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(57) ABSTRACT 

Amedical device is provided comprising a reservoir adapted 
to contain a ?uid drug in an interior thereof, and a pump 
assembly. The pump assembly comprises a pump inlet, a 
pump outlet and an internal ?oW path arranged there 
between, and a ?uid connector having an inlet and an outlet. 
The ?uid connector is arranged to be operated from an initial 
state in Which the ?uid connector is arranged Within the 
interior of the pump and an actuated state in Which ?uid 
communication is established between the interior of the 
reservoir and the interior of the pump assembly via the ?uid 
connector and With the outlet of the ?uid connector being 
arranged in the ?oW path of the pump assembly. 
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INTERNAL FLUID CONNECTOR 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This Application is a continuation of International 
Application serial no. PCT/DK2004/000727 ?led Oct. 21, 
2004 and claims priority from Danish Application serial nos. 
PA 2003 01545 ?led Oct. 21, 2003, PA 2003 01590 ?led Oct. 
28, 2003; European application serial nos. EP 03024276.2 
?led Oct. 23, 2003, EP 03024626.8 ?led Oct. 27, 2003 and 
to US. Provisional Application Ser. Nos. 60/518,881 ?led 
Nov. 10, 2003, 60/518,832 ?led Nov. 10, 2003 and 60/518, 
836 ?led Nov. 10, 2003. 

FIELD OF THE INVENTION 

[0002] The present invention generally relates to a medical 
device comprising a pump assembly and a reservoir adapted 
to be connected in ?uid communication With each other. 

BACKGROUND OF THE INVENTION 

[0003] In the disclosure of the present invention reference 
is mostly made to the treatment of diabetes by injection or 
infusion of insulin, hoWever, this is only an exemplary use 
of the present invention. 

[0004] Portable drug delivery devices for delivering a drug 
to a patient are Well knoWn and generally comprise a 
reservoir adapted to contain a liquid drug and having an 
outlet in ?uid communication With a holloW infusion needle, 
as Well as expelling means for expelling a drug out of the 
reservoir and through the skin of the subject via the holloW 
needle. Such devices are often termed infusion pumps. 

[0005] Basically, infusion pumps can be divided into tWo 
classes. The ?rst class comprises infusion pumps Which are 
relatively expensive pumps intended for 34 years use, for 
Which reason the initial cost for such a pump often is a 
barrier to this type of therapy. Although more complex than 
traditional syringes and pens, the pump offer the advantages 
of continuous infusion of insulin, precision in dosing and 
optionally programmable delivery pro?les and user actuated 
bolus infusions in connections With meals. 

[0006] Addressing the above problem, several attempts 
have been made to provide a second class of drug infusion 
devices that are loW in cost and convenient to use. Some of 
these devices are intended to be partially or entirely dispos 
able and may provide many of the advantages associated 
With an infusion pump Without the attendant cost and 
inconveniencies, eg the pump may be pre?lled thus avoid 
ing the need for ?lling or re?lling a drug reservoir. Examples 
of this type of infusion devices are knoWn from US. Pat. 
Nos. 4,340,048 and 4,552,561 (based on osmotic pumps), 
US. Pat. No. 5,858,001 (based on a piston pump), US. Pat. 
No. 6,280,148 (based on a membrane pump), US. Pat. No. 
5,957,895 (based on a ?oW restrictor pump (also knoW as a 
bleeding hole pump)), US. Pat. No. 5,527,288 (based on a 
gas generating pump), or US. Pat. No. 5,814,020 (based on 
a sWellable gel) Which all in the last decades have been 
proposed for use in inexpensive, primarily disposable drug 
infusion devices, the cited documents being incorporated by 
reference. US. Pat. No. 6,364,865 discloses a manually held 
infusion device alloWing tWo vial-type containers to be 
connected and a pressure to be build up in one of the 
containers to thereby expel a drug contained in that con 
tainer. 
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[0007] The disposable pumps generally comprises a skin 
contacting mounting surface adapted for application to the 
skin of a subject by adhesive means, and With the infusion 
needle arranged such that in a situation of use it projects 
from the mounting surface to thereby penetrate the skin of 
the subject, Whereby the place Where the needle penetrates 
the skin is covered While the appliance is in use. The 
infusion needle may be arranged to permanently project 
from the mounting surface such that the needle is inserted 
simultaneously With the application of the infusion pump, 
this as disclosed in US. Pat. Nos. 2,605,765, 4,340,048 and 
in EP 1 177 802, or the needle may be supplied With the 
device in a retracted state, i.e. With the distal pointed end of 
the needle “hidden” inside the pump device, this alloWing 
the user to place the pump device on the skin Without the 
possibility of observing the needle, this as disclosed in US. 
Pat. Nos. 5,858,001 and 5,814,020. In addition to pumps, 
alternative means for transporting a ?uid drug may be used, 
eg iontophoresis as discussed beloW. 

[0008] Although it can be expected that the above 
described second class of fully or partly disposable infusion 
devices can be manufactured considerably cheaper than the 
traditional durable infusion pump, they are still believed to 
be too expensive to be used as a real alternative to traditional 
infusion pumps for use on an every-day basis. 

DISCLOSURE OF THE INVENTION 

[0009] Having regard to the above-identi?ed problems, it 
is an object of the present invention to provide a skin 
mountable drug delivery device or system as Well as com 
ponents therefore, Which alloW such a device or system to be 
used in a convenient and cost-effective manner. The con 
?guration of the system and the components therefore 
should contribute in providing a medical delivery means 
Which alloWs for easy and sWift operation yet being reliable 
in use. 

[0010] In the disclosure of the present invention, embodi 
ments and aspects Will be described Which Will address one 
or more of the above objects or Which Will address objects 
apparent from the beloW disclosure as Well as from the 
description of exemplary embodiments. 

[0011] Thus, corresponding to a ?rst aspect, a medical 
device is provided comprising a reservoir adapted to contain 
a ?uid drug in an interior thereof, and a pump assembly 
comprising. The pump assembly comprises a pump inlet, a 
pump outlet and an internal ?oW path arranged there 
betWeen. The pump assembly further comprises a ?uid 
connector comprising an inlet and an outlet, Wherein the 
?uid connector is arranged to be operated from an initial 
state in Which the ?uid connector is arranged Within the 
interior of the pump and an actuated state in Which ?uid 
communication is established betWeen the interior of the 
reservoir and the interior of the pump assembly via the ?uid 
connector and With the outlet of the ?uid connector being 
arranged in the ?oW path of the pump assembly. In this Way 
a pump assembly is provided With a build-in actuatable 
means for connecting the pump assembly to a reservoir 

[0012] The ?uid actuator may be actuated by any suitable 
means arranged Within or outside the pump assembly. For 
example, the pump assembly may comprise an actuation 
opening alloWing an external member to engage the ?uid 
connector to thereby operate the ?uid connector from the 
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initial to the actuated state, or the ?uid connector may be 
released or activated by electric means housed Within the 
pump assembly. 

[0013] In an exemplary embodiment the pump inlet and 
the pump outlet and, if provided, the actuation opening 
comprise seals Which in the initial state seal the interior of 
the pump and thereby the ?oW path and the ?uid connector 
in an initial sterile state. The seals may be of any suitable 
type, eg gas penetratable seals allowing a sterilizing gas to 
penetrate the seals after they have been applied. In case the 
device is steriliZed using radiation also seals not penetratable 
to a gas may be used. 

[0014] The ?uid connector may comprise a pointed inlet 
end, and the reservoir may comprise a penetratable portion 
alloWing the pointed ?uid connector inlet end to be inserted 
there through. Advantageously, the penetratable portion of 
the reservoir comprises a self-sealing needle-penetratable 
septum, e.g. made from a rubber material or an elastomeric 
compound. Correspondingly, the pump outlet may comprise 
a self-sealing needle-penetratable septum alloWing a pointed 
transcutaneous device to be inserted there through. 

[0015] The pump assembly may be in the form of eg a 
mechanical pump (eg a membrane pump, a piston pump or 
a roller pump) in combination With electronically controlled 
actuation means, a mechanically driven pump (e.g. driven 
by a spring), a gas driven pump or a pump driven by an 
osmotic engine. In an exemplary embodiment, the ?oW path 
comprises a variable volume pump chamber, the ?oW path 
advantageously further comprising an inlet valve associated 
With the pump inlet and an outlet valve associated With the 
pump outlet. 

[0016] In an exemplary embodiment the medical device 
further comprises a transcutaneous device adapted to pen 
etrate the skin of a subject (e.g. comprising a pointed end), 
the transcutaneous device being arranged or adapted to be 
arranged in ?uid communication With the pump outlet. 

[0017] In the context of the present invention, the trans 
cutaneous device (Which term also covers the similar terms 
transcutaneous access device and transcutaneous access tool 

traditionally used in this technical ?eld) may be in the form 
of a pointed holloW infusion needle, a micro needle array, or 
a combination of a relatively ?exible per se blunt cannula 
With a pointed insertion needle may provide a pointed 
transcutaneous device, the insertion needle being retractable 
after insertion of the blunt portion of the transcutaneous 
device. In the latter case the portion of the transcutaneous 
device actually retracted by the retraction means of the 
present invention does not necessarily comprise a pointed 
end alloWing the combined transcutaneous device to be 
inserted through the skin, such a pointed end being With 
draWn during insertion of the transcutaneous device. The 
cannula is advantageously soft and ?exible relative to the 
insertion needle Which typically is a solid steel needle. In the 
disclosure of the present invention as Well as in the descrip 
tion of the exemplary embodiments, reference Will mostly 
be made to a transcutaneous device in the form of an 
infusion needle. The length of the transcutaneous device 
may be chosen in accordance With the actual application, 
eg a holloW steel needle Which may be inserted at a 
substantially right angle relative to the skin surface may 
have an inserted length of 2-8 mm, preferably 3-5 mm, 
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Whereas a cannula Which may also be inserted at an oblique 
angle relative to the skin surface may be someWhat longer, 
e.g. 4-20 mm. 

[0018] In a further exemplary embodiment the invention 
provides a medical assembly comprising a medical device as 
disclosed above, further comprising a transcutaneous device 
unit having a transcutaneous device comprising a pointed 
end adapted to penetrate the skin of a subject, and a 
mounting surface adapted for application to the skin of a 
subject, Wherein the transcutaneous device unit and the 
medical device are adapted to be secured to each other in a 
situation of use, and Wherein the transcutaneous device is 
adapted to be arranged in ?uid communication With the 
pump outlet. The ?uid communication betWeen the trans 
cutaneous device and the pump assembly may be established 
When the transcutaneous device unit and the medical device 
are secured to each other, just as the ?uid connector may be 
operated from the initial to the actuated state When the 
transcutaneous device unit and the medical device are 
secured to each other. 

[0019] Corresponding to a further aspect, a medical device 
comprising a transcutaneous unit and a reservoir unit is 
provided, Wherein the transcutaneous unit comprises trans 
cutaneous means for transporting a ?uid through a skin 
portion of a subject, and a mounting surface adapted for 
application to the skin of the subject. The reservoir unit 
comprises a reservoir adapted to contain a ?uid drug, the 
reservoir comprising an outlet allowing the transcutaneous 
means to be arranged in ?uid communication With an 
interior of the reservoir, and expelling means for, in a 
situation of use, expelling a ?uid drug out of the reservoir 
and through the skin of the subject via the transcutaneous 
means. The transcutaneous unit and the reservoir unit further 
comprise coupling means alloWing the reservoir unit to be 
secured to the transcutaneous unit in the situation of use. The 
transcutaneous device unit and the reservoir unit may com 
prise housings Within Which the transcutaneous device 
respectively the reservoir and the expelling assembly is 
arranged. 

[0020] The term “transcutaneous” covers all forms of 
administration in Which a ?uid is transported through a 
portion of the skin, e.g. intradermal or subcutaneous admin 
istration. The transcutaneous means may be in the form of a 
transcutaneous device, a jet injection means or electrodes 
alloWing an ionic agent to permeate from a predetermined 
site on the surface of skin into the subcutaneous tissue of the 
subject by using the principle of iontophoresis. For a more 
thorough discussion of iontophoresis reference is made to 
Us. Pat. No. 6,622,037 hereby incorporated by reference. 
Depending on the nature of the transcutaneous means the 
expelling means may be of different con?guration and 
nature. For example, When one or more holloW infusion 
needles or cannulas are used, the expelling means may be 
arranged to force or suck the ?uid drug from the reservoir, 
Whereas in the case of iontophoresis the expelling means 
Would be means for applying a current over a set of 

electrodes, i.e. “driving” means. 

[0021] Corresponding to a yet further aspect, a medical 
device comprising a transcutaneous device unit and a res 
ervoir unit is provided, Wherein the transcutaneous device 
unit comprises a transcutaneous device comprising a pointed 
end adapted to penetrate the skin of a subject, and a 
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mounting surface for application to the skin of the subject. 
The reservoir unit comprises a reservoir adapted to contain 
a ?uid drug, and an expelling assembly adapted for coop 
eration With the reservoir to expel the ?uid drug out of the 
reservoir and through the skin of the subject via the trans 
cutaneous device. The transcutaneous device unit and the 
reservoir unit are further adapted to be secured to each other 
in a situation of use thereby alloWing a ?uid communication 
to be established betWeen the reservoir and the transcuta 
neous device. The transcutaneous device unit and the res 
ervoir unit may comprise releasable coupling means alloW 
ing the reservoir unit to be secured to the transcutaneous 
device unit in a situation of us. Such a medical device 
comprising tWo units may also be considered a medical 
system. 

[0022] The term expelling assembly covers an aggregation 
of components or structures Which in combination provides 
that a ?uid can be expelled from the reservoir. The expelling 
assembly may eg be a mechanical pump (eg a membrane 
pump, a piston pump or a roller pump) in combination With 
electronically controlled actuation means, a mechanically 
driven pump (e.g. driven by a spring), a gas driven pump or 
a pump driven by an osmotic engine. 

[0023] The mounting surface is adapted for application 
against the skin of a subject (e. g. user or patient) and may be 
held in contact With the skin by attaching means external to 
the mounting surface (e.g. coupling means alloWing the 
medical device to be coupled to a skin mountable device, or 
an adhesive bandage or a dressing) or by adhesive means 
provided on the mounting surface. The mounting surface 
may also be adapted for mounting toWards the skin via an 
interposed component of a skin mountable device, eg a skin 
mountable device may comprise a receiving portion to 
Which the medical device is attached, the transcutaneous 
device being inserted into the skin through an aperture in the 
receiving portion. 

[0024] By the above arrangement different concepts can 
be realiZed. For example, by providing at least two different 
of one of the units, it Will be possible to provided tWo or 
more combinations, Wherein each combination of a trans 
cutaneous device unit and a reservoir unit provides an 
assembly Will have different capabilities as discussed in 
further detail beloW. In case the units are provided With 
releasable coupling means, one of the units can be 
exchanged With a neW or different unit yet alloWing the other 
unit to be re-used, thereby lengthening the operational life of 
the re-used unit. Thus, the present invention provides in an 
exemplary embodiment a device in Which the components 
providing the interface With the user is incorporated in a ?rst 
unit Whereas the components providing the drug delivery per 
se is incorporated in a second unit, this alloWing the com 
bined components to be combined or exchanged in a simple, 
reliable and user-friendly Way. 

[0025] For example, the reservoir unit may be provided 
With an amount of drug and a delivery pump comprising an 
energy source alloWing the drug to be delivered over e. g. 10 
days, Whereas the transcutaneous device unit may be pro 
vided With a transcutaneous device and an adhesive surface 
on the mounting surface having an expected (or recom 
mended) operational life of 2 days, this alloWing the reser 
voir unit to be used With 5 transcutaneous device units over 
a period of 10 days, this considerably loWering the total 
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costs of using the combined device. The reservoir may be 
pre-?lled or adapted to be ?lled one or more times. 

[0026] On the other hand, a transcutaneous device unit 
may be provided with eg a needle or a soft cannula, and 
adhesive means (eg of the type used for attaching colos 
tomy bags) alloWing the needle unit to be mounted and used 
over an extended period of time, the reservoir unit having a 
shorter expected operational life, eg when relatively large 
amounts of drugs have to be infused. Alternatively, di?ferent 
reservoir units with different types of drugs may be used in 
combination With such a “long-term” mounted needle unit. 

[0027] For ease of use, the ?uid communication betWeen 
the needle and the reservoir may be established When the 
needle unit and the reservoir unit are secured to each other, 
just as the expelling means may be activated When the 
needle unit and the reservoir unit are secured to each other 
and de-activated When the units are released from each other. 
Indeed, one or both of the operations may also be performed 
manually by the user. 

[0028] In an exemplary embodiment the expelling assem 
bly comprises a pump having an inlet adapted to be arranged 
in ?uid communication With the outlet of the reservoir, and 
an outlet adapted to be arranged in ?uid communication With 
the transcutaneous device, thereby alloWing the transcuta 
neous device to be arranged in ?uid communication With the 
interior of the reservoir. By such an arrangement the pump 
Will serve as a suction pump draWing drug from the reservoir 
Which consequently Will have to be either collapsible or 
vented in case a non-collapsible reservoir is used. The 
expelling assembly may also be in the form of an arrange 
ment adapted to pressuriZe the reservoir, eg an arrangement 
for driving a piston in reservoir comprising a displaceable 
piston. The reservoir unit may comprise more than one 
reservoir and more than one expelling assembly. For 
example, a single expelling assembly may be used to expel 
drug from more than one reservoir, either simultaneously 
thereby mixing drugs or alternating, or each reservoir may 
be provided With an expelling assembly Which may be 
connected to a common transcutaneous device or to indi 

vidual transcutaneous devices, eg the transcutaneous 
device unit may comprise more than one transcutaneous 
device adapted to be connected to a expelling assembly. 

[0029] In order to provide an initially sterile ?oW path 
through the pump, the ?oW path may be arranged betWeen 
the inlet and outlet such that the inlet and outlet seal the 
interior of the pump and thereby the ?oW path in an initial 
sterile state. By this arrangement it Will not be necessary to 
provide the reservoir unit as an entirely sterile unitiindeed, 
the drug Will have to be provided in a sterile state. 

[0030] In an exemplary embodiment, the reservoir unit is 
transforrnable from an initial condition in Which there is no 
?uid communication betWeen the pump and the reservoir to 
a non-reversible operating condition in Which ?uid commu 
nication is established betWeen the inlet means of the pump 
and the outlet means of the reservoir When the pump unit is 
secured to a needle unit for the ?rst time. By this arrange 
ment it is avoided that undesired matter is introduced into 
the reservoir during re-connection betWeen the pump and the 
reservoir. 

[0031] To secure a clean connection betWeen the pump 
and the reservoir, a separate ?uid connector may be arranged 






















