
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau (10) International Publication Number

(43) International Publication Date WO 2018/005915 Al
04 January 2018 (04.01.2018) W !P O PCT

(51) International Patent Classification: (72) Inventors: JAIN, Rikhabh; 82 Woodview Drive, Belle
A61M 5/145 (2006.01) A61M 5/48 (2006.01) Mead, NJ 08502 (US). SOLASKI, Benjamin; 400

MacArthur Blvd., Hauppauge, NY 11788 (US). NGUYEN,
(21) International Application Number:

An; 8463 Yermo Way, Sacramento, CA 95828 (US).
PCT/US20 17/040 183

(74) Agent: BELISARIO, Martin, G. et al; Panitch Schwarze
(22) International Filing Date:

Belisario & Nadel LLP, One Commerce Square, 2005 Mar
30 June 2017 (30.06.2017)

ket Street, Suite 2200, Philadelphia, PA 19103 (US).
(25) Filing Language: English

(81) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
(30) Priority Data: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,

62/356,892 30 June 2016 (30.06.2016) US DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(71) Applicant: WEST PHARMACEUTICAL SERVICES, HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,

INC. [US/US]; 530 Herman O. West Drive, Exton, PA KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,

19341 (US). MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

(54) Title: REUSABLE, PATIENT CONTROLLED SYRINGE DRIVE DEVICE

16

rig. I

(57) Abstract: A reusable patient-controlled injector having a drive system controls a drug injection rate from a drug injector. A rack
and pinion assembly having a rack (70,74) longitudinal axis is disposed in the injector drive-system housing (12) having a housing
longitudinal axis parallel to the rack (70,74) longitudinal axis. A drug-injector mount (16) configured to receive the drug injector is
fixedly disposed in the injector drive-system housing adjacent to the rack and pinion assembly. A carriage (60) coupled to the rack

© and pinion assembly is driven in translation parallel to the rack (70,74) longitudinal axis by an electric motor (62) and is configured
© to engage and move a drug-injector piston when the drug injector is in the drug-injector mount. An electrical control system is in
0 0 communication with the electric motor and has a movable, patient-accessible injection-rate control actuator. The drug injection rate
o varies proportional to the movement of the injection-rate control button.

[Continued on nextpage]



WO 2018/005915 Al llll I I I I 11III II I II III 11I I II I III II I II

SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

KM, ML, MR, NE, SN, TD, TG).

Published:



TITLE OF THE INVENTION

[0001] REUSABLE, PATIENT CONTROLLED SYRINGE DRIVE DEVICE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0002] This application is related to U.S. Provisional Patent Application No. 62/356,892,

filed June 30, 2017 and claims the earlier filing date of the provisional application which is

incorporated in the entirety herein by reference.

BACKGROUND OF THE INVENTION

[0003] The present invention relates to a reusable, patient controlled injector having a drive

system for autoinjection of a medication. More particularly, the present invention relates to a

reusable, patient controlled injector having adrive system allowing the user to control the rate of

injection dynamically during the injection.

[0004] International Application Publication No. WO 2014/036285 A2 (Hanson et al),

hereafter referred to as "Hanson", is directed to variable rate controlled delivery drive

mechanisms for drug delivery pumps. More particularly, Hanson discloses a drug pump having

a spring-based drive mechanism that acts upon a piston to force a fluid drug out of a drug

container. A gear drive controls the motion of the piston, but does not apply the force necessary

for drug delivery. Instead, the gear drive merely meters or permits translation of the piston

which is being driven to axially translate by the biasing member. A user accessible activation

button is coupled to a power and control system that accepts various inputs from the user to

dynamically control a drive mechanism to meet a desired drug delivery rate. The inputs may

include partial or full activation, depression, and/or release of the activation button, to set,

initiate, stop, or otherwise adjust the control of the spring-biased drive mechanism. Hanson

does not disclose details regarding the structure and operation of the control system

[0005] U .S . Patent No. 8,920,374 (Bokelman et al), hereafter referred to as Bokelman, is

directed to an automatic injector configured to accept a variety of syringes as cartridges for drug

delivery. The Bokelman auto injector provides user control of the injection rate via a series of

touch sensitive pads requiring the user to select an injection rate prior to initiation of the

injection. The Bokelman auto injector does not allow for adjustment of the injection rate during

injection.

[0006] The drive control mechanism for the Bokelman automatic injector includes a drive

screw, a cartridge carrier, a plunger carrier, and one or more control transfer instruments.



Longitudinal movement of the plunger carrier is provided by a gear train that includes a rack

and pinion gear arrangement. Rotation of the pinion gear engaged with the rack causes the rack

and associated plunger carrier to move between proximal and distal positions within the

automatic injector housing. The Bokelman drive control mechanism lacks a worm gear

mounted to a motor shaft and a pinion gear meshed with the worm and mounted on a pinion

shaft.

[0007] For the foregoing reasons, there is a need in the art for a reusable, patient controlled

injector drive system allowing the user to control the rate of injection dynamically during the

injection.

BRIEF SUMMARY OF THE INVENTION

[0008] Briefly stated, one embodiment of the present invention is directed to a reusable

patient-controlled injector having a drive system for controlling a drug injection rate from a drug

injector having a drug-injector piston a movement of which forces a fluid drug out of the drug

injector. The reusable patient-controlled injector comprises an injector housing having a

housing longitudinal axis. A rack and pinion assembly disposed in the injector housing. The

rack and pinion assembly has a rack longitudinal axis parallel to the housing longitudinal axis.

A reusable drug-injector mount is fixedly dispose in the injector housing adjacent the rack and

pinion assembly. The drug-injector mount is configured to releasibly receive the drug injector.

A carriage is coupled to the rack and pinion assembly. The carriage has a downwardly-

extending carriage member spaced from an upwardly-extending carriage member by a carriage

central body. The carriage is driven in translation parallel to the rack longitudinal axis by a

reversible electric motor and is configured to engage and move the drug-injector piston when

the drug injector is removably retained in the drug-injector mount. An electrical control system

is in communication with the electric motor. The electrical control system has a movable,

patient-accessible injection-rate control actuator. The drug injection rate varies proportional to

the movement, patient-accessible injection-rate control actuator. The rack and pinion assembly

comprises a pair of generally U-shaped rail mounts spaced apart along the housing longitudinal

axis. Each rail mount has a rail-mount base fixedly attached to the injector housing, a first

upwardly-extending rail support and a second upwardly-extending rail support spaced laterally

from the first upwardly-extending rail support. The first upwardly-extending rail support is

shorter than the second upwardly-extending rail support. An upper rail extends between and is

attached to the first upwardly-extending rail support of each rail mount. The upper rail has a



downwardly-facing rail surface with upper-rail teeth. An upper-rail pinion gear is mounted on

an upper-rail pinion shaft and meshes with the upper-rail teeth. The upper-rail pinion shaft

extends laterally inwardly through an upper-rail pinion-shaft journal in the upwardly-extending

carriage member and terminates with an upper-rail pinion-shaft worm gear. A lower rail

extends between and is attached to the second upwardly-extending rail support of each rail

mount. The lower rail has an upwardly-facing rail surface with lower-rail teeth. A lower-rail

pinion gear is mounted on a lower-rail pinion shaft and meshes with the lower-rail teeth, the

lower-rail pinion shaft extending laterally inwardly through a lower-rail pinion-shaft journal in

the downwardly extending carriage member and terminating with a lower-rail pinion-shaft

worm gear.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0009] The foregoing summary, as well as the following detailed description of a preferred

embodiment of the invention, will be better understood when read in conjunction with the

appended drawings. For the purpose of illustrating the invention, the drawings show an

embodiment of a prototype patient controlled injector drive system which is presently preferred.

It should be understood, however, that the invention is not limited to the precise arrangements

and instrumentalities shown.

[0010] In the drawings:

[0011] Fig. 1 is left side perspective view of a preferred embodiment of the prototype

patient controlled injector in accordance with the present invention;

[0012] Fig. 2 is an exploded right side perspective view of the injector of Fig. 1; and

[0013] Fig. 3 is a schematic block diagram of the injector of Fig. 1 .

DETAILED DESCRIPTION OF THE INVENTION

[0014] Reference will now be made in detail to embodiments of the invention, examples of

which are illustrated in the accompanying drawings. The terminology used in the description of

the invention herein is for the purpose of describing particular embodiments only and is not

intended to be limiting of the invention.

[0015] As used in the description of the invention and the appended claims, the singular

forms "a", "an" and "the" are intended to include the plural forms as well, unless the context

clearly indicates otherwise. The words "and/or" as used herein refers to and encompasses any

and all possible combinations of one or more of the associated listed items. The words

"comprises" and/or "comprising," when used in this specification, specify the presence of stated



features, integers, steps, operations, elements, and/or components, but do not preclude the

presence or addition of one or more other features, integers, steps, operations, elements,

components, and/or groups thereof.

[0016] The words "right," "left," "lower" and "upper" designate directions in the drawings to

which reference is made. The words "inwardly" and "outwardly" refer to directions toward and

away from, respectively, the geometric center of the injector, and designated parts thereof. The

terminology includes the words noted above, derivatives thereof and words of similar import.

[0017] Although the words first, second, etc., are used herein to describe various elements,

these elements should not be limited by these words. These words are only used to distinguish

one element from another. For example, a first rail support could be termed a second rail

support, and, similarly, a second rail support could be termed a first rail support, without

departing from the scope of the present invention.

[0018] As used herein, the words "if may be construed to mean "when" or "upon" or "in

response to determining" or "in response to detecting," depending on the context. Similarly, the

phrase "if it is determined" or "if [a stated condition or event] is detected" may be construed to

mean "upon determining" or "in response to determining" or "upon detecting [the stated

condition or event]" or "in response to detecting [the stated condition or event]," depending on

the context.

[0019] The following description is directed towards various embodiments of a injector

drive system in accordance with the present invention.

[0020] Referring to the drawings in detail, where like numerals indicate like elements

throughout, there is shown in Figs. 1-3 a first preferred embodiment of a prototype reusable,

patient-controlled injector, generally designated 10, and hereinafter referred to as the "injector"

in accordance with the present invention. The injector 10 is shown in Fig. 1 and is preferably

designed for controlling a drug injection rate from a drug injector (not shown) having a drug-

injector piston, a linear movement of which forces a fluid drug out of the drug injector. While

reference is made herein generically to a drug injector having a piston, it is understood that the

present invention is not so limited. For example, the injector 10 described in detail below may

also be used or reused with nearly any type of drug injector having a linear mechanism for

injecting a drug.

[0021] The injector 10 has an injector housing 12 having a housing longitudinal axis AH. A

rack and pinion assembly 14 is disposed on the injector housing 12. The rack and pinion

assembly 14 has a rack longitudinal axis AR parallel to the housing longitudinal axis AH. A



drug-injector mount 16 is fixedly dispose on the injector housing 1 adjacent the rack and

pinion assembly 14. The drug-injector mount 16 is configured to releasably receive the drug

injector. A carriage 18 is coupled to the rack and pinion assembly 14. The carriage 18 is driven

in translation parallel to the rack longitudinal axis AR by an electric motor and is configured to

engage and move the drug-injector piston when the drug injector is in the drug-injector mount

16.

[0022] The rack and pinion assembly 14 comprises a pair of generally U-shaped rail mounts

20 spaced apart along the housing longitudinal axis AH. Each rail mount 20 has a rail-mount

base 22 fixedly attached to the injector drive-system housing 12, a first upwardly-extending rail

support 24 and a second upwardly-extending rail support 26 spaced laterally from the first

upwardly-extending rail support 24. The first upwardly-extending rail support 24 is shorter than

the second upwardly-extending rail support 26.

[0023] An upper rail 28 extends between and is attached to the first upwardly-extending rail

support 24 of each rail mount 20. The upper rail 28 has a downwardly-facing upper-rail surface

30 with upper-rail teeth 32. An upper-rail pinion gear 34 is mounted on an upper-rail pinion

shaft 36 and meshes with the upper-rail teeth 32. The upper-rail pinion shaft 36 extends

laterally inwardly through an upper-rail pinion-shaft journal 38 in an upwardly-extending

carriage member 40 and terminates with an upper-rail pinion-shaft worm gear 42.

[0024] A lower rail 44 extends between and is attached to the second upwardly-extending

rail support 26 of each rail mount 20. The lower rail 44 has an upwardly-facing lower-rail

surface 46 with lower-rail teeth 48. A lower-rail pinion gear 50 is mounted on a lower-rail

pinion shaft 52 and meshes with the lower-rail teeth 48. The lower-rail pinion shaft 52 extends

laterally inwardly through a lower-rail pinion-shaft journal 54 in a downwardly-extending

carriage member 56 and terminates with a lower-rail pinion-shaft worm gear 58.

[0025] The downwardly-extending carriage member 56 is spaced from the upwardly-

extending carriage member 40 by a carriage central body 60. An electric motor 62 having a

motor shaft 64 to which a motor-shaft worm 66 is affixed for rotation therewith is mounted on

the carriage central body 60 such that the motor-shaft worm 66 meshes with the upper-rail

pinion-shaft worm gear 42 and the lower-rail pinion-shaft worm gear 58.

[0026] In a preferred embodiment of the injector 10, the motor 62 is a 12-volt gear motor

having a 1030 RPM free-run, 44 oz-in torque and a 5.6 amp stall capability. Preferably, the

motor shaft 64 is 44-mm and has a "D" cross sectional shape.



[0027] The downwardly-extending carriage member 56 has an outwardly-extending

downwardly-extending carriage-member lip 68 slideably engaging a downwardly-facing lower-

rail surface 70. The upwardly-extending carriage member 40 has an outwardly-extending

upwardly-extending carriage-member lip 72 slideably engaging an upwardly-facing upper-rail

surface 74.

[0028] The upper rail 28 and the lower rail 44 of the rack and pinion assembly 14 are

preferably made of brass; the upper-rail teeth 32 and the lower rail teeth 48 preferably have a

48-degree pitch, a 20-degree pressure angle and a face width of about 1/8 inch. The upper-rail

pinion gear 34 and the lower-rail pinion gear 50 preferably are brass external tooth spur gears

with a 20-degree pressure angle and a 0.208 inch pitch diameter. The worm gear preferably has

a 48-inch pitch diameter with a 14.5-degree pressure angle. The pinion gears 34, 50 and the

worm gears 42, 58 are mounted on opposite ends of a 3/16-inch diameter steel pinion shaft 36,

52. The motor-shaft worm 66 is preferably made of steel and is a 48 pitch gear with a 14.5-

degree pressure angle and a 0.333-inch pith diameter. When messed with the worm gears 42,

58, a single rotation of the worm 66 produces a l/20 turn of the worm gears 42, 58.

[0029] Referring to Fig. 3, an electrical control system 76 is in communication with the

electric motor 62. The electrical control system 76 has a movable, patient-accessible injection-

rate control actuator 78. The electrical control system 76 includes a linear motion potentiometer

80 in electrical communication with the electric motor 62. The drug injection rate depends on

an electrical state of the potentiometer 80 which, in turn, depends on the extent of the movement

of the injection-rate control actuator 78.

[0030] The electrical control system 76 has a user interface 82 configured to provide a user

perceptible communication representing a state of the injector 10. In some embodiments, the

user perceptible signal may be a visual signal. In such embodiments, the user interface 82

preferable may include a light-emitting diode assembly and the visual signal emitted by the

light-emitting diode assembly may be a red emittance when the injector is not ready for use, a

green emittance when the injector is ready for use and a blue emittance when the injector is in

use. In other embodiments, the user perceptible communication may be an audible or tactile

signal. In still other embbodiments, the user perceptible communication may be any

combination of the foregoing form of communication.

[0031] The rack and pinion assembly 14 has a pair of spaced-apart limit switches 86 in

electrical communication with the electrical control system 76. The limit switches 86 are

positioned on the one of the upper rail 28 or lower rail 44 of the rack and pinion assembly 14 to



prevent the carriage 18 from hitting either end of the rack and are activated by contact with the

carriage 18. In some embodiments, the limit switches 86, upon contact with the carriage 14 may

reverse the direction of the motor 62.

[0032] Fig. 3 is a schematic diagram of the control system 76 for the prototype injector drive

system 10. The control system 76 includes the injection-rate control button 78 coupled to a

linear motion potentiometer 80. The button 78 changes the resistance of the potentiometer 80

based on the depth to which the button 78 is depressed.

For optimization of a control system and user interface for a production injector drive

system, the prototype control system 76 also includes an H-bridge, such as a Texas instruments

DVR8833 H-Bridge motor drive chip allowing communication between the motor 62 and a real

time embedded evaluation board for reconfigurable input/output, such as a National Instruments

myRIO Student Embedded Device.

[0033] The foregoing detailed description of the invention has been disclosed with reference

to a specific embodiment. However, the disclosure is not intended to be exhaustive or to limit

the invention to the precise forms disclosed. Those skilled in the art will appreciate that changes

could be made to the embodiments described above without departing from the broad inventive

concept thereof. For example, the foregoing embodiments of the injector 10 need not be limited

to rack and pinion assemblies having only two rails. Although assemblies with two rails are

preferable, in some injector embodiments having a rack and pinion assembly with more than

two rails, such as three or four rail assembly may be desirable to allow a modified gear assembly

to have three or four point contact with the drive motor worm. Therefore, the disclosure is

intended to cover modifications within the spirit and scope of the present invention as defined

by the appended claims



CLAIMS

We claim:

1. A reusable patient-controlled injector having a drive system for controlling a

drug injection rate from a drug injector having a drug-injector piston a movement of which

forces a fluid drug out of the drug injector, the reusable patient-controlled injector comprising:

an injector housing having a housing longitudinal axis;

a rack and pinion assembly disposed in the injector housing, the rack and pinion

assembly having a rack longitudinal axis parallel to the housing longitudinal axis;

a reusable drug-injector mount fixedly dispose in the injector housing adjacent the rack

and pinion assembly, the drug-injector mount configured to releasibly receive the drug injector;

a carriage coupled to the rack and pinion assembly, the carriage having a downwardly-

extending carriage member spaced from an upwardly-extending carriage member by a carriage

central body, the carriage driven in translation parallel to the rack longitudinal axis by a

reversible electric motor and configured to engage and move the drug-injector piston when the

drug injector is removably retained in the drug-injector mount; and

an electrical control system in communication with the electric motor, the electrical

control system having a movable, patient-accessible injection-rate control actuator, the drug

injection rate varying proportional to the movement of the patient-accessible injection-rate

control actuator,

wherein the rack and pinion assembly comprises:

a pair of generally U-shaped rail mounts spaced apart along the housing

longitudinal axis, each rail mount having a rail-mount base fixedly attached to the injector drive-

system housing, a first upwardly-extending rail support and a second upwardly-extending rail

support spaced laterally from the first upwardly-extending rail support, the first upwardly-

extending rail support shorter than the second upwardly-extending rail support;



an upper rail extending between and attached to the first upwardly-extending rail

support of each rail mount, the upper rail having a downwardly-facing rail surface with upper-

rail teeth;

an upper-rail pinion gear mounted on an upper-rail pinion shaft and meshed with

the upper-rail teeth, the upper-rail pinion shaft extending laterally inwardly through an upper-

rail pinion-shaft journal in the upwardly-extending carriage member and terminating with an

upper-rail pinion-shaft worm gear;

a lower rail extending between and attached to the second upwardly-extending

rail support of each rail mount, the lower rail having an upwardly-facing rail surface with lower-

rail teeth; and

a lower-rail pinion gear mounted on a lower-rail pinion shaft and meshed with

the lower-rail teeth, the lower-rail pinion shaft extending laterally inwardly through a lower-rail

pinion-shaft journal in the downwardly extending carriage member and terminating with a

lower-rail pinion-shaft worm gear.

2 . The patient controlled injector according to claim 1, wherein the electrical

control system includes a linear motion potentiometer in electrical communication with the

electric motor, the drug injection rate depends on an electrical state of the potentiometer and the

electrical state of the potentiometer depends on the extent of the movement of the injection-rate

control actuator.

3 . The patient controlled injector according to claim 1, wherein the electrical

control system has a user interface configured to provide a user perceptible communication

representing a state of the injector.

4 . The patient controlled injector according to claim 3, wherein the user perceptible

communication is a visual signal.

5 . The patient controlled injector according to claim 4, wherein the user interface

includes a light-emitting diode assembly and the visual signal emitted by the light-emitting

diode assembly is a red emittance when the injector is not ready for use, a green emittance when

the injector is ready for use and a blue emittance when the injector is in use.



6 . The patient controlled injector according to claim 3, wherein the user perceptible

communication is an audible signal.

7 . The patient controlled injector according to claim 3, wherein the user perceptible

communication is a tactile signal.

8 . The patient controlled injector according to claim 1, wherein the rack and pinion

assembly as a pair of spaced apart limit switches in electrical communication with the electrical

control system and activateable by the carriage and positioned to prevent the carriage from

hitting either end of the rack.

9 . The patient controlled injector according to claim 1, wherein the electric motor

has a motor shaft to which a motor-shaft worm is affixed for rotation therewith and the electric

motor is mounted on the carriage central body such that the motor-shaft worm meshes with the

upper-rail pinion-shaft worm gear and the lower-rail pinion-shaft worm gear.

10. The patient controlled injector according to claim 1, wherein the downwardly-

extending carriage member has an outwardly-extending downwardly-extending carriage-

member lip slideably engaging a downwardly-facing lower-rail surface and the upwardly-

extending carriage member has an outwardly-extending upwardly-extending carriage-member

lip slideably engaging an upwardly-facing upper-rail surface.
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