Office de la Propriete Canadian CA 2279895 C 2004/03/23

Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 279 895
Un organisme An agency of

d'Industrie Canada Industry Canada 12 BREVET CANADIEN

CANADIAN PATENT
13) C

(86) Date de dépot PCT/PCT Filing Date: 1998/02/05 (51) Cl.Int.%/Int.CI.° AB1M 37/00
(87) Date publication PCT/PCT Publication Date: 1998/08/06 | (72) Inventeurs/Inventors:

.1 . FUNDERBURK, JEFFERY V., US;
(45) Date de deéelivrance/lssue Date: 2004/03/23 MARANO APRIL A. US:

(85) Entree phase nationale/National Entry: 1999/07//30 FIELD, JEFFREY F., US

(86) N” demande PCT/PCT Application No.: US 1998/002031| (73 Propriétaire/Owner:

(87) N° publication PCT/PCT Publication No.: 1998/033549 MEDTRONIC MINIMED, INC., US

(30) Priorité/Priority: 1997/02/05 (08/795,968) US (74) Agent: OYEN WIGGS GREEN & MUTALA

(54) Titre : INJECTEUR POUR DISPOSITIF DE PERFUSION SOUS-CUTANEE
(54) Title: INDECTOR FOR A SUBCUTANEOUS INFUSION SET

[—-5

”|| H’ 78

(57) Abrége/Abstract:
An Injector (10) Is provided for automatic placement of a subcutaneous Infusion set or the like used for delivering a selected
medication to a patient. The injector (10) comprises a spring loaded plunger (30) having a head (32) for receiving and supporting

B
.
'
._:r;-
SSonEeAN S f
o w'eute?s'e \
BTN .
B : "c‘-'-.h:-:{\: . L~
.
.

A7 /7]
o~

C an a dg http.//opic.ge.ca + Ottawa-Hull K1 A 0C9 - Attp:/cipo.ge.ca OPIC

OPIC - CIPO 191




CA 2279895 C 2004/03/23

anen 2 219 895
13) C

(57) Abréege(suite)/Abstract(continued):
an Infusion set in a position for placement of an insertion needle and related cannula through the skin of a patient at a selected

Insertion site. The plunger head (32) includes a safety lock mechanism (94) for engaging and retaining the infusion set during
spring loaded advancement with a controlled force and speed toward the patient's skin to trans-cutaneously place the insertion
needle and cannula. When the plunger head (32) reaches a fully advanced position, with the infusion set placed on the patient,
the Infusion set is releasible from the safety lock mechanism (94) with minimal force to permit quick and easy separation of the

Injector (10).
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(57) Abstract

An injector (10) is provided for automatic placement of a subcutaneous infusion set or the like used for delivering a selected medication
to a patient. The injector (10) comprises a spring loaded plunger (30) having a head (32) for receiving and supporting an infusion set in a
position for placement of an insertion needle and related cannula through the skin of a patient at a selected insertion site. The plunger head
(32) includes a safety lock mechanism (94) for engaging and retaining the infusion set during spring loaded advancement with a controlled
force and speed toward the patient’s skin to trans—cutaneously place the insertion needle and cannula. When the plunger head (32) reaches

a fully advanced position, with the infusion set placed on the patient, the infusion set is releasible from the safety lock mechanism (94)
with minimal force to permit quick and easy separation of the injector (10).
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INDJECTOR FOR A SUBCUTANEOUS INFUSION SET

BACKGROUND OF THE INVENTION

This invention relates generally to an injector for automatic
placement of a medical needle through the skin of a patient. More
specifically, this invention relates to a compact and easily operated
injector for placement of an insertion needle and related cannula of a
subcutaneous infusion set or the like through the skin of a patient with a
controlled force and insertion speed, and particularly wherein the injector
is adapted for use by the patient.

Medical needles are widely used in the course of patient care
and treatment, particularly with respect to the delivery of selected
medications to a patient. In one common form, hollow hypodermic
needles are employed for transcutaneous delivery of a selected
medication from a syringe or the like. In another common form, insertion
needles are employed for transcutaneous placement” of a soft and
relatively flexible tubular cannula, followed by insertion needle removal
and subsequent infusion of medical fluid to the patient through the
cannula.

In certain medical treatment regimens, it may be necessary or
desirable for the patient to transcuténeously place the medical needle.
For example, diabetic patients freduently self-administer insulin injections
or periodically place a subcutaneous infusion set for subsequent
programmable delivery of insulin by means of a medication infusion pump
of the general type described in U.S. Patent 4,685,903. Such

subcutaneous infusion sets are disclosed, for example, in U.S. Patents
4,755,173; 5,176,662, and 5,257,980.

Some patients are reluctant or hesitant to pierce their own skin
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with a medical needle, and thus encounter difficulties in correct needle
placement for proper administration of the medication. ‘Such difficulties
can be attributable to insufficient manual dexterity or skill to achieve
proper needle placement or alternately to anxiety associated with
anticipated discomfort as the needle pierces the skin. This problem can
be especially significant with- medications delivered via a subcutaneous
" infusion set, since incorrect placement can cause kinking of the cannula
and resultant obstruction of medication flow to the patient. Cannula
kinking can be due to infusion set placement at an incorrect angle relative
“to the patient's skin, and/or needle placement with an incorrect force and
speed of insertion.
The present invention relates to an automatic injector,
particularly for use with a subcutaneous infusion set,for'quickly and easily
~ placing an insertion needie and related cannula through the skin of a
~ patient at the correct insertion angle, and with a speed and force of

insertion which minimizes patient discomfort.
- SUMMARY OF THE INVENTION

In accordance with the invention, an injector is provided for quick

and easy transcutaneous placement of a medical needle through the skin

- of a patient, 'particulaﬂy such as an insertion needle and related cannula

of a subcutaneous infusion set. The injector is designed to place the

needle through the skin at a selected insertion angle and with a controlled

force and speed of insertion, to ensure proper needle placement with

minimal patient discomfort. The injector is particularly designed to meet

" these objectives, while safeguarding against undesired projection of the

medical needle through free space, in the event that the injector is
~actuated in spaced relation to the patient’s skin.

The injector comprises a spring-loaded plunger having a head

for receiving and supporting an infusion set in a position with an insertion
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-~ needle and related cannula projecting outwardly for transcutaneous
placement through the skin of a patient. The plunger is designed for
retraction and retention within a barrel to a cocked position with a drive

: spring compressed in a manner applying a predetermined spring force to
the plunger head. A front or nose end of the injector barrel is designed for
pressed placement against the skin of a patient, at a selected needle

 insertion site, and in an orientation with the needle disposed at a correct

- or desired insertion angle. A trigger member is operable to release the

plunger and thereby permit the drive spring to carry the insertion set

toward the patient's skin with a controlled force and speed, resulting in

proper transcutaneous placement of the insertion needle and related

- cannula with minimal patient discomfort.

The plunger head includes a safety lock mechanism to retain the

infusion set against projection from the injector barrel. In one preferred

form, the safety lock mechanism comprises at least one and preferably a

- pair of safety lock arms for engaging and retaining the infusion set when

the plunger is retracted from a fully advanced position. Each safety lock

arm includes a cam lobe for engaging an appropriately sha;?ed recess on

the infusion set to prevent release thereof from the plunger head, unless
“and until the plunger head is returned to the fully advanced position. In
such fully advanced position, the shape of the cam lobe permits quick and

easy separation of the injector from the infusion set with a minimal
separation force.

In operation, the safety lock arms thus prevent projection of the

“infusion set from the injector, in the event that the trigger member is
“actuated with the nose end of the barrel spaced from the skin of a patient.

~ Inthat event, the plunger head is advanced with the controlled force and
speed to the fully advanced position, but the infusion set is not thrown

- from the injector as a projectile. Instead, the infusion set travels rapidly

with the plunger head to the fully advanced position, whereat the injector

can be separated with minimal separation force from the infusion set.
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‘In an alternative preferred form, the safety lock mechanism
comprises a plunger head having a cylindrical shape defining a forwardly
‘open cavity for receiving and supporting an infusion set with the insertion
needle and cannula projecting outwardly. In this embodiment, the plunger
head includes a radially inwardly projecting rim at a forward or nose end
~ thereof, wherein the rim defines an oval-shaped opening. The size of the
rim opening permits relatively free reception of a hub on the infusion set,
~with the infusion set oriented at an angle relative to a central axis of the
plunger head and barrel. The infusion set is then reoriented to align the
insertion needle coaxially with the central axis of the barrel and plunger
" head, so that the rim is received into a recess on the infusion set and
functions to retain the infusion set against undesired release from the
~ injector during spring-?driven placement of the needle. After needle
 placement, the injector is released from the infusion set with minimal
‘separation force by orienting the injector angularly relative to the infusion
 set to permit free slide out passage of the hub through the oval rnm
opening.
pther features and advantages of the present invention will
become more apparent from the following detailed description, taken in
conjunction with the accompanying drawings which illustrate, by way of

‘example, the principle of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings ilustrate the invention. In such
drawings:
FIGURE 1 is a perspective view illustrating use of an automatic
“injector embodying the novel features of the invention;
FIGURE 2 is an enlarged front elevation view of the injector
shown in FIG. 1,

FIGURE 3 is a front or nose end view of the injector, taken
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generally on the line 3-3 of FIG. 2;

FIGURE 4 is an enlarged exploded perspective view illustrating
assembly of the injector with a subcutaneous infusion set;

FIGURE & is a further enlarged longitudinal sectional view taken
generally on the line 5-5 of FIG. 4;

FIGURE 6 is a transverse sectional view taken generally on the
line 6-6 of FIG. 5;

FIGURE 7 is an enlarged longitudinal sectional view taken

‘generally on the line 7-7 of FIG. 2; '

FIGURE 8 is an enlarged and exploded fragmented perspective
view illustrating a trigger assembly for use in the injector;

- FIGURE 9 is a longitudinal sectional view similar to FIG. 5, and
showing the injector with infusion set received therein for transcutaneous
placement through the skin of a patient;

FIGURE 10 is a transverse sectional view taken generally on the
line 10-10 of FIG. 9;

FIGURE 11 is a longitudinal sectional view taken generally on
the line 11-11 of FIG. 9;

FIGURE 12 is a rear end elevation view taken generally on the
line 12-12 of FIG. 11, and depicting the trigger assembly in a locked
position;

FIGURE 13 is an enlarged fragmented jongitudinal view similar
to a portion of FIG. 11, but depicting actuation of the trigger assembly for
releasing the spring-loaded plunger;

FIGURE 14 is a rear end elevation view taken generally on the
line 14-14 of FIG. 13, similar to FIG. 12, but showing the trigger assembly
in an unlocked position;

- FIGURE 15 is a fragmented longitudinal sectional view depicting
the spring-loaded plunger in a fully advanced position with the infusion set

- placed on the patient's skin;

FIGURE 16 is an exploded perspective view illustrating
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separation of the insertion needle from the cannula of the subcutaneous
infusion set;

FIGURE 17 is a perspective view depicting an alternative
preferred form of the invention; '

FIGURE 18 is a front elevation view of the injector shown in FIG.
17; '

FIGURE 19 is a front or nose end view of the injector, taken
generally on the line 19-19 of FIG. 18;

FIGURE 20 is an enlarged side elevation view of the injector,
taken generally on the line 20-20 of FIG. 19;

FIGURE 21 is a further enlarged longitudinal sectional view '

 taken generally on the line 21-21 of FIG. 17;
FIGURE 22 is an enlarged exploded perspective view illustrating

construction details of a plunger and trigger member for use in the injector

of FIG. 17;
FIGURE 23 is an enlarged longitudinal sectional view similar to

FIG. 21, and depicting the injector with the trigger member in a cocked
position;

" FIGURE 24 is a fragmented perspective view showing the upper
end of the injector depicted in FIG. 23, with the trigger member in the
cocked position; '

FIGURE 25 is an enlarged and fragmented longitudinal sectional
view illustrating actuation of the trigger member;

FIGURE 26 is an enlarged and fragmented longitudinal sectional
view showing the plunger in a fully advanced position with the infusion set

 placed on the patient’s skin; '

FIGURE 27 is an enlarged fragmented longitudinal sectional
view taken generally on the line 27-27 of FIG. 22, and depicting a portion
of the plunger; ) '

FIGURE 28 is a front or nose end elevational view of the

plunger, taken generally on the line 28-28 of FIG. 27; and
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FIGURE 29 is an enlarged fragmented longitudinal sectional
view illustrating release of the injector from an infusion set placed on the

patient’s skin.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As shown in the exemplary drawings, an injector referred to
generally by the reference numeral 10 is provided for quick and easy
transcutaneous placement of a medical needle, particularly such as an
insertion needle 12 of the type provided with a subcutaneous infusion set
14 as depicted in FIGS. 4 and 7. The injector 10 includes a trnigger-type
actuator mechanism for transcutaneous placement of the insertion needle
12 with a controlled speed and force, and with the insertion needie 12
oriented at a desired angular position relative to the skin 16 (FIGS. 1 and
9) of the patient.

The automatic injector 10 of the present invention, as shown in
the illustrative drawings, is particularly designed for placement of the
insertion needle 12 of a subcutaneous infusion set 14, of the general type
shown and described in U.S. Patents 4,765,173, 5,176,662, and
5,257,980, Such infusion sets
14 are used to infuse medical fluids such as selected medications to a
patient, with one example being the administration of insulin to a diabetic
by operation of a programmable medication infusion pump (not shown) of
the type described in U.S. Patent 4,685,903. The insertion needle 12 is
connected to a hub 18 (FIG. 4) at a rear or proximal end thereof, and
protrudes through a housing 20 of the infusion set 14, wherein the housing
20 defines an internal chamber (not shown) for receiving medication via
infusion tubing 22. An enlarged base, typically in the form of resilient or
flexible wings 24, is provided on the housing 20 for stable affixation to the
skin 16 of a patient. The insertion needle 12 protrudes downwardly

through the housing 20 and the winged base 24 to extend through a soft

................

........
T THD R TR R IR N S U L
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"~ and flexible cannula 26. The insertion needle 12 is provided for
~ transcutaneous placement of the cannula 26, after which the insertion
needle is retracted from the set 14 (FIG. 16) to permit medication delivery
through the cannula 26 to the patient. '-

The injector 10 of the present invention represents a simple
device which can be used by the patient to quickly and easily place the
subcutaheous infusion set 14 in a proper transcutaneous position and
orientation, at a selected medication insertion site. - The injector 10 is

~ designed to project the infusion set toward the patient's skin 16 at a
controlled force and speed for quickly piercing the skin in a manner

~ insuring proper placement of the insertion needle 12 and cannula 26,
while minimizing patient anxiety and/or discomfort. Improper and/or partial
placement of the insertion needle 12 is thus avoided.

In general terms, as shown in one preferred form is FIGS. 1-5,
the injector 10 comprises a cylindrical forward barrel 28 having a plunger
30 mounted therein for longitudinal sliding movement within a holiow bore

" between a forward advanced position (FIG. 5) and a rearward retracted
position (FIG. 9). The plunger 30 has a head 32 at a forward end thereof
 for releasibly receiving and retaining the subcutaneous infusion set 14, in
" a manner to be described in more detail. A rear end of the plunger 30
 cooperates with a trigger-type actuator assembly 34 mounted on the rear
end of the barrel 28. The trigger actuator assembly 34 is adapted to hold

" the plunger 30 in a retracted position, against the force of a compressed
drive spring 36. A trigger button 38 of the actuator assembly 34 is
adapted for fingertip depression to release the plunger 30 for spring-
loaded trave! toward the advanced position, and corresponding
‘transcutaneous placement of the insertion needle 12 through the patient's
~ skin. o .
FIGURES 2-5 illustrate construction details of the injector barrel

28. wherein the forward or nose end thereof defines a flat and generally
planar surface for placement against the skin of a patient (FIG. 1) with a
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longitudinal axis of the barrel 28 oriented generally perpendicular to the
patient's skin 16. The barrel 28 has a size and shape for substantially

- mated sliding fit reception of the infusion set 14, with the insertion needle
12 and related cannula 26 projecting in a direction for placement on a
patient. In this regard, the nose end of the barrel 28 defines an opposed
pair of relatively wide and open-ended cut outs 40 for slide-fit reception of

- the oppositely projecting base wings 24. A narrower slot 42 is also formed
in the barrel nose end, at a location for slide-fit reception of the infusion
tubing 22 attached to the infusion set 14. Thus, the forward or nose end
of the barrel 28 accommodates sliding reception of the subcutaneous
infusion set 14 therein for movement along the cut outs 40 and the slot 42

~ between the advanced position (FIG. 5) disposed substantially at the
forwardmost end of the barrel 28, and the retracted position (FIG. 9) with
the base wings 24 and infusion tubing 22 positioned substantially at the
inboard ends of the cut outs 40 and the associated slot 42.

The plunger 30 includes the head 32 of generally cylindrical
shape for slide-fit reception within the injector barrel 28. A forward end of
the head 32 includes a cylindrical counterbore recess 44 for receiving the
hub 18 and housing 20 of the infusion set 14, with the enlarged base

- wings 24 fitted against a pair of outwardly protruding backstop flanges 46
adapted for slide-fit reception within the cut oufs 40 in the barrel nose end.
‘A pair of track arms 48 (FIG. 5) protrude rgarwardly from the plunger head
32 and include out-turned latch fingers 50 for guided reception within
longitudinally extending track slots 52 formed in the barrel 28 at a location
spaced aft from the barrel nose end. These track arms 48 thus cooperate
with the barrel track slots 52 to guide the plunger 30 between the
advanced position (FIGS. 5 and 7) and the retracted position (FIG. 9).
- The plunger 30 also include‘s a central drive stem 54 (FIG. 5)
which protrudes rearwardly from the plunger head 32 within the barrel

- interior. The rearward end of the drive stem 54 is longitudinally split to

define a pair of trigger arms 56 which have out-turned trigger fingers 58 "
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- on the rearward ends thereof.

The trigger-type actuator assembly 34 is mounted on the
" rearward end of the injector barre! 28, and generally functions to releasibly
retain the plunger 30 in a retracted and cocked position, ready for rapid
and spring-loaded actuation upon depression of the trigger button 38 to
- place the infusion set 14 on the patient. More particularly, as shown best
" in FIGS. 5-9, the trigger assembly 34 comprises a main support cap 60
having a mounting sleeve 62 protruding in a press-fit and preferably
| adhesively connected manner into the rear or aft end of the injector barrel
- 28. The drive spring 36 comprises a coil spring positioned about the drive
‘stem 54 on the plunger 30 and reacts between a rearward face 64 of the
plunger head 32, and a shoulder 66 on the support cap 60. The drive
spring 36 normally biases the plunger 30 toward the advanced position
(FIGS. 5 and 7). However, an infusion set 14 seated in the plunger head
32 can be pressed rearwardly against the plunger 30 to move the plunger
~ to the retracted position, as viewed in FIG. 9,'with the trigger fingers 58
passed through a conical or tapered latch bore 68 formed in the support
~cap 60 to engaging a shoulder 70 on an opposite side of the support cap
60. In this regard, the trigger fingers 58 have ramped outboard faces to
accommodate movement of the fingers 58 radially toward each other as
they pass through the latch bore 68. When the trigger fingers 58 pass
~ entirely through the bore 68, the spring resilience of the trigger arms 56 is
* sufficient to spread the trigger fingers 58 so that they engage the shoulder
~70. In this retracted plunger position, the drive spring 36 is retained in a
- compressed and cocked condition, with the infusion set 14 including the
- .insertiOn needle 12 and related cannula 26 withdrawn into the interior of
the barrel 28, in spaced relation to the patient's skin 16.
The trigger actuator assembly 34 additionally includes an
actuator pin 72 mounted within a noncircular bore 74 (FIGS. 6 and 7)
formed in the support cap 60 for longitudinal sliding movement through a
short stroke, relative to the plunger 30. In this regard, the actuator pin 72
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includes one or more noncircular lands 76 for slide-fit reception within the
bore 74, to prevent actuator pin rotation therein. The actuator pin 72 is
held within the bore 74 by a stepped lock ring 78 which is retained against
~arearward end of the support cap 60 by a press-fit outer retainer sleeve
80 having an inturned nm 82 at the rearward end thereof. Importantly, as

- shown best in FIG. 8, an oblong land 84 is formed on the actuator pin 72
- for matéd slide-fit reception through an oblong recess 85 formed in the
~ lock ring 78. A return spring 86 (FIG. 7) is carried within the support cap
bore 74 and reacts between the shoulder 70 and a nose end of the
actuator pin 80 for biasing the actuator pin 80 rearwardiy within the

- support cap.

The rearmost end of the actuator pin 72 defines the trigger

button 38. As shown in FIGS. 11 and 13, the trigger button 38 can be

- depressed with a fingertip to move the actuator pin 72 through a short
- stroke against the return spring 86 in a direction toward the trigger fingers

- 58 at the rear end of the plunger 30. As shown best ih FIG. 13, the
actuator pin 72 has a hollowed cylindrical forward tip 88 with a diametric
size for engaging and squeezing the trigger fingers 58 together at the rear
end of the plunger 30, in a manner enabling those trigger fingers 58 to
pass back through the tapered conical latch bore 68. As soon as the
trigger fingers 58 thus release from engagement with the shoulder 70 on
the support cap 60, the drive spring 36 translates the plunger 30 with the
infusion set 14 thereon with a rapid and coﬁtrolledforce and speed toward
the advanced position, resulting in transcutaneous placement of the
needle 12 and cannula 26, as viewed in FIG. 15. Importantly, the spring
rate characteristics of the drive spring 36 and the distance of plunger
'stroke are chosen for a substantially optimized and proper transcutaneous
placement of the needie 12 and cannula 26, aill in a manner which
“minimizes patient discomfort during the needle placement procedure.

- Moreover, by forming the nose end of the injector barrel 28 with a

squared-off shape as shown, the injector 10 can be easily oriented
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- substantially perpendicular to the skin 16 for proper placement of the
~ infusion set. '
Depression of the actuator pin 72 by means of the trigger
button 38 requires the lock ring 78 to be rotatably oriented in a position
- aligning the oblong recess 85 therein with the oblong land 84 on the
 actuator pin. Accordingly, when these oblong structures are rotationally
aligned (FIGS. 13-14), the injector 10 is armed for tfrigger button
depression and corresponding release of the retracted and. cocked
- plunger. However, the lock ring 78 can be rotated relative to the actuator
pin 72 to misalign these oblong structures, as shown in FIGS. 9-12,
whereupon the actuator pin 72 is locked in a rearward position against
depressiOn and actuation. A set pin 90 on the lock ring 78 may be
provided and received within an arcuate notch 92 formed in the retainer
sleeve flange rim 82, to permit lock ring rotation back-and-forth through a
- part circle increment, on the order of about 90 degrees. Appropriate indicia
“may be applied to the retainer sleeve rim 82, such as the letter "L" for
"~ "iocked" and the letter "A" for "armed", as viewed in FIGS. 12 and 14, to
' provnde a visual indication of the setting of the trigger assembly 34.

In accordance with one primary aspect of the invention, the
plunger head 32 additionally includes a safety lock mechanism in the form
of a pair of safety lock arms 94 pivotally carried in narrow slots 96 formed
in the plunger head 32. These safety lock arms 94 have rearward ends
connected to the head 30 by pivot pins 98 and forward ends defining
contoured lock fingers 100 which protrude into the plunger head recess
44. As shown in FIG. 7, the safety lock arms 94 and their associated lock
fingers 100 have a size and shape so that the fingers 100 can engage and
retain the hub 18 of the infusion set 14, for example, by fitting into a

" recess 101 defined between the hub 18 and housing 20 of the infusion
~set. Importantly, the locations of the lock arm pivot points are chosen to
insure that the lock arms 94 engage and retain the infusion set 14

~ whenever the plunger 30 is moved from the advanced position (FIG. 7)
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toward and to the retracted position (FIG. 9). When the plunger 30

reaches the fully advanced position, the safety lock arms 94 including their

respective pivot pins 98 are disposed within the wide cut outs 40 and are
therefore free to swing outwardly, relative to the insertion set 14, to

accommodate separation of the insertion set from the injector 10 with a
- substantially minimum separation force. This configuration has been
- found to be highly effective as a safeguard to prevent the infusion set 14

from being thrown as a projectile from the injector 10, in the event that the
~ trigger assembly 34 is activated without prior placement of the injector 10
- firmly against the patient's skin 16.

“In use, the subcutaneous infusion set 14 can be placed quickly
and easily into the open nose end of the injector barrel 28, within the
recess 44 formed in the plunger head 32. Such assembly of the insertion
set 14 with the injector 10 requires simple alighment of the base wings 24
and infusion tubing 22 with the appropriate cut outs and slots 40, 42
formed in the nose end of the barrel 28. The infusion set 14 and plunger
30 can then be manually retracted rearwardly, against the drive spring 36,
to the retracted position with the plunger 30 cocked and latched as viewed
in FIGS. 9 and 11. The injector 10 can then be placed firmly against the
patient's skin 16, with the infusion set 14 supported in the proper
orientation and at a predetermined distance from the skin 16. - Simple
depression of the trigger button 38 releases the cocked plunger 30 for
spring-loaded travel rapidly albeit with a controlled speed and force of
insertion, to ensure penetration of the patient's skin with minimal
discomfort, and in a manner which properly places the insertion needle
and cannula. The safety lock arms 94 prevent accidental projection of the

-~ infusion set 14 through free space, in the event that the trigger button 38
~ Is prematurely depressed. When the infusion set 14 is properly placed,
however, the safety lock arms 94 release from the infusion set with

minimal force, for easy separation of the injector 10 from the insertion set
14.
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Following separation of the injector 10 from the placed infusion
set 14, the insertion needle 12 can be withdrawn quickly and easily from
the cannula as viewed in FIG. 16. Thereafter, the infusion set 14 can be

“used in a normal manner to deliver a selected medication through the
infusion tubing 22 and cannula 26 to the patient.

An alternative preferred form of the invention is shown in FIGS.

~ 17-29, wherein components corresponding in structure and function to
~ those described previously with respect to FIGS. 1-16 are identified by
common reference numerals increased by 100. The embodiment of FIGS.
17-29 show a modified injector 110 constructed from a reduced number
 of parts and including an alternative safety lock mechanism for preventing
- undesired projection of the infusion set 14 through free space in the event
 of injector operation without placing the nose end thereof firmly against
 the skin 16 of a patient. However, the alternative safety lock mechanism
~ again permits quick and easy separation of the injector 110 from the
infusion set 14, with minimal separation force.

In general, the modified injector 110 comprises a plunger 130
and a trigger-type actuator 134 assembled with a generally cylindrical
hollow barrel 128. The plunger 130 has a generally cylindrical plunger

- head 132 which defines a counterbore recess 144 for receiving and
retaining the hub 18 of the infusion set 14.  As shown best in FIGS. 27-29,
a radially inwardly projecting rim 202 is f9rmed on the plunger head 132
generally at a leading or nose end of the recess 144, wherein this rim 202
" has a noncircular and preferably oval or elliptical shape (FIG. 28) to
accommodate reception of the hub 18 into the recess 144 provided that
~the hub 18 is oriented angularly relative to a central longitudinal axis of the
- plunger 130 and barrel 128. Similar angular orientation of these
components accommodates quick and easy separation thereof. However,
when the infusion set 14 is oriented with the medical needie 12 aligned
coaxially with the barrel center axis, a portion of the rim 202 projects into

the insertion set recess 101 to prevent release of the insertion set 14 from
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~ the injector 110. -
. More speciﬁcally,with reference to FIGS. 17-20, the barrel 128
- again has a forward or nose end defining a flat and generally planar
surface for firm placement against the skin of a patient. The nose end of
- the barrel 128 has a pair of relatively wide and generally opposed cut outs
140 formed therein for slide-fit reception of the base wings 24 of the
‘infusion set 14, in combination with a narrower slot 142 for slide-fit
reception of the infusion tubing 22. _ _ R
The plunger 130 is slidably fitted into the barrel 128 for
- movement between an advanced position shown in FIGS. 17, 18, 20 and
21, and a retracted position shown in FIG. 23. The plunger 130 includes
the modified plunger head 132 of generally cylindrical shape, formed
preferably to include a shallow notch or groove 133 in one side thereof for
slide-fit reception of the infusion tubing 22 on the infusion set 14. In this
regard, the plunger head groove 133 is formed in a position aligned with
the narrow slot 142 in the nose end of the barrel. ,

The plunger head 132 is formed integrally with a drive stem 154
which projects rearwardly within the barrel interior. As shown best in FIG.
22, the drive stem 154 is flanked by and formed integrally with a pair of

~ rearwardly projecting track arms 148 which have latch fingers 150 formed
at the rear ends thereof. As shown in FIGS. 21 and 23, these latch fingers

150 are received slidably within longitudinally extending track slots 152

- formed in the barrel 128, and function to guide the plunger 130 between
the advanced and retracted positions. .

The plunger 130 additionally includes a pair of trigger arms 156

~ which project generally rearwardly from a rear end of the drive stem 154

and have out-turned trigger fingers 158 at the rear ends thereof (FIG. 22).

These trigger fingers 158 are adapted and sized for partial radial

compression toward each other as they ride within the barrel base when

the plunger 130 is displaced from the advanced position (FIG. 21) to the
retracted position (FIG. 23). As the retracted position is reached, the
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trigger fingers 158 are spring-loaded by the resiliency of the trigger arms
156 to move outwardly for partial reception into relatively short trigger slots
159 formed in the barrel 128. -In this position, as shown in FIG. 23, the

? trlggers fingers 158 retain the ptunger 130:in the retracted position.
A drive spring 136 is mounted within the barrel 128 to react
" between the trigger-type actuator 134 and the plunger 130, in the same
manner as previously described with respect to FIGS. 1-16. In this regard,
the trigger actuator 134 comprises a generally cylindrical actuator sleeve
188 mounted slidably within the barrel 128 at the rear or upper end
: thereof. This actuator sleeve 188 has a tapered or ramped leading edge
face 188' (FIGS. 22, 23 and 25) for engaging matingly shaped ramped
outer faces of the trigger fingers 158, to radially compress the trigger arms
156 and release the plunger 130 for spring-loaded travel from the
" retracted and cocked position to the advanced position. A trigger bution
' 138 is formed integrally with the actuator sleeve 188 and is exposed for
fingertip depression at the rear or top of the barrel 128 to move the
actuator sleeve 188 into releasing engagement with the trigger fingers

- 168. '

. As shown best in FIGS. 22 and 24-26, the triggers button 138
" extends through an opening formed in the rear of the barrel 128, generally
within a lock sleeve 178 formed integrally with the barrel 128. The lock
sleeve 178 defines an oppositely formed pair of guide slots 192 for allgned
reception of a pair of outwardly radiating lock tabs 184 formed on the
trigger button 138. When the tabs 184 and rotationally aligned with the
~guide slots 192, the trigger button 138 can be depressed to actuate the
spnng-locked plunger, as described. However, the lock tabs 184 have
~sufficient length to permi-t fingertip rotation of the actuator 134 to re-
~ position the tabs 184 within shaliow lock grooves 193 formed adjacent the
guide slots 192. When the tabs 184 are seated in the lock grooves 193,
the lock sleeve 178 blocks depression of the triggers button 138 and

thereby locks the injector 110 against actuation. Return rotation of the
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actuation 134 to re-align the tabs 184 with the guide slots 192 is required
before the injector can be activated. B
In accordance with one primary aspect of the invention, the
plunger head 132 includes the safety lock mechanism in the form of the
nonCifcular rim 202 at the leading end of the recess 144 in the plunger
head. As shown in FIGS. 27 and 28, the rim 202 has a generally elliptical
shape deﬁnihg a major axis that is greater than the diameter of the hub 18
‘on the infusion set 14, and a minor axis that is less than the hub diameter.
“With this geometry, and by providing sufficient axial depth to the plunger
head recess 144, the hub 18 can be fitted into the plunger head by
angularly orientihg the cOmponents to permit slide-fit of the hub 18 through
the major axis portion of the rim 202. Subsequent re-orientation of the
compdn'ents to' align the medical needle 12 generally coaxially with
* plunger head 32 enables the minor axis portion of the rim 202 to project
into the infusion set recess 101, thereby locking the components together.
Thereafter, when the infusion set 14 is placed on the patient (FIG. 29), the
components are easily Separated by Iifting the injector 110 off the infusion
set 14 at the same angle to allow the hub 18 to press freely through the
méjor axis center of the rim 202. importantly, such engagement and
disengagement of the components occurs with esse'ntiaily no resistance
force to separation. The infusion set 14 can be oriented angularly relative
to the plun"’ger 1 30 only when the plunger is in the advanced position, with
the adjacent barrel 128 precluding sucﬁ angular orientation when the
plunger 130 is moved rearwardly from the restricted position.
A variety of further modifications and improvements to the
~ automatic injector unit of the present invention will be apparent to persons
skilled in the art. Accordingly, no limitation on the invention is intended by
way of the foregoing description and accompanying drawings, except as
set forth in the appended claims.




WO 98/33549 CA 02279895 2003-07-11 PCT/US98/02031

LAIMS

4 kbl NP

1.  An injector for transcutaneously placing an insertion needle
of a subcutaneous insertion set through the skin of a patient, comprising:

barrel means defining an elongated bore;

plunger means slidably received within said bore for movement
between an advanced position and a retracted position, said plunger
means including means for receiving and supporting the insertion set in
a position with the insértion needle oriented for transcutaneous
placement upon movement of said plunger means from said retracted
position to said advanced position; and

drive means for urging said plunger means with a controlled force

and speed from said retracted position toward said advanced position to

transcutaneously place the insertion needle.

2. The injector of claim 1 wherein said barrel means has a forward
end defining a generally planar surface for placement against the skin of

a patient with said barrel means in a predetermined orientation relative to

the patient’s skin.

3. The injector of claim 1 further including trigger means for

actuating said drive means.

4. The injector of claim 3 wherein said trigger means includes
a trigger for fingertip depression to actuate said drive means for
movement of said plunger means from said retracted position to said
advanced position.

5. The injector of claim 3 wherein said drive means comprises

spring means for spring-loaded movement of said plunger means from

net . [l CHLUEM L MR ER L EETR T M AR P ER I P N TN LR AR LR TR LT T BT RN



CA 02279895 1999-07-30

- WO 98/33549 PCT/US98/02031

-19.-

‘said retracted position to said advanced position.

6. The injector of claim 1 wherein said barrel means and said
plunger means include cooperatively engageable track means for guiding
movement of said plunger means between said advanced and retracted

positions while retaining said plunger means against rotation relative to

~ said barrel means.

7.  The injector of claim 1 wherein the insertion needle is
provided as part of an insertion set, and further wherein said plunger
means comprises a plunger head having a recess formed therein for

mated slide-fit reception of at least a portion of the insertion set.

8. The injector of claim 7 wherein said plunger head recess
comprises a laterally open undercut recess.

9. The injector of claim 7 wherein said plunger head further

‘includes safety retainer means for retaining the insertion needle on said
plunger head during movement from said retracted position to said
advanced position, said retainer means permitting separation of the

insertion needle from said plunger head when said plunger head is in the

advanced position.

- 10. The injector of claim 2 wherein said plunger means and the
insertion needle supported thereby are substantially retracted within said
bore when said plunger means is in the retracted position, said barrel

means having at least one slot formed therein and extending
. - longitudinally from the forward end thereof.

11. The injector of claim 2 wherein the insertion set comprises at

least one outwardly radiating base wing for securing the insertion set to
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the patient's skin, and at least one outwardly radiating coupling element,
said barrel means having at least one cut out and at least one slot formed

therein to extend longitudinally from the forward end thereof for

- respective slide-fit reception of the base wing and coupling element.

12.  The injector of claim 9 wherein said retainer means
comprising at least one safety lock arm having one end pivotally mounted
on said plunger head and an opposite end defining a lock finger for
releasibly engaging the insertion needle, said barrel means retaining said

- safety lock arm against outward pivoting motion relative to said plunger
head recess when said plunger means is moved from the advanced
position, said safety lock arm being in a position relative to said barrel
means for permitting outward pivoting movement with respect to said
plunger head recess when said plunger means is in the advanced

position.

- 13. The injector of claim 12 wherein said at least one safety lock

~ arm comprises a pair of safety lock arms each having one end pivotally
mounted on said plunger means and an opposite end defining a lock

- finger for releasibly engaging the insertion needile.

14. The injector of claim 13 wherein said barrel means has a
forward end with a pair of open-ended cut outs formed therein, said
safety lock arms being disposed generally within said cut outs when said

plunger means is in the advanced position.

- 15. The injector of claim 9 wherein said retainer means comprises

a radially inwardly projecting rim formed generally at a leading end of said
plunger head, said rim engaging the insertion needle when the needle is
‘generally aligned coaxially within said plunger head and permitting

 release of the needle when the needle is angularly oriented relative to the




CA 02279895 2003-03-26

WO 98/33549 ~ PCT/US98/02031

- 29 -

plunger head.

16. The injector of claim 15 wherein saild rim has a generally

elliptical shape.

17. The injector of claim 3 wherein said trigger means includes
lock means for releasibly locking said plunger means in the retracted

position.
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