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MEDICAL DEVICES INCLUDING VIAL ADAPTER WITH INLINE

DRY DRUG MODULE

Field of the Invention

The invention pertains to medical devices with an inline dry drug module

including a dry drug dosage for use with a liquid source for parenteral

administration to a patient.

Background of the Invention

Medical treatments often involve parenteral administration of liquid drugs

to the human body. The liquid drugs can be in the form of solutions,

suspensions, and the like. Some drugs reagents have extended shelf-lives in a

dry state and only short shelf-lives after reconstitution or rehydration.

US Patent No. 6,520,932 to Taylor discloses an inline drug delivery pack

(35) that connects inline with an intravenous (IV) line and allows for the mixing

of diluent with a drug reagent to be delivered to a patient. The drug delivery

pack includes a housing (37) with a reagent bed (110) consisting of a fluid

soluble material suitable to administration to a patient via dissolution and IV

drip. The housing includes inlet radial fins (65) which cooperate with back

pressure from an inlet frit (80) to promote a uniform distribution of diluent across

the entire cross section of the drug delivery pack. An internal drug bed bypass

mechanism is tailored to apportion diluent flow between the bypass and the drug

bed to achieve a solution concentration suitable for IV administration as the dried

reagent is dissolved.

US Patent No. 6,951,613 to Reif et al. discloses a genetic vaccination

device and a process for forming an injection solution therefor. The device

includes a syringe (2) and a cannula (3) coupled to an inline membrane adsorber

(5) having genetic material adsorbed thereon. The process includes eluting the



genetic material from the membrane adsorber so as to form an injection solution

containing the genetic material.

US Patent Application Publication No. US 2008/0294100 to de Costa et

al. discloses a pharmaceutical device for the administration of substrates to a

patient. The de Costa pharmaceutical device is similar to the aforementioned

Reif genetic vaccination device insofar it includes an inline porous membrane

supporting a glassy material soluble in water and having biological materials

such as vaccines stabilized thereon such that when the biological material

requires administration, eluent can be passed across the membrane dissolving the

glass and causing the substance to be carried by the liquid into a patient.

The Reif genetic vaccination device and the de Costa pharmaceutical

device are relatively heavy and cumbersome to handle during injection of an

injection solution to a patient. Furthermore, their device housings containing the

dry drug dosage to be injected to a patient necessarily impose injections at larger

injection angles to a patient's body than is customary.

There is a need for medical devices with an inline dry drug module for

facilitating injecting an injection solution to a patient.

Summary of the Invention

The present invention is directed toward medical devices including a vial

adapter with an inline dry drug module having a dry drug dosage for use with a

needleless syringe and a vial for filling the needleless syringe with an injection

solution formed from the dry drug dosage for injection to a patient. The medical

devices are preferably used with an initially empty needleless syringe and a vial

initially filled with a liquid carrier. Alternatively, the medical device can be used

with a syringe initially pre-filled with a liquid carrier and an initially empty vial.

The liquid carrier can be diluent only or alternatively can include an active

component.



The vial adapters have a similar construction as commercially available

vented or non-vented vial adapters except for the inline dry drug modules. The

inline dry drug modules include a dry drug storage component for storing a dry

drug dosage and a uniform carrier liquid distribution component for promoting

uniform contact of the dry drug storage component by the carrier liquid to form

the injection solution. The dry drug storage component and the uniform carrier

liquid distribution component can be two discrete components. Alternatively, the

two components can be combined in a single dual purpose component.

The inline dry drug modules can employ any one of several commercially

available technologies for enabling long term storage of a dry drug dosage for

subsequent forming into an injection solution on contact by a carrier liquid.

Suitable commercially available technologies are inter alia discussed in the prior

art references acknowledged in the Background of the Invention. The different

technologies include inter alia flowing carrier liquid through a porous substrate

to dissolve or entrain a dry drug dosage, flowing carrier liquid on a substrate

surface to dissolve or entrain a dry drug dosage, and the like.

The use of medical devices of the present invention with an initially empty

needleless syringe and an initially filled vial involves a single aspiration.

Alternatively, the use of the medical devices of the present invention with an

initially filled syringe and an initially empty vial requires an initial injection of a

carrier liquid from the syringe to the vial and a subsequent aspiration from the

vial to the syringe. The former use takes less time whilst the latter use can afford

greater certainty regarding complete usage of a dry drug dosage.

The medical devices of the present invention afford a convenient low cost

solution for the preparation of needleless syringes for injection of injection

solutions to patients. The medical devices of the present invention are

particularly suitable for use with so-called thermo-stable drugs and reagents

which have a relatively long shelf-life at ambient temperatures thereby negating



the need for refrigeration. Suitable drugs and reagents include inter alia

vaccines, and the like.

Brief Description of the Drawings

In order to understand the invention and to see how it can be carried out in

practice, preferred embodiments will now be described, by way of non-limiting

examples only, with reference to the accompanying drawings, in which similar

parts are likewise numbered, and in which:

Fig. 1 is a pictorial view of an initially empty needleless syringe, a vial,

and a first embodiment of a vented medical device in accordance with the present

invention for filling the initially empty needleless syringe with an injection

solution;

Fig. 2 is a bottom perspective view of the Figure 1 medical device;

Fig. 3 is a side elevation view of the Figure 1 medical device;

Fig. 4 is a longitudinal cross section of the Figure 1 medical device along

line A-A in Figure 3;

Fig. 5 is an exploded view of the Figure 1 medical device;

Fig. 6 is a bottom perspective view of a uniform carrier liquid distribution

component of the Figure 1 medical device;

Fig. 7A shows an inverted assemblage of the initially empty needleless

syringe, the Figure 1 medical device and the vial prior to aspiration of carrier

liquid from the vial to the needleless syringe;

Fig. 7B shows the inverted assemblage subsequent to partial aspiration of

carrier liquid from the vial to the needleless syringe;

Fig. 7C shows the inverted assemblage with the needleless syringe filled

with injection solution for administration to a patient;

Fig. 8 is a close up longitudinal cross section of the encircled section of

Figure 7B's assemblage showing the flow of carrier liquid from the vial to the

syringe during aspiration;



Fig. 9 is an exploded view of a second embodiment of a vented medical

device in accordance with the present invention; and

Fig. 10 is a bottom perspective view of a uniform carrier liquid

distribution component of the Figure 9 medical device.

Detailed Description of the Drawings

Figure 1 shows an empty needleless syringe 10, a vial 20 and a vented

medical device 30 for use for filling the needleless syringe 10 with an injection

solution for injection to a patient. The syringe 10 includes a barrel 11 with a

plunger rod 12 and a syringe tip 13. The vial 20 includes a vial bottle 2 1 sealed

by a vial stopper 22. The vial bottle 2 1 typically includes an aluminum seal 23

for securing the vial stopper 22 on the vial bottle 21. The vial bottle 2 1 has a vial

interior 24 containing a carrier liquid 26. The carrier liquid 26 can be diluent

only. Alternatively, the carrier liquid 26 can include an active component.

Figures 1 to 6 show the medical device 30 has a longitudinal device

centerline 3 1 and includes a vial adapter 32 with an inline dry drug module 33.

The vial adapter 32 includes a skirt 34 having a transverse top skirt wall 36 and

downward depending flex members 37 for telescopic mounting onto the vial 20.

The top skirt wall 36 is formed with a central skirt hub 38 co-axial with the

longitudinal device axis 3 1 with six equispaced radial ribs 39 outwardly

extending therefrom. The central skirt hub 38 is formed with a liquid transfer

port 4 1 co-axial with the longitudinal device axis 3 1 and a vent port 42 offset

with respect to the longitudinal device axis 31.

The vial adapter 32 includes a top cover 43 having a central upright

female connector 44 co-axial with the longitudinal device centerline 3 1 for

sealing connection with the syringe tip 13. The syringe tip 13 is preferably a

male Luer lock connector and the central upright female connector 44 is a female

Luer connector for screw thread mounting of the needleless syringe 10 on the



medical device 30. Alternatively, the syringe tip 13 and the female connector 44

can be formed with other connectors.

The vial adapter 32 includes a downward depending puncturing cannula

46 co-axial with the longitudinal device 31 for puncturing the vial stopper 22 for

flow communication with the vial interior 24 on telescopic mounting the medical

device 30 on the vial 20. The cannula 46 includes a liquid transfer lumen 47 in

flow communication with the liquid transfer port 4 1 and a vent lumen 48 in flow

communication with the vent port 42.

The vial adapter 32 includes a filter cover 49 for deployment between the

top cover 43 and the top skirt wall 36. The filter cover 49 encloses an air filter

5 1 placed on the radial ribs 39. The air filter 5 1 has a central air filter aperture 52

co-axial with the longitudinal device axis 31. The filter cover 49 includes a

central filter cover aperture 53 co-axial with the longitudinal device axis 31 and a

peripheral filter cover edge 54 formed with a multitude of vent apertures 56.

The inline dry drug module 33 is disposed inline between the central

upright female connector 44 and the puncturing cannula 46 and in particular the

liquid transfer port 41. The inline dry drug module 33 includes a dry drug

storage component 57 proximate the upright female connector 44 and distal from

the puncturing cannula 46. The inline dry drug module 33 further includes a

uniform carrier liquid distribution component 58 proximate the puncturing

cannula 46 and distal from the upright female connector 44.

The dry drug storage component 57 is preferably formed as a disc-like

substrate formed from a wide range of suitable bio-compatible inert porous

materials enabling carrier liquid 26 to flow therethrough. Suitable materials

include inter alia glass fiber, plastic fiber, and the like. The dry drug storage

component 57 is provisioned with a dry drug dosage 59 for administration to a

patient. The dry drug dosage 59 can be in the form of very fine particles, and the

like, for enabling reconstitution of an injection solution on entraining carrier

liquid 26 through the dry drug storage component 57.



The uniform carrier liquid distribution component 58 is preferably formed

as a disc-like member having a uniform carrier liquid distribution component

topside 58A facing the upright female connector 44, a uniform carrier liquid

distribution component underside 58B facing the puncturing cannula 46, and a

uniform carrier liquid distribution component peripheral edge 61. The uniform

carrier distribution component underside 58B is formed with a series of radial

grooves 62 each terminating at a cutout 63 in the uniform carrier liquid

distribution component peripheral edge 6 1 for enabling flow communication

from the uniform carrier liquid distribution component underside 58B to the

uniform carrier liquid distribution component topside 58A.

The use of the medical device 30 for use in the preparation of the

needleless syringe 10 with an injection solution for injection to a subject is now

described with reference to Figures 7A to 7C and Figure 8 which is an

enlargement of the encircled area denoted A in Figure 7B :

Figure 7A shows a user telescopically mounts the medical device 30 onto

the vial 20 to puncture the vial stopper 22. The user connects the needleless

syringe 10 to the female connector 44. The user inverts the assemblage such that

the vial 20 is above the needleless syringe 10 and begins to aspirate the carrier

liquid 26 from the vial 20 into the needleless syringe 10.

Figure 7B and Figure 8 show the flow of carrier liquid 26 from the vial 20

to the initially empty needleless syringe 10 as follows: The carrier liquid 26

flows downward along the liquid transfer lumen 47 to the uniform carrier liquid

distribution component underside 58B. The carrier liquid 26 flows radial

outward from the center of the uniform carrier liquid distribution component

underside 58B along the radial grooves 62 to the uniform carrier liquid

distribution component peripheral edge 61.

The carrier liquid 26 flows downward through the cutouts 63 and then

radial inwards through the porous dry drug storage component 57 to entrain the

dry drug dosage 59 therewith to form an injection solution 64. During aspiration



of the carrier liquid 26 from the vial 20 to the syringe 10, air is drawn through the

vent apertures 56, the air filter 5 1 and the vent lumen 48 into the vial 20 as

indicated by air bubbles in the carrier liquid 26.

Figure 7C shows the syringe 10 filled with an injection solution 64 ready

for injection to a subject after disconnection from the female connector 44 and

attachment of a needle.

Figure 9 shows a vented medical device 70 similar in construction and

operation as the vented medical device 30 and therefore similar parts are likewise

numbered. The latter 70 differs from the former 30 insofar its inline dry drug

module 33 includes a single dual purpose component 7 1 acting as both a dry drug

dosage storage component and a uniform carrier liquid distribution component.

The dual purpose component 7 1 has a similar construction as the uniform carrier

liquid distribution component 58 insofar as it includes a uniform carrier liquid

distribution component topside 7 1A facing the female connector 44, a uniform

carrier liquid distribution component underside 7IB facing the puncturing

cannula 46 and a uniform carrier liquid distribution component peripheral edge

72. The uniform carrier liquid distribution component topside 7 1A has a dry

drug dosage coating 73 constituting a dry drug dosage storage component. The

uniform carrier distribution component underside 7IB is formed with a series of

radial grooves 62 each terminating at a cutout 63 in the uniform carrier liquid

distribution component peripheral edge 72 for enabling flow communication

from the uniform carrier liquid distribution component underside 7IB to the

uniform carrier liquid distribution component topside 7 1A.

While the invention has been described with respect to a limited number

of embodiments, it will be appreciated that many variations, modifications, and

other applications of the invention can be made within the scope of the appended

claims.



Claims

1. A medical device for use with a needleless syringe, a vial and a carrier

liquid for filling the needleless syringe with an injection solution for injection to

a patient, the needleless syringe having a male connector, the vial having a vial

stopper and a vial interior, the medical device having a longitudinal device

centerline and comprising:

(a) a vial adapter having a skirt with downward depending flex members for

telescopic mounting on the vial, a puncturing cannula for puncturing the vial

stopper on said telescopic mounting for flow communication with the vial

interior and a central upright female connector in flow communication with said

puncturing cannula and intended for connection to the male connector; and

(b) an inline dry drug module disposed inline between said female connector

and said puncturing cannula, said inline dry drug module including a dry drug

storage component for storing a dry drug dosage and a uniform carrier liquid

distribution component for promoting uniform contact of said dry drug storage

component by said carrier liquid on aspiration of carrier liquid from the vial to

the needleless syringe to form the injection solution.

2. The device according to claim 1 wherein said inline dry drug module

includes a discrete dry drug storage component for storing said dry drug dosage

and a discrete uniform carrier liquid distribution component for promoting said

uniform contact.

3. The device according to claim 1 wherein said inline dry drug module

includes a dual purpose component for both storing said dry drug dosage and

promoting said uniform contact.

4. The device according to any one of claims 1 to 3 wherein said uniform

carrier liquid component includes a uniform carrier liquid component topside



facing said female connector, a uniform carrier liquid distribution component

underside facing said puncturing cannula and a uniform carrier liquid distribution

component peripheral edge,

said uniform carrier liquid distribution component underside having a

multitude of radial grooves each terminating in a cutout in said uniform carrier

liquid distribution component peripheral edge thereby enabling carrier liquid to

flow from said uniform carrier liquid distribution component underside to said

uniform carrier liquid distribution component topside on aspiration of the

needleless syringe to draw liquid contents from the vial to the needleless syringe.
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