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SYRINGE 

TECHNICAL FIELD 

2 
For ophthalmic injections, it is particularly important for 

the ophthalmic solution to have particularly low particle con
tent. In one embodiment, the syringe meets US Pharmacopeia 
standard 789 (USP789). 

The present invention relates to a syringe, particularly to a 
small volume syringe such as a syringe suitable for oph
thalmic injections. 

5 Syringe 

BACKGROUND ART 

The body of the syringe may be a substantially cylindrical 
shell, or may include a substantially cylindrical bore with a 
non circular outer shape. The outlet end of the body includes 
an outlet through which a fluid housed within the variable 

10 volume chamber can be expelled as the volume of said cham
ber is reduced. The outlet may comprise a projection from the 
outlet end through which extends a channel having a smaller 
diameter than that of the variable volume chamber. The outlet 

Many medicaments are delivered to a patient in a syringe 
from which the user can dispense the medicament. If medi
cament is delivered to a patient in a syringe it is often to enable 
the patient, or a caregiver, to inject the medicament. It is 

15 
important for patient safety and medicament integrity that the 
syringe and the contents of that syringe are sufficiently sterile 
to avoid infection, or other, risks for patients. Sterilisation can 
be achieved by terminal sterilisation in which the assembled 
product, typically already in its associated packaging, is steri- 20 
lised using heat or a sterilising gas. 

may be adapted, for example via a luer lock type connection, 
for connection to a needle or other accessory such as a sealing 
device which is able to seal the variable volume chamber, but 
can be operated, or removed, to unseal the variable volume 
chamber and allow connection of the syringe to another 
accessory, such as a needle. Such a connection may be made 
directly between the syringe and accessory, or via the sealing 
device. The body extends along a first axis from the outlet end 
to a rear end. 

The body may be made from a plastic material ( e.g. a cyclic 
olefin polymer) or from glass and may include indicia on a 
surface thereof to act as an injection guide. In one embodi
ment the body may comprise a priming mark. This allows the 
physician to align a pre-determined part of the stopper (such 
as the tip of the front surface or one of the circumferential ribs, 
discussed later) or plunger with the mark, thus expelling 

For small volume syringes, for example those for injec
tions into the eye in which it is intended that about 0.1 ml or 
less of liquid is to be injected the sterilisation can pose diffi
culties that are not necessarily associated with larger 25 

syringes. Changes in pressure, internal or external to the 
syringe, can cause parts of the syringe to move unpredictably, 
which may alter sealing characteristics and potentially com
promise sterility. Incorrect handling of the syringe can also 
pose risks to product sterility. 30 excess ophthalmic solution and any air bubbles from the 

syringe. The priming process ensures that an exact, pre-de
termined dosage is administered to the patient. 

Furthermore, certain therapeutics such as biologic mol
ecules are particularly sensitive to sterilisation, be it cold gas 
sterilisation, thermal sterilisation, or irradiation. Thus, a care
ful balancing act is required to ensure that while a suitable 

35 
level of sterilisation is carried out, the syringe remains suit-

The stopper may be made from rubber, silicone or other 
suitable resiliently deformable material. The stopper may be 
substantially cylindrical and the stopper may include one or 
more circumferential ribs around an outer surface of the stop-

ably sealed, such that the therapeutic is not compromised. Of 
course, the syringe must also remain easy to use, in that the 
force required to depress the plunger to administer the medi
cament must not be too high. 

There is therefore a need for a new syringe construct which 
provides a robust seal for its content, but which maintains 
ease of use. 

DISCLOSURE OF THE INVENTION 

The present invention provides a pre-filled syringe, the 
syringe comprising a body, a stopper and a plunger, the body 
comprising an outlet at an outlet end and the stopper being 
arranged within the body such that a front surface of the 
stopper and the body define a variable volume chamber from 
which a fluid can be expelled though the outlet, the plunger 
comprising a plunger contact surface at a first end and a rod 
extending between the plunger contact surface and a rear 
portion, the plunger contact surface arranged to contact the 
stopper, such that the plunger can be used to force the stopper 
towards the outlet end of the body, reducing the volume of the 
variable volume chamber, characterised in that the fluid com
prises an ophthalmic solution. In one embodiment, the oph
thalmic solution comprises a VEGF-antagonist. 

per, the stopper and ribs being dimensioned such that the ribs 
form a substantially fluid tight seal with an internal surface of 
the syringe body. The front surface of the stopper may be any 

40 suitable shape, for example substantially planar, substantially 
conical or of a domed shape. The rear surface of the stopper 
may include a substantially central recess. Such a central 
recess could be used to connect a plunger to the stopper using 
a snap fit feature or thread connection in a known manner. The 

45 stopper may be substantially rotationally symmetric about an 
axis through the stopper. 

The plunger comprises a plunger contact surface and 
extending from that a rod extends from the plunger contact 
surface to a rear portion. The rear portion may include a user 

50 contact portion adapted to be contacted by a user during an 
injection event. The user contact portion may comprise a 
substantially disc shaped portion, the radius of the disc 
extending substantially perpendicular to the axis along which 
the rod extends. The user contact portion could be any suit-

55 able shape. The axis along which the rod extends may be the 
first axis, or may be substantially parallel with the first axis. 

The syringe may include a backstop arranged at a rear 
portion of the body. The backstop may be removable from the 
syringe. If the syringe body includes terminal flanges at the 

60 end opposite the outlet end the backstop may be configured to 
substantially sandwich terminal flanges of the body as this 
prevent movement of the backstop in a direction parallel to 
the first axis. 

In one embodiment, the syringe is suitable for ophthalmic 
injections, more particularly intravitreal injections, and as 
such has a suitably small volume. The syringe may also be 
silicone oil free, or substantially silicone oil free, or may 
comprise a low level of silicone oil as lubricant. In one 65 

embodiment, despite the low silicone oil level, the stopper 
break loose and slide force is less than 20N. 

The rod may comprise at least one rod shoulder directed 
away from the outlet end and the backstop may include a 
backstop shoulder directed towards the outlet end to cooper
ate with the rod shoulder to substantially prevent movement 
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of the rod away from the outlet end when the backstop shoul
der and rod shoulder are in contact. Restriction of the move
ment of the rod away from the outlet end can help to maintain 
sterility during terminal sterilisation operations, or other 
operations in which the pressure within the variable volume 5 

chamber or outside the chamber may change. During such 
operations any gas trapped within the variable volume cham
ber, or bubbles that may form in a liquid therein, may change 
in volume and thereby cause the stopper to move. Movement 
of the stopper away from the outlet could result in the breach- 10 

ing of a sterility zone created by the stopper. This is particu
larly important for low volume syringes where there are much 
lower tolerances in the component sizes and less flexibility in 
the stopper. The term sterility zone as used herein is used to 
refer to the area within the syringe that is sealed by the stopper 15 

from access from either end of the syringe. This may be the 
area between a seal of the stopper, for example a circumfer
ential rib, closest to the outlet and a seal of the stopper, for 
example a circumferential rib, furthest from the outlet. The 
distance between these two seals defines the sterility zone of 20 

the stopper since the stopper is installed into the syringe barrel 
in a sterile environment. 

To further assist in maintaining sterility during the opera
tions noted above the stopper may comprise at a front circum
ferential rib and a rear circumferential rib and those ribs may 25 

be separated in a direction along the first axis by at least 3 mm, 
by at least 3.5 mm, by at least 3.75 mm or by 4 mm or more. 
One or more additional ribs (for example 2, 3, 4 or 5 addi
tional ribs, or between 1-10, 2-8, 3-6 or 4-5 additional ribs) 
may be arranged between the front and rear ribs. In one 30 

embodiment there are a total of three circumferential ribs. 

4 
and about 1.5 ml. In certain embodiments the nominal maxi
mum fill volume is between about 0.5 ml and about 1 ml. In 
certain embodiments the nominal maximum fill volume is 
about 0.5 ml or about 1 ml, or about 1.5 ml. 

The length of the body of the syringe may be less than 70 
mm, less than 60 mm or less than 50 mm. In one embodiment 
the length of the syringe body is between 45 mm and 50 mm. 

In one embodiment, the syringe is filled with between 
about 0.01 ml and about 1.5 ml (for example between about 
0.05 ml and about 1 ml, between about 0.1 ml and about 0.5 
ml, between about 0.15 ml and about 0.175 ml) of a VEGF 
antagonist solution. In one embodiment, the syringe is filled 
with 0.165 ml of a VEGF antagonist solution. Of course, 
typically a syringe is filled with more than the desired dose to 
be administered to the patient, to take into account wastage 
due to "dead space" within the syringe and needle. There may 
also be a certain amount of wastage when the syringe is 
primed by the physician, so that it is ready to inject the patient. 

Thus, in one embodiment, the syringe is filled with a dos
age volume (i.e. the volume of medicament intended for 
delivery to the patent) of between about 0.01 ml and about 1.5 
ml ( e.g. between about 0.05 ml and about 1 ml, between about 
0.1 ml and about 0.5 ml) of a VEGF antagonist solution. In 
one embodiment, the dosage volume is between about 0.03 
ml and about 0.05 ml. For example, for Lucentis, the dosage 
volume is 0.05 ml or0.03 ml (0.5 mg or0.3 mg) ofa 10 mg/ml 
injectable medicament solution; for Eylea, the dosage volume 
is 0.05 ml of a 40 mg/ml injectable medicament solution. 
Although unapproved for ophthalmic indications, bevaci
zumab is used off-label in such ophthalmic indications at a 
concentration of 25 mg/ml; typically at a dosage volume of 
0.05 ml (1.25 mg). In one embodiment, the extractable vol
ume from the syringe (that is the amount of product obtain
able from the syringe following filling, taking into account 

A stopper with such an enhanced sterility zone can also 
provide protection for the injectable medicament during a 
terminal sterilisation process. More ribs on the stopper, or a 
greater distance between the front and rear ribs can reduce the 
potential exposure of the medicament to the sterilising agent. 
However, increasing the number of ribs can increase the 
friction between the stopper and syringe body, reducing ease 

35 loss due to dead space in the syringe and needle) is about 0.09 
ml. 

of use. While this may be overcome by increasing the sili
conisation of the syringe, such an increase in silicone oil 40 

levels is particularly undesirable for syringes for ophthalmic 

In one embodiment the length of the syringe body is 
between about 45 mm and about 50 mm, the internal diameter 
is between about 4 mm and about 5 mm, the fill volume is 
between about 0.12 and about 0.3 ml and the dosage volume 
is between about 0.03 ml and about 0.05 ml. 

use. As the syringe contains a medicament solution, the outlet 
may be reversibly sealed to maintain sterility of the medica
ment. This sealing may be achieved through the use of a 

45 sealing device as is known in the art. For example the OVS™ 
system which is available from Vetter Pharma International 
GmbH. 

The rod shoulder may be arranged within the external 
diameter of the rod, or may be arranged outside the external 
diameter of the rod. By providing a shoulder that extends 
beyond the external diameterofthe rod, but still fits within the 
body, the shoulder can help to stabilise the movement of the 
rod within the body by reducing movement of the rod per
pendicular to the first axis. The rod shoulder may comprise 
any suitable shoulder forming elements on the rod, but in one 50 

embodiment the rod shoulder comprises a substantially disc 
shaped portion on the rod. 

It is typical to siliconise the syringe in order to allow ease 
of use, i.e. to apply silicone oil to the inside of the barrel, 
which decreases the force required to move the stopper. How
ever, for ophthalmic use, it is desirable to decrease the like-

In one embodiment of the syringe, when arranged with the 
plunger contact surface in contact with the stopper and the 
variable volume chamber is at its intended maximum volume 55 

there is a clearance of no more than about 2 mm between the 

lihood of silicone oil droplets being injected into the eye. With 
multiple injections, the amount of silicone droplets can build 
up in the eye, causing potential adverse effects, including 
"floaters" and an increase in intra-ocular pressure. Further
more, silicone oil can cause proteins to aggregate. A typical 1 

rod shoulder and backstop shoulder. In some embodiments 
there is a clearance ofless than about 1.5 mm and in some less 
than about 1 mm. This distance is selected to substantially 
limit or prevent excessive rearward ( away from the outlet end) 
movement of the stopper. 

In one embodiment the variable volume chamber has an 
internal diameter greater than 5 mm or 6 mm, or less than 3 
mm or 4 mm. The internal diameter may be between 3 mm 
and 6 mm, or between 4 mm and 5 mm. 

In another embodiment the syringe is dimensioned so as to 
have a nominal maximum fill volume ofbetween about 0.1 ml 

ml syringe comprises 100-800 µg silicone oil in the barrel, 
though a survey of manufacturers reported that 500-1000 µg 
was typically used in pre-filled syringes (Badkar et al. 2011, 

60 AAPS PharmaSciTech, 12(2):564-572). Thus, in one 
embodiment, a syringe according to the invention comprises 
less than about 800 µg (i.e. about less than about 500 µg, less 
than about 300 µg, less than about 200 µg, less than about 100 
µg, less than about 75 µg, less than about 50 µg, less than 

65 about 25 µg, less than about 15 µg, less than about 10 µg) 
silicone oil in the barrel. If the syringe comprises a low level 
of silicone oil, this may be more than about 1 µg, more than 
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