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(57) ABSTRACT 

A syringe type ampoule having a) a barrel With a front end 
and a rear end de?ning an aXis therebetWeen, the barrel 
having substantially constant cross-section betWeen the 
front end and the rear end, at least the front end ending in an 
opening, b) a sealer attached to the front end and sealing the 
opening, c) at least one piston movably and sealingly 
arranged Within the barrel and d) a sleeve extending along at 
least a part of the barrel, the sleeve having a front part and 
a rear part, the front part being connected to the sealer. The 
barrel has a front end terminating in an edge surrounding the 
opening, the edge having an outer circumference substan 
tially equal to the barrel outer circumference. The invention 
relates to methods and means for manufacture of pre-?lled 
such ampoules or other ampoules. 
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PREFILLED AMPOULES AND MANUFACTURE 
THEREOF 

TECHNICAL FIELD 

[0001] The present invention relates to a syringe type 
ampoule having a) a barrel With a front end and a rear end 
de?ning an axis therebetWeen, the barrel having substan 
tially constant cross-section betWeen the front end and the 
rear end, at least the front end ending in an opening, b) a 
sealer attached to the front end and sealing the opening, c) 
at least one piston movably and sealingly arranged Within 
the barrel and d) a sleeve extending along at least a part of 
the barrel, the sleeve having a front part and a rear part, the 
front part being connected to the sealer. The invention also 
relates to method and means for manufacture of pre?lled 
ampoules. 

BACKGROUND 

[0002] Ampoules pre?lled With various components are 
manufactured for diverse purposes. The present invention is 
mainly concerned With products of this kind for applications 
in Which the demands are especially high. A representative 
example is pre?lled ampoules for medicals or medical 
applications on Which are placed severe demands quite 
generally for integrity, sealing, sterility, purity, amounts, 
rigidity etc. The ampoules can be plain breakable ampoules, 
sealed vials etc. More elaborate ampoule types further push 
the demands. Syringe type ampoules for example add con 
siderations to piston friction and sealing and restrict front 
end sealing options. Dual or multi chamber type ampoules 
additionally require openable sealings betWeen chambers 
and arrangements for mixing or reliable sequential delivery. 
Although the present invention-have a more general utility 
it Will mainly be described in terms of these demanding 
applications. 
[0003] Each product quality and tolerance demand trans 
lates into corresponding manufacturing problems. Generally 
many components and process steps are required With 
intermediate controls. The components as such may be a 
contamination source as When glass, rubber or aluminum 
particles are released from ampoules, sealings and cappings 
respectively. Most steps have to be conducted in a pure or 
even sterile Zone With the exception of some initial and ?nal 
steps. Use of human operators in sterile environments is 
cumbersome and the fully mechaniZed alternative becomes 
complicated When increasing the number of steps and com 
ponents involved. Bulk handling of components is simple 
but tend to increase problems With component damage, 
destruction and particle release. Individual manipulation on 
the other hand complicates machinery and reduces through 
put. Use of cassettes or carriers for multiple components 
only represents a tradeoff betWeen the extremes. When the 
ampoules are to contain a lyophiliZed compound there are 
further constraints on the equipment used as several steps, 
such as closure of the ampoules, has to be conducted Within 
a closed freeZe-drying chamber and should provide for eg 
vapor transfer and uniform heat exchange and should be 
compatible With the necessary temperature and pressure 
changes involved. Syringe type ampoules generally give 
limited access to the interior as the openings are mainly 
adapted for the pistons and needle attachments and tempera 
ture and pressure changes may displace pistons inserted. 
Multi-chamber ampoules further add to processing and may 
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require turning and tWo-Way access and the additional 
features, such as by-pass structures, complicate manipula 
tion. 

[0004] A typical dual-chamber syringe and a process for 
automated manufacture of pre?lled such syringes is dis 
closed in Neue Verpackung, No.3, 1988, p. 50-52; Drugs 
Made in Germany, Vol. 30, Pag. 136-140 (1987); Pharm. 
Ind. 46, Nr. 10 (1984) p. 1045-1048 and Pharm. Ind. 46, Nr. 
3 (1984) p. 317-318. The syringe type ampoule is a dual 
chamber device With a front bottle type opening for needle 
attachment, tWo pistons and an exterior type by-pass for 
mixing a lyophiliZed poWder in the front chamber With a 
reconstitution liquid in the rear chamber. The process 
described includes the main steps of Washing and siliconiZ 
ing the syringe barrels, insertion of multiple barrels in carrier 
trays, steriliZation, introduction of middle piston through 
barrel rear end, turning the trays upside doWn, introduction 
of the poWder solution through the front opening, lyophiliZa 
tion to dry poWder, closure of front opening While in the 
lyophiliZing chamber, turning of trays, introduction of the 
reconstitution liquid through barrel rear end, insertion of rear 
piston, removal of products from trays and ?nal control and 
packaging. This knoWn process express most of the general 
problems outlined above. It is highly restricted to the spe 
ci?c product processed, eg by requiring a special closure 
system and by having the barrels resting on the exterior 
by-pass structure in the trays. 

[0005] A general problem With prior art devices is the 
limited considerations to combined manufacturing and con 
struction simplicity. The US. Pat. No. 5,435,076 discloses a 
dual chamber syringe construction With reduced demands 
for attachment and holding structures on the ampoule 
proper, still With features facilitating manufacture. In 
embodiments shoWn a central barrel is surrounded by a 
sleeve extending from a front opening to barrel rear end, 
thereby making super?uous any and all fastening structures 
on the barrel itself. At the opening the sleeve acts to secure 
a sealer in sealing position and eliminates the need for a 
separate capping. At the rear end a ?ngergrip, a plunger or 
a delivery mechanism can be attached to the sleeve part. In 
spite of barrel simplicity sealer and sleeve may, if desired, be 
joined into a single closure component alloWing sealing in a 
simple axial movement, also in a lyophiliZing chamber. 
Whenever present in the manufacturing process the sleeve 
also protects the central barrel and, eg in case of damage, 
con?nes or restricts barrel debris from spreading to other 
products or the plant itself. Yet there are room for improve 
ments, especially adaptations for manufacture in highly 
automated processes. 

[0006] Accordingly there remains a need for both ampoule 
constructions and ampoule ?lling processes and equipment 
better suited to meet high demands in the production of 
pre?lled ampoules. 

SUMMARY OF INVENTION 

[0007] A main object of the present invention is to offer a 
system of ampoule constructions, manufacturing methods 
and manufacturing equipment better meeting the demands 
and avoiding the problems described. A more speci?c object 
is to offer a system in all its components simpli?ed in 
relation to existing art. Another object is to offer a system 
easily adaptable to product variations. Still another object is 
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to provide a system suitable for application in highly auto 
mated manufacture. Yet another object is to provide a system 
suitable for use With lyophiliZing steps. A further object is to 
provide a system suitable for manufacture of syringe type 
ampoules and especially dual or multi chamber ampoules. 
Still another object is to provide a system alloWing manu 
facture of improved reliability, less malfunction and more 
reproducible results. 
[0008] These objects are reached With the characteristics 
set forth in the appended patent claims. 

[0009] The invention may be used With the already 
improved syringe type device described, having a sleeve 
around a central barrel. According to the invention such a 
device can be still more simpli?ed by using a barrel of 
substantially the same diameter at its front opening as its 
overall diameter, alloWing use of eg a plain cylinder. This 
design further facilitates ?lling operations through the front 
opening but above all alloWs a piston to be inserted through 
the front opening and not only through the rear opening, 
Which may be used to reduce necessary manufacturing steps 
and facilitate equipment design by alloWing more steps to be 
conducted form the same side. The design also makes it 
easier to use a sealer or stopper for the front opening 
extending out to and beyond the barrel diameter. In the 
product this property alloWs the sealer to better center and 
buffer the external sleeve and in manufacture the same 
property makes it possible to grip and hold the sealer in an 
equipment cavity adapted to the barrel diameter, Which in 
turn may be used to eliminate use of the sleeve for sealer 
manipulation, making sleeve design more free, eg in 
respect of barrel to sleeve distance, and enabling removal of 
the sleeve from at least the sterile manufacturing Zone and 
enabling independent inspection of the barrel ampoule semi 
manufacture. Use of a barrel With a front opening edge being 
rounded With the edge material kept Within the nominal 
barrel inner and outer diameters further ampli?es these 
advantages. The property also gives general advantages in 
bulk or individual handling of the barrels as such, e. g. higher 
precision and strongly reduced risk for damage and particle 
release. Sealers and stoppers can more easily and Without 
tumbling risks be attached to the opening With mechaniZed 
means, also in the absence of the sleeve as sealer manipu 
lator, and the stoppers as such can be made less elaborate 
and With less cavity forming parts Within the barrel. The 
invention also provides an ampoule carrier giving substan 
tial general advantages in manufacture of pre?lled 
ampoules. The carrier can be used in most manufacturing 
steps, reducing bulk treatment and corresponding damage 
risks for the ampoules. The carrier provides one or more 
channels for individual ampoules. Channels formed as a 
cavities in a carrier body and essentially surrounding the 
ampoule give a protection and contamination con?nement 
similar to the knoWn sleeve. The cavity has been found to 
assist in a uniform heat conduction and radiation shielding 
of special importance in lyophiliZing processes. If desired 
the cavity can be made to radially support an ampoule over 
substantial length and the structure can be made, eg by 
spacers or otherWise, to accommodate ampoules of differ 
ent-lengths or Widths, thereby providing a valuable versa 
tility. Although not restricted to any particular ampoule form 
the structure cooperates bene?cially With ampoules of the 
general cylindrical form described. A channel made longer 
than the ampoule can be used to hold a sealer in a ?oating, 
and yet protected, position above but concentric With the 
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ampoule opening for later individually centered and guided 
axial movement into a closed position, an option of particu 
lar value in lyophiliZation, for alloWing ?rst vapor passage 
past the sealer and later in-situ closure of the poWder 
chamber. When used With a cylindrical barrel type ampoule 
and slightly oversiZed sealer as described, these advantages 
can be obtained With maintained possibilities for ampoule 
introduction in the channel from the sealer seat side of the 
carrier, Without additional guiding structures. Upper and 
loWer locking surfaces protruding into the channel can be 
used to restrict ampoule axial movements. A surface sepa 
ration of at least ampoule height alloWs the ampoule to 
reside betWeen the surfaces. A ?rst advantage With this 
feature is that ampoule ends are used for axial ?xation 
making super?uous any intermediate structures, such as 
?anges, recesses, bottle neck openings, by-pass structures 
etc., and accordingly makes the carrier compatible With the 
most pure ampoule designs described. Afurther advantage is 
that all forces applied to the ampoule during manufacture, 
such as in insertion, ?lling, piston introduction, sealing and 
removal, are absorbed in the bene?cial axial direction, 
strongly reducing the risks for ampoule damage and plant 
contamination. Still, releasable locks may make both chan 
nel sides accessible for operational steps, both the direct 
manufacturing steps but also indirect steps, such as probing 
and ampoule Weighing, providing substantial ?exibility in 
use, especially in combination With turnable carrier arrange 
ments, of value in plants for multiple ampoule types or 
multiple chamber type ampoules. Movable locking surfaces 
may be complemented With-stop surfaces ?xed relative each 
channel to further reduce the risks for inadvertent compres 
sion and excessive forces, of value for example When exact 
tolerances in siZe or support cannot be guaranteed. 

[0010] Further objects and advantages With the invention 
Will be evident form the detailed description hereinbeloW. 

DETAILED DESCRIPTION 

[0011] As indicated in the introduction the injector 
described herein may be used for a variety of purposes 
Within and beyond the medical area and for any type of 
preparations, such as chemicals, compositions or mixtures, 
in any container and used for any purpose. For reasons 
outlined the system has certain special values in connection 
With medical delivery devices Where also the design con 
straints are more severe than in most other applications. 

[0012] The principles of the present invention may be used 
for ampoule devices or systems in broad terms. It is possible 
to use the principles of the invention for manufacture of the 
ampoules as such, i.e. empty ampoules, eg for later ?lling 
or for use as mixing or preparation chambers, but it is 
preferred to use the invention in connection With pre-?lled 
ampoules and manufacturing methods therefore, i.e. includ 
ing ?lling steps. The nature of the material pre?lled or 
after-?lled into the ampoules is not critical and shall be 
understood to include gases, liquids and solids. The material 
may be a poWder, eg a poWder, a cake or a tablet. The 
material may be a ?uid such as a liquid, including materials 
behaving as liquids such as emulsions or suspensions. The 
material may undergo transitions as When a solid is dis 
solved or a solution is dried, Which may take place in the 
manufacture or as a ?nal preparation or mixing step imme 
diately before use. The nature of medical contents shall also 
be understood to include medical in broad terms and to 
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embrace for example natural components and body ?uids 
pre?lled or draWn into the container although most com 
monly the medical is factory prepared. 

[0013] The invention may assist in solving special prob 
lems in connection With sensitive compounds susceptible to 
degradation or denaturation under mechanical stress such as 
high shear forces. 

[0014] Compounds of high molecular Weight may be of 
this type, high molecular Weight hormones for example 
groWth hormones or prostaglandins. The invention may also 
assist in solving special problems in connection With medi 
cal requiring lyophiliZing step in production or a preparation 
step immediately prior to the infusion, typically a mixing of 
tWo or more components, Which all may be ?uid or may 
include a solid as When dissolving a lyophiliZed poWder in 
a solvent, such as hormones or prostaglandins. 

The Ampoule 

[0015] The “ampoule” shall be understood in broad sense 
and can generally be said to include a container part and at 
least one opening for access to the container interior. Unless 
otherWise indicated the opening shall be regarded as de?n 
ing an ampoule axis, being perpendicular to and centered 
Within the opening surface or, in ?oW sense, being parallel 
With and centered Within a hypothetical ?oW through the 
complete opening. A direction along the axis through the 
opening from the container interior and to the container 
interior shall be regarded as forward direction and rearward 
direction respectively. When tWo or more openings are 
present the said at least one opening, or reference opening, 
shall be an opening to be sealed in the process and if the 
ampoule comprises tWo or more such openings to be sealed, 
the reference opening shall be an opening in end use 
intended for passage of the pre?lled material from the 
ampoule interior out through the opening. A distance 
betWeen ampoule front most and rearmost ends shall be 
considered ampoule height or length. Positional and direc 
tional statements Will be given in relation hereto unless 
otherWise stated. 

[0016] The container has at least one opening through 
Which the container content can pass during use of the 
ampoule, either from the container interior to the surround 
ing for eg administration of the medical to the patient or to 
the container in case of aspiration of body ?uids or during 
preparation steps such as ?lling, mixing or dissolution in the 
container. Several openings may be present, notably front 
and rear openings in a tube type container. The same opening 
or openings may be utiliZed for communication both at 
manufacture and administration or different openings can be 
used, eg ?lling through and sealing one opening and 
delivering through another opening Which may be closed 
With a releasable or rupturable sealing. 

[0017] The opening physical structure may need adapta 
tion to its use purpose. A syringe type ampoule plunger end 
may need an opening alloWing insertion of a piston and 
perhaps end structures for connection to a ?ngergrip, a 
plunger or a delivery mechanism. The other end, like the 
opening of a vial, may need arrangements for a closure or a 
sealing. For this purpose some kind of physical attachment 
for the closure means can be arranged, e.g. protruding or 
recessed structures for cooperation With complementary 
shaped closure parts. These structures may be located on the 
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opening interior, exterior or both. Although threads or bayo 
net type structures are conceivable it is preferred to use 
structures alloWing engagement With a simple axial relative 
displacement betWeen container and closure, Without 
requirement for substantial angular motions. Such structures 
may include circumferential ?anges, grooves, undercut etc., 
continuous or intermittent, around the opening, including 
the common bottle-type With ori?ce ?ange, neck and shoul 
der parts. Several such structures may be used, eg axially 
displaced for example in order to assist positioning of 
closure parts in an open position, alloWing gas exchange, 
and a closed position, although other arrangements to be 
explained are preferably used for this purpose. For similar 
reasons to be explained there are advantages in using a plain 
tube shape opening, Without the above said structures, Which 
can be closed With an inserted simple plug or stopper type 
sealing or any kind or closure, such as a ?at abutting type 
sealer, in combination With the above mentioned sleeve 
?xture. It is clear that the ampoule in general terms is 
compatible With various opening structures as Well as vari 
ous closure structures, including knoWn common types such 
as resilient sealers With or Without cappings for permanent 
seal or penetrable or rupturable arrangements. 

[0018] The container part may take a variety of forms such 
as any kind of tube, vessel, ?exible bag, vial, capsule, 
cartridge, carpoule, syringe body etc. There are some advan 
tages in using containers that are rigid, at least at its opening, 
but preferably generally rigid, such as vials, rigid tubes or 
syringe bodies. There are also some advantages in using 
roughly symmetrical container parts, being at least partly 
symmetrical With constant cross-section around an symme 
try axis, such as a bottle body or cylinder type container, and 
preferably the opening axis and the container axis are 
substantially parallel and most preferably substantially 
coaxial. Still more preferred is to use the same cross-section 
pro?le for both container and opening, giving an elongated 
ampoule of essentially uniform shape from front end to rear 
end, as exempli?ed by a cylinder, With or-Without closed 
rear end as for a vial. Common container materials such as 
plastic or preferably glass can With preference be used. The 
container may be an integral or composite structure, such as 
including an outer casing or any other multipart construction 
for closures, ?xtures, protection etc., and unless otherWise 
stated “container” shall be understood to include any aux 
iliary part present. 
[0019] The ampoule may be a simple bottle, vial or bag 
but the invention has special value in connection With more 
advanced ampoule types and preferably the ampoule type is 
more elaborate and is commonly in the form of a cartridge, 
being the ampoule part of a syringe type of delivery system, 
Which may be still more elaborate in the case of multicham 
ber cartridges. A cartridge for the present purposes may 
generally be said to include a barrel having a front part and 
a rear part de?ning a general cartridge axis, an outlet for the 
preparation arranged at the front part and at least one 
movable Wall arranged at the rear part, a displacement of 
Which Wall causes the preparation to be moved toWards or 
expelled through the outlet. Barrel shape and movable Wall 
have to be mutually adapted. The barrel may have a sub 
stantially constant internal cross-section, With a similarly 
constant barrel axis, betWeen front and rear parts giving a 
generally tube-shaped barrel, and most preferably the cross 
section is of the common circular type giving a substantially 
cylindrical barrel. The movable Wall is then preferably a 
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substantially shape-permanent, although possibly elastic, 
body sealingly adapted to the internal barrel surface and 
preferably of the piston type. 

[0020] Dual or multi chamber cartridge types are known 
eg for preparations demanding a mixing of tWo or more 
components or precursors before administration. The com 
ponents are kept separated by one or more intermediate 
Walls of different-known designs, Which Walls divide the 
barrel into several chambers, sometimes placed parallel 
along cartridge axis but most commonly in stacked relation 
ship along the axis. Uni?cation of the components may take 
place by breaking, penetrating or opening a valve construc 
tion in the intermediate Walls, for example by introducing a 
pin or needle through the cartridge front, through or at the 
rear movable Wall or by means at the cartridge exterior 
(compare e.g. WO 93/02720). In another knoWn design the 
intermediate Wall or Walls are of the plunger type and How 
communication betWeen the chambers is accomplished by 
moving the plunger to a by-pass section Where the interior 
Wall has one or several enlarged sections or repeated cir 
cumferential grooves and lands in a manner alloWing by 
?oW of rear chamber content into front chamber at displace 
ment of the rear movable Wall (compare eg US. Pat. No. 
4,968,299 or WO 93/20868 and WO 95/11051). The latter 
type of by-pass is preferred by alloWing ampoule designs of 
substantially constant cross-section. The chambers may con 
tain gas, liquid or solids. Generally at least one liquid is 
present. Most commonly in pharmaceutical applications 
only tWo chambers are present and typically contains one 
liquid and one solid, the latter being dissolved and recon 
stituted during the mixing operation. 

[0021] As common in the art the ampoules, cartridges or 
syringes described may be adapted for connection to a 
delivery conduit. The delivery conduit may be an infusion 
channel or any conducting means such as a tube or catheter, 
a needle or cannula or a needle-less system based on liquid 
jet or a particle gun With gas propellant. The conduit shall be 
connectable to the container interior, preferably via one 
ampoule opening, such as by connection to an openable, 
rupturable or penetrable sealing. 

Preferred Syringe Type Ampoule 

[0022] Although the system of the invention incorporates 
manufacturing methods and means useful for all of the 
ampoule types described the system also includes an 
ampoule type of special value in the system. As indicated in 
the introduction the preferred syringe type has a) a barrel 
With a front end and a rear end de?ning an axis therebe 
tWeen, the barrel having substantially constant cross-section 
betWeen the front end and the rear end, at least the front end 
ending in an opening, b) a sealer attached to the front end 
and sealing the opening, c) at least one piston movably and 
sealingly arranged Within the barrel and d) a sleeve extend 
ing along at least a part of the barrel, the sleeve having a 
front part and a rear part, the front part being connected to 
the sealer. 

[0023] In such a device the requirement for substantially 
constant cross-section shall not exclude minor deviations as 
for example attachment structures at the front and rear end 
or an intermediate by-pass structure, although it is preferred 
to make all such deviations as small as possible, e.g. 
expressed as maximum to minimum diameter less than 2 
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mm, preferably less than 1 mm and preferably less than 0.5 
mm and most preferably substantially nil. When used herein 
“diameter” shall not be understood as a limitation to circular 
cross-section pro?les but shall generally mean diametrical 
points on the outer circumference for non-circular pro?les. 
Yet, it is preferred that the barrel cross-section is substan 
tially circular making the barrel substantially cylindrical. 
The barrel can With advantage be of dual or multi chamber 
type, incorporating at least one by-pass arrangement. Of the 
by-pass arrangements earlier exempli?ed it is preferred to 
utiliZe such arrangements that do not substantially affect the 
outer diameter of the barrel, such as internal arrangements or 
distributed lands and grooves design exempli?ed. Similarly 
it is preferred that barrel cross-section area is substantailly 
constant betWeen front and rear ends since any deviation 
either makes the barrel bulkier than necessary or Weaker 
than necessary. Accordingly it is preferred that attachment 
structures, channels, by-pass cutouts etc. are avioided or 
kept to a minimum, eg that cross-section area variations 
anyWhere along the barrel axial length are kept less than 
20%, preferably less than 10% and most preferably less than 
5%. 

[0024] It is also preferred that the opening has substan 
tially the same cross-section pro?le as the barrel, making the 
opening substantially a continuation, or ending, of the barrel 
and suitably the opening edge roughly corresponds to a 
cross-section of the barrel perpendicular to the barrel axis. It 
is also preferred that the opening part is included in the 
abovesaid constant cross-section area conditions-stated for 
the barrel as a Whole. This overall edge shape does not 
exclude that the form of the mere edge termination, eg 
when seen in an axial cross-section, is trimmed to suitable 
shape for its purpose. It is for example common to make 
edges generally of smooth form in order to avoid fracture 
risks, release of particles, cutting Wounds, stopper jamming 
etc. Such a rounded forms is preferred, for either the inner 
or the outer part of the edge cross-section and preferably 
both, and can be accomplished by grinding but is preferably 
made by heating for meltable materials. Melting may, hoW 
ever, make the melted material contract into a quasi-drop 
form When seen in said axial cross-section, With a largest 
drop diameter exceeding material thickness before heating, 
ie a partial drop larger than a semi-circle. Applied to the 
present barrel the edge may protrude into the barrel interior 
and/or out from the barrel exterior. It is preferred, eg for 
maintaining a uniform barrel exterior and facilitate handling, 
to make the edge form so that substantially all edge material 
is kept Within the barrel external diameter. Similarly it is 
preferred to make the edge form so that substantially all edge 
material is kept outside the barrel internal diameter, Which 
facilitates access through the opening during manufacture, 
eg at ?lling and piston or sealer insertion. It also facilitate 
sealer design by requiring less pronounced Wedge angle and 
length for any part entering into the opening, Which in turn 
facilitates engagement and reduces dead and shielded spaces 
Within the sealed chamber. Expressed in drop form terms it 
is preferred that the edge curvature corresponds to about a 
semi-circle or slightly less. A preferred manufacturing 
method for a smooth and yet narroW edge is to heat a blank 
barrel raW material around the desired edge pro?le and 
separate the parts by axial pulling While the heated edges are 
still hot and possibly under maintained-heating. The heating 
can take place by conventional means such as a ?ame but is 
preferably made by laser, notably a carbon dioxide laser for 
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glass, for most narrow heating Zone and best overall control, 
or a combination of the heating methods. This heating and 
pulling separation method is knoWn as such for other 
applications and disclosed for example in WHO 86/05172, 
US. Pat. No. 4,682,003 and DE 4444547. Although the 
opening structure can be provided With other structures, 
such as cut-outs or channels on the interior surface of the 
barrel close to the opening to alloW gas exchange With the 
surroundings, eg at lyophiliZation, also With a partially 
inserted sealer, it is preferred to use other methods and 
means for this and make the barrel part close to the opening 
substantially uniform, eg for simplicity and best sealing 
properties. The above considerations preferably apply for an 
opening to be at least temporarily closed or sealed, notably 
the front opening of the syringe type ampoule, i.e. the side 
for preparation ejection but can With advantage also be used 
for the rear opening normally used for affecting the rear 
piston. 

[0025] The sealer used to seal the front opening can be of 
any general nature described. It may have an already pro 
vided opening for ?uid communication With the barrel 
interior and/or an already attached conduit or attachment 
means therefore. It is, hoWever preferred to use sealers 
making a complete seal for later opening or attachment of a 
conduit, preferably any of the sealers suited for penetration. 
It is further preferred to use sealers that can be brought from 
a non-sealing position into sealing contact With the opening 
by use of a simple axial displacement. The sealer can be of 
the kind providing sealing by axial pressure against the 
opening edge, e.g. having a ?at or ?ange portion corre 
sponding to the edge, but it is preferred to use a stopper type 
sealer having a part penetrating into the opening and pro 
viding sealing by radial contact or pressure against the barrel 
interior, possibly and preferably in combination With a 
?ange portion for axial contact With the edge. The part 
penetrating into the barrel can be generally cylindrical and 
may in a conventional manner have a central cavity, cut-out 
or recess to increase ?exibility or limiting the necessary 
penetration length for a needle or other type of sharp. With 
preference the penetrating stopper part can have a Wedge 
shape for assisting in proper guidance of the stopper loWer 
rim radially toWards the axis When inserted in the opening. 
The Wedge-shaped portion can With preference be restricted 
to the loWermost part of the stopper penetrating part and the 
angle betWeen axis and stopper loWer surface is preferably 
made as large as possible, to avoid dead spaces, With regard 
to necessary guidance. Independent of sealer type selection, 
e.g. ?at, ?ange and/or stopper type, it is preferred that at 
least a part, hereinafter a “?ange” part, of the sealer has an 
extension in the radial direction, i.e. perpendicular to its axis 
When in place, larger than the barrel outside diameter. It is 
preferred that it is at least larger than the barrel diameter at 
the opening, Which among others makes it radially acces 
sible at the opening and bene?cially cooperates With the 
sleeve at least at the opening. It is preferred that the sealer 
?ange part is also larger than the largest diameter of the 
barrel, When this is not entirely uniform as exempli?ed 
above, making a ?ange diameter the largest diameter of the 
barrel/sealer unit, Which ampli?es the above said advan 
tages. Such an extension also alloWs the sealer to be fric 
tionally or otherWise held, Without contact With the barrel, in 
a channel of the same diameter as the barrel outside diam 
eter, Which facilitate automatic pushing of the sealer from a 
rest position in such a channel above the barrel into a sealing 
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position in contact With the barrel opening. The channel of 
such a diameter also alloWs the barrel to move, or be 
inserted, past the rest position for the sealer. If the channel 
diameter is signi?cantly larger than the barrel largest diam 
eter it is preferred that the sealer ?ange is larger than the 
channel diameter. The degree of extension “larger” than the 
barrel diameter at the opening, its largest diameter or the 
channel respectively should be adapted for the stated pur 
poses and may be dependent of the strength of the grip 
desired and the resilience or material of the sealer etc. For 
example, in order to retain the sealer in the channel the 
diameter should in functional terms be adapted to provide 
suf?cient friction to hold it in the method steps but not 
prevent is axial movement in the sealing step. The degree of 
extension may typically be at least 0.05 mm, preferably at 
least 0.1 and most preferably 0.2 mm larger than the 
diameter referred to. It can also be kept smaller than 10 mm, 
preferably smaller than 5 mm and most preferably smaller 
than 2 mm compared to the diameter referred to. It is 
suf?cient that the ?ange has the stated extension at least 
someWhere along its periphery, eg at at least tWo diametri 
cally opposed positions, better at at least three or more 
points, preferably symmetrically distributed around the 
periphery for best centering, and most preferably along 
substantially all of its periphery. Although such an oversiZed 
?ange portion can be compressible enough to be inserted 
into the opening, it is preferred that the ?ange is designed to 
be positioned, When in its sealing position, outside the barrel 
and most preferably at a ?at portion intended for axial 
contact With the opening edge. The sealer parts still more 
distant from the opening edge is not very critical. This 
axially distant end should, hoWever, preferably be consistent 
With the purpose of cooperating With the sleeve to prevent 
axial displacements of the sealer aWay from the opening 
When the sleeve is in a locking position an preferably also be 
consistent With the purpose of alloWing the sleeve to be 
axially moved in a rearWard direction into said locking 
position When the sealer is in place. For these purposes the 
sealer preferably has a contact surface With at least a surface 
component normal to the axis against Which a sleeve part 
can be abutted, eg a contact surface in the form of a ?at rim 
against Which a sleeve ?ange can be placed. OtherWise the 
sealer distal end can have any conventional form, eg a 
central part exposed for penetration, preferably in the form 
of a concave boWl to limit necessary penetration length. The 
sealer described is preferably made of a resilient material 
such as common rubber or elastomeric materials. Although 
possible if desired, in general the sealer need not be supple 
mented With a common capping to retain the resilient sealer, 
as the sleeve to be described preferably acts to ?ll this 
function. 

[0026] The ampoule contains at least one piston axially 
movable Within the barrel enabling a pump action relative 
the content, for example aspiration of material into the barrel 
and/or ejection of barrel content from the barrel, the latter in 
particular for pre?lled syringes. In case of dual chamber 
devices and additional piston may be present, dividing the 
primary chamber betWeen the rear piston and barrel front 
opening into a front and a rear chamber. In this case a 
by-pass may be present as described, either arranged at an 
intermediate position along the barrel to alloW over?oW 
from the rear chamber to the front chamber eg for mixing 
or dissolution or arranged close to the opening to alloW ?rst 
ejection of the front chamber content and then ejection of the 
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rear chamber content through the by-pass past the interme 
diate piston. Three or more chamber may be devised by 
additional such structures. The piston can be of the conven 
tional type being of resilient materials similar to those of the 
sealer and having a generally cylindrical shape. 

[0027] The sleeve part shall be understood in a broad 
sense as any structure bridging the front and rear ends of the 
barrel. A main object of the sleeve is to retain the sealer 
against forWard displacement relative the barrel for Which 
purpose the sleeve should at one hand grip the sealer and on 
another hand be attached to the barrel in a manner prevent 
ing at least forWard movements relative the barrel. Prefer 
ably the attachment to the barrel is made at the rear part of 
the barrel, Which for example can be made laterally by an 
adhesive or at a special ?xings structure such as a ?ange or 
a recess in the barrel, but it is preferred that the sleeve attach 
to the barrel by utiliZing the barrel rear edge as a stop surface 
for sleeve forWard movement, Which principle alloWs use of 
a pure tube type barrel Without any fastening structures. The 
attachment can be accomplished for example by a structure 
integral With or connected to the sleeve, that extends radially 
inWards from the sleeve main part for contact With the rear 
edge, eg a rear ?ange on the sleeve or a rear plate or 
?ngergrip for a plunger to Which the sleeve rear part is 
attached. Similarly, at the sleeve front end, the sealer can be 
gripped With lateral means but is preferably gripped in the 
axial direction by contact betWeen a front surface of the 
sealer, as earlier described and a rearWardly directed surface 
of the sleeve, such as the rear surface of a sleeve ?ange 
extending radially inWard from the sleeve main axial part. It 
is clear that in these preferred arrangements forces betWeen 
sleeve and barrel are entirely axial in the barrel and sleeve 
main part. The sleeve main part, i.e. the part outside the 
barrel exterior extending betWeen the front and rear ends, 
can be any spacer structure, such as a single rod or arm, tWo 
or more such arms distributed around the barrel circumfer 
ence in a cage type structure or one or several tube parts. It 

is preferred, hoWever, eg for protection reasons, that the 
sleeve extends substantially all around the barrel essentially 
enclosing the barrel, e.g. having a generally tube form. The 
sleeve can be a single internal structure but is preferably 
made of at least tWo parts for assembly reasons, eg with a 
separate front or rear part or tWo ?anged tube parts for 
cooperation With barrel front and rear ends Which parts are 
joined at an intermediate position. Auxiliary structures With 
preference can be arranged on the sleeve, rather than on the 
barrel, such as fastening structures, guiding structures, 
plunger and ?ngergrip structures, dosing mechanisms and 
needle attachment structures, eg to adapt the combined 
barrel/sleeve cartridge type unit for manual or mechaniZed 
and automated actuation and operation in a delivery device. 
In the radial direction the sleeve may make contact With the 
barrel but it is generally preferred that a distance is kept 
betWeen these parts for tolerance and safety reasons. The 
actual distance depends on the barrel form, eg the presence 
of an external by-pass, but for the preferred barrel of 
substantially uniform cross-section over length the distance 
With preference can be kept small, such as less than 2 mm, 
preferably less than 1 mm and most preferably less than 0.5 
mm. A sealer slightly oversiZed in the radial direction, as 
earlier described, here may contribute With the additional 
advantage of centering, guiding and buffering the sleeve 
relative the barrel. 
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[0028] The syringe type ampoule construction described, 
besides alloWing extremely simple and pure barrel forms, 
has a useful manufacturing advantage in its Wide front 
opening. This feature can for example be utiliZed to intro 
duce a piston through the front opening, rather than through 
barrel rear end, Which possibility in turn can be exploited to 
make several process step from the same barrel side, e.g. 
piston insertion, ?lling and sealing, perhaps repeated in 
multi-chamber ampoules, for example to facilitate machin 
ery design, avoid turning steps and reserve the other barrel 
end for ?xture, probing or other ?lling operations. In com 
bination With the additional features explained other manu 
facturing advantages are reached as has already been indi 
cated. 

[0029] The Ampoule Carrier 

[0030] According to the invention an ampoule carrier is 
provided for the purpose of facilitating and improving the 
manufacture and quality of pre?lled ampoules. The carrier 
can be used for any of the ampoule types described although 
advantages are obtained in using ampoules With the pre 
ferred features stated. Generally the carrier can be said to 
comprise a) one or several seats for an ampoule, the seat 
providing b) a channel for axial insertion but radial retention 
of the ampoule. 

[0031] As used herein “carrier” shall be understood to 
mean a device suited for carrying at least one and preferably 
several ampoules and suited to be handled as a unit in a 
manufacturing plant. The carrier can be monolithic but is 
preferably an aggregate of details handled as a unit. The 
carrier may comprise auxiliary features, i.e. features relating 
to the carrier as such, e.g. facilitating its handling in the 
process, such as details suited for mechanical gripping, 
turning and transportation as Well as means facilitating 
assembly, disassembly and cleaning. When applicable the 
carrier “upper” and “loWer” sides shall be regarded the side 
at the front end and rear end respectively of the ampoule 
When inserted in the carrier. 

[0032] The carrier shall include at least one “seat” for each 
ampoule to be carried, i.e. one or preferably several seats, 
and the seat shall be understood to include any detail on the 
carrier adapted for the individual ampoules, such as indi 
vidual retention and manipulation means. Preferably each 
seat is adapted to receive one ampoule only. 

[0033] The seat comprises at least a “channel” for the 
ampoule, by Which shall be understood any feature adapted 
for alloWing axial insertion or movement but radial retention 
of the ampoule. The channel may for example include one 
or several plates or other spacing structures providing radial 
support of the ampoule at discrete locations along its axis. 
Preferably, hoWever, channel comprises a “cavity” in the 
sense of a chamber surrounding the ampoule over substan 
tial length and most preferably over its entire length. The 
cavity can for example be formed as a “bore” in a monolithic 
body part of the carrier. 

[0034] The seat may also comprise one or more “locks”, 
meaning any structure for retaining the ampoule in the axial 
direction. A lock may grip the ampoule at any part, e.g. 
intermediate part, and prevent movement in both the axial 
directions. Preferably, hoWever, a lock acts as a stop surface 
at the ampoule end, thereby preventing ampoule movement 
in one direction. Preferably tWo locks are arranged, one in 
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each end of the channel, preferably With a distance of at least 
ampoule height but possibly a larger distance. It is further 
preferred that at least one, and preferably all, locks are 
releasably arranged to alloW access and ampoule insertion 
and removal. 

[0035] The seat may comprise further auxiliary details, 
such as guiding structures for tools, a position for the sealer, 
venting channels for gases, etc. 

[0036] Constructively the carrier can preferably be 
arranged as an intermediate body part, embracing most of 
ampoule height and channel length, an upper head part with 
eg an upper lock and auxiliary details and a loWer foot part 
with eg a loWer lock and possible auxiliary details. The 
height of the body part may be adapted to the length of the 
ampoules treated. The body part can be a frame type of 
structure, eg tWo or more plates With holes, forming the 
channels, the plates being separated With spacers and pos 
sibly Walls to enclose the frame. Such an open structure may 
be lightWeight and easily adaptable to varying ampoule 
lengths. It is preferred, hoWever, that the body part is formed 
as a unitary structure, preferably monolithic, in Which the 
channels are formed as longitudinal cavities, e.g. bores, at 
least partially open at the upper and loWer ends of the carrier 
body part. Such a unitary structure facilitates the arrange 
ment of a cavity enclosing the ampoule, Which is advanta 
geous for reasons set out in the introduction and preferably 
the cavity has at least the same height as ampoule length. 

[0037] Generally it is preferred that the channel length at 
least corresponds to ampoule length, e.g. not to expose any 
end thereof When handling the carrier but it is preferred that 
the channel is longer, in particular at the upper end for the 
purpose of at least holding, but preferably also enclosing, a 
sealer in a non-sealing position relative the ampoule open 
ing, eg as a preparation for pressing the sealer into a sealing 
position and preferably also for the purpose of alloWing 
lyophiliZation. As knoWn per se, the sealer position may be 
in a partially inserted position relative the opening, as When 
vapor channels are arranged in the sealer or the ampoule, but 
preferably the sealer position is farther forWard and only 
resting on the opening edge but most preferably the sealer 
position is still farther forWard in a ?oating position above 
and Without contact With ampoule opening, eg to alloW 
good gas communication even at simple ampoule and sealer 
structures, and Which is easily accomplished by using the 
channel for holding the sealer. Channel Width at the support 
points for the ampoules is preferably about the same as the 
ampoule largest Width, alloWing for a certain additional play 
or tolerance. Similarly the channel cross-section pro?le is 
preferably about congruent With ampoule cross-section pro 
?le, possibly With some deviation, eg to alloW passage of 
a protruding structure such as an external by-pass When 
present. It is preferred that the channel has substantially 
constant cross-section at least along the ampoule height and 
preferably the cross-section pro?le or circumference forms 
a closed loop. When the channel is longer than ampoule 
length it is preferred that also the additional channel length 
has substantially the same Width and pro?le, alloWing the 
ampoule to be axially displaced therein. Accordingly, 
although a sealer can be held in that channel part by 
protrusions into the channel it is preferred that the sealer is 
held by friction against the channel Walls, for Which purpose 
the sealer preferably can be oversiZed as described. 
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[0038] A lock for restriction of ampoule axial movement 
and acting on the ampoule end as described may provide a 
surface extending into the channel part occupied by the 
ampoule to such an extent that it is able to support an end 
part of the ampoule. The lock should also be attached to the 
carrier, e. g. at its upper or loWer part or at the channel upper 
or loWer end. The attachment can be permanent, such as 
When the lock is an integral part of the carrier or otherWise 
permanently attached thereto. A permanent lock can for 
example be used at one channel end When the ampoule is 
inserted and removed through the other end and this may be 
suf?cient if all manufacturing steps can be conducted form 
one end and there is no need to turn the carrier upside doWn. 
Releasable locks can be used as permanent locks but give 
higher ?exibility and can be used to lock the channel side 
from Which an ampoule is entered and in case of tWo such 
locks are utiliZed both channel sides are accessible for 
manufacture steps or insertion and/or removal of ampoules. 
Areleasable lock may be attached by any type of ?xture, eg 
for complete removal or hinged release. Although releasable 
locks can be designed as a plurality of individually releas 
able structures, one for each ampoule channel, it is preferred 
that a single locking structure is used for locking several and 
preferably all the channels, eg a plate or a grid, the 
attachment of Which to the carrier locks all the several 
channels. The exact nature of the resting surface can be 
varied. The lock surface may completely close the channel 
end to Which it is attached, eg as by a plate or multiple 
stopper type structure, but it is preferred that the surface only 
covers the channel opening partially, thereby alloWing 
access to the ampoule also With the lock in place. The lock 
can With preference partially cover the channel so that a tool 
can be inserted through the uncovered part in order to lift or 
push the ampoule axially aWay from the lock. In case of a 
bottle type of ampoule this can be achieved through almost 
any uncovered part but in case of a tube type of ampoule, 
eg a cylindrical barrel, this may require that at least a part 
of the edge is exposed, eg by use of a locking surface in the 
form of a diametrical bar over the channel end or a ?ange 
covering only a part of the barrel edge. In case the ampoule 
has an opening at the lock, as the front or rear opening of a 
barrel, it is equally preferred that the opening is accessible 
and preferably completely accessible, eg for piston or 
sealer insertion, Which again may require that the lock only 
covers the edge or a part thereof. 

[0039] It is preferred to equip the seats With at least one 
lock, say at the loWer channel end, on Which the ampoule 
rests When performing operations at the other channel end, 
say the upper end, e.g. operations such as piston insertion, 
?lling, ?oating sealer insertion, lyophiliZation and ?nal 
sealing. It may be desirable to equip also the upper end With 
locks, eg to permit operations on or at the loWer end after 
having concluded the operations at the upper end and Which 
operations at the loWer end may require retention of the 
ampoule or turning the carrier upside doWn, e.g. operations 
like rear compartment ?lling and rear piston insertion. 

[0040] Separate tools, other than the lock structures, can 
be utiliZed in any such operation exempli?ed, for example 
conventional press pins can be used to insert or move 
pistons, sealers or the ampoules themselves and charging 
noZZles can be used to perform ?lling operations. Such 
individual tool parts for each channel can With preference be 
arranged on a common support, With or Without pressure 
equaliZing means, for common manipulation. It is preferred, 
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however, to employ the locks also for at least one manu 
facturing step. To this end the lock structure With preference 
may be combined With other auxiliary details at this channel 
end. As has been described it may be of interest to arrange 
for retention of a sealer at an ampoule opening Which 
subsequently is pushed into engagement With the opening. 
Here the lock With preference can be arranged to bear on the 
sealer top When pushed into engagement. It is further 
preferred to use the same structure both for pressing the 
sealer into engagement and for subsequently acting as lock 
for the channel. The pushing movement With the lock 
structure can With preference be guided, by for example 
recesses into the carrier body, and these recesses can also act 
to limit the rearWard movement of the structure to that 
required for sealer engagement and no more so as not to hurt 
the ampoules proper but the recesses may additionally be 
used as vapor channels in a lyophiliZation or steriliZation 
step. Similar guiding structures may be arranged at the loWer 
end if alternatively the sealer engagement is made by 
pushing the ampoules from beloW toWards a sealer by use of 
the loWer lock, Whereunder the sealer may be kept stationary 
by use of an upper lock or a plate. For the combined 
purposes the lock may have the same tool design mentioned 
but With preference can be given a form suitable for both 
purposes. Lock structures in the form of long “knifes” or 
stiff bands, placed With their sharp or narroW edge toWards 
the channel end, and accordingly With their broad surface 
axially, and spanning diametrically over several channels in 
a roW, has been found suitable for the combined purpose, 
among others by retaining partial access to the channels, 
ease of axial guiding in longitudinal recesses along the 
carrier surfaces, Which recesses preferably are present at 
each channel, option of combining With venting passages, 
simple release and ?xture, possibility of burying Within 
carrier body etc. Although recesses for guidance of such lock 
structures can ful?ll several purposes, such as both move 
ment limitation and gas passages, it is possible to used 
different recesses for such purposes e.g. elongated recesses 
for the lock structures and other recesses for gas passage, 
such as holes or elongated recesses running parallel or 
preferably at an angle to the ?rst mentioned recesses such as 
perpendicular thereto. 

Use Method 

[0041] The method of using the carriers should be clear 
from the constructional description given, the rational for 
each feature and the operational steps exempli?ed. The 
versatility and ?exibility provided by the characteristics 
stated enables numerous manufacturing schemes to be con 
ducted, both conventional procedures and improvements 
according to the invention. Generally a preferred use method 
can be said to include the steps of inserting an ampoule in 
a channel, ?lling material into the ampoule, sealing the 
ampoule opening With a sealer and removing the ampoule 
from the channel. 

[0042] An advantage of the invention is the possibility to 
conduct numerous step from each side of the carrier. The 
possibility of supporting the ampoules at their ends for 
example makes it possible to insert the ampoules from one 
carrier end, preferably the upper and upright end, and 
perform ?lling through the same end, preferably Without any 
turning of the ampoules or carrier. It is also possible to insert 
a sealer from the same end, optionally performing a lyo 
philiZation step in the same position, and to perform the 
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actual sealing step by pressing from the same channel end 
and, if applicable, remove the ampoule by reversing the 
ampoule inserting step. These steps may conclude the ?lling 
operations for a single chamber type ampoule, eg a bottle, 
vial or single chamber syringe. Yet the other carrier side and 
channel ends are available for supplementary or additional 
steps. For example, When manufacturing pre-?lled dual or 
multi chamber devices, Without an initial chamber separat 
ing Wall, an intermediate piston may ?rst be inserted to 
create tWo chambers. This can be done from the front or 
upper end, as just described for a single chamber device, if 
the ampoule has the preferred construction earlier described 
or from the other carrier side in case of any barrel design. 
After concluding the above described ?lling operations for 
the ?rst chamber, the front sealed ampoules can be turned 
upside doWn, preferably With locks at that end in place, and 
a similar ?lling operation be conducted from the other end, 
possibly concluded With the insertion of a rear piston in case 
of a syringe type ampoule. This ?lling procedure from 
different ends is of special value When the components 
cannot be alloWed to come into contact, even in trace 
amounts, during the manufacture or When the second com 
ponent cannot be alloWed to be present under a ?rst set of 
steps, such as a pressure sensitive liquid during a lyophiliZa 
tion-or steriliZation step. Without such restrictions the inven 
tion alloWs ?lling of several chambers from the same end, 
equally Well from either end, a property also of value in 
manufacture of pre-?lled multi chamber ampoules. 

[0043] It is advantageous to use the carrier in procedures 
involving a gas exchange step betWeen the ampoule interior 
and the surroundings, among others because it is possible 
both to protect the ampoules and to arrange gas channels. It 
is also suitable to use the invention connection With method 
steps involving heat transfer, among others because of the 
suitable heat conduction and heat equaliZing properties of 
the carrier. It is further suitable to use the invention in 
connection With procedures involving pressure changes, 
among others because of the above said gas channels serve 
to alloW the necessary pressure adaptations and because the 
?lling ?exibility makes it possible to delay introduction of 
pressure sensitive material-e.g. material moving, expanding 
or condensing under pressure differences or deteriorating 
under certain pressure or temperature conditions. Typical 
manufacturing steps involving these problems in connection 
With medicals are steriliZation and lyophiliZation. 

[0044] Apreferred use is When passing a gas through tube 
type ampoules, such as barrels, from one end to the other 
Which is facilitated by the carrier options of having at least 
partially exposed ampoule ends. With preference the carrier 
channels are substantially unobstructed, e. g. Without sealers, 
in such a step. The gas may passed through the ampoules for 
any purpose such as Washing, drying etc. but a preferred 
application is in gas steriliZation of the ampoules. The gas 
may act chemically but it is preferred to use a hot gas, 
utiliZing the carrier heat conducting advantages as 
described, eg as in a steriliZing oven With hot gas circula 
tion. 

[0045] Another advantage of the invention is the option of 
resting a sealer in a ?oating position above an ampoule 
opening, among others because it facilitates guided and 
protected engagement of the sealer by for example a simple 
axial movement betWeen sealer and ampoule and because it 
is possible to conduct process steps betWeen sealer intro 
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duction in the rest position and its engagement in the 
ampoule opening. Hence it is advantageous to use the 
invention in connection With procedures involving any such 
operation or generally a sealing step from a sealer rest 
position. Atypical example is a lyophiliZation step in Which 
the sealer can be inserted in the rest position and freeZe 
drying be conducted folloWed by sealer engagement, Which 
last step easily can be performed Within the lyophiliZation 
chamber due to the simple axial sealing movement neces 
sary. 

[0046] It is also preferred to use the carrier in processes for 
sealing With a resilient sealer, among others because such a 
sealer can easily be kept in a rest position With friction by 
slight compression, because such a sealer alone can be 
brought into at least a preliminary sealing sufficient for most 
manufacturing steps and because any capping thereof can be 
delayed to a late stage When the ampoules have been 
released from the carrier. As indicated earlier a preferred 
type of capping is the sleeve type, extending from front to 
rear, Which can be applied for example after any isolated 
steps in the process. 

[0047] The carriers can be used to achieve any of the 
advantages mentioned regardless of manufacturing plant 
characteristics. The carriers can for example be used to 
facilitate manual handling of ampoules in the various steps. 
But With advantage the carriers can be used in automated 
and mechaniZed plant layouts in Which manipulation, trans 
port and operations are conducted by designed machinery, 
Wherein the carrier simplicity and ?exibility can be opti 
mally exploited. 
[0048] For reasons set out the products manufactured 
according to the methods steps of the invented system have 
advantages as such and are part of the system in their oWn 
right. 

SUMMARY OF DRAWINGS 

[0049] FIG. 1 shoWs a prior art dual chamber cartridge of 
the type having an external sleeve. 

[0050] FIG. 2 shoWs the front end of an alternative 
cartridge design according to the invention. 

[0051] FIG. 3A to 3D illustrates schematically, in cross 
sections through a single barrel Wall, various opening edge 
shapes discussed in connection With the invention. 

[0052] FIG. 4 illustrates schematically the main steps in a 
procedure for manufacture of pre?lled dual-chamber car 
tridges. 

[0053] FIG. 5A to SF shoW in plan vieW, short side vieW, 
long side vieW, section, partial enlargement and perspective 
vieW respectively an ampoule carrier according to the inven 
tion. 

[0054] FIG. 6A to 6C shoW in plan vieW and side vieWs 
an upper lock arrangement for the ampoule carrier of FIG. 
5. FIG. 6D shoWs an individual lock for a column of 
channels. 

[0055] FIG. 7 shoWs in plan vieW an alternative ampoule 
carrier having another channel distribution. 

DESCRIPTION OF DRAWINGS 

[0056] FIG. 1 shoWs a dual chamber cartridge having an 
external sleeve of the general type disclosed in the above 
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mentioned US. Pat. No. 5,435,076 patent speci?cation, 
incorporated herein by reference. The draWing illustrates a 
relationship betWeen the parts before sealer and sleeve have 
been axially displaced to sealing engagement With the barrel 
opening and before a lyophiliZation step has taken place. A 
syringe barrel 1 has a neck 2 With a front opening. In barrel 
1 a piston 3 is inserted to the rear of a bypass 4, dividing the 
barrel into a front chamber 5 and a rear chamber 6. Barrel 
1 is surrounded by sleeve 7, having about the same length as 
the barrel. Front end 8 of the sleeve corresponds to neck 2 
of the barrel and extends further into a portion 9, having 
external threads for the attachment of a needle holder, and 
ends in a inWard ?ange 10. Inside portion 9 is arranged a 
stopper 11 With an outWard ?ange 12. Sleeve inWard ?ange 
10 and stopper outWard ?ange 12 are mutually adapted to 
prevent the stopper from moving forWard relative the sleeve. 
The stopper further comprises a roughly cylindrical part 13, 
designed to sealingly enter the barrel opening, and a cavity 
14 therein, creating a thinned membrane 15, for penetration 
by a needle. A spacing 16 is provided betWeen sleeve and 
barrel to enable vapor from the opening escape to the rear 
during lyophiliZation. Attachment means 17 are arranged at 
the sleeve rear part alloWing connection to actuating means 
and anchoring of the sleeve behind the barrel end. Front 
chamber 5 is initially ?lled With a solution 18 to be lyo 
philiZed into a dry state. Barrel opening is then closed by 
moving the sleeve 7 and stopper 11 axially rearWards. 
Finally (not shoWn) a solvent is ?lled into rear chamber 6, 
a rear piston is inserted to close rear chamber 6 and an 
actuating mechanism is attached to the rear end of the 
cartridge unit. 

[0057] FIG. 2 illustrates a preferred alternative design of 
a cartridge front end, Which cartridge in other respects may 
be similar to the design shoWn in FIG. 1. The cartridge is 
generally designated 20 and comprises a stopper type sealer 
21, having a ?ange 22, a roughly cylindrical part 23 for 
insertion into the barrel opening, a cavity 24 in the cylin 
drical part, an upper surface 25 shaped as a boWl and a recess 
26 in front of ?ange 22. The cartridge further comprises a 
generally cylindrical barrel 27 and a sleeve 28 extending 
from the stopper front end to the barrel rear end and having 
an inWard ?ange 29 for cooperation With the stopper ?ange 
22 and recess 26. The stopper cylindrical part 23 is inserted 
into the barrel 27 front end, the opening of Which is simply 
the termination of cylindrical barrel 27 and in this illustra 
tion forms a ?at edge. Stopper ?ange 22 rests on barrel 27 
?at opening edge but has a larger diameter than the cylin 
drical barrel so as to extend radially beyond the barrel 
outside dimensions and at least partially into the spacing 
betWeen the barrel 27 and the sleeve 28. As also shoWn the 
?ange has a larger diameter than any stopper structure in 
front of it so that the ?ange can be abutted by an axially 
rearWard movement of an retention surface. InWard ?ange 
29 of sleeve 28 is designed to form such a retention surface 
for abutment against stopper ?ange 22 and it is clear that 
inWard ?ange 29 can be contacted With sleeve ?ange 22 by 
a rearWard movement of the sleeve also after that the stopper 
has been inserted into the opening. Stopper recess 26 coop 
erates With an innermost bulge on sleeve inWard ?ange 29 to 
create a Weak snap-lock mechanism Which does not prevent 
a rearWard movement of sleeve 28 relative stopper 21. 
Stopper upper surface 25 boWl shape serves, in addition to 
cavity 24, to further limit the necessary penetration length 
for eg a sharp or needle through the central stopper part. 
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The rear parts of cartridge 20 (not shown) can be designed 
as in FIG. 1, i.e. With an intermediate piston dividing the 
barrel into a front chamber and a rear chamber, a by-pass 
arrangement, a rear piston and an anchoring of the sleeve to 
barrel rear end, possibly integral With structures for a rear 
piston actuating mechanism. In accordance With the prin 
ciples of the invention the design can With preference be 
used in a lyophiliZation step in Which the stopper ?ange 22 
is frictionally held above the barrel opening. This can be 
done Without presence of the sleeve and the spacing betWeen 
barrel 27 and sleeve 28 can be made for other considerations 
than providing a vapor conduit, as required in the prior art. 

[0058] FIG. 3A to 3D illustrates schematically, in axial 
cross-sections through a single ampoule Wall, various open 
ing edge shapes discussed in connection With the invention. 
In FIG. 3A the edge is rectangular in cross-section and 
forms a straight termination of the ampoule Wall. This edge 
shape is not easily manufactured Without debris formation 
and is not optimal in vieW of stopper insertion, safety and 
strength. FIG. 3B illustrates an edge having drop form in 
cross-section Wherein drop dimensions lateral to ampoule 
axis are larger than ampoule Wall thickness so that edge 
material extends both inside and outside ampoule Wall 
nominal diameters. A drop form often results from liquid 
contraction after partial melting of edge material, for 
example When trimming or cutting a glass semi-manufac 
ture. Although the rounded form as such is bene?cial the 
drop material outside ampoule nominal Wall thickness is not 
for reasons discussed. FIG. 3C illustrates a preferred edge 
form Which is still rounded but at one side of the section, the 
left side in the Figure, no material is found radially outside 
the ampoule Wall nominal Wall surface. The Wall surface 
Without protruding material can be arranged on the ampoule 
outside or on the ampoule inside depending on Which of the 
problems described are to be avoided. FIG. 3D illustrates a 
still more preferred edge pro?le Which is rounded substan 
tially in the form of a semi-circle With no material extending 
beyond the nominal Wall thickness limitations on either side. 
With this design all the problems discussed can be avoided. 
The advantages are of greatest value for roughly cylindrical 
ampoules and When the opening has about the same diam 
eter as the cylinder interior diameter. The preferred edge 
shapes are preferably used around the opening at the 
ampoule front end but With preference can also be used at 
other ampoule openings, such as the rear opening of a barrel 
type ampoule. In the Figures the nominal Wall surfaces 
immediately beloW the edge Zone are indicated by dotted 
lines. 

[0059] FIG. 4 illustrates schematically main steps in a 
preferred procedural sequence for manufacture of pre-?lled 
dual-chamber syringe type cartridges. Several steps are 
conducted Within a sterile Zone, illustrated With dotted line 
40. In a ?rst step 41 syringe barrels are Washed and 
siliconiZed. The so treated barrels are transmitted through a 
sterile oven 42 at the exit of Which they enter the sterile Zone 
40. In a piston charging step 43 an intermediate piston is 
inserted into the barrel to delimit the front and the rear 
chambers. In charging step 44 the solution to be lyophiliZed 
is ?lled into the front chamber and the solution is lyophiliZed 
in step 45. Next 46 the barrel front end is sealed in-situ in 
the lyophiliZing chamber. A solvent for the lyophiliZed 
poWder is ?lled into the rear chamber in step 47. In step 48 
a rear piston is inserted into the barrel rear end to con?ne the 
solvent in the rear chamber. The preparations in the barrel 
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are noW sealed from the surroundings and the pre?lled barrel 
can leave the sterile Zone 40. In a ?nal assembly step 49, 
further components can be added, such as a sealer capping 
and rear actuating means, preferably by use of a sleeve as 
intermediate component as described. It is clear that all 
components charged into the barrel, notably the intermediate 
piston and the rear piston as Well as the solution and the 
solvent, has to be sluiced into the sterile Zone 40 in sterile 
condition. 

[0060] In the above process it is preferred to use the 
ampoule carrier of the invention in all steps 43 to 48 
performed Within the sterile Zone 40. Due to the carrier 
versatility it is also possible and preferred to use the carrier 
in the steriliZation oven of step 42 and the carrier can be used 
in the Washing and siliconiZing step 41 although these steps 
can also be conducted With the ampoules in bulk or in 
blisters. It is generally preferred to remove the ampoules 
from the carrier before conducting the assembly steps 49. It 
is generally preferred to turn the ampoules With the carrier 
upside doWn betWeen steps 46 and 47, and preferably this is 
the only turning step until ampoule removal from the carrier. 
In case the ampoules are of the preferred syringe type 
described all steps up to 46 inclusive can With preference be 
conducted form the upper side of the carrier. It is also 
possible to delay mounting of the sleeve until step 49 outside 
the sterile Zone, Which limits the number of components 
entered into that Zone. According to the invention it is 
possible and preferred to charge the sealers into a carrier rest 
position, allowing vapor escape, Which is preferably done 
betWeen steps 44 and 45. The in-situ sealing of step 46 is 
preferably done by axially moving the charged sealers from 
the rest position into sealing engagement With barrel front 
opening FIG. 5A to SE shoW in various vieWs, section and 
enlargement an ampoule carrier body according to the 
invention. FIG. 5F shoWs on a slightly larger scale the 
carrier body in perspective vieW. The roughly rectangular 
carrier body 50 is a monolithic part preferably made from an 
aluminum block and has an upper or front side 51 and a 
loWer or rear side 52. Numerous ampoule channels 53 are 
arranged in the form of 29 columns and 18 roWs, Which are 
interleaved to give 261 channels. As best seen in FIG. 5E 
the channels comprise a bore 531 in the carrier body 50, 
Which bore is delimited by an inner Wall 532 and the 
uppermost part 233 of Which is slightly conical to facilitate 
ampoule and sealer insertion. In the body upper part 51 are 
arranged 29 linear guiding cut-outs 54, each passing through 
the upper parts of all channels in the column and as best seen 
in FIGS. 5B and 5D, to only a partial depth of the channels. 
Cut-outs 54 act as guiding structures for an upper lock 
arrangement, to be further described in connection With 
FIG. 6, also used as a tool for moving sealers from a rest 
position to a sealing position. Similarly 18 linear vapor 
conduit cut-outs 55 are arranged at the body upper part 51, 
each cut-out passing through the upper parts of all channels 
in the roW and, as best seen in FIGS. 5B and 5D, to only a 
partial depth of the channels. These vapor conduit cut-outs 
55 serve as additional vapor escape routes during lyophiliZa 
tion When a sealer has been inserted into a rest position in the 
channel upper part. As best seen in FIGS. 5D and 5E loWer 
locks are provided for each channel 53 at the block loWer 
side 52 in the form of a shoulder 56, extending radially 
inWardly from the bore surface 532, on Which shoulders a 
rim part of an ampoule is intended to rest. As best seen in 
FIG. 5C, the guiding cut-outs 54 extend doWn one of the 
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long sides of the carrier body at side slits 57 and a trough 58 
extends along the same body side transversal to the side slits, 
all for the purpose of supporting the combined lock and 
sealer pressing tool. Longitudinal recesses 59 are provided 
for the purpose of handling the carriers in a mechanized 
manufacturing plant. In use ampoules can be inserted from 
the upper part side 51 of the body into the channels to rest 
on loWer lock surfaces 56. Sealers can be inserted from the 
same body side into a rest position located in the cut-out 
parts 54 or 55 of the channels and secured against With 
draWal by the upper locks in a ?rst axial position and can 
later be brought to sealing by moving the upper locks to a 
deeper second position. 

[0061] FIG. 6A to 6C shoW in plan vieW and side vieWs 
an upper lock arrangement 60 for the ampoule carrier of 
FIG. 5, Wherein FIG. 5F is on about the same scale. FIG. 
6D shoWs an individual lock 61 for a column of channels. As 
best seen in FIG. 6D an individual column lock is generally 
shaped as a band in L-form having a longer straight locking 
part 62 and a shorter hinge part 63. The column lock further 
comprises end holes 64 and 64‘ for joining several column 
locks 61 into a parallel arrangement and an elongated hinge 
hole 65, alloWing a certain movement along the hinge part 
63 When an axis is placed in hinge hole 65. The curvature 
radius 66 is centered on the most close part of hole 65 and 
the curvature continues into a straight portion 69 of the hinge 
part 63. As best seen in FIGS. 6A, 6B and 6C a unitary lock 
arrangement is formed from 29 column locks 61 placed in 
parallel and held together by rods 67 and 67‘, passing 
through holes 64 and 64‘ respectively. Hinge axis 68 passes 
through elongated hinge holes 65 of all column locks 61. 

[0062] When combined With the carrier body of FIG. 5 
hinge axis 68 is placed, and preferably secured, in trough 58 
so that each hinge part 63 of the column locks 61 becomes 
located in a corresponding side slit 57. If each column lock 
61 straight locking part 62 is inserted into its corresponding 
guiding cut-out 54 on the upper side 51 of carrier body 50, 
the Whole lock arrangement 60 can be moved axially With 
respect to channels 53 to the extent alloWed by elongated 
hinge hole 65. In particular this alloWs the lock arrangement 
60 to occupy an uppermost position, still guided by guiding 
cut-outs 54, abutting stoppers in a rest position above 
ampoule openings, and a loWermost position, the movement 
to Which position acts to press the sealers into sealing 
engagement With ampoule openings. In the uppermost posi 
tion hinge axis 68 is centered With curvature 66 of hinge part 
63 and the curvature 66 cooperates With bottom parts of side 
slits 57, compare FIG. 5D, to alloW the lock arrangement 60 
to be sWung, around hinge axis 68, aWay from carrier body 
upper side 51. In the loWermost position, straight portion 69 
of hinge part 63 cooperates With bottom parts of side slits 57 
so as to prevent lock arrangement 60 from rotating around 
hinge axis 68 and preferably means (not shoWn) are pro 
vided to releasably secure the lock arrangement in this 
position. 

[0063] FIG. 7 shoWs in plan vieW of the upper side 
another embodiment of an ampoule carrier body 70 accord 
ing to the invention. The carrier body has generally the same 
features as the embodiment of FIG. 5 but With a slightly 
different channel layout. Channels 71 are organiZed into ten 
columns times ten roWs 73, the latter having a slightly 
smaller spacing resulting in a generally rectangular layout. 
BetWeen each column and roW other columns and roWs are 
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inserted With plain holes 74, mainly serving to reduce carrier 
mass and to increase contact surface in heat exchange 
process steps, notably steriliZation With hot gas. Channels 71 
has the same features as described in relation to FIG. 5E. 
Similarly the carrier body 70 upper surface has guiding 
cut-outs 75, for a combined upper lock and pressing arrange 
ment similar to that of FIG. 6. The carrier body also has 
transverse venting cut-outs 76, providing vapor escape 
routes during lyophiliZation. Cut-outs 75 and 76 penetrates 
only to a part of channel axial lengths. Holes 77 are handling 
assisting structures for the carriers in a mechaniZed plant. In 
this embodiment no hinges are provided for the upper lock 
arrangement. Instead ten straight column lock bands are 
united to form a plain grid. As in the embodiment of FIGS. 
5 and 6 the grid can be positioned With the column locks in 
guiding cut-outs 75 above sealers in a rest position for later 
axial movement to bring the sealers into engagement With 
ampoule openings. The grid can, hoWever, also be posi 
tioned in additional cut-outs 78, passing over holes 74, in 
order to expose holes 71, eg for ?lling procedure steps, and 
the grid Will still be kept Within the boundaries of the carrier 
body upper surface. Fixture means (not shoWn) can be 
provided to retain the grid in the various positions. 

[0064] The invention is not limited to the embodiments 
described but can be varied Within the scope of the patent 
claims. 

1. A syringe type ampoule having a) a barrel With a front 
end and a rear end de?ning an axis therebetWeen, the barrel 
having substantially constant cross-section betWeen the 
front end and the rear end, at least the front end ending in an 
opening, b) a sealer attached to the front end and sealing the 
opening, c) at least one piston movably and sealingly 
arranged Within the barrel, and d) a sleeve extending along 
at least a part of the barrel, the sleeve having a front part and 
a rear part, the front part being connected to the sealer, 
Wherein the barrel has a front end terminating in an edge 
surrounding the opening, the edge having an outer circum 
ference substantially equal to the barrel outer circumference. 

2. The ampoule of claim 1, Wherein the barrel is substan 
tially cylindrical and the edge and barrel outer circumfer 
ences are substantially circular. 

3. The ampoule of claim 1, Wherein the barrel cross 
section is constant to a deviation of less than 2 mm, When 
measured as maximum to minimum outer diameter or gen 
erally betWeen diametrical points on the outer circumfer 
ence. 

4. The ampoule of claim 1, Wherein the sealer at least 
someWhere extends outside the outer diameter of the front 
end outer diameter and the barrel outer diameter. 

5. The ampoule of claim 1, Wherein the barrel is of dual 
or multi chamber type incorporating at least one mixing 
arrangement betWeen chambers. 

6. The ampoule of claim 5, the mixing arrangement is a 
non-sealing section for the piston distributed substantially 
around the barrel circumference. 

7. The ampoule of claim 1, Wherein the barrel has a rear 
end terminating in an rear edge surrounding a rear opening, 
the rear edge having an outer circumference substantially 
equal to the barrel outer circumference. 

8. The ampoule of claim 1, Wherein the edge is rounded. 
9. The ampoule of claim 1, Wherein substantially all edge 

material is kept Within the barrel external circumference. 
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10. The ampoule of claim 1, wherein substantially all edge 
material is kept outside the barrel internal circumference. 

11. The ampoule of claim 1, Wherein the sealer has a part 
penetrating into the opening and having radial contact With 
the barrel interior surface. 

12. The ampoule of claim 1, Wherein the sealer has a 
?ange part extension larger than the barrel circumference at 
the opening and/or larger than the barrel largest circumfer 
ence. 

13. The ampoule of claim 12, Wherein the extension is at 
least 0.05 mm, larger but smaller than 10 mm. 

14. The ampoule of claim 12, Wherein the ?ange has said 
extension around substantially its entire circumference. 

15. The ampoule of claim 1, Wherein the sealer is resilient. 
16. The ampoule of claim 1, Wherein the sleeve is attached 

to the barrel. 
17. The ampoule of claim 16, Wherein the attachment is 

made to the rear part of the barrel. 
18. The ampoule of claim 16, Wherein the attachment 

comprises at least one structure extending radially inWards 
behind barrel rear end. 

19. The ampoule of claim 1, Wherein the sleeve front part 
is connected to the sealer by at least one structure extending 
radially inWards in front of a sealer part. 

20. The ampoule of claim 1, Wherein the sleeve comprises 
auxiliary structures selected from the group consisting of 
fastening structures, guiding structures, plunger and ?nger 
grip structures, dosing mechanism structures, needle attach 
ment structures, and combinations thereof. 

21-96. (Cancelled). 
97. An ampoule having a barrel With a front end and a rear 

end de?ning an axis therebetWeen, the barrel having sub 
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stantially constant cross-section betWeen the front end and 
the rear end, at least the front end ending in an opening With 
a rounded edge, Wherein substantially all edge material is 
kept Within the barrel external circumference and/or outside 
the barrel internal circumference, the circumference relating 
to the opening barrel part close to the edge. 

98. The ampoule of claim 97, Wherein the rear barrel end 
has a rear opening With a rounded edge having the material 
distribution stated. 

99. The ampoule of claim 97, Wherein at least one opening 
is equipped With a sealer. 

100. The ampoule of claim 97, Wherein the barrel com 
prises one of a by-pass arrangement, a piston or combina 
tions thereof. 

101-102 (Cancelled). 
103. The ampoule of claim 1, Wherein the barrel cross 

section is constant to a deviation of less than 1 mm, When 
measured as maximum to minimum outer diameter or gen 
erally betWeen diametrical points on the outer circumfer 
ence. 

104. The ampoule of claim 1, Wherein the barrel cross 
section is constant to a deviation of less than 0.5 mm, When 
measured as maximum to minimum outer diameter or gen 
erally betWeen diametrical points on the outer circumfer 
ence. 

105. The ampoule of claim 12, Wherein the extension is at 
least 0.1 mm larger but smaller than 5 mm. 

106. The ampoule of claim 12, Wherein the extension is at 
least 0.2 mm larger but smaller than 2 mm. 


