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SYRINGE HAVING NEEDLE ISOLATION FEATURES

BACKGROUND OF THE INVENTION

1. Field of the Inventlon The subject inven-
tion relates to a hypodermic syrlnge hav1ng activa-
tion structures which enables an initial p1erc1ng of
a barrier 'in the syringe and subsequent removal of a
needle shield in response to a continuous motion of
the activation assembly. '

2. Description of the Prior Art. A hypodermic

‘syringe has a syringe barrel with an open proximal

end and an opposed distal end. A cylindrical wall
extends between the ends of the barrel to define a
fluld-recelv:mg chamber . The distal end of the

.syringe barrel includes a passage for fluid communl-

cation with the chamber. A needle cannula may be

- mounted to the distal end of the barrel and a needle

shield may be removably ‘mounted over the needle
cannula to protéct ' the needle before -use. The
hypodermic syringe also has a plunger in sliding
fluid-tight engagement with the cylindrical wall of
the chamber. Movement of the plunger toward ‘the
distal end of the syringe barrel urges  fluid in the
chamber toward the needle cannula.

Many hypodermic syringes are pre-filled with a
fluid that must be isolated in the syringe barrel to
prevent contamination of the £1luid. The prior art
includes hypodermic syringes that achieve this
isolation with a barrier between the chamber and the
needle cannula. These prior art hypodermic syririges_
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may include a needle cannula with a proximally facing

point for piercing the barrier and enabling fluid in

the chamber to communicate with the needle cannula.
Some prior art hypodermic syringes use the needle
shield for 'inoving the needle cannula in a proximal
direction to pie:cé the barrier. Thus, a health care
worker may urge' a prior art needle shield in a
proximal direction to cause the proximally facing
point of the needle cannula to pierce the barrier in
the syringe barrel. | "

. One prior art hypodermic syringe with a needle
shield that can initially move in an axial direction
for piercing the barrier ‘is shown in U.S. Patent No.
4,639,250.

The above-described prior art requires a first
action by a health care, worker to pierce the barrier,
followed by a separate and distinct action to remove
the needle shield.

SUMMARY OF THE INVENTION
The subject invention is directed to an activa-
tion assembly for a hypodermic syringe which enables
a single efficient motion for placing the needle
cannula in communication. with fluid in the syringe
barrel and for separating a needle shield from the
syringe barrel. | S
A hypodermic syringe in accordance with the
subject invention includes a syringe barrel with a
proximal end, a distal end and a cylindrical wall
extending therebetween to define 'a fluid-receiving
chamber. The distal end of the syringe barrel
includes a passage leading to the chamber. However,
a barrier prevents fluid in the chamber from flowing
through the passage and out of the barrel.
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The hypodermic syringe further includes a needle
assembly which comprises a needle hub and a needle
cannula with a proximally facing point. The hub and.
needle cannula are able to move in a proximal direc—

tion to pierce the barrier in the syringe barrel. A

needle shield is mounted to the distal end of the
syringe barrel for protectively sh1e1d1ng the needle
cannula.

The ac'tivation assembly of the subject invention
may include cam means for guiding the needle shield
initially in a proximal direction and subsequentl_y- in
a distal direction in fesponse to a unidirectional
rotation of the needle shield. The cam means may
define an arrangement of cooperating cam pins and cam
slots. For example, at 'least_ one cam pin may be
defined on an inwardly =fac"1ng surface of the needle
shield, and may be engageable with at least one cam
slot on the syringe barrel.

The cam slot may 1nc1ude a locked position for
lockingly but releasably engaglng the cam pin and
thereby releasably 1locking the needle shield in a

‘fixed position relative to the syi:i;ige barrel. The
locked position of the slot may be configured to

resist movement of the needle shield relative to the

syringe barrel in order to prevent accidentally

p1erc1ng the barrier and removing the needle shield.
The cam slot may extend generally helically in a

proximal direction from the locked position to an
.activated position.” The cam slot may then change

direction to extend dgenerally helically from the
activated position to the distal end of the syringe

" barrel. With this configuration, rotation of the

needle shield relative to the syringe barrel causes
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the cam pin to follow the cam slot initiall_y' in a
proximal direction and then Sub'sequently in a distal
direction. |

As noted above, the needle hub is -axially
moveable relative to the distal end of the syringe
barrel. The needle hub alsc is engageable with the
needle shield. * Thus, the initial rotation - and
proximal movemen:t,of' the needle shield caused by the
cam pin following-the cam slot generates a proximal
movement of the needle hub sufficient for the proxi-
mal tip of the needle cannula to pierce the barrier
in the syringe barrel. The continued rotation and '
distal movement of the needle shield caused by the
cam p1n following the cam slot enables separatlon of
the needle shield from both the' syringe barrel and
the needle hub. .

" BRIEF DESCRIPTION OF THE DRAWINGS )

Fig. 1 is an exploded perspective view of a

hypodermic syringe assembly in accordance with the

~ subject invention.

Fig. 2 is a side elevatlonal view of the syrlnge
barrel shown in Fig. 1;
 Fig. 3 is a cross-sectional view taken along
line 3-3 in Fig. 2; '
Fig. 4 is a cross-sectlonal view taken along
line 4-4 in Fig. 3;
Fig. 5 is a bettom plan view of the needle hub

'shown in Fig. 1;

Fig. 6 is a cross—sectlonal v:Lew taken along
11ne 6—6 in Fig. 5:;

Fig. 7 is a bottom plan view of the needle
shield shown in Fig. 1:
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Fig. 8 1is a cross—sectioﬁal view taken aloﬁg
line 8-8 in Fig. 7; ' .

Fig. 9 is a cross-sectional view taken along
line 9-9 in Fig. 7; _

Fig. 10 is a cross—sectlonal view of the as-
sembled hypedermlc syringe prior to piercing the
barrier in the syringe barrel; | '

Fig. 11 is a cross-sectional view 51mllar to
Fig; 10, but show1ng the syringe barrier having been
pierced; and .

Fig. 12 is a cross-sectional view similar to
Figs. 10 and 11, but showing the needle shield being
removed. o

DETAILED DESCRIPTION OF THE PREFERRED EMBODiMENT

A hdedermic syringe in accordance with the
subject invention is identified generally by the
numeral 10 in Figs. 1 and 10-12. Hypodermic syringe
10 includes a syringe barrel 12, a needle assembly
14, and a needle shield 16.

As shown most clearly in Figs. 1-4, syringe
barrel 12 includes an open proximal end 18, a distal
end 20 and a cylindrical wall 22 extending there-
between to define a f1u1d—rece1v1ng chamber 24. A
plunger (not shown) can be slidingly disposed in
fluid-tight engagement with the cylindrical wall 22
for urging fluid from chamber 24 as explained further

~ herein.

With reference to Figs. 3 and 4, distal end 20
of syringe barrel 12 is characterized by a tip 26
having an axially extending passage 28 communicating
with chamber 24. The passage, however, is charac-

‘terized by a fluid impervious barrier 30 intermediate

heet Has Been: Reﬁaced
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the length of tip 26. As depicted herein, barrier 30
is unitarily molded with syringe barrel 12 to define
a suitable thickness. The barrier may also be formed
as pai:t of a separaté component which is attached to
the syringe barrel in the base position as barrier 30
in this embodiment. The barrier may be made of a
variety of materials such as thermoplastic, thermo-
plastic elastomer, natural rubber, synthetic rubber
or combinations  thereof. It is preferred to have

'means for locating the needle hub in the collar in

the positioﬁ it will occupy before use of the syringe
and to prevent the needle from contacting the barrier
before the user decides to activate the syringe.
This result can be accomplished by providing an
interference or frictional fit be‘t_ﬁwéen the needle hub
and the syringe barr_él ,and/or by providing specific
structure to help position the hub in the collar. To
this end tip 26 of syringe barrel 12 is further
characterized by a generally cylindrical outer
surface 32 having an annular rib 34 extending out-
wardly therefrom at a location  intermediate the
length of tip 26. Rib 34 helps define an initial
mounting position of needle éssembly 14 relative to
syringe barrel 12, as explained' in greater detail
below. o | L |
The distal end of syringe barrel 12 is further
characterized by a cylindrical collar 36 ‘disposed in
spaced concentric relationship around tip 26. . Collar
36 includes an outer cylindrical surface 38 having
outwardly extending annular engagement ribs 40  for
providing an interference fit with needle shield 16
as explained further herein. '
" The outer surface of collar 36 1is further
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characterized by a pair of opposed cam slots 42. As
shown most clearly in Figs. 1 and 2, each slot 42 is
of generally V-shape, with a closed end 44 inter-
mediate the axial length of collar 36. The closed
end of cam slot 42 1is -characterized by a 1locking
detent 46 for rei:a'fning the needle shield in a locked

 position and for helping to prevent unintended

movement between needle shield 16 and syringe barrel
12. In this position, the needle shield cannot be
removed from the barrel. Cam slot 42 includes an
activation leqg 47 which exténds'_ generally helically
in a proximal direction from closed end 44 to an

activated position 48. Activation leg 47 of cam slot

42 is aligned at an angle within the range of 50° to
70° to a plane passing through the longitudinal axis
of syringe barrel 12 wirth an angle of approximately
60°.

Cam slot 42 further includes a shield removal
leg 49 which continues from activated position 48
generally helically in a distal direction to an open
end 50 at the extreme distal end of syringe barrel
12. Shield removal leg 49 of cam slot 42 defmes a
helix generated oppositely from the activation leg of
cam slot 42. Thus, the cam slot defines a generally
V-shape applied to cylindrical outer surface 38 of
collar 36. However, in the preferred embodiment
illustrated herein, shield removal leg 94 of cam slot

- 42 defines an angle of approximately 25° to a plane

passing through the longitudinal axis of syringe

barrel 12. _' | ' .
Needle assembiy 14 includes a unitarily molded

thermoplastic needle hub 52 having opposed proximal

"and distal ends 54 and 56 respectively and a needle
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receiving aperture 58 .extending axially there-

.through. A needle cannula 60 is rigidly fixed in

aperture .58 by epoxy or other such means. Needle
cannula 60 includes a proximally' facing point 62
projecting beyond proximal end 54 of hub 52 and a
distally facing péint 64 projecting beyond distal end

-56 of hub 52.

A generally. cylindrical cavity 66 extends
axially into proximal end 54 of hub 52. Cavity 66
defines an inside diameter slightly greater than the
outside diameter of cylindtiéal outer surface 32 of
tip 26 on syringe barrel 12. The inside diameter of
cavity 66 includes circumferential groove 67 adapted
to receive annular _r:i‘b 34 on the outer cylindrical
surface of tip 26 to position the needle hub.

- Portions of hub 52 adjacent proximal end 54
define an outside diameter which is 1less than the
inside diameter of collar 36 on syringe barrel 12.
However, the outer surface of hub 52 includes a
plurality of longitudinally extending ribs 68 at
locations spaced from proximal end 54. '

The relative dimensions of hub 14 and the tip
and collar at distal end 20 of syringe barrel 12
enables hub 52 to be retained in an initial position
on distal end of syringe barrel 12.. More particu-
larly, proximal end 54 of hub 52 can be telescoped

_into collar 36 until circumferential groove 67 in

cavity 66 engages annular rib 34 extending around tip

. 26. The engagement of rib 34 with groove 67 prevents

hub 52 from sliding distally out of its telescoped
engagement with ‘cylindrical collar 36. Simul-
taneously, the engagement of annular rib 34 on
syringe tip 26 and droove 67 prov1des at least a
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temporary restraint against further telescoped
advancement of hub 52 over syringe tip 26. This

~initial position of hub 52 on syringe barrel 12

places proximal tip 62 of needle cannula 60 a slight
distance in the distal direction from barrier 30.

Needle shie]_.d'hls, ‘as shown most cléarly in Figs.
7-9, is unitarily molded from a rigid thermoplastic
material and includés an open proximal end 70, a
closed distal end 72. and a needle receiving chamber
74 therebetween. The outer surface of needle shield
16 is characterized by ribs 76 which facilitate
grlpplng and rotation of shield 16, as explained'
further below. ' '

Needle receiving cavity 74 of the needle shield
includes a pair of opposed cam pins 78 extending
radially inwardly and dimensioned to be received in
cam slots 42 on the collar of syrimje barrel 12. The
cam pins may be generally frusto-conical or hemi-
spherical prbtrusions_ formed during 'molding. after

‘molding or as separate parts attached after molding
‘or forming of the needle shield. Needle receiving

cavity 74 of needle shield 16 is further charac-
terized by a pair of opposed inwardly projecting
stops 82 at locations intermediate cam pins 78 and
distal end 72 of needle shield 16. ' |

Hypoderm:l.c syringe 10 is assembled. as shown in
Fig. 10, by telescoping proximal end 54 of the hub of
needle assembly 14 into collar 36 and over tip 26 at
the distal end of syringe barrel 12. This telescoped
movement is terminated when proximal end 54 of hub
52 engages annular rib 34 on the outer circum-
ferential surface of syringe tip 26. Separation of
hub 52 from syringe barrel 12 in a distal direction
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is pre(rented by frictional engagement between longi-

tudinal ribs 68 and cylindrical collar 36. Thus, .
needle assembly 14 is temporarily mounted in an axial
position on syringe barrel 12 where proximal tip 62
of needle cannula 60 is spaced slightly in a distal
dlrectlon from barrier 30 on syr:.nge barrel 12.
Assembly of hypodermm syrmge 10 proceeds, as

- shown .in Fig. 10, by telescoping needle shield 16

over collar 36 until stops 82 of needle shield 16
e.ngage distal end 56 of needle hub 52. Once this
assembled Position has been achieved, opposed
locations on needle shield 16 that are allgned w1th_
closed ends 44 of cam slots 42 are staked inwardly to
define cam pins 78. The cam pins are initially
retained in closed ends 44 of cam slots 42 by the
locking detents 46 in cam . slots 42. The chamber of
syringe barrel 12 may then be pre-filled with an
appropriate solution to be injected and may be sealed
by a plunger and piston combination or by other known
means. The hypodermic syringe assembly will remain
in this assembled and pre-filled condition until
1mmed1ately prior to use. ' .

Hypodermic syrlnge 10 is eméio’yed by rotating
needle shield 16 relative to syringe barrel 12.
These rotational forces cause cam pins' 78 on needle
shield 16 to follow cam slots 42 on the collar of
syringe barrel 12. In particular, as shown most
clearly in Fig. 11, the initial rotati'on of needle
shield 16 relative to syringe barrel 12 will cause an
axial movement of the needle shield in a proximal
direction relative to syringe barrel 12. Stops 82 on
needle shield 16 engage distal end 56 of needle hub

'52 and cause needle assembly 14 to move proximally
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with needle shield 16. After sufficient cam-guided
proximal movement of needle ‘assembly 14 and needle
shield 16, the proximal point of needle cannula 60
will pierce through barrier 30 to provide communi-
cation between needle cannula 60 and chamber 24 of
the syringe barrel. The relatively large angle of
activation leg 47 of cam slot 42 provides a desirable

- mechanical advantage for initiaily urging proximal

end 54 of hub 52 over annular rib 34 on syringe tip
26 and continued mechanical advantage for urging the

~hub distally. Ribs 68 of hub 52 preferably define a
" diameter which 1is slightly 1less than the inner

circumferential surface of collar 36 for helping to
align the needle assembly with the longitudinal axis
of the barrel and to prevent any cocking or binding
of the hub with inside surfaces of the collar.
Continued fptational movement of needle shield
16 causes cam pins 78 to continue following cam slots
42 through shield removal legs 49 of the cam slots
42, In this position, needle shleld 16 will be
substantially separated from syringe barrel 12 and
can be freely axially removed therefrom. It must be
emphasized that. this initial penetration of barrier
30, and the subsequent separation of needle shield 16
to place hypodermic syringe 10 in condition for use,
is achieved by simple continuous rotational movement

- of needle shield 16 relative to syringe barrel 12.

The above described configuration of cam slots 42
convert this continuous rotational movement into an
initial proximal movement of needle shield 16 over
syringe barrel 12 and a subsequent distal movement of
needle shield 16 relative to syringe barrel 12.

It should also be noted that in this preferred
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embodiment the needle shield cannot be removed from

the barrel until the rotational movement of the

needle shield with respect to the barrel is complete
and the barrier is penetrated by the needle. This
means to prevent removal of the needle shield before
syringe activation is an important feature of the
preferred embodiment. . )
The embodiment described hereinabove requires

.rotation of the needle shield in a specific angular

direction with respect to the cam path or slot.
However, it is within the purview of this invention
to include a dual or symmetrical cam path or paths to
allow the barri_ér “to be pierced by rotating the
needle shield either in a clockwise direction or a
counter—-clockw1se direction 'with respect to the
barrel _

The preferred embodlment descr:l.bed hereinabove
includes a cam path or slot described on the outer
cylindrical surface of collar 36 of barrel .12, and a
cam pin or follower 78 on the inside of the needle
shield. It is also within the purview of this
invention to include the cam path inside the needle
shield and the cam pin or follower on the outside of
the collar. In addition, it is also within the scope
of this invention how the cam path on the inside of
the barrel collar and the needle shield having
cylindrical structure sized to fit within the collar
and containing an outwardly directed cam follower or
pin, or the reverse of this structure where the pin
or cam follower projects inwardly from the collar and
the needle shield conta1ns an outwardly fac1ng cam

- path which accepts the pin or follower.
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L. A hypodermic syringe having a syringe barrel with oppdsed proximal and distal ends and
a fluid-receiving chamber therebetween, a passage extending through said distal end for communication
" with said chamber, and a pierceable barrier for blocking fluid flow through said passage, a needle
cannula mounted to said distal end of said syringe barrel and being selectively movable in a proximal
direction for piercing'said barrier, a needle shield mounted to said syringe barrel for covering said needle
cannula, said syringe including an activation assembly comprising:

first and second cooperating cam means disposed respectively on said syringe barrel and
said needle shield, said cam means being responsive to unidirectional rotation of said
needle shield relative to said syringe barrel for initially moving said needle shield and said
needle cannula in said proximal direction sufﬁcienﬂy for piercing said barrier and for
subsequently moving said needle shield in a dxstal direction for separatmg said needle
shield from said syringe barrel.

2. The syringe of Claim 1, wherein said first cam means is a cam slot on a selected one of
said syringe barrel and said needle shield, and wherein said second cam means is a cam pin on a selected
other of said syringe barrel of said needle shield dimensioned for slidable engagement in said cam slot.

3. Thé syringe of Claim 2, wherein ‘said cam slot is disposed on said syringe barrel and
wherein said cam pin is disposed on said needle shield.

4, The syringe of Claim 3, wherein said cam slot includes an activation 'leg extending
- generally helically in a proximal direction from a closed end to an activated position, and a shield

removal leg extending generally helically from said activated position to said distal end of said syringe
barrel

5. The syringe of Claim 4, wherein said closed end of said cam slot includes a loéking
detent for preventing axial movement of said needle shield relatlve to said syringe barrel in response to
axial forces exerted thereon. '

6. The syringe of Claim 4, wherein said syringe barrel is generally cylindrical and includes a
longitudinal axis, said activation leg of said cam slot being aligned to a plane through said longitudinal
axis at an angle in the rangé of about 50° to 70° for achieving efficient mechanical advantage for
biercing said barrier. ' '

R O O



-14-

7. The syringe of Claim 6, wherein said shield removal leg of said cam slot is aligned to said
plane at an angle less than said activation leg for achieving efficient separation of said needle shiéld from -
said syringe barrel. '

8. The syringe of Claim 2, wherein said cam pin is defined by an inwardly formed
protrusion on said needle shield. '

9. The syringe of Claim 1 further comprising an inwardly extending stop on said needle
. shield for urging said needle cannula in a proximal direction for piercing said barrier.

"10.  The syringe of Claim 1 further comprising means for preventing distal movement of said
needle cannula after piercing said barrier, such that said needle cannula remains ﬁxedly mounted to said

~ syringe barrel after removal of said needle shield.
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