soften the plastic and tend to warp and deform the walls of the
containers.

The need to compensate for the elevated internal pressure
of a plastic syringe during sterilization was recognized in

30 U.S. Patent No. 4,718,463 which proposes to maintain a pressure
in the autoclave chamber at least equal to the pressure inside
the syringe.
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cont'ai ner s/ packages. The trend in the pharmaceutical industry is toward
term nal steamsterilization wherein the contents are sterilized within
t heir contai ners/ - packages. In the process of such
steamsterilization, the pre-filled containers/packages are placed in an
aut ocl ave and are subjected to operational egcles which include: purging

air fromthe autocl ave r by f.orcing saturated st t heret hrough at
about a pressure of 6. gg%??g?\%o[s(ﬁp]'lspg\ylg‘gygdb at Prf’?fﬁ%g RAgC Ayringes
t enperat ure of abdnd TaotridggsCmay Iw0[steaincstienilizaboby auttchasing twitBBut

m nutes; further idHcoQAtEr e ' Nt at the
t enperature of abaqut b?ggg[‘@ﬁ;%: tagb,?LZS e'?r' (ﬂ’]???%lgc e%htaherglorﬁ'? Mé
r

mai nt ai ni ng the tems& ntainingethe AULQGIRYR RrEssyrer At o cabeke ¢hat ent
of the autocl abe; itterhah@ressurauobdhevsyrmges amdvcagridges cand referably

no head space in the syringes and cartridges; and providing at

least 10% empty space between the plunger and the proximal end

of the barrel to allow for sliding movement of the plunger

toward the proximal end of the barrel in response to thermal

10 expansion and internal vapour pressure generated during the

autoclaving cycles.

Pre-filled glass syringes and cartridges having the above-
described provisions relating to plastic syringes and cartridges
may also be steam-sterilized using an autoctave pressure that is

15 less than the internal pressure of the glass syringes and
cartridges. However, we have found that they may also be
sterilized using overpressure without the danger of plunger
blow-out if the head space is minimized and sufficient plunger
movement is allowed in the barrel.

20 It is essential however to satisfy two requirements:

(1) to maintain a head space not exceeding about 10% of
the fill volume in the syringe or cartridge, and preferably no head
space at alil; and

(2) to provide sufficient ieeway for the plunger to aliow

25 movement toward the proximal end of the barrel in response to
the thermal expansion of the content in the barrel.

When these requirements are met, sterilization of pre-
filled plastic syringes and cartridges by saturated steam can be
accomplished under an autoclave pressure that is less than the

30 pressure in the syringes and cartridges. In order to prevent the
collapse of the steam atmosphere, the rate of cooling should be
maintained within one unit of chamber controllability, i.e., the
pressure in the chamber should be one psig lower than the
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-2 - " packages therefrom Typical containers containing parenteral
formul-ati ons, such as gl ass anpoul es, stoppered vials and bottles are
able to withstand the pressure differentials between

10

15

20

25

30

-4-
pressure inside the plastic syringe or the plastic cartridge.
When the pre-filled syringes and cartridges are made of glass
and the above-stated two requirements are met, they can be
sterilized at an autoclave pressure that is less, equal to or
greater than the pressure inside the glass syringes and
cartridges.

The present invention therefore provides a method for
terminal sterilization of a pre-filled plastic syringe containing a
liquid, preferably a liquid medicament, for parenteral
administration, said syringe comprising:

a syringe barrel terminating in a nozzle at its distal end,
and an open or proximal end; and

a slideable plunger or piston situated in the barrel having a
means to engage a plunger rod, said method comprising the steps
of: :
inserting the plunger into the barrel and positioning it
toward the distal end thereof to ieave a volume of at least about
2% empty space between the plunger and the proximal end of the
barrel;

filling the syringe through its nozzle with the liquid
medicament allowing for a head space not exceeding about 10%
by volume and, preferably, allowing essentially no head space;

hermetically sealing the nozzle by a cap;

autoclaving the pre-filled syringe to sterilize it and its
content at an autoclave pressure less than the pressure of the
syringe content; and

cooling the autoclave chamber with a water cascade or
nozzle spray or air draft at a rate that will not allow a sudden
collapse of the steam atmosphere in the autoclave chamber.

In another embodiment the present invention provides a
method for terminal sterilization of a pre-filled plastic
cartridge containing a liquid, preferably a liquid medicament, for
parenteral administration, said cartridge comprising:
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t he ‘cont ai ners and the autocl ave chanber created by the 5 operational
cycles of the sterilization process. However, pre- filled syringes
and cartridges made of plastic or glass do not tol erate significant
pressure differential when the internal pressure is greater than the

external ; such pressure differential resi ts in an unacceptabl e nunber
of container/package failures, 10

occur either d heatin
phase or the cooling @ CasHidge (harfﬁet%fm‘%q'%énc?cn X portio A%t t}:sl n the )
case of glass syridigtsl end adapted dgerecuivd of pierceable dlapmlgamnmaamq an bpebe

in the formof plugg romnﬁ’ﬁl"é’ﬁﬁ gHal ng the heati ng phase caused by the
sumtotal of product v

and the pressure i ncreag 'Qﬁagrcé p'-{’lgérg%fs P&ESB%‘H&‘E& mhgré%lqiaﬁg% h %Rgﬁgt

contai ner. Shou$d aemeans to engage a plunger rod, said method comprising the
steps of:

inserting the plunger into the barrel as hereinbefore
described;

filling the cartridge barrel with a liquid medicament

10 through its distal end, as hereinbefore described

hermetically sealing the distal end by a pierceable
diaphragm; and

autoclaving and cooling the pre-filled cartridge as
hereinbefore described.

15 In a further embodiment the present invention provides a
method for terminal sterilization of a pre-filled glass syringe or
cartridge containing a liquid, preferably a liquid medicament, for
parenteral administration, wherein the autoclaving of the pre-
filled syringe or cartridge to sterilize it and its- content is

20 effected at an autoclave pressure that is less than, equal to or
greater than the pressure of the syringe or cartridge content,
with cooling of the autoclave chamber as hereinbefore described.

According to the present invention therefore there is
provided a method for terminal sterilization of a pre-filled

25 plastic.or glass syringe or cartridge containing a liquid therein,
said syringe or cartridge comprising:

(a) a syringe barrel terminating in a nozzle at its distal end
or (b) a cartridge barrel terminating in a neck portion at its
distal end and adapted to receive a pierceable diaphragm;

30 an open or proximal end; and

a slideable plunger or piston situated in the barrel having a
means to engage a plunger rod, said method comprising the steps
of:
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integrity be maintained through the heating phase, failure may occur
during the cool -down phase of the sterilization cycle when the liquid
content in the containers is at or above its boiling 20 point, creating
pressures within the contai ners greater than one at nosphere while the
pressure in the autoclave drops to one ‘ﬁtnnsphere. In the

case of plastic syringiseatifg Cee il  init8 &l igarAd) 3nd pdsitioning it.
contalner/packagetg%gb#Qﬁ bgighun r h%ﬂfgyﬁeé&wln s%erl |?a{|on, t he
heat and pressure Dhothe Su'Ste a2 EREHRRL, & 81 YOHMe of Ataleast abewtt end
to warp and def or A% MR Spack between thecplungenand.the proximal endhef tiged to
conpensate for theagreyated internal pressure of a plastic syringe
during sterilization W?iﬁinrgegﬁeqnsly%%%el or barrel through its nozzle or neck
portion respectively with the liquid allowing for a head space
not exceeding about 10% by volume;
hermetically sealing the nozzle by a cap, or the neck
portion by a pierceable diaphragm, respectively; either
10 autoclaving the pre-filled plastic syringe or cartridge to
sterilize it and its content at an autoclave pressure less than the
pressure of the syringe or cartridge content; or
autoclaving the pre-filled glass syringe or cartridge to
sterilise it and its content at an autociave pressure less than,
15 equal to or greater than the pressure of the syringe or cartridge
content; and
cooling the autoclave chamber with a water cascade or
nozzle spray or air draft at a rate that will not allow a sudden
collapse of the steam atmosphere in the autoclave chamber.
20 Preferably the syringe or cartridge is filled with the
liquid, which is preferably a liquid medicament or a contrast
agent used for diagnostic examination, allowing essentially no
head space, and a volume of empty space between the plunger and
the proximal end of the barrel of about 5%, preferably about 10%
25 or more. When the syringe or cartridge is plastic, the internal
pressure is continuously monitored during the autoclave cycles
and the pressure in the autoclave chamber is kept at least one
unit of pressure controilability lower than the internal pressure
of the syringe or cartridge content.
30 In order to maintain an autoclave pressure that is jess than
the internal pressure of the syringes or cartridges, the vapor
pressure of the content in the syringes and cartridges at the .
sterilization temperature must be determined. A pressure offset
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30 U.S. Patent No. 4,718,463 which proposes to maintain a pressure

t he autocl ave chanber at |east equal to the pressure inside t he
syri nge.
-7-

10

15

20

25

30

is then incorporated into programmable controls having hardware
and software. Such control selectively adds air during the
autoclave cycle to maintain a pressure in the autoclave that is
lower than the pressure of the syringe or cartridge content. For
example, if a formulation generates a vapor pressure of 15.2 psig
at 121.5°C, the pressure in the autoclave chamber would be

reduced to less than 15.2 psig. Examples of vapor pressure of
some samples are as follows:

psig
Purified Water 121.50C 15.2
lohexol Solution 75.5% w/v 121.50C 14.7
lohexol Solution 51.77% w/v 121.5°C 15.0

To provide the necessary control system, programmable
autoclaves are commercially available (American Sterilizer Co.,
PA) to accomplish such controls using a temperature measuring
device, such as a thermocouple, RTD or a pressure transducer, in
direct contact with the content of the syringe to continuously
feed data into the computer and trigger the necessary response
thereto.

In the practice of the invention, when sterilizing a large
number of samples in a batch-type operation, at least one
temperature/pressure measuring device in direct contact with
the content of one sample is necessary for monitoring the
temperature and to automatically trigger a response to regulate
the pressure within the autoclave. For that purpose a special
syringe can be adapted which in all aspects is the same as any
other syringe or cartridge, except for a built-in thermocouple,
resistance temperature device (RTD) or pressure transducer
connected to the hardware/software of the autoclave.
Preferably, however, a statistically representative number of
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We have Ssurprisingly found that pre-filled plastic syringes and cartridges
may be steamsterilized by autoclaving wthout encountering the above-

menti oned problenms and without the necessity of nmintaining the autoclave
pressure at or above the internal pressure of the syringes and cartridges
and preferably no head space in the syringes8nd cartridges; and providing

at |east of 10% engdmipleBaGftadedf %earé_ggtgﬁﬂgﬁuo@ggobg@a rﬁﬁgi%&e@dmd of the

barrel  to allow for_sljdi ng novenent ,o nger proxi mal end
of the barrel in r"ef?d'Bh%re gﬁ“'PRQHEn’ﬁ’I“heﬁH%sFedﬂp%f%G“'l’er(tpé?ﬁrevm#r iBBessur e
gener at ed during tdeviceitsholutad bagusedc| es. Pre-filled glass syringes

and cartridges having tfife RBRIACHWI P50 be described in detail with
5 reference to the following figures, but without limitation
thereto, wherein.
FIG 1. is a plan view of a hypodermic needle;
FIG. 2 is a plan view of a cartridge;
FIG. 3 is a plan view of a cap or sheath to cover the
10 hypodermic needle shown in FIG. 1;
FIG. 4 is a plan view of a plunger or piston adapted for use
in the cartridge shown in FIG. 2;
FIG 5. is a plan view of a fully assembled syringe;
hypodermic needle and plunger; and
15 FIG. 6 is a plan view of a syringe holder having the cap,
shown in FIG. 3, thereon.

Referring to the drawings, wherein like numerals are used

to identify like parts, there are illustrated two embodiments of

20 the present invention: FIG. 2 shows a cartridge and FIG. S shows
a syringe with an attached hypodermic needie.

Shown in FIG. 2, cartridge 10 corhprises: a cartridge
barrel 20, formed of glass or plastic having a distal end 26 and a
25 proximal end 40. Distal end 26 has a neck portion 28 which
terminates in an opening (not shown) closed by a diaphragm
cap 30 and a diaphragm 36. Diaphragm cap 30 contains an
annular groove 32 to receive a snap-on hypodermic needle 60
shown in FIG. 1. Hypodermic needle 60 comprises a snap-on
30 portion 62 which is to engage diaphragm cap 30 in a mating
relationship; and a conical portion 64 which is to receive and
engage proximal end 74 of cap 70. When the hypodermic needle
60 is snapped on the cartridge, the proximal end of said needle
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provisions relating to plastic syringes and cartridges may al so be steam
steril.i-zed using an autoclave pressure that is |less than the internal
pressure of the glass syringes and cartridges. However, we have found that
they may al so be sterilized using overpressure wthout the danger of

pl unger blowout if the head space s m ni m'z@d and sufficient plunger

novenment is allowed.in th I s essential however to satisfy
two requirements: Pier ces(%}e a@pi’ﬁ?gﬂ‘aﬁﬁ &hﬁ"@éﬂ ppRMddingocomyueRidatignabout

10% of the fill vobetweém saitk reeien@adothe: diguid mzcméntorzgi Q:rofqlﬁhi}‘\eaomhead
6 al | ow movement f%‘&gdae(%"ép(%?f i recRipkamef B8 4018 B q%égm%s@%gt he
termal expansion oPpFHef"éd'ﬁFé'fﬂt ¢ at plunger o8| piston 50, \showrn i &iG. 4, which
requirenents ar® mhbs stforward,aliqoi-pteffaeing lsupdce! 88t bAd a rearwardly
extending threaded portion 56 for interconnection with a plunger
rod (not shown) when the cartridge is readied for use.
Cartridge barrel 20 is filled with a liquid medicament 24
in such a way that: (1) a head space of no more than about 10% of
10 the volume of the liquid is provided at the distal end 26 of the
cartridge barret 20 and; (2) at the proximal end 40 of the
cartridge barrel 20 sufficient leeway is provided for the plunger
to slide toward the proximal end in response to the thermal
expansion of the liquid formulation contained in the cartridge 10.
15 Such leeway should, preferably, be about 10% or more of the
volume of the liquid formulation. To insure against accidental
pricking, and to protect the hypodermic needle 60 from
contamination and damage, a cap or sheath 70 is provided, as
shown in FIG. 3. Said cap 70 comprises a closed distal end 72
20 and an open proximal end 74 which is adapted to engage the
conical portion 64 of hypodermic needie 60. The hypodermic
needle and cap for the same may be fitted to the cartridge after
the terminal sterilization process is complete.
FiG. 5 shows a syringe 10' equipped with a hypodermic
25 needle 60' and plunger 50', and filled with a liquid medicament
24'. Syringe 10' comprises: a syringe barrel 20', formed of glass
or plastic, having a distal end 26 and a proximal end 40'.
Hypodermic needle 60' comprises a conical portion 64' which is
to receive and engage proximal end 74’ of cap 70" shown in FIG. 3.
30 Plunger 50', having a liquid interfacing surface 52' and a
rearwardly extending threaded portion 56°' for interconnection
with a plunger rod, is shown inserted into syringe barrel 20' at
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syringes'and cartridges by saturated steam can be acconpli shed under an
autocl ave pressure that is less than the pressure in the syringes and
cartridges. In order to prevent the coll apse of the steam atnosphere, the
rate of cooling should be maintained within one unit of chanber
controllability, i.e., the pressure in the ch@mber should be 6.895 x

10[err] bar (one ngd proxitth’edd'dd' NThe syringe functions analogously to the
cartridge hereinbefore described.

It is important here as well as with the cartridges, that
syringe barrel 20’ is filled with a liquid medicament 24' in such
5 away that: (1) a head space of no more than about 10% is
provided at the distal end 26' of the syringe barrel 20' and:
(2) at the proximal end 40' of the syringe barrel 20' sufficient
leeway is provided for the plunger to slide toward the proximal
end in response to the thermal expansion of the liquid
10 formulation contained in syringe 10'. Such leeway should,
preferably, be about 10% or more of the volume of the liquid
formulation.
The cartridge and syringe containing the liquid medicament
therein, hereinbefore described, are sterilized according to the
15 method of the present invention and are used in the conventional
manner to administer their content to a patient. A convenient
way to accomplish such administration is by the use of a
syringe/cartridge holder, such as shown in FIG. 6. A similar
holder is disclosed in U.S. Patent No. 4,585,445. The syringe/-
20 cartridge holder 80 comprises a semi-cylindrical body
portion 82, a plunger rod 84, associated piston engagement
means 86 and finger gripping means 88. Semi-cylindrical body
portion 72 is adapted for side-loading a cartridge 10 or
syringe 10' through the open side wall. The cartridge/syringe is
25 then locked in the holder to prevent axial displacement thereof,
and plunger rod 84 is engaged with plunger 56 of the cartridge
(or 56' of the syringe) through piston engagement means 86.
After removal of cap 70, the assembly is ready for aspirating
use.
30
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-4- ' préssure inside the plastic syringe or the plastic cartridge. Wen
the pre- filled syringes and cartridges are nade of glass and the
above-stated two requirenents are net, they can be sterilized at an

autocl ave pressure that is less than the pressure inside the glass syringes

and cartridges. The present inventionltherefore provides a nethod for
termnal sterilizationyof a pre-filled ,plastic.syrij 0 I Qi lej qui d,
preferably a liquid rreaﬁsaﬂlé ,ntf_éﬁmwé?'eﬁfe&h&ﬁ_ngénﬁ%?g?ga@%gn,gé.g%eg‘ g{’/'ﬂl nge
conpri si ng: aa vayiety gef iehemital cpharmadengicah anchygtednary iligsidii st al

end, and an open @briGRtioN! iABRIdiMY diquid contrast media, and is an
important advance in providing pyrogen/bacteria/viral free
S sterile products.

While preferred embodiments of the invention have been
described and illustrated in the specification and drawings, it is
to be understood that such is merely illustrative of the
underlying concept and features of the invention and are not to be

10 limiting of the scope of the invention and the appended claims.
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a slideable plunger or piston situated in the barrel having a neans to
engage - a plunger rod, said nethod conprising the steps.af_ _inserting

the plunger into the barrel and positioning it toward the distal end
thereof to |eave a volune of at |east about _2%.enpty s’?ﬂﬂ' ’m ﬁmwm’

pl unger and the prexi){rﬁl1 end of the barrel; fill

through its nozzle HAMShe l'iquid nmedi carrent al I owi ng Tor a‘hehd Spdce not

exceedi ng about 10% by vol une and, preferably, allow ng essentially no head
space; hermgtical Iy aut ocl avi ng

the pre-filled syrl hge to sté FE'@%& h{t%rg élrzrﬁlnf‘ c%ﬁf'@?é)t'%ﬁ ¢fn 2 prediilled:
pressure | ess thanpltaﬁé'cppéga!ﬁ% syringee ot yeartrdge ccurtaining nal liquid therem, i ng
the autoclave chanbsid ytiRg@ wT&FtW%Qf ngzl e spary or air draft at
a rate that wll not a‘{a(j asysrm%%egarre Pmmatmg I a°heogle at its distal end
or (b) a cartridge barrel terminating in a neck portion at its
distal end and adapted to receive a pierceable diaphragm;
an open or proximal end; and
10 a slideable plunger or piston situated in the barrel having a
means to engage a plunger rod, said method comprising the steps
of:
inserting the plunger into the barrel and positioning it
toward the distal end thereof to leave a volume of at least about

15 2% empty space between the plunger and the proximal end of the

barrel;

filling the syringe or barrel through its nozzle or neck
portion respectively with the liquid aliowing for a head space
not exceeding about 10% by volume;

20 hermetically sealing the nozzle by a cap, or the neck
portion by a pierceable diaphragm, respectively; either
autoclaving the pre-filled plastic syringe or cartridge to

sterilize it and its content at an autoclave pressure less than the
pressure of the syringe or cartridge content; or

25 autoclaving the pre-filled glass syringe or cartridge to

sterilise it and its content at an autoclave pressure less than,
equal to or greater than the pressure of the syringe or cartridge
content; and _

cooling the autoclave chamber with a water cascade or

30 nozzle spray or air draft at a rate that will not aliow a sudden

collapse of the steam atmosphere in the autoclave chamber.
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atosphere in the autoclave chanber. I'n anot her embodi nent t he
roctilled plastic cartridge containing a liqu d. kﬂﬂlﬂl\ﬂ@l“ﬂﬁﬂl’ I .
medi canent, for parenteral administration, said cartridgetcchpri sing:
13-
2. A method as claimed in claim 1 wherein said syringe
or cartridge is filled with said liquid allowing essentially no
head space.
3. A method as claimed in claim 1 wherein the volume
5 of empty space between the plunger and the proximal end of the
barrel is about 59%.
4, A method as claimed in claim 1 wherein the volume
of empty space between the plunger and the proximal end of the
barrel is about 10%.

10 5. A method as claimed in any one of the preceding
claims wherein said plunger is adapted to move toward the
proximal end of the barrel in response to thermal expansion and
internal vapor pressure of the liquid contained therein.

6. A method as claimed in any one of the preceding
15 claims wherein said liquid is a liquid medicament.
7. A method as claimed in any one of claims 1 to 5

wherein said liquid comprises a contrast agent used for
diagnostic examination.
8. A method as claimed in any one of the preceding

20 claims wherein when the syringe or cartridge is plastic the
internal pressure is continuously monitored during the autoclave
cycles and the pressure in the autoclave chamber is kept at least
one unit of pressure controllability lower than the internal
pressure of the syringe or cartridge content.



-5 - a cartridge barrel termnating in a neck portion at its
distal end adapted to receive a pierceable diaphragm and an open or

proxi mal end; and a slideabl e plunger or piston situated in the
barrel having a neans to engage a plunger rod, said-nethod conprising the
steps of: inserting the plunger.-into 4lng- barrel as hereinbefore
descri bed; filling the cartridge barrel with a |iquid medi cament
through its distal end, as herei nbefore described,; hermetical ly
sealing the distal end by a pierceabl e diaphragm and

ABSTRACT

5 METHOD OF TERMINAL STEAM STERILIZATION

A method for terminal steam sterilization of a pre-filled
plastic or glass syringe or cartridge is disclosed, said method
comprising the steps of: maintaining a head space in the syringe

10 or cartridge of not exceeding about 10% volume; providing at
least about 2%, preferably about 10%, leeway for the plunger
therein to slide in response to pressure differential; and in the
case of a plastic syringe or cartridge sterilizing the syringe or
cartridge at an autoclave pressure that is less than the internal

15 pressure of the syringe or cartridge content; or in the case of a
glass syringe or cartridge sterilizing the syringe or cartridge at
an autoclave pressure that is less than, equal to or greater than
the internal pressure of the syringe or cartridge content.
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aut ocl aving and cooling the pre-filled cartridge as herei nbefore descri bed.
In a further enbodi nent the present invention provides a nethod for
termnal sterilization of a pre-filled glass syringe or cartridge
containing a liquid, preferably a |iquid nedicanent, for parentera

adm ni stration, wherein the autoclaving of the pre-filled syringe or
cartridge to sterilize it and its content is effected at an autocl ave
pressure that is |less than the pressure ﬂtnggf yringe or cartridge
content, with cooling of the autoclave cha s hereinbefore descri bed.
According to the present invention therefore thes@6 s provided a method for
termnal sterilization of a pre-filledgﬁﬁ-@ﬁ:’@ass syringe or
cartridge containing a liquid therein, 2g ~Lgeg or cartridge

conpri si ng: (a) a syringe barrel tefmngting in a nozzle at its

di stal end or
FIG. |
R
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(b) a cartridge barrel terminating in a neck portion at its distal end and
adapted to receive a pierceabl e di aphragm an open or proximal end;
and a slideabl e plunger or piston situated in the barrel having a
means to engage a plunger rod, said nethod conprising the steps of:

FIG.5
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-6- " - 7 i nserting the plunger into the barrel and positioning it toward
the distal end thereof to | eave a volune of at |east about 2% enpty space
bet ween the plunger and the proxinmal end of the barrel; filling the
syringe or barrel through its nozzle of-}{§d§ portion respectively with the
liquid allowing for a head space not exceedi ng about 10% by vol une;

hernetically sealing the nozzle by a ca r the neck portion by a
pi erceabl e di aphragm respectively; eit autoclaving the pre-filled
pl astic or :
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§=I ass-=sSyringe or cartridge to sterjilize it and i t—ar—aut ocl ave
phess than the pressure of the syringe O'RF mmmﬁ ; and

cool i ng the aut ocl altés Shea HiBeevRdplaced wat er cascagle] or nozzl e sprlay or air
draft at a rate thatJm s@ Bhinyhgyst gar

a sudden co
at nosphere in the au r. Prefferfabl y the syring¢ or
cartridge is filled wth the liquid, which is preferably atiretid
medi canment or a contrast agent used for dﬂagnosf' exani nati on, afl ow ng
essentially no head space, and a volune of enpty space between e pl unger

and the proximal end g b e ut -Wt 10% or
nore. When the syringe or cartiridge | ) essure is
continuously nonitored during the autoclave cycles and the pressure in the
aut ocl ave chanber i dheepresant| swentionerelattes ¢ prprosesse foorterotinalbi ity
| ower than she stetifizaeibn PoESsre-filled HISLIEYahAOGIaRE SRFihGés Iond

cartridges containing liquid pharmaceutical, biological or

veterinary products. More particularly, the invention relates to a

process for terminal sterilization of liquid contrast media for

parenteral administration contained in plastic and glass syringes

10 and cartridges.

The prior art discloses containers, apparatus and processes
for steam-sterilization of products and medical devices used in
the health and medical fields where sterility is an absolute
requirement. Generally speaking, such sterilization may be

15 accomplished by steam-sterilizing the containers/packages and
contents separately, followed by placing the contents into the
containers/packages and hermetically sealing the same for use ’
at a later time. Such processes, however, carry the risk of
contamination and introduction of pyrogens during the transfer

20 of the products into their containers/packages. The trend in the
pharmaceutical industry is toward terminal steam-sterilization
wherein the contents are sterilized within their containers/-
packages.

in the process of such steam-sterilization, the pre-filled

25 containers/packages are placed in an autoclave and are subjected
to operational cycles which include: purging air from the
autoclave chamber by forcing saturated steam therethrough at
about a pressure of 1 to 20 psig at a temperature of about 100°C
to 150°C for about a minute to 30 minutes; further introducing

30 steam into the autoclave chamber sosthat the temperature of
about 100°C to 125°C-is reached™th&rein; maintaining the
temperature for a time sufficient to sterilize the content of the
autoclave; cooling the autoclave and removing the containers/-

-
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content. In order to maintain an autocl ave pressure that is |ess
than the internal pressure of the syringes or cartridges, the vapor
pressure of the content in the syringes and cartridges at the sterilization
tenperature nmust be determ ned. A pressure offset is then incorporated into
progranmmabl e controls having hardware and software. Such control
sel ectively adds air during the autoclave cycle to maintain a pressure in
the autoclave that is -2-
packages therefrom. Typical containers containing parenteral
formulations, such as glass ampoules, stoppered vials and
bottles are able to withstand the pressure differentials between
the containers and the autoclave chamber created by the
S operational cycles of the sterilization process. However, pre-
filled syringes and cartridges made of plastic or glass do not
tolerate significant pressure differential when the internal
pressure is greater than the external; such pressure differential
results in an unacceptable number of container/package failures
10 that will occur either during the heating phase or the cooling
phase of the autoclave cycle.

In the case of glass syringes and cartridges such failure
typically will be in the form of plunger blow-out during the
heating phase caused by the sum total of product vapor pressure,

15 thermal expansion of the product and the pressure increase of
the gas occupying the head space in the container. Should seal
integrity be maintained through the heating phase, failure may
occur during the cool-down phase of the sterilization cycle when
the liquid content in the containers is at or above its boiling

20 point, creating pressures within the containers greater than one
atmosphere while the pressure in the autoclave drops to one
atmosphere. :

in the case of plastic syringes and cartridges, in addition
to container/package failure by plunger blow-out during

25 sterilization, the heat and pressure in the autoclave chamber
soften the plastic and tend to warp and deform the walls of the
containers.

The need to compensate for the elevated internal pressure
of a plastic syringe during sterilization was recognized in

30 U.S. Patent No. 4,718,463 which proposes to maintain a pressure
in the autoclave chamber at least equal to the pressure inside
the syringe.
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1)
-7- | ower than the pressure of the syringe or cartridge content. For
exanple, if a fornulation generates a vapor pressure of 1.048 bar (15.2
psig) at 121.5[err]C, the pressure in the autoclave chanber woul d be

reduced to | ess than 1.048 bar (15.2 psig). Exanples of vapor pressure of
sone sanples are as foll ows:

-3-

We have surprisingly found that pre-filled piastic syringes
and cartridges may be steam-sterilized by autoclaving without
encountering the above-mentioned problems and without the
necessity of maintaining the autoclave pressure at or above the

5 internal pressure of the syringes and cartridges and preferably
no head space in the syringes and cartridges; and providing at
least 10% empty space between the plunger and the proximal end
of the barrel to allow for sliding movement of the plunger
toward the proximal end of the barrel in response to thermal

10 expansion and internal vapour pressure generated during the
autoclaving cycles.

Pre-filled glass syringes and cartridges having the above-
described provisions relating to plastic syringes and cartridges
may also be steam-sterilized using an autoclave pressure that is

15 less than the internal pressure of the glass syringes and
cartridges. However, we have found that they may aiso be
sterilized using overpressure without the danger of plunger
blow-out if the head space is minimized and sufficient plunger
movement is allowed in the barrel.

20 It is essential however to satisfy two requirements:

(1) to maintain a head space not exceeding about 10% of
the fill volume in the syringe or cartridge, and preferably no head
space at all; and

(2) to provide sufficient leeway for the plunger to allow

25 movement toward the proximal end of the barrel in response to
the thermal expansion of the content in the barrel.

When these requirements are met, sterilization of pre-
filled plastic syringes and cartridges by saturated steam can be
accomplished under an autoclave pressure that is less than the

30 pressure in the syringes and cartridges. In order to prevent the
collapse of the steam atmosphere, the rate of cooling should be
maintained within one unit of chamber controllability, i.e., the
pressure in the chamber should be one psig lower than the
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Exanpl e Sterilization Tenp Vapour Pressure

(psi 9) bar Purified Water 121.5[err]C

(15. 2) 1. 048 | ohexol Solution 75.5% w v 121 .5[err]C
(14.7) 1. 013 | ohexol Solution 51.77% w v 121 .5[err]C
(15.0) 1.034 To provide the necessary control system

programmabl e aut ocl aves are commerically available (American Sterilizer
Co., PA) to acconplish such controls usingga tenperature neasuring device,
such as a thernocouple, RID or a pressure transducer, in direct contact
with the contenPressurpeinside the PlastisnsymngriQry the RIagHE 2Camfiggene conmput er

and trigger thewtasrehar pre-6HOONSRInges and cartridges are made of glass
and the above-stated two requirements are met, they can be
sterilized at an autoclave pressure that is less, equal to or
5 greater than the pressure inside the glass syringes and

cartridges.

The present invention therefore provides a method for
terminal sterilization of a pre-filled plastic syringe containing a
liquid, preferably a liquid medicament, for parenteral

10 administration, said syringe comprising:

a syringe barrel terminating in a nozzle at its distal end,
and an open or proximal end; and

a slideable plunger or piston situated in the barrel having a
means to engage a plunger rod, said method comprising the steps

15 of:

inserting the plunger into the barrel and positioning it
toward the distal end thereof to leave a volume of at least about
2% empty space between the plunger and the proximal end of the
barrel;

20 filling the syringe through its nozzle with the liquid
medicament allowibg for a head space hot exceeding about 10%
by volume and, preferably, allowing essentially no head space;

hermetically sealing the nozzle by a cap;
autoclaving the pre-filled syringe to sterilize it and its

25 content at an autoclave pressure less than the pressure of the

syringe content; and

cooling the autoclave chamber with a water cascade or
nozzle spray or air draft at a rate that will not allow a sudden
collapse of the steam atmosphere in the autoclave chamber.

30 In another embodiment the present invention provides a
method for terminal sterilization of a pre-filled plastic
cartridge containing a liquid, preferably a liquid medicament, for
parenteral administration, said cartridge comprising:
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t hereto. In the practice of the invention, when sterilizing a |large
nunber of sanples in a batch-type operation, at |east one
t'enperat ure/ pressure neasuring device in direct contact with the content of
one sanple is necessary for nonitoring the tenperature and to automatically
trigger a response to regulate the pressure within the autoclave. For that
purpose a special syringe can be adapted which in all aspects is the sane
as any other syringe or cartridge except-&-or a built-in thernocouple,
resi stance tenperature device (RTD) or presSure transducer ?C{a ected to the
S

har dwar e/ sof t war e ofa (CREtridae, bRERE . tepminating, Iy 2 Hisksy BPIUIAN Sstical ly

representative gigtdlegndfadapted to receive a puerceable diaphragm, and an open
or proximal end; and

a slideable plunger or piston situated in the barrel having

5 a means to engage a plunger rod, said method comprising the
steps of:

inserting the plunger into the barrel as hereinbefore
described;

filling the cartridge barrel with a liquid medicament

10 through its distal end, as hereinbefore described

hermetically sealing the distal end by a pierceable
diaphragm; and

autoclaving and cooling the pre-filled cartridge as
hereinbefore described.

15 in a further embodiment the present invention provides a
method for terminal sterilization of a pre-filled glass syringe or
cartridge containing a liquid, preferably a liquid medicament, for
parenteral administration, wherein the autoclaving of the pre-
filled syringe or cartridge to sterilize it and its-content is

20 effected at an autoclave pressure that is less than, equal to or
greater than the pressure of the syringe or cartridge content,
with cooling of the autoclave chamber as hereinbefore described.

According to the present invention therefore there is
provided a method for terminal sterilization of a pre-filled

25 plastic or glass syringe or cartridge containing a liquid therein,
said syringe or cartridge comprising:

(a) a syringe barrel terminating in a nozzle at its distal end
or (b) a cartridge barrel terminating in a neck portion at its
distal end and adapted to receive a pierceable diaphragm;

30 an open or proximal end; and

a slideable plunger or piston situated in the barrel having a
means to engage a plunger rod, said method comprising the steps
of:
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sanpl es, placed at pre-determ ned |ocation in the autoclave chanber,

egui pped Wi th such tenperature/pressure neasuring devi ce shoul d be
used. The invention will now be described in detail with 5
reference to the following figures, but without limtation t heret o,
wher ei n.

-6-

inserting the plunger into the barrel and positioning it
toward the distal end thereof to leave a volume of at least about
2% empty space between the plunger and the proximal end of the
barrel;

5 filing the syringe or barrel through its nozzle or neck
portion respectively with the liquid allowing for a head space
not exceeding about 10% by volume;

hermetically sealing the nozzle by a cap, or the neck
portion by a pierceable diaphragm, respectively; either

10 autoclaving the pre-filled plastic syringe or cartridge to
sterilize it and its content at an autoclave pressure less than the
pressure of the syringe or cartridge content; or

autoclaving the pre-filled glass syringe or cartridge to
sterilise it and its content at an autoclave pressure less than,

15 equal to or greater than the pressure of the syringe or cartridge
content; and

cooling the autoclave chamber with a water cascade or
nozzle spray or air draft at a rate that will not allow a sudden
collapse of the steam atmosphere in the autoclave chamber.

20 Preferably the syringe or cartridge is filled with the
liquid, which is preferably a liquid medicament or a contrast
agent used for diagnostic examination, allowing essentially no
head space, and a volume of empty space between the plunger and
the proximal end of the barrel of about 5%, preferably about 10%

25 or more. When the syringe or cartridge is plastic, the internal
pressure is continuously monitored during the autoclave cycles
and the pressure in the autoclave chamber is kept at least one
unit of pressure controllability lower than the internal pressure
of the syringe or cartridge content.

30 in order to maintain an autoclave pressure that is less than
the internal pressure of the syringes or cartridges, the vapor
pressure of the content in the syringes and cartridges at the
sterilization temperature must be determined. A pressure offset
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FIG 1. is a plan view of a hypoderm c needl e; FIG 2 is a plan

vi ew of a cartridge; FIG 3 is a plan view of a cap or sheath to
dover the 1 0 hypoderm c needle shown in FIG 1, FIG 4is a

pl an view of a plunger or piston adapted for use in the cartridge
shown in FIG 2; FIGS5. is a plan view of a fully assenbl ed
syringe; hypoderm ¢ needl e and plunger; and 1 5 FIG 6 is a

pl an view of a syringe hol der having the cap, shown in FIG 3,

t her eon. _ - Referring to the draw ngs, wherein like nunerals are
used to i gerhih Yinkbksoraged Sinté herfoyramendbié usdritabisd htvinge hardvarent s of

and software. Such control selectively adds air during the
autoclave cycle to maintain a pressure in the autoclave that is
lower than the pressure of the syringe or cartridge content. For

5 example, if a formulation generates a vapor pressure of 15.2 psig
at 121.5°C, the pressure in the autoclave chamber would be
reduced to less than 15.2 psig. Examples of vapor pressure of
some samples are as follows:

10 Example Sterilization Temp Vapour Pressure,
psig
Purified Water 121.50C 15.2
lohexol Solution 75.5% w/v 121.5°C 14.7
lohexol Solution 51.77% w/v 121.5°C 15.0
15

To provide the necessary control system, programmable
autoclaves are commercially available (American Sterilizer Co.,
PA) to accomplish such controls using a temperature measuring
device, such as a thermocouple, RTD or a pressure transducer, in
20 direct contact with the content of the syringe to continuously
feed data into the computer and trigger the necessary response
thereto.
In the practice of the invention, when sterilizing a large
number of samples in a batch-type operation, at least one
25 temperature/pressure measuring device in direct contact with
the content of one sample is necessary for monitoring the
temperature and to automatically trigger a response to regulate
the pressure within the autoclave. For that purpose a special
syringe can be adapted which in all aspects is the same as any
30 other syringe or cartridge, except for a built-in thermocouple,
resistance temperature device (RTD) or pressure transducer
connected to the hardware/software of the autoclave.
Preferably, however, a statistically representative number of

REPLACEMENT SHEET

25pnny 19947

N . s

This Shest Has Been Reﬂ

AN



20 the present invention: FIG 2 shows a cartridge and FIG 5 shows a
sy¥ringe with an attached hypoderni c needl e. Shown in FIG 2,
cartridge 10 conprises: a cartridge barrel 20, forned of glass or

pl astic having a distal end 26 and a 25 proxinml end 40. Distal end 26 has
a neck portion 28 which termnates in an opening (not shown) closed
by a di aphragm cap 30 and a di aphragm 36. Di aphragm cap 30 contai ns
an annul ar groove 32 to receive a snap-on hypoderm c needl e 60

aﬂ_ovw; in FIG 1.sdrupledeﬁfhcbm@edb@-aetmﬁmwsmaaoan&ptha 30taqudave on 62
o ca ot o SR PEL AR YRR vl o prob A 74 &
cap 70. Wien t hedenjpe sbprid baeesade
The invention will now be described in detail with
5 reference to the foliowing figures, but without limitation
thereto, wherein.
FIG 1. is a plan view of a hypodermic needle;
FIG. 2 is a plan view of a cartridge,
FIG. 3 is a plan view of a cap or sheath to cover the
10 hypodermic needle shown in FIG. 1;
FIG. 4 is a plan view of a plunger or piston adapted for use
in the cartridge shown in FIG. 2;
FIG 5. is a plan view of a fully assembled syringe;
hypodermic needle and plunger; and
15 FIG. 6 is a plan view of a syringe holder having the cap,
shown in FIG. 3, thereon.

Referring to the drawings, wherein like numerals are used

to identify like parts, there are illustrated two embodiments of

20 the present invention: FIG. 2 shows a cartridge and FIG. 5 shows
a syringe with an attached hypodermic needle.

Shown in FIG. 2, cartridge 10 comprises: a cartridge
barrel 20, formed of glass or plastic having a distal end 26 and a
25 proximal end 40. Distal end 26 has a neck portion 28 which
terminates in an opening (not shown) closed by a diaphragm
cap 30 and a diaphragm 36. Diaphragm cap 30 contains an
annular groove 32 to receive a snap-on hypodermic needle 60
‘shown in FIG. 1. Hypodermic needle 60 comprises a snap-on
30 portion 62 which is to engage diaphragm cap 30 in a mating
relationship; and a conical portion 64 which is to receive and
engage proximal end 74 of cap 70. When the hypodermic needie
60 is snapped on the cartridge, the proximal end of said needle




60 i s snapped on the cartridge, the proximl end of said needle
-9- pi erces the di aphragm 36 thereby providi ng communi cation

10

15

20

25

30

-9.
pierces the diaphragm 36 thereby.providing communication
between said needle and the liquid medicament 24 contained in
cartridge barrel 20. The proximal end 40 of the cartridge 10 is
open for receipt of a plunger or piston 50, shown in FIG. 4, which
has a forward, liquid-interfacing surface 52 and a rearwardly
extending threaded portion 56 for interconnection with a plunger
rod (not shown) when the cartridge is readied for use.

Cartridge barrel 20 is filled with a liquid medicament 24
in such a way that: (1) a head space of no more than about 10% of
the volume of the liquid is provided at the distal end 26 of the
cartridge barrel 20 and; (2) at the proximal end 40 of the
cartridge barrel 20 sufficient leeway is provided for the plunger
to slide toward the proximal end in response to the thermal
expansion of the liquid formulation contained in the cartridge 10.
Such leeway should, preferably, be about 10% or more of the
volume of the liquid formulation. To insure against accidental
pricking, and to protect the hypodermic needle 60 from
contamination and damage, a cap or sheath 70 is provided, as
shown in FIG. 3. Said cap 70 comprises a closed distal end 72
and an open proximal end 74 which is adapted to engage the
conical portion 64 of hypodermic needle 60. The hypodermic
needle and cap for the same may be fitted to the cartridge after
the terminal sterilization process is complete.

FIG. 5 shows a syringe 10" equipped with a hypodermic
needle 60' and plunger 50°, and filled with a liquid medicament
24'. Syringe 10' comprises: a syringe barrel 20', formed of glass
or plastic, having a distal end 26 and a proximal end 40"
Hypodermic needle 60' comprises a conical portion 64' which is
to receive and engage proximal end 74' of cap 70' shown in FIG. 3.
Plunger SO', having a liquid interfacing surface 52' and a
rearwardly extending threaded portion 56' for interconnection
with a plunger rod, is shown inserted into syringe barrel 20' at




bet ween said needle and the liquid nmedi canent 24 contained in

cartridge barrel 20. The proximal end 40 of the cartridge 10 is open
for receipt of a plunger or piston 50, showmn in FIG 4, which 5 has a
forward, liquid-interfacing surface 52 and a rearwardly ext endi ng

t hreaded portion 56 for interconnection with a plunger rod (not shown)
when the cartridge is readied for use. Cartridge barrel 20 is
filled with a Iiquid nedi canment 24 1h0such a way that: (1 ) a head

space of no nories tgrexingdlogid YT OofThe Syritdee Funttivns ahaldyoukly]ud dthes
provi ded at theaaqm&% ﬁﬁ% gée 'Sap???'d% dcartr| dge barrel 20 and; (2) at

the proxi mal barrel 20 sufficient leeway is
provided for the pl dhderimportanto here s welags with the)gartiidgssd thetresponse

to the thermal syringeckapesi 20 & flled withuadiiquitniedidareno2iai meduth t he
cartridge 1% a way that: (1) a head space of no more than about 10% is
provided at the distal end 26' of the syringe barrel 20' and;
(2) at the proximal end 40' of the syringe barrel 20' sufficient
leeway is provided for the plunger to slide toward the proximal
end in response to the thermal expansion of the liquid
10 formulation contained in syringe 10'. Such leeway shouid,
preferably, be about 10% or more of the volume of the liquid
formulation.
The cartridge and syringe containing the liquid medicament
therein, hereinbefore described, are sterilized according to the
15 method of the present invention and are used in the conventional
manner to administer their content to a patient. A convenient
way to accomplish such administration is by the use of a
syringe/cartridge holder, such as shown in FIG. 6. A similar
holder is disclosed in U.S. Patent No. 4,585,445. The syringe/-
20 cartridge holder 80 comprises a semi-cylindrical body
portion 82, a plunger rod 84, associated piston engagement
means 86 and finger gripping means 88. Semi-cylindrical body
portion 72 is adapted for side-loading a cartridge 10 or
syringe 10' through the open side wall. The cartridge/syringe is
25 then locked in the holder to prevent axial displacement thereof,
and plunger rod 84 is engaged with plunger 56 of the cartridge
(or 56' of the syringe) through piston engagement means 86.
After removal of cap 70, the assembly is ready for aspirating
use.
30

N
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1 5 Such |Ieeway should, preferably, be about 10% or nore of the
volume of the liquid formulation. To insure agai nst acci dent al
pricking, and to protect the hypoderm c needle 60 from cont am nati on
and damage, a cap or sheath 70 is provided, as shown in FIG 3. Said
cap 70 conprises a closed distal end 72 20 and an open proxinmal end 74
whi ch is adapted to engage the coni cal portion 64 of hypoderm c needl e
60. The hypoderm c needl e and cap far; the same may be fitted to the
cartridge after the termnal sterilizaticon process is conplete.
FIG 5 shows a syringbei1preseqti {esatngli steriizatipsameshed omaynkesedsdor and
plunger 50", ana Watieed of }dhemibélq%t%rﬁﬁﬁé‘u@&ntand vetaﬂharysyithwehloﬁ
conprises: a sy rel. 20" S . r ic, having a
di stal end 26 arﬁéngﬁlﬁ?@’iﬁshﬁpg@rqg‘ig{ﬁéj égntgé& Tedia, aQTd Ega‘ﬁ‘t

important advance in providing pyrogen/bacteria/viral free

5 sterile products.

While preferred embodiments of the invention have been
described and illustrated in the specification and drawings, it is
to be understood that such is merely illustrative of the
underlying concept and features of the invention and are not to be

10 limiting of the scope of the invention and the appended claims.




[

Hypodermi ¢ needl e 60" conprises a conical portion 64" which is to
receive and engage proxinmal end 74" of cap 70" shown in FIG 3. 30 Plunger

50", having a liquid interfacing surface 52' and a rearwardly
B e B 0 Lo o Sprnpeet " “ff et oS
| 12 MUy M
CLAIMS -
1. A method for terminal sterilization of a pre-filled

plastic or glass syringe or cartridge containing a liquid therein,
5 said syringe or cartridge comprising:

(a) a syringe barrel terminating in a nozzle at its distal end
or  (b) a cartridge barrel terminating in a neck portion at its
distal end and adapted to receive a pierceable diaphragm;

an open or proximal end; and

10 a slideable plungér or piston situated in the barrel having a

means to engage a plunger rod, said method comprising the steps
of:

inserting the plunger into the barrel and positioning it
toward the distal end thereof to leave a volume of at least about

15 2% empty space between the plunger and the proximal end of the

barrel;

filling the syringe or barrel through its nozzle or neck
portion respectively with the liquid allowing for a head space
not exceeding about 10% by volume;

20 hermetically sealing the nozzle by a cap, or the neck
portion by a pierceable diaphragm, respectively; either
autoclaving the pre-filled plastic syringe or cartridge to

sterilize it and its content at an autoclave pressure less than the
pressure of the syringe or cartridge content; or

25 autoclaving the pre-filled glass syringe or cartridge to

sterilise it and its content at an autoclave pressure less than,
equal to or greater than the pressure of the syringe or cartridge
content; and |

cooling the autoclave chamber with a water cascade or

30 nozzle spray or air draft at a rate that will not allow a sudden

collapse of the steam atmosphere in the autoclave chamber.

i
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- 10 - its proximal end 40'. The syringe functions anal ogously to the
cartridge hereinbefore descri bed. It is inportant here as well as
with the cartridges, that syringe barrel 20 |sf|IITTTa1rw|d

medi canment 24' in such 5 a way that: (1) a head $ Im

about 1 0%is provided at the distal end 26 pﬁlﬂlﬂ mﬂgﬂﬂ;”'

and; (2) at the proxinmal end 40" of the syri ng bar rel 20" s&fft ci ent
| eeway is provided for the plunger to sli del3t-ovvard t he proxi nmal end in

response to the germal expansipon, of t quid, 1 0 rmul ati.gn _cont ai ned
in syringe 10'. ch | eenad O 5@ c& as catmed in claim 1 w?]ereln sa|8 syringe

or cartridge is filled with said liquid allowing essentially no

head space.

3. A method as claimed in claim 1 wherein the volume
5 of empty space between the plunger and the proximal end of the

barrel is about 5%.

4, A method as claimed in claim 1 wherein the volume

of empty space between the plunger and the proximal end of the

barrel is about 10%.

10 5. A method as claimed in any one of the preceding
claims wherein said plunger is adapted to move toward the
proximal end of the barrel in response to thermal expansion and
internal vapor pressure of the liquid contained therein.

6. A method as claimed in any one of the preceding
15 claims wherein said liquid is a liquid medicament.
7. A method as claimed in any one of claims 1 to 5

wherein said liquid comprises a contrast agent used for
diagnostic examination.
8. A method as claimed in any one of the preceding

20 claims wherein when the syringe or cartridge is plastic the
internal pressure is continuously monitored during the autoclave
cycles and the pressure in the autoclave chamber is kept at least
one unit of pressure controllability lower than the internal
pressure of the syringe or cartridge content.
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preferably, be about 10% or nore of the volunme of the liquid

formul ati on. The cartridge and syringe containing the liquid
rmedi canment t herein, hereinbefore described, are sterilized according
tothe 1 5 nmethod of the present invention and are used in the

conventi onal manner to admi nister their content to a patient. A
conveni ent way to acconplish such admlétstration is by the use of a
syringe/cartridge hol der, such as shown in FIG 6. A simlar hol der is
disclosed in U S. Patent No. 4,585,445, The syringe/- 20 cartridge hol der
80 conprises a sem -cylindrical body portion 82, a plunger rod 84,
associ at ed pi ston engagenent meanABSTRACT i nger gripping neans 88.
Sem -cylindrical body portion 72 is adapted for side-loading a

cartridge 10sor METHOD OF TERMINAL STEAM STERILIZATION

A method for terminal steam sterilization of a pre-filled
plastic or glass syringe or cartridge is disclosed, said method
comprising the steps of: maintaining a head space in the syringe

10 or cartridge of not exceeding about 10% volume; providing at
least about 2%, preferably about 10%, leeway for the plunger
therein to slide in response to pressure differential; and in the
case of a plastic syringe or cartridge sterilizing the syringe or
cartridge at an autoclave pressure that is less than the internal

15 pressure of the syringe or cartridge content; or in the case of a
glass syringe or cartridge sterilizing the syringe or cartridge at
an autoclave pressure that is less than, equal to or greater than
the internal pressure of the syringe or cartridge content.

FIGURE 5.
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syringe 10" through the open side wall. The cartridge/syringe is 25 then
| ocked in the holder to prevent axial displacenent thereof, and

pl unger rod 84 is engaged with plunger 56 of the cartridge (or 56" of
the syringe) through piston engagenent neans 86.

70, the assenbly is ready for aspirating1

use.

FIG. 2
36
32 30
26N 28
FIG. |
. L1
‘- _—
.::;:J\-ZA
64 —~—T7 - |<—10
60—
62 — — —

After renoval of cap

- 70

174
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The present termnal sterilization nethod may be used for a variety of

chem cal, pharnmaceutical and veterinary liquid formul ati ons, including
I'i qui d contrast nedia, and is an i nportant advance in providing
pyrogen/ bacteria/viral free 5 sterile products. Wi | e
preferred enbodi nents of the invention have been descri bed and
illustrated in the specification and drawngs, it is to be understood
that such is nerely illustrative of the

FIG.S

64
, 8¢,
62 — 26
——24°
10—~ " |~—20"
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2

under | yi ng concept and features of the invention and are not to be 1 0
limting of the scope of the invention and the appended cl ai ns.
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CLAIMS 1. A method for termnal steri neyfilled
plastic or glass syringe or cartridge containin hgﬂ ny said
syringe or cartridge conprising: (a) a syringe barrel termngting in

a nozzle at its distal end or (b) a cartrifigp RO ein 19oom ing in a
neck portion at its distal end and adapted to rgcgive a piercegblfe

di aphragm an open or proxinmal end 1and

»

METHOD OF TERMINAL STEAM STERILIZATION

The present invention relates to a process for terminal sterilization of
pre-filled plastic and glass syringes and cartridges containing liquid
pharmaceutical, biological or veterinary products. More particularly, the
invention relates to a process for terminal sterilization of liquid contrast media
for parenteral administration contained in plastic and glass syringes and
cartridges.

The prior art discloses containers, apparatus and processes for steam-

v sterilization of products and medical devices used in the health and medical
fields where sterility is an absolute requirement. Generally speaking, such
sterilization may be accomplished by steam-sterilizing the
containers/packages and contents separately, followed by placing the
contents into the containers/packages and hermetically sealing the same for
use at a later time. Such processes, however, carry the risk of contamination
and introduction of pyrogens during the transfer of the products into their
containers/packages. The trend in the pharmaceutical industry is toward
terminal steam-sterilization wherein the contents are sterilized within their
containers/-packages.

In the process of such steam-sterilization, the pre-filled

N containers/packages are placed in an autoclave and are subjected to
operational cycles which include: purging air from the autoclave chamber by -
forcing saturated steam therethrough at about a pressure of 6.895 x 102 1o
1.379 bar {1 to 20 psig) at a temperature of about 100°C to 150°C for
about a minute to 30 minutes; further introdfjcing steam into the autoclave
chamber so that the temperature of about 100°C to 125°C is reached
therein; maintaining the temperature for a time sufficient to sterilize the

content of the autoclave; cooling the autoclave and removing the containers/-

REPLACEMENT SHEETS SG




a slideabl e plunger or piston situated in the bagel—havwi-ng-a.pans to

engage a plunger rod, said method conprising the]REFIACEMENT SHEEThserting
the plunger into the barrel and positioning it tpwp T nd
thereof to | eave a volune of at |east about 2% e t he

pl unger and the proximal end of the barrel; nge or
barrel through its nozzle or neck portion, respeg i qui d
al lowing for a head space not exceedi ng about 10p6 by volune

hernetlgﬁllé seﬁllng t he nozzle by a cap, or the TETRkpOTtTOMTbHY

i erceabl e di aphra respective
B| astic or gl ags\l\@gﬁg\(ﬂﬁur@psmy ,'f(p%tl@qj pre%‘lljllte%cilalgg'élg %yElrr\]Seé) raﬁdféalr'lr%%es

may be steam-sterilized by autoclaving without encountering the above-
mentioned problems and without the necessity of maintaining the autoclave
pressure at or above the internal pressure of the syringes and cartridges and
preferably no head space in the syringes and cartridges; and providing at least
of 10% empty space between the plunger and the proximal end of the barrel to
allow for sliding movement of the plunger toward the proximal end of the barrel
in response to thermal expansion and internal vapour pressure generated during
the autoclaving cycles.

Pre-filled glass syringes and cartridges having the above-described
provisions relating to plastic syringes and cartridges may also be steam-
sterilized using an autoclave pressure that is less than the internal pressure of
the glass syringes and cartridges. However, we have found that they may also
be sterilized using overpressure without the danger of plunger blow-out if the
head space is minimized and sufficient plunger movement is allowed in the
barrel.

It is essential however to satisfy two requirements:

(1) to maintain a head space not exceeding about 10% of the fill volume
in the syringe or cartridge, and preferably no head space at all; and

{2) to provide sufficient leeway for the plunger to allow movement
toward the proximal end of the barrel in response to the termal expansion of
the content in the barrel.

When these requirements are met, sterilization of pre-filled plastic
syringes and cartridges by saturated steam can be accomplished under an
autoclave pressure that is less than the pressure in the syringes and cartridges.
In order to prevent the collapse of the steam atmosphere, the rate of cooling
should be maintained within one unit of chamber controllability, i.e., the

pressure in the chamber should be 6.895 x 102 bar {(one psig) lower than the



sterilize it and its content at an autocl ave pressure.l-ess—tfat 3
pressure of the syringe or cartridge content; and REPLACE&E{NTSM
aut ocl ave chanber with a water cascade or nozzle sp orair fti at a
rate that will not allow a sudden col |l apse of the stea rgq ijn the
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pressure inside the plastic syringe or the plastic cartridge. When the pre-
filled syringes and cartridges are made of glass and the above-stated two
requirements are met, they can be sterilized at an autoclave pressure that is
less than the pressure inside the glass syringes and cartridges.

The present invention therefore provides a method for terminal
sterilization of a pre-filled plastic syringe containing a liquid, preferably a
liquid medicament, for parenteral administration, said syringe comprising:

a syringe barrel terminating in a nozzle at its distal end, and an open
or proximal end; and

a slideable plunger or piston situated in the barrel having a means to
engage a plunger rod, said method comprising the steps of:

inserting the plunger into the barrel and positioning it toward the
distal end thereof to leave a volume of at least about 2% empty space
between the plunger and the proximal end of the barrel;

filling the syringe through its nozzle with the liquid medicament
allowing for a head space not exceeding about 10% by volume and,
preferably, allowing essentially no head space;

hermetically sealing the nozzle by a cap;

autoclaving the pre-filled syringe to sterilize it and its content at an
autoclave pressure less than the pressure of the syringe content; and

cooling the autoclave chamber with a water cascade or nozzle spary
or air draft at a rate that will not allow a sudden collapse of the steam
atmosphere in the autoclave chamber.

In another embodiment the present invention provides a method for
terminal sterilization of a pre-filled plastic cartridge containing a liquid,
preferably a liquid medicament, for parenteral administration, said cartridge

comprising:



-13 - 2. A nmethod as claimed in claim1l wherein said syringe

or cartridge is filled with said |liquid allow ngdmaps head
space. 3. A nmethod as clained in clidp ; d fvol ume 5
of enpty space between the plunger and the proxifngl end of the barr el
i's about 5% 4. A nethod as cl aineq ijn QlajuNHoshedein the

vol. une of enpty space between the pl5u_nger dnd t he proxi nal erle of the

a cartridge barrel terminating in a neck portion at its distal end
adapted to receive a pierceable diaphragm, and an open or proximal end;
and

a slideable plunger or piston situated in the barrel having a means to
engage a plunger rod, said method comprising the steps of:

inserting the plunger into the barrel as hereinbefore described;

filling the cartridge barrel with a liquid medicament through its distal
end, as hereinbefore described;

hermetically sealing the distal end by a pierceable diaphragm; and

autoclaving and cooling the pre-filled cartridge as hereinbefore
described.

In a further embodiment the present invention provides a method for
terminal sterilization of a pre-filled glass syringe or cartridge containing a
liquid, preferably a liquid medicament, for parenteral administration, wherein
the autoclaving of the pre-filled syringe or cartridge to sterilize it and its
content is effected at an autoclave pressure that is less than the pressure of
the syringe or cartridge content, with cooling of the autoclave chamber as
hereinbefore described. '

According to the present invention therefore there is provided a
method for terminal sterilization of a pre-filled plastic or glass syringe or
cartridge containing a liquid therein, said syringe or cartridge comprising:

(a) a syringe barrel terminating in a nozzle at its distal end or

(b} a cartridge barrel terminating in a neck portion at its distal end and
adapted to receive a pierceable diaphragm;

an open or proximal end; and

a slideable plunger or piston situated in the barrel having a means to

engage a plunger rod, said method comprising the steps of:



barrel is about 10% 1 0 5. A et hod as clai rred in any one of the

_precedi ng
pr oxi mal
i nt er nal

liguid is a |iquid nedicanent.
one of clainms 1 to 5 wherein sald I|qU|d C

used for

in-any one of the preceding 20 clains mherel “When the _syringe. or
cartridge is pl adnsertingehe plungeftipte,she BF‘E@%E?‘% positioning # 3

clai s wherein said plunger T Taard the
_ end of the barrel in response to ther g 1
vapor pressure of the liquid contained therein. q.
met hod as clainmed in any one of the preced| ng 1 i& whaerei n said
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ses—d wmrgzjt agent
A nmet hod

di agnosti c exam nati on. cl ai med

tH8ni t or ed

during the QLALLAY$hereof to leave a volume of at least about 2% empty space

between the plunger and the proximal end of the barrel;

filling the syringe or barrel through its nozzle or neck portion
respectively with the liquid allowing for a head space not exceeding about
10% by volume;

hermetically sealing the nozzle by a cap, or the neck portion by a
pierceable diaphragm, respectively; either autoclaving the pre-filled plastic or
glass syringe or cartridge to sterilize it and its content at an autoclave
pressure less than the pressure of the syringe or cartridge content; and

cooling the autoclave chamber with a water cascade or nozzle spray
or air draft at a rate that will not allow a sudden collapse of the steam
atmosphere in the autoclave chamber.

Preferably the syringe or cartridge is filled with the liquid, which is
preferably a liquid medicament or a contrast agent used for diagnostic
examination, allowing essentially no head space, and a volume of empty
space between the plunger and the proximal end of the barrel of about 5%,
preferably about 10% or more. When the syringe or cartridge is plastic, the
internal pressure is continuously monitored during the autoclave cycles and
the pressure in the autoclave chamber is kept at least one unit of pressure
controllability lower than the internal pressure of the syringe or cartridge
content.

In order to maintain an autoclave pressure that is less than the
internal pressure of the syringes or cartridges, the vapor pressure of the
content in the syringes and cartridges at the sterilization temperature must
be determined. A pressure offset is then incorporated into programmable
controls having hardware and software. Such control selectively adds air

during the autoclave cycle to maintain a pressure in the autoclave that is

A



cycl esfand the pressure in the autoclave chanber is kept at | east one
unit of pressure controllability |Iower than the 5sur e of
the syringe or cartridge content. REPEACMNT SHBEF
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lower than the pressure of the syringe or cartridge content. For example, if
a formulation generates a vapor pressure of 1.048 bar (15.2 psig) at
121.5°C, the pressure in the autoclave chamber would be reduced to less
than 1.048 bar {15.2 psig). Examples of vapor pressure of some samples

are as follows:

Example Sterilization Temp Vapour Pressure
(psig) bar

Purified Water 121.6°C {15.2) 1.048
lohexol Solution 75.5% w/v 121.65°C (14.7) 1.013
lohexo! Solution 51.77% w/v 121.5°C (15.0) 1.034

To provide the necessary control system, programmable autoclaves are
commerically available (American Sterilizer Co., PA) to accomplish such
controls using a temperature measuring device, such as a thermocouple, RTD
or a pressure transducer, in direct contact with the content of the syringe to
continuously feed data into the computer and trigger the necessary response
thereto.

In the practice of the invention, when sterilizing a large number of
samples in a batch-type operation, at least one temperature/pressure
measuring device in direct contact with the content of one sample is
necessary for monitoring the temperature and to automatically trigger a
response to regulate the pressure within the autoclave. For that purpose a
special syringe can be adapted which in all aspects is the same as any other
syringe or cartridge, except for a built-in thermocouple, resistance temperature
device (RTD) or pressure transducer connected to the hardware/software of

the autoclave. Preferably, however, a statistically representative number of
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CLAIMS
1. A method for terminal sterilization of a pre-filled plastic or glass

syringe or cartridge containing a liquid therein, said syringe or cartridge
comprising:

{a) a syringe barrel terminating in a nozzle at its distal end or

(b) a cartridge barrel terminating in a neck portion at its distal end and
adapted to receive a pierceable diaphragm;

an open or proximal end; and

a slideable plunger or piston situated in the barrel having a means to
engage a plunger rod, said method comprising the steps of:

inserting the plunger into the barrel and positioning it toward the
distal end thereof to leave a volume of at least about 2% empty space
between the plunger and the proximal end of the barrel;

filling the syringe or barrel through its nozzle or neck portion
respectively with the liquid allowing for a head space not exceeding about
10% by volume;

hermetically sealing the nozzle by a cap, or the neck portion by a
pierceable diaphragm, respectively;

autoclaving the pre-filled plastic or glass syringe or cartridge to
sterilize it and its content at an autoclave pressure less than the pressure of
the syringe or cartridge content; and

cooling the autoclave chamber with a water cascade or nozzle spray
or air draft at a rate that will not allow a sudden collapse of the steam

atmosphere in the autoclave chamber.



