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(57) ABSTRACT 

A packaging process inside a cylindrical reservoir (13) 
selected on one side by an injection piston (29) locked in its 
movement in said reservoir (13), comprising the elements to 
be packed (14) into the inside of said reservoir (13) from 
said injection piston (29) before said reservoir (13) is sealed 
by said piston (29), said reservoir (13) being tube or a 
cartridge (13) sealed beforehand from the other side and 
introducing the cylindrical reservoir (13) beforehand into a 
support (19) and said piston (29) locked in another support 
(19), thus allowing an opening to the outside of said reser 
voir betWeen the tWo supports (19); introducing the piston 
(29) into said reservoir (13) by pressure and by a bringing 
together of said tWo supports (19). 
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FIGURE 1 
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DEVICE FOR RECONSTITUTING A 
THERAPEUTIC SOLUTION, SUSPENSION OR 

DISPERSION 

[0001] Asubject of the present invention is a device for the 
extemporaneous preparation of a solution, a suspension or a 
dispersion, for example injectable formulations preferably 
according to a vacuum-based reconstitution procedure 
called VAC (“Vacuum Automatic Control”) Which is the 
subject of the previous French Patent Application No. 
96/06886. A subject of the present invention is also a 
preparation and packaging process of said formulations in 
said devices according to Which the reservoir of said devices 
containing the solid part of said formulation Will then be 
sealed on the piston side, preventing its injection or its 
release after reconstitution. 

[0002] According to the invention, the device is preferably 
used as a device in Which a part of the formulation is 
vacuum-packed and another is constituted by the liquid part 
of the ?nal preparation, each of them being packed in a 
separate reservoir forming part of said device. 

[0003] In therapeutic preparations and, by Way of 
example, more particularly in the case of injectable forms, it 
is sometimes useful, preferable or even indispensable to 
separate the constituents. The device and the process Which 
are a subject of the present invention are more particularly 
useful in the cases in Which one part of said constituents is 
in non-liquid form and another in liquid form. In particular, 
they can be applied to any lyophiliZate of injectable solu 
tions, to a poWder or any other vacuum-packed solid forms 
such that they can form, after reconstitution, a liquid, a gel 
or an injectable paste-like form. 

[0004] By Way of example of a form illustrating the 
usefulness of this invention, Without this being limitative 
With regard to other possible applications, We can take the 
inj ectable forms in Which one part is in dry or solid form and 
another constitutes the liquid injection vehicle. 

[0005] More precisely, the solid part Will in general con 
tain the active ingredient and can be a lyophiliZed form and 
the injection vehicle can be an aqueous preparation intended 
to hydrate the dry form before injection. The aim is then to 
reconstitute a solution or a suspension or even an injectable 

dispersion. 

[0006] This type of injectable form is Widespread and the 
reasons for Which they are used rather than a mixed liquid 
form are Well knoWn. 

[0007] In particular, problems of stability or compatibility 
of the constituents in the liquid mixture can be mentioned. 
Although such a separate solid-liquid packaging alloWs the 
improvement of certain points, such as for example the 
preservation of the formulation over time at a temperature 
compatible With its transport and storage, the fact remains 
that it is an arrangement Which poses numerous speci?c 
problems associated in particular With the existence of tWo 
sub-systems. 

[0008] The traditional solution for this type of preparation 
is to bottle the solid or lyophiliZed form, Which is hydrated 
at the time of use by transfer from a syringe injecting the 
liquid medium by means of a needle inserted through the 
stopper of the bottle. Once hydrated, the formulation is 
generally recovered by the same needle in said syringe. This 
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syringe can have been previously loaded With liquid from an 
ampoule or a ?rst bottle or the syringe can be pre-?lled With 
the liquid phase of the mixture. 

[0009] This relatively complicated operation sets the con 
stitutive elements of the formulation in motion several times 
and presents risks of contamination (or contact With the 
needle) both for the user and the recipient patient. The 
variability of the results and therefore of the treatment 
administered remains not inconsiderable depending on 
imponderable parameters such as the suitability or practice 
of the operator. 

[0010] A certain number of technical solutions for the 
device have therefore been developed in an attempt to 
simplify this preparation and/or to reduce the risks. 

[0011] Certain solutions remain fairly close to the standard 
procedure starting With packaging in several elements and 
seeking only to reduce part of the risk or problem. This is in 
particular the case for technical solutions in Which an 
intermediate element is added betWeen the bottle and the 
syringe in order to simplify the injection and recovery of the 
liquid. For example, the Monovial® device from Becton 
Dickinson or Vial-Mate® from Baxter can be mentioned. 

[0012] Although this approach hardly simpli?es the 
extemporaneous preparation and is not in the category of 
pre-?lled packagings or syringes, it has the merit above all 
in the eyes of the pharmaceutical industry of not modifying 
the primary bottling of the solid form, synonymous With a 
?lling and treatment process Which is fully validated and 
knoWn, using existing equipment. 
[0013] Of course, there are other more radically novel 
approaches to the device for simplifying this problem Which 
in general involve a pre-?lled packaging or syringe. For 
example, there may be cited the use of bi-compartmental 
syringes Which are generally equipped With deviations or a 
by-pass Where the mobile separators Which exist betWeen 
the tWo parts of the same reservoir can be deactivated. By 
Way of example, Becton Dickinson’s Hypack liqui-dry® 
syringes or Vetter’s Lyoject® syringe can be mentioned. In 
this case, the mobile separator is a piston Which, at the 
moment of rehydration, Will move vis-a-vis a deviation 
arranged in the Wall of the syringe. 

[0014] This elegant solution has the advantage of reducing 
the injectable elements to a single unitary device. In its basic 
version, this solution can pose risks of error or incorrect 
handling during the reconstitution operation; hoWever, cer 
tain practised improvements can alloW these risks to be 
considerably reduced. 
[0015] The main draWback for the pharmaceutical indus 
try of such a device remains associated With the packaging 
in one and the same reservoir of tWo constituents one of 
Which is liquid and the other solid and Which do not usually 
have at all the same method of treatment and/or steriliZation 
above all When the solid is prepared by lyophiliZation. 
Another draWback in this case is associated With the siZe or 
volume occupied by the bi-compartmental element in the 
lyophiliZer Which, given the portion of the reservoir then 
alloWed for the liquid part, can be tWice as large as in 
separate reservoirs. 

[0016] In addition to this, there is the stability risk asso 
ciated With the proximity and possibility of contact betWeen 
the tWo parts of the reservoir through the mobile separator 
or piston. 



US 2005/0075602 A1 

[0017] Faced With this problem, other approaches to the 
packaging in a single device have been attempted in Which 
the packaging is, this time, carried out in tWo truly separate 
reservoirs. 

[0018] By Way of example, in this regard, the patent 
application PCT W0 94/ 13344 (Meyer), can be mentioned, 
Which describes a device in Which the solvent or liquid is 
packed in a cartridge Which can be standard and the second 
part of the formulation (Which can be a lyophiliZate) is 
contained in a straight speci?c tube With a sealed base. 

[0019] There can also be mentioned Patent Application EP 
298,595 Which describes a syringe constituted by several 
interlocking elements including tWo reservoirs sealed before 
use, Which can be connected via a double-tipped needle. 

[0020] The pistons called “obturators-pistons-valves” are 
characteristic and in particular the tube piston Which has 
grooves for a pre-positioning in lyophiliZation, also synony 
mous With dead volume. 

[0021] The device is designed to be fully assembled, 
Which means carrying out this operation in aseptic condi 
tions, or envisaging a joint liquid-solid post-steriliZation 
Which risks being incompatible With one of the phases or 
With the current thrust of certain directives. In this, this 
device does not resolve the problem of unitary packaging, 
and therefore treatment, of bi-compartmental devices. 

[0022] In the light of the very broad industrial develop 
ment of certain processes for ?lling around standard reser 
voirs or containers and the knoWn needs for aseptic prepa 
ration or customary post-steriliZation, it Would be very 
desirable to be able, in this speci?c case of formulation in 
tWo sub-units, to have available a device Which simpli?es 
and secures extemporaneous preparation Whilst alloWing the 
use of standard treatments of existing reservoir sub-systems. 
This requirement preferably involves the use of a pre-?lled 
device Which avoids problematic transfers. For certain very 
fragile or sophisticated products, it is important to avoid the 
agitation and movement created by these transfers. 

[0023] Another aspect of the problem associated With the 
operations of mixing the tWo parts of the formulation then 
degassing (With risk of contamination depending on the 
extent and time of contact With the ambient medium) 
explains the search for devices in Which this mixing is 
simpli?ed and, if possible, effected Without prior opening to 
the outside, even of devices in Which degassing could be 
avoided. 

[0024] The Way in Which the reconstitution is carried out 
and in particular its speed of realiZation and the losses 
associated With transfer and degassing remain, Whatever the 
device, random parameters Which can lead to dissimilar 
results. 

[0025] French patent application no. 96/06886 describes a 
process according to Which this reconstitution becomes 
automatic after actuation under the action of the vacuum and 
in Which the degassing operation is quite simply omitted. 

[0026] The applicant has noW invented advantageous 
devices Which satisfy all of these desiderata, for example in 
the form of an “in-syringe” arrangement very close to that 
commonly knoWn Which alloWs the same therapeutic steps 
to be preserved and the most standard reservoirs to be used. 
These devices and these arrangements are characteriZed in 
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that the non-liquid part of the formulation to be injected is 
packed in the body of the syringe and the liquid reconsti 
tution part is packed separately in a reservoir Which can form 
the injection rod of the piston of the syringe. These arrange 
ments are realiZed, in particular starting from standard 
reservoirs, by applying the preparation and packaging pro 
cess Which constitutes the other part of the invention and 
Which consists of ?lling and sealing from the rear at the 
piston. 

[0027] Similarly, the transfer system betWeen the tWo 
parts is provided by a needle, a tube or a rod Which has the 
characteristic of entering the non-liquid reservoir through 
the piston Which Will serve for the injection of the recon 
stituted form. 

[0028] These devices, according to the invention, more 
over offer a means of blocking said injection piston Which 
alloWs the installation of said transfer system in said piston; 
said means of blocking can then be deactivated, thus releas 
ing said injection piston. 

[0029] Finally, the device can include a mechanism by 
Which, after entry into said piston, said transfer system is 
WithdraWn before the injection in order to restore the tight 
ness of the reservoir containing the formulation to be 
injected. 

[0030] This WithdraWal Will be, for example, according to 
the device detailed hereafter, combined With deblocking the 
injection piston. 

[0031] A certain number of other more precise applica 
tions, derived or resulting from the devices according to the 
invention, Will be speci?ed in the more detailed descriptions 
Which folloW. 

[0032] The devices and processes Which are subjects of 
the present invention can advantageously operate using a 
reconstitution process Which directly alloWs an injection 
Without prior degassing. Once reconstituted, the formulation 
can be used immediately at atmospheric pressure Without 
risk of above- (or beloW-) atmospheric pressure; no risk, 
therefore, of atomiZation or accidental squirting of the 
product at the moment it connects With the injection needle. 
This, combined With the absence of degassing, eliminates 
signi?cant concerns such as contamination on contact With 
the environment and the risk of accidental pricks, the needle 
no longer having to be handled in the open air before 
insertion. This needle can even be advantageously con 
nected to the reconstituted formulation only after it has been 
introduced into the body, Which alloWs the vein test to be 
carried out by simple sighting of the other end of the needle 
after insertion. 

[0033] One of the most standard reservoirs corresponding 
to the existing standardiZation needs is the cartridge or 
injection cartridge, ending at one end in a standard piston 
and at the other in a sealed neck, a protective cap or septum 
or a stopper and sealed by a metal cap. 

[0034] Similarly, the devices according to the invention 
can advantageously use such standard cartridges for their 
tWo reservoirs as Well as the existing pistons and stoppers. 
The conditions for ?lling and sterility treatment for their tWo 
reservoirs can be exactly the same as those generally applied 
to this type of container. 
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[0035] Thus the device according to the invention pro 
vides a novel and simple solution Which among other things 
ansWers the questions, problems and requirements raised 
previously. 

[0036] Moreover, the use of the vacuum-based automatic 
rehydration system constitutes per se a direct check on the 
integrity of the primary pack containing the active ingredi 
ent, namely the reservoir or cartridge. Its VAC operation 
offers a unique guarantee that the asepsis of the reservoir has 
indeed been preserved during storage. This check can be 
combined With a secondary packaging under vacuum Which 
Will provide the same check on the Whole of the device and 
Will optionally alloW the vacuum check to continue for the 
duration of storage. 

[0037] The descriptions Which folloW (general or more 
speci?c When based on the ?gures) represent only a feW 
advantageous examples of embodiments of the device 
according to the invention, Which can be implemented 
according to other speci?c versions also covered by the 
invention. In addition to a detailed possible device, certain 
other alternatives Will therefore be presented. 

[0038] This device, according to the invention, can be 
applied, subject to a feW minor modi?cations but still 
according to the same mechanical principles, to numerous 
variations in the ?eld of injectable material and in other 
therapeutic ?elds. Certain speci?c details concerning these 
other possible applications such as, for example, their use in 
a pen-injector, Will be given according to their relationship 
With the inventive matter. 

[0039] In the example described and according to an 
advantageous embodiment of the invention, the device is 
presented With a total separation of the tWo reservoirs, 
namely that receiving the non-liquid elements (here lyo 
philiZate) and that receiving the liquid elements (here sus 
pended aqueous medium). In other Words, there is no 
physical link betWeen the tWo reservoirs before use. 

[0040] Said reservoirs can moreover advantageously be 
packaged separately and individually. HoWever, as Will be 
speci?ed, it is possible to envisage the device in a pre 
arrangement in Which the tWo sub-systems are combined or 
even included in the same pack. 

[0041] The process aspect of the invention concerns the 
details of the preparation and the packaging associated With 
the use of standard reservoirs and the use of the device, in 
particular around the lyophiliZer. 

[0042] Although the device of the invention could be 
realised With other types of reservoir and in particular With 
glass tubes, in the advantageous embodiment of the device 
described in detail, tWo standard cartridges, for example 
With capacities of 2.25 and 3.15 ml, Will be used as reser 
vo1rs. 

[0043] The cartridge containing the non-liquid part, here 
the lyophiliZate, constitutes the proximal reservoir situated 
inside said device and directly in contact With the outlet Zone 
of the injection needle. It is in this proximal reservoir, Which 
in general contains the active ingredient of the preparation, 
that the reconstitution takes place of the formulation to be 
injected, Which is then, in terms of arrangement, in a mode 
equivalent to the traditional use of injection cartridges, 
exactly opposite the double-tipped needle. 
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[0044] The cartridge containing the liquid part or aqueous 
injection medium constitutes the distal reservoir of the 
device. It is situated at the other end of the injection device 
and also serves as the piston rod during the injection of the 
preparation through the syringe Which it forms With the 
assembly. It therefore penetrates to a greater or lesser depth 
into the interior of the body of the syringe device and into 
the interior of the proximal cartridge. 

[0045] Located betWeen these tWo cartridges are the vari 
ous pieces or elements of the connection mechanism Which 
can be ?xed on the piston of the proximal cartridge. The 
Whole is preferably arranged inside a plastic body Which 
guides or controls certain of the functions and Which pro 
tects the glass reservoirs. 

[0046] The loWer part of this exterior element Which 
constitutes the body of the injection syringe Which forms the 
device Will preferentially have a cylindrical shape, and its 
upper part Will comprise the ?nger-rest of said syringe. Each 
part can be a separate sub-element joined to the other at the 
moment of assembly. The loWer part of this cylindrical body 
can also exercise a support and guiding function for the 
cartridge and the injection piston during the lyophiliZation 
and vacuum-packaging operations. 

[0047] The proximal end of said loWer part Will support 
the injection needle Which can be pre-?xed as represented 
beloW or, more conventionally, mounted on a base Which 
Will be attached to said proximal end. Advantageously, this 
end can therefore constitute a third external element ?xed to 
the loWer part. 

[0048] The device is therefore presented beloW With a 
speci?c solution of a pre-?xed needle and screW-cap Which 
avoids the risk of actuation before reconstitution of the 
formulation. It is obviously possible to use this device With 
any other needle and in particular non-pre-?xed needles, for 
example those of the standard type used on injectors or 
cartridge pens. 

[0049] Similarly, for other applications (perfusion, oph 
thalmiatrics etc.), the device could be combined With a 
connector or transfer needle, a drip-feed or a spray. 

[0050] On the distal side, the detailed solution keeps the 
liquid cartridge as a piston rod. In the case, for example, of 
a pen-injector, the Whole of the body of the device can 
constitute the proximal part of the injector and it is possible 
to envisage WithdraWing the distal cartridge after reconsti 
tution and replacing it With the dosage mechanism of said 
pen, Which Would reseal the body of the device. 

[0051] This solution is particularly advantageous given 
the precision of the total reconstituted dose and the small 
capacity of the pen-injector, Without distal cartridge or 
bi-compartmental cartridge, Which makes possible the use of 
the device according to the VAC procedure, thus alloWing 
the case of a lyophiliZate to be reduced to the simple and 
standard case of a solution. 

[0052] For reasons of clarity and logical sequencing of the 
operations in a chronological order, after the general FIG. 1 
of the detailed device according to the invention With the 
?gures Which folloW, We Will describe, in the ?rst instance, 
the ?lling and packaging procedures (certain aspects of 
Which constitute the second part, i.e. the preparation process 
of the invention), before specifying the device of the inven 
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tion Which originated from it. These procedures correspond 
to the assembly of the device of the invention Which 
originated from it and allow said device and the functions of 
the elements Which constitute it to be speci?ed. We Will 
?nish, ?nally, in the ?gures, by describing the use of said 
device. 

[0053] The precise and speci?c device represented by the 
folloWing ?gures constitutes only one possible solution 
embodying the device and the process according to the 
invention, Which is in no case intended to limit the general 
scope of said invention. 

[0054] For example, the said lock elements represented 
hereafter could be replaced by a key or side-pin system 
capable of blocking the piston of the vacuum-packed car 
tridge not only on its glass base but also on the plastic sleeve 
Which surrounds it. Said key could be unlocked (or 
unpinned) after reconstitution according to the VAC proce 
dure. For reasons of convenience and space in the lyo 
philiZer, said key system could be provided With a remov 
able or independent handle or actuation grip. 

[0055] Similarly, although one of the advantages of the 
devices according to the invention in terms of ?lling, ster 
iliZation and packaging, may be the physical separation of 
the tWo reservoirs, it is perfectly possible to assemble them 
in advance, either after steriliZation (in aseptic conditions), 
or before steriliZation (With a post-steriliZation of the 
Whole). In the case of the assembled solution, the liquid 
cartridge can be provided With a blocking/deblocking device 
in the body of the syringe Which prevents its being acciden 
tally handled. It can also ensure (for example by a seal) the 
aseptic sealing of the body of the syringe. 

[0056] In the solution represented by the ?gures, it is also 
possible to provide a device or element Which protects the 
membrane or the septum of the cartridge either of the ?ip-off 
type, or a system, for example retractable on the tube, Which 
Will protect this septum until the introduction of the neck 
into the syringe body. Similarly, alongside this body and for 
example at the ?nger-rest, it is possible to provide a means 
of protection, removable or piercable for example, Which 
ensures that the transfer needle remains aseptic. 

[0057] Finally, the device is presented in a pre-?xed 
needle solution. It is possible to design the device according 
to the invention as simply equipped With a stopper on the 
proximal side of the head of the cartridge; a stopper Which 
Will be WithdraWn after reconstitution of the mixture, and 
replaced by a needle the ?tting of Which by its base can 
ensure the piercing of the membrane or stopper of the 
cartridge. This piercing can be carried out either by a 
double-tipped needle or by a plastic tip, an element of the 
base Whose channel Will be connected to the needle. In order 
to specify the general part of the invention in terms of the 
device and preparation and packaging process, folloWing the 
detailed example, other possibilities Will be presented and 
their treatment process summariZed. 

[0058] One solution, adaptable to treatment in aseptic 
conditions and to smaller volumes, Will thus be mentioned. 
A simpli?ed solution Which is adaptable to small volumes 
and pen-injectors Will also be described. Finally, an alter 
native solution to the detailed solution, in Which certain 
automated aspects of the mechanism are dispensed With in 
favour of a general simpli?cation. The speci?c process of 
the invention Will be stated each time. 
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FIGS. 1 TO 13 

[0059] FIG. 1 represents a general vieW of the device of 
the invention after installation of the piston rod formed by 
the liquid cartridge and before actuation. 

[0060] FIGS. 2 and 3 represent schematically the stan 
dard ?lling process around the standard cartridge containing 
the liquid phase, then its speci?c assembly so as to be 
capable of then being used in the device of the invention. 

[0061] FIGS. 4 to 6 illustrate the packaging stages of the 
solid phase of the formulation in a standard cartridge and in 
the particular case of a dispersion in a lyophiliZate. 

[0062] FIG. 7 represents the assembly stages of the proxi 
mal part of the device around the solid or lyophiliZed form. 

[0063] FIGS. 8 and 9 describe, after the joining of the tWo 
sub-systems of the device (namely the body of the syringe 
containing the cartridge of solid material and the rod of the 
syringe Which is the cartridge for the liquid), the automatic 
VAC reconstitution and the operating mechanism of the 
device of the invention. 

[0064] FIG. 10 represents the injection into the body of 
the formulation reconstituted in the device of the invention. 

[0065] FIG. 11 represents an alternative device around 
another transfer mechanism Which can be used in aseptic 
conditions. 

[0066] FIG. 12 illustrates a simpli?ed device for small 
volumes and for pen-injectors. 

[0067] Finally, FIG. 13 represents the application of the 
simpli?ed device to the case of the formulation and the 
volume of the previously detailed device. 

DETAILED DESCRIPTION OF THE FIGURES 

[0068] FIG. 1 represents a speci?c form of the device 
alloWing the realiZation of a medicinal solution or suspen 
sion, a solution of peptides or proteins for example, or an 
injectable suspension of PLGA microspheres alloWing the 
sustained release of an active ingredient (delayed forms), 
according to the VAC process, from 2 basic reservoir ele 
ments, in this case cartridges. In particular, FIG. 1 repre 
sents this device before reconstitution; once installed, the 
distal cartridge acts as a piston rod and gives said device a 
very similar appearance to a standard syringe. This version 
corresponds to the solution for 2 ml maximum volume to be 
injected; the distal reservoir can be ?lled to a greater or 
lesser degree and determine the reconstituted volume. 

[0069] This syringe device has a ?rst container 11 consti 
tuted by the cartridge in Which a solvent or aqueous medium 
12 is stored, a second container 13 constituted by the 
cartridge in Which the solid or lyophiliZate form 14 is 
vacuum-packed, 4 transfer elements, namely the upper key 
15, the lock 16, the loWer key 17 and the transfer needle 18, 
and ?nally a sleeve 19 in Which the reservoir 13 is located 
and Which marks the point of entry at the distal end of the 
reservoir 11, serving as piston rod, and on Which the 
injection needle 20 is ?xed at the proximal end. It Will be 
noted that the lyophiliZate 14 Which corresponds in the 
example to a suspension of microspheres (delayed form) can 
be replaced by any lyophiliZate of injectable solutions, by a 
poWder or any other vacuum-packed solid forms such that 
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they can form, after reconstitution, a liquid, a gel or a 
paste-like form Which can be used in said device. 

[0070] The ?rst container 11 serving as reservoir or distal 
cartridge and piston rod of the syringe, is preferably stored 
and packed aWay from the rest of the syringe, for eXample 
in an individual pack. All the rest of the device can advan 
tageously be packed together in a second pack. 

[0071] The cartridge 11 of the ?rst container Which con 
tains the liquid medium 12 is sealed at its tWo ends in a 
standard manner. At its proXimal end, the sealing means Will 
be for example a membrane or a sealing disk 21 attached to 
the neck of the cartridge by a sealing cap 22 pierced in its 
centre and Which can, for eXample, be made from metal. 
This solution, equivalent to that used in dental cartridges 
among others, Will in particular alloW ?lling by over?oWing, 
preventing any bubbles of air inside the liquid. At its distal 
end, the cartridge 11 is sealed by a piston 23 Which can be 
a standard injection piston, made for eXample from rubber or 
polybromobutyl. This piston has an internal screW-thread 24 
Where the piston rod is usually attached. 

[0072] In the case of the device, this screW-thread 24 
serves to attach, by screWing, the short drainage rod 25 
Which Will activate the rehydration by “unsticking” the 
piston 23 and Will drain the transfer needle 18, by ?lling it, 
after piercing the membrane 21. The length of said rod Will 
depend on the volume of the liquid in the cartridge 11. It Will 
eXceed said cartridge by a length Which alloWs the piston 23 
to be displaced by a distance at least suf?cient for the 
displacement of the quantity of liquid necessary for the 
drainage. 

[0073] Moreover, this ?rst container 11 also carries, 
attached to the distal glass end of the cartridge, a ?nger-rest 
26. This ?nger-rest is the Zone Where the thumb comes to 
rest during the actuation or eXtemporaneous reconstitution 
operations. It can have the folloWing different functions: it 
terminates the cartridge 11 like any syringe; in its function 
as piston rod of the device, it prevents cavities from being 
created by the displacement of the piston 23 While pressure 
is being eXerted by the thumb, With the help for eXample of 
small openings or escape passages situated under the support 
Zone and communicating With the inside of the cartridge 11, 
behind the piston 23. It provides a grip during the unlocking 
of the second container 13, after reconstitution due to a 
rearWard movement of the assembly 11. Finally, the ?nger 
rest 26 can serve to lock or block the piston 23 and its 
drainage rod 25 rearWards to prevent them from being 
eXtracted from the cartridge 11 or the drainage rod 25 from 
being unscreWed. 

[0074] The second element of the device forming the body 
of the syringe surrounds the cartridge 13 containing the solid 
or lyophiliZed part 14 of the vacuum-packed formulation. 
This cartridge 13 can also be sealed at its tWo ends in a 
standard manner. The proXimal end, facing the injection 
needle, can be blocked by a membrane or plug. According 
to an advantageous embodiment Which alloWs a standard 
lyophiliZation treatment, it Will be sealed by a stopper 27 
engaged in the neck of the cartridge. This stopper 27 can 
ensure a better tightness of the seal and the maintenance of 
the vacuum in the cartridge 13; it Will optionally alloW the 
reduction of the dead volumes of the injection cartridge; 
?nally, it can be used like standard stoppers of bottles of 
lyophiliZed forms, ie be pre-positioned after ?lling of the 
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medium then freeing apertures or escape passages in order 
to eliminate the liquids, by sublimation during the lyo 
philiZation and can then stop the cartridge under vacuum in 
the lyophiliZer using a customary mechanism. HoWever, this 
standard possibility is not that described in the packaging 
process according to the invention. 

[0075] This packaging process according to the invention 
constitutes a neW advantageous embodiment in that it alloWs 
the pre-sealing of the cartridge at its neck, for eXample With 
a standard membrane or plug, sealed by a metal ring, then 
the ?lling and lyophiliZing of same from the rear before 
stopping it by its usual injection piston. Thus, the sealing 
elements are completely standard; operation is easy, from 
the largest opening, and any dead volume is avoided. 

[0076] The membrane or stopper 27 is sealed onto the 
neck by a cap 28 Which can be made of metal. The internal 
bevel of the injection needle 20 Will connect the formulation 
to the needle, through this membrane or this stopper, at the 
moment of the injection. 

[0077] At its other end, the container 13 is stopped by a 
piston 29 Which can be a standard cartridge piston made 
from rubber or polybromobutyl. This piston 29 has an 
internal screW-thread 30 or any other type of attachment 
capable of attaching it ?rmly to a part of the lock 16 forming 
the locking-unlocking mechanism With the keys 15 and 17. 

[0078] Here, for eXample, the base of the lock 16 is 
screWed onto the screW-thread of the piston 29. This lock 16 
as Well as the upper and loWer keys are holloW, so as to 
contain, alloW to circulate and monitor the movement of the 
transfer needle 18 during the actuation by transfer of the 
liquid. It is the cartridge 11 acting as piston Which Will 
activate the Whole of this transfer mechanism With the part 
of its neck Which Will be connected thereto. The lock 16 has, 
at its other end, support arms Which come to rest on the glass 
base of the distal end of the cartridge 13 in locking position. 
These bases prevent the pressure generated by the vacuum 
in the cartridge from carrying the piston doWnWards. 

[0079] The loWer key 17 surrounds the support arms of the 
lock. This key is free in locked position. During the actua 
tion, by introduction of the upper key 15, this loWer key is 
?rmly attached to the proXimal part of the upper key. At this 
moment, the support arms of the lock 16 block the intro 
duction movement, permitting only a rearWard movement 
WithdraWing the assembly comprised of cartridge 11 plus 
transfer elements. 

[0080] During this WithdraWal movement, the loWer key 
17 releases the lock 16 by gripping the arms of the lock and 
blocking the transfer mechanism Which then alloWs the 
injection. 

[0081] The transfer needle 18 inside the transfer mecha 
nism, and more speci?cally the upper key 15, comprises a 
base 31 the role of Which is to clip the needle 18 into the key 
15 only after said needle is ?lled With the liquid 12 and 
before the piston 29 is pierced. 

[0082] For a totally reliable operation of the actuation, the 
length, the diameter and the type of bevel, on the cartridge 
side and piston side, can be optimiZed in such a Way that the 
transfer needle systematically penetrates, ?rstly through the 
membrane 21 of the cartridge 11 and, only then, through the 
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piston 29. For example, the needle can be ?ner on the 
cartridge side 11 With a long, more penetrating, bevel. 

[0083] Similarly and according to the same objectives, and 
to guarantee more tightness during the penetration into the 
chamber under vacuum, the membrane 21 can be ?ner than 
the base of the piston 29. The latter presents a thickness 
sufficient to guarantee the tightness during the penetration of 
the needle 18 and, in particular, a thickness greater than the 
length of the bevel of this needle, on the piston side 29. 

[0084] The rearWard unlocking mechanism also alloWs, 
after VAC rehydration, the WithdraWal of the needle 18 from 
the piston 29. During the injection, the needle 18 remains 
blocked in the upper key 15 and the blocking of the 
mechanism by the WithdraWal or clamping of the locking 
arms 16 prevents said needle 18 from re-crossing the piston 
29. 

[0085] This assembly comprising cartridge plus transfer 
elements is contained in the case or sleeve 19 Which forms 
the body of the syringe. According to a preferred mode of 
arrangement of said sleeve, it is constituted by three sub 
systems locked or clipped into each other at the moment of 
assembly. 
[0086] The principal or central part of the sleeve 19 
contains the cartridge 13. Attached to its distal end is the end 
of the sleeve 32 Which can comprise the ?nger-rest part of 
the syringe or grip 33. Moreover, this end can have the 
rearWard locking and blocking mechanism of the cartridge 
13 and of the transfer mechanism, thus preventing any 
WithdraWal after assembly. 

[0087] The end or stopper of the sleeve 34 is attached to 
the proximal end of the central part 19. It is to this end that, 
in the version of FIG. 1, the injection needle 20 is attached 
at its base 35. The stopper or cap protecting the needle 36 
can also be attached at the end 34. 

[0088] This solution alloWs a device to be realiZed Which 
is completely equipped, in particular one With a pre-?xed 
injection needle Without having a problem With the length 
and the position of said needle during the packaging of the 
formulation. 

[0089] In the version shoWn, this cap is blocked by a lock 
37 held by the head of the cartridge 13. In this Way, the cap 
36 cannot be WithdraWn nor the cartridge 13 connected to 
the injection needle 20 before the transfer mechanism has 
been completely realiZed i.e. until WithdraWal, after VAC 
hydration. 
[0090] The other speci?c functions of certain elements of 
the Whole are explained in the description of the ?gures 
Which correspond to them. 

[0091] An essential variant of FIG. 1, in the case of use for 
a multi-dose system of the pen-injector type, could be the 
attachment of interchangeable needles at the stopper end of 
the sleeve 34 Which Would then seal the end of the pen 
injector. 
[0092] In this version, during the WithdraWal after reac 
tuation, the cartridge 11 could be removed and replaced by 
a standard dosage and injection mechanism Which Would be 
attached, by its container, to the sleeve 19 or to its end 32, 
for example, by screWing. This container of the dosage and 
injection mechanism Would thus seal the pen-injector in its 
distal part. 
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[0093] In the same Way as the vacuum in the cartridges 
provides an integrity check, the Whole of the part of the body 
of the syringe of the device can be vacuum-packed and thus 
the same check performed, With a thermal isolation and a 
better stability or inertia as an advantage. This pack vacuum 
can, for example, be greater than the vacuum in the cartridge 
13 to ensure the continuity, or double security, over the 
period of storage. 

[0094] FIG. 2 represents schematically a standard ?lling 
procedure for the cartridge 11 containing the liquid part of 
the formulation. The piston 23 is installed beforehand and its 
position in the tube of the cartridge 11 precisely determines 
the liquid reconstitution volume. This liquid volume 12 is 
added, according to a standard process Which can be realiZed 
on automatic machines. The cartridge 11, once ?lled right up 
to the neck, is then sealed by a cartridge 22 containing for 
example a membrane 21, according to a method Which is 
equally standard and automatable. This process, Which can 
be realiZed by over?oW, prevents the presence of gas inside 
the sealed cartridge. 

[0095] FIG. 3 represents the insertion of the drainage rod 
25 into the cartridge 11 for example by screWing onto the 
piston 23. The ?nger-rest 26 is then attached or clipped onto 
the glass base of the cartridge tube. It can thus prevent any 
removal of the piston 23 and of the rod 25 and prevent the 
disassembly of said rod 25. The thus-assembled Whole can 
be steriliZed in a standard manner, for example, by auto 
claving. 

[0096] FIG. 4 represents schematically a comparison 
betWeen a standard lyophiliZation bottle and the device 
according to the invention, Which constitutes a part of the 
invention corresponding to the procedure of lyophiliZation 
and packaging at the rear or through the distal part opposite 
the proximal side of the injection and the neck of the 
cartridge. In a standard bottle A, the stopper 40 is pierced by 
holes and apertures Which alloW its positioning on the neck 
before lyophiliZation and its sealing by pressure of the racks 
in the lyophiliZer. The aim of the device according to the 
invention is to alloW such a lyophiliZation, no longer With a 
standard bottle of type Abut With a standard cartridge 13 as 
shoWn in B. To do this, as We explained previously, it is 
possible to use a stopper on the neck of the cartridge 13 
equivalent, on a smaller scale, to the stopper 40 of the bottle 
A. In this case, the transfer mechanism Where at least one 
locking element attached to the piston 29 is pre-positioned 
at the distal end of the tube of the cartridge 13 and the 
lyophiliZation is carried out by opening the neck. This 
solution removes the lyophiliZate from the heat-exchange 
tray and isolates it partially by the piston 29 thus rendering 
the process more dif?cult. Moreover, it complicates the 
?lling by the narroW neck and does not alloW a 100% ?lling. 

[0097] In the solution of the process of the invention 
shoWn here, in particular to optimiZe and facilitate the ?lling 
of the cartridge 13 and to facilitate all operations for the 
preparation of the lyophiliZate, the procedure is different. 
The cartridge is sealed beforehand With its stopper 27 by a 
cap 28 (cf. FIG. 1); it is ?lled With the preparation to be 
lyophiliZed through its large distal opening, up to the base of 
the neck. It is thus possible to use all standard cartridges in 
order to pack a lyophiliZed form there, even the smallest 
ones, and also to operate all the possible arrangements of the 
future lyophiliZate, such as for example, the ?lling of tWo 
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successive layers either because they are incompatible or 
because the second serves to prevent the dead injection 
volumes. The injection piston 29 stops the cap at the end of 
lyophiliZation; unlike stopper 40, it is not equipped With 
escape passages or openings synonymous With dead volume 
and it is not pre-positioned on the glass base of the cartridge 
13 but on a cartridge support 19 in this reversed position 
Which serves to guide it. This cartridge support can advan 
tageously be the central part of the sleeve 19 or body of the 
syringe. The advantage is to have here a perfectly cylindrical 
shape Which Will maximize the saving of space in the 
lyophiliZer and the total ?lling of the useful volume of the 
cartridge 13. The sleeve 19 in its distal part has clip Zones 
With the part 32 of the body of the syringe Which serve, here, 
both to hold the piston 29 and the opening in the cartridge 
during lyophiliZation. The piston 29 is pre-?tted in this distal 
part of the sleeve 19 at least With a part of the transfer 
mechanism, namely, here, the lock 16 and the loWer key 17. 
This guiding of the sleeve 19, once the device is assembled, 
serves here to block or stop the movement of the cartridge 
13 in the body of the syringe. 

[0098] This reverse lyophiliZation therefore offers a Whole 
range of advantages Whilst alloWing a standard process With 
a good contact With the cold source. 

[0099] FIG. 5 illustrates the realisation of a speci?c pack 
aging operation of a formulation to be lyophiliZed carried 
out in a cartridge according to a process equivalent to that 
traditionally used With a bottle. In A, the cartridge 13 is 
Washed and siliconiZed, in B, it is sealed by its cap and 
membrane, in C, it can be ?tted into a receptacle accom 
modating the shape of the bottle 40, in D and E, the 
constituents of the mixture are easily introduced through the 
base, in F and G, all equivalent treatments can be carried out 
With the bottle With the same guarantee of height to the 
outside. A treatment With ultrasound is represented sche 
matically here. In the same manner, the mixture (vortex) or 
the suspension could be stirred vigorously before freeZing. 

[0100] FIG. 6 shoWs a cartridge 13 ?lled With the mixture 
to be lyophiliZed, froZen beforehand or not. In A, this 
cartridge 13 is introduced into the sleeve 19 Which serves as 
a support for it. In B, all the stages of the lyophiliZation cycle 
are usually carried out in the lyophiliZer. In C, at the end of 
lyophiliZation, and still under vacuum, the piston 29 is 
introduced inside the cartridge tube 13 by standard pressure 
in the lyophiliZer on the lock 16. At this point, the lyo 
philiZate is completely isolated from the outside by the sides 
of the piston 29 in tight contact With the Wall of the cartridge 
tube. In D, the vacuum inside the lyophiliZer is broken, thus 
ensuring a return to atmospheric pressure. Under the action 
of this pressure, the piston 29 and the lock 16 Will continue 
to fall in the tube of the cap 19 thereby providing a visual 
and individual check on the existence and quality of the 
vacuum in the cartridge. This movement of the piston Will be 
stopped by the support of the arm of the lock 16 on the 
cartridge 13. The sealed element, thus constituted, then 
becomes an integral part of the device according to the 
invention. 

[0101] FIG. 7 shoWs the sequence of the assembly opera 
tions for said device. In A, on the base of element D of FIG. 
6, the other parts of the transfer mechanism are assembled, 
namely the upper key 15 in Which the transfer needle 18 is 
pre-?tted. This upper key can have a clip ring for the head 
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of the cartridge 11, higher around the needle to protect it 
during handling. In B, the proximal part or stopper of the 
sleeve 34 Which includes beforehand the injection needle 20 
and the cap 36 are attached, for example by clipping. In C, 
?nally, the third part of the body of the syringe, namely the 
distal part of the sleeve 32, is attached. This part of the body 
of the syringe, can then be packed individually and post 
steriliZed, for example by gamma-irradiation. 

[0102] FIG. 8 shoWs the reconstitution stages of the 
formulation contained in the device of the invention. In A, 
the cartridge 11 is introduced into the body of the syringe. 
In B, the reconstitution is activated by pressure on the 
drainage rod 25. The ?rst operation is therefore the piercing 
of the disk 21 then the ?lling of the needle. In C, using the 
same application of pressure to the rod, ?nally, the piercing 
of the piston 29 is carried out. At this point, the movement 
is then blocked and the preparation is reconstituted auto 
matically With the descent of the piston 23 in the tube of the 
cartridge 11. 

[0103] FIG. 9 ?rstly shoWs, starting from stage C of FIG. 
8, in A, the unblocking by removal of the piston rod 
constituted by the cartridge 11. This operation has already 
been described in the functioning of the transfer mechanism. 
It pulls the cartridge 13 slightly to the rear as far as its stop 
on the sleeve. In B, the removal of the cap, made possible 
by the release of the cap 36 at its blockage 37, is carried out 
by slightly WithdraWing the head of the injection cartridge 
13. Only noW can the injection cartridge 13 be connected to 
the injection needle 20. 

[0104] FIG. 10 represents schematically the injection 
according to a completely standard method. Given that the 
device according to the invention alloWs a preparation Which 
does not require drainage prior to injection, it is possible, 
before A, to inject the needle 20 prior to its connection to the 
cartridge 13. This stage can also serve as a direct vein test, 
for example, in the case of IV or IM injection by sighting 
any return of blood from the internal bevel of the needle 
before connection to the formulation. In B, at the end of the 
injection, the mechanism can be blocked to avoid any 
subsequent handling. 
[0105] FIG. 11 represents another possible realiZation of 
the device according to the invention adaptable to treatments 
under aseptic conditions (in particular for ?lling) and 
smaller volumes. The use of this device does not require any 
aseptic assembly after sealing into the lyophiliZer, the device 
and its constitutive elements then being isolated from the 
outside. 

[0106] During the lyophiliZation process according to the 
invention the lyophiliZate cartridge 13 is installed inside the 
sleeve 19 Which is then positioned in proximal position 
around the neck of the cartridge Which it supports and Which 
bears, at its distal end, the lock 16 sealed at one end by the 
piston 29 and at the other end by a ?lm 15 With the transfer 
needle 18 inside. 

[0107] At the end of lyophiliZation, the reservoir is sealed 
by the piston 29 by bearing on the lock 16 and With the help 
of the guide Zones of the sleeve 19 (not shoWn). The device 
is then completely locked by the head of the sleeve 27 and 
the ?nger-rest 33. 

[0108] The treatment of the liquid cartridge 11 is similar to 
the example detailed previously. At the moment of use, the 
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cartridge 11 is introduced through the ?lrn 41. It connects 
and drains the needle 18 before piercing the piston 29 for the 
VAC rehydration. 

[0109] Once this operation has been carried out, the lock 
16 is unscreWed by bearing on the area of the sleeve 19 
marked by the arroWs, thus leading to the rupture of the thin 
Walls and the clipping of 2 arms Which Will retain the lock 
and curve the needle 18 then alloWing its extraction from the 
piston 29. The injection needle can then be installed on the 
head 27 and the injection carried out by the cartridge 11 
serving as piston rod 29. 

[0110] FIG. 12 illustrates another representation of the 
device according to the invention for the packaging of a 
solid form from the rear and its rehydration process through 
the injection piston of the device. 

[0111] Here, the lyophiliZation process from the rear, 
according to the invention, is carried out on the cartridges 13 
Which have been previously capped and installed in a loWer 
support (not shoWn) indexed to the upper support (not 
shoWn) of the piston 29 and lock 16. At the end of lyo 
philiZation, the piston 29 and its lock 16 are introduced into 
the cartridge 13. Another preferable solution according to 
the process of the invention consists of replacing these upper 
and loWer indexed supports by individual supports (21) for 
each cartridge. These individual supports can then ful?l the 
role of receptacle as described in FIG. 5. In addition, these 
supports can be directly used in the lyophiliZer and can 
constitute the base of a pack realiZed With the upper indi 
vidual support (22) of the piston 29 and of the lock 16. 

[0112] After lyophiliZation, the individual loWer (21) and 
upper (22) supports close to constitute, in the lyophiliZer, the 
cartridge pack. 

[0113] The liquid cartridge 11 is prepared as described 
previously; it can have a drainage rod but not necessarily a 
?nger-rest. A sleeve 43 and a piston rod 42 can also form 
part of the device. TWo injection needles 20 (represented 
here in their cap) of the disposable needle type for a 
pen-injector (for example Micro Fine® frorn Becton Dick 
inson) are also necessary for its use. 

[0114] In the case of the use of this device as a single-dose 
syringe, the cartridge 11 is introduced into the sleeve 19 as 
represented in FIG. 12, a needle 20 is ?xed and the 
rehydration is carried out by piercing the piston 29 through 
the lock 16. 

[0115] The sleeve 19 is then separated from the cartridge 
11 and the lock 16 is unscreWed using the base of the needle 
20 then placed in the cap. The sleeve 19 can have lateral 
openings alloWing the release of the cartridge 11 and its 
reuse for the injection of the preparation reconstituted in the 
cartridge 13 thanks to the addition of a piston rod 42 to the 
piston 29 and the second needle 20. 

[0116] In the case of the use of this device as cartridge of 
a rnulti-dose pen-injector, the cartridge 11 is introduced into 
the proximal part of the pen Which could here be symbolized 
by the sleeve 19, a needle 20 is ?xed to it and the rehydration 
and WithdraWal of the lock 16 on the cartridge 13 are carried 
out as previously. The cartridge 13 then replaces the car 
tridge 11 in the proximal part of the pen for a standard use 
of the latter as With the cartridges for products in solution. 
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[0117] FIG. 13 shoWs a sirnpli?ed use of the device 
according to the invention in the case of a formulation 
equivalent (in volume and composition) to that of the 
detailed example. The device can therefore function With the 
same cartridges 11 for the liquid part of the formulation 12 
and 13 for the lyophiliZed part 14 as those represented in 
FIG. 1. 

[0118] The essential difference concerns the connector 
lock 16 Which is screWed to the injection piston 29 and made 
in one piece. No assernbly operation is necessary at this 
stage before steriliZation. Similarly, it is possible to avoid 
packaging before garnrna-irradiation. 

[0119] The cartridge 13 is installed before lyophiliZation 
in the sleeve 19 Which Will serve as a guide during sealing 
of the piston 29. The head of the syringe 34 constitutes the 
base of the needle 20. It can be ?tted tight With the cap 36 
on the sleeve 19 for example by means of an O-ring seal 
betWeen the cartridge 13 and the sleeve 19. 

[0120] In this case, no packaging is necessary and the 
device is closed betWeen the cap 36 and the connector lock 
16. The ?nger-rest 33 can be clipped onto the distal part of 
the sleeve 19. 

[0121] The use of this device, according to the invention, 
consists of ?xing a standard needle 18 of the disposable 
needle type for a pen-injector (for example Micro Fine® 
frorn Becton Dickinson) onto the screW-thread of the sleeve 
containing the liquid cartridge 11 or, as represented here, 
onto the single screW-thread 44 ?rrnly ?xed to the cartridge 
11. The assembly is then introduced into the connector lock 
16 then through the piston 29 by bearing on the drainage rod 
25. After VAC rehydration, the cartridge 11 is WithdraWn by 
unscreWing With the transfer needle 18 and the lock 16; 
another solution consists of lengthening the arm retaining 
the lock on the cartridge so as to clip the arms of the 
connector lock 16 at that point, only after the needle has 
disappeared into said lock. The cartridge-connector lock 
assembly is then unscreWed from the piston 29. Apiston rod, 
Which can be the cap 36, is ?xed to the piston to carry out 
the injection. 

PRINCIPAL PREFERRED EMBODIMENTS OF 
THE INVENTION 

[0122] The invention therefore ?rstly relates to a device of 
syringe type actuated by a piston in order to reconstitute a 
preparation, in solution, in suspension or in dispersion in a 
liquid inside a reservoir sealed by a piston and forming part 
of the body of said syringe, characteriZed in that the non 
liquid part of said preparation is packed beforehand inside 
said reservoir of said syringe and the liquid part of said 
preparation is separated beforehand from said reservoir and 
said syringe, in Which the reconstitution of said preparation 
is carried out by the transfer of said liquid part through said 
piston of said reservoir. 

[0123] According to preferred variants of the invention, 
said device can additionally have at least one of the folloW 
ing cornplernentary characteristics: 

[0124] 1) said liquid and said non-liquid are packed 
inside standard injection reservoirs such as glass 
tubes or cartridges; 

[0125] 2) said device includes characteristic 1) and is 
moreover a single-dose or rnulti-dose syringe of the 
pen-injector type; 






