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FIG. 2

(57) Abréegée/Abstract:

A medical device with a volume sensor Is provided for administering liquid drug therapy to a user. The medical device comprises a
flexible reservolir (101) for housing a supply of a liquid drug, a rigid structure (120) with a chamber (102) and a side hole (104) In
fluild communication with the flexible reservoir, a plunger (105) mounted Inside the chamber and configured to seal one side of the
chamber, and a switch (106) implemented to indicate the position of the plunger. When the inside end of the plunger (105) passes
the side hole (104), the switch (106) Is activated to transmit a signal indicating liquid volume in the flexible reservoir (101).
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(57) Abstract: A medical device with a volume sensor 1s provided for administering liquid drug therapy to a user. The medical device
comprises a flexible reservoir (101) for housing a supply of a liquid drug, a rigid structure (120) with a chamber (102) and a side hole
(104) in flmd communication with the flexible reservoir, a plunger (105) mounted inside the chamber and configured to seal one side
of the chamber, and a switch (106) implemented to indicate the position of the plunger. When the inside end of the plunger (105) passes
the side hole (104), the switch (106) 1s activated to transmit a signal indicating liquid volume in the flexible reservoir (101).
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RESERVOIR WITH LOW VUOLUME SENSOR

FIRED OF THE INVENTION

LS The present invention relates generally (0 a reservorr for delivering hguid, A
speciiic embodiment of the wvention relates to a flexible reservoir with a low vohume sensor
for dehivering icuid medicinal products, such as msulin, An additional embodiment provides
a method for operating a Hexable reservoir with a low volume sensor including providing a

warning that replacement of the flexible reservoir is needed.

BACKGROURND OF THE INVENTION

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

{0662} fMabetes is a group of diseases characterized by high levels of blood glucose
resulting from the inability of diabetic patients to mamtain proper levels of insulin production
when required. Persons with diabetes will require some form of daily msulin therapy {o
mamdain control of their glucose levels. [habetes can be dangerous o the atfecied patient if
it 1s not treated, and i can iead to serious health complications and premature death.
However, such complications can be mimimized by utilizing one or more treatment options {0
help control the diabetes and reduce the risk of complications.

LHUIR) The treatment options for diabetic patients inchude specialized diets, oral
medications and/or insulin therapy. The main goal of diabetes treatment is to control the
diabetic patient’s blood glucose or sugar ievel. However, maintainmg proper diabetes
management may be complicated because it has {0 be balanced with the activities of the
diabetic patient.

{3084) For the treatment of type 1 diabetes, there are two principal methods of daily
msulin therapy. in the first method, diabetic patients use syringes or insulin pens {o self-
wyect msuwlin when needed. This method requires a needle stick for each mjection, and the
diabetic patient may require three to four imjections darly. The syringes and msulin pens that
are used to imject msulin are relatively simiple {0 use and cost effective.

EHEINY Another eftective method for insulin therapy and managing diabetes is
infusion therapy i which an insulin pump is used. The insulin pump can provide continuous

infusion of insulin to a diabetic patient at varying raies in order o more closely maich the
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functions and behavior of a properiy operating pancreas of a non-diabetic person that
produces the required mmsulin, and can help the diabetic patient maintain his’her blood glucose
level withun target ranges based on the diabetic patient’s mdividual needs.

8006} To facisate infusion therapy, there are generally two types of insulin pumps,
pamely, conventional purnps and pateh pumps. Conventional pumps require the use of a
disposable component, typically referred to as an infusion set, ubmg set or pump set, which
convevs the insulin from a reservoir within the pump into the skin of a user. By conirast, a
pateh pump 18 an integrated device that combines most or all of the thuidic components,
mcluding the fhd reservoir, pumping mechamism and a mechanism {or automatically
nserting the cannuia, in g single housing which 1s adhesively attached to an mfusion site on
the patient’s sKin, and does not require the use of a separaie miusion or fubing set. Some
paich pumps may wirelessly communicale with a separate controlier {as it one device sold by
Insuiet Corporation under the brand name OmniPod®), while others are completely selt-
contamned. Such devices gare repigced on a frequent basis, such as every three days, when the
nsulin reservolr 1s exhausted,

G607 As a patch pump is gesigned 0 be a seif-contamned unit that 15 worn by the

diabetic patient, it 18 preferable to be as small as possibie so that 1t does not interfere with the

activities of the user. However, m order (o munumize the overall size of the patch pump, s
constituent parts shouid be reduced i size as much as possibie. Une such part is the reservorr
for containing the msuiimn.

BRG] A conveniional rigid reservolr, such as g syringe pump, controls the posifion
of a plunger to dispense hausd., A major constraint of such 8 mechamsm is the size of the
systern because i needs 10 accommodaie both the length of the reservoir and the length of the
plunger. Thus, a conventional rigid reservoir 1 difficult to deploy in a compact
contiguraiion. According, a need exists for an improved reservoir that can be efficiently
deployed 1 a compact configuration (o further reduce the overall size of g patch pump.
BB Low liquid level detection in the reservoir 15 important 1o ensure that the paich
pump system funcltions correctly and/or to signal the need for replacement of the reservoir or
patch pump. Yarious i level detection systems have been proposed for various different
applications. Currently, there are two principal methods for fill evel detection. One
provides clecirical contacts poinis for metering doses. The other inplements contactless fill

ievel detection using capaciiance measurement.
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{EEIIEE There are many advantages of conventional fill level detection sysiems when
the tiow rate and {ill level need to be constantly monitored and/or adiusied. Conventional il
fevel detection systems provide accurale fill level data consiantly or at a phurality of (ime
poinis. Such sysiems are well suited where constant monytoring and adjustment is necessary.
When only a low volume warning s needed to signal the need for replacement of the
reservoir, a system with Bl level detection function is unnecessanily more costly and more
complicated.

00611} An approach to reduce the overall size of a8 patch pump s 1o replace ihe
syringe-type dosing mechanism by a downsiream pump sysicm drawing from g fud
reservoir. In such a device, 2 mintatunized pump 1s arranged downsirgam of the fluid
reservolr to produce a negative pressure gradient that convevs the fhuid from the reservolr to
its destination. The munaturized pump can alfematively be arranged {0 produce a positive
oressure gradiont that conveys the fluid from another larger thid source mto the reservoir io
fill the reservolr.

ROBE2] Accordingly, there is a need in the art {or providing a compact and more Cost-
ctiective reservelr with a low volume detector for warning of the need o replace the
reservolr, so that many more digbetes patients can benefit from the advantages that paich

PUMP deVICes provide,

SUMMARY OF THE INVENTION

FHHEKY it 15 an object of exemplary embodunents of the present inventiion o provide a
flexible hquid reservolr with a low volume detecior. I 1S a further object of the exemplary
embodiments of the present invention 1o provide a notification of low lguid level in the
Hexibie reservorr.

{HEN Y According {0 one aspect of the present mvention, there is provided a medical
device for administering higquid drug therapy to a user with 2 low volume sensor, said medicsl
device comprising a flexible reservoir {or containing a supply of a liguid drug, a rnigid
stracture with g chamber and a side hole 1 fluid conununication with the flexible reservedr, a
plunger mounied mside the chamber and configured to seal one side of the chamber and a
sensor for detecting low hiquid volume in the Hexible reservolr, wherein, when the inside end
of the plunger passes the side hole, the sensor is activaled to fransmit a signal indicating low

Hguid volume in the flexible reservoir,

(o
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FHELI WY A third aspect of the present mnvention provides a method {or a method for

detecting low liguid volume and notifying a user of time-to-cmply i1 3 system comprising a
punip mechamsm, & {lexible reservoir for housing a supply of 8 Bagud drug, 8 rigid structure
with a chamber and a side hole in fuid communication with the Hexible reservoir, a plungey
mounted mside the chamber and configured {o seal one side of the chamber, a sensor for
detecting low hguid volume in the flexible reservolr, and a control module s functional
connection with the pump mechamsm for coniroiling the operation of the pump mechanism,
wherein when the inside end of the plunger passes the side hole, the sensor 1s activated o
transmit a signal indicating low liquid volume in the Hexible reservolr, the method
comprising the steps of providing the rigid structure with the chamber connected to the
flexible reservoir, applyving a negative pressure to end A of the rigid structure, removing fhad

from the flexible reservoln, deteciing moment that the plunger loses contact with the switeh,

Lo

catculating ostimated time for ompty based on current Hiow rate and volume of the chamber
and the condut, alerting the user that volume 13 low and nolifying user of approximate time
when system will run out of hawd.

FO0I6] Other obiects, advantages and salient features of the invention will become
apparent to those skitled in the art from the following detailed descripfion, which, taken in

conjunction with the annexed drawings, discloses exemplary embodimenis of the invention.

{B817 ] The above and other exemplary features and advaniages of cerfain exemplary
embodiments of the present mvention will become wmore apparent from the following
description of certain exemplary embodiments thereo! when taken in cmjumtim with the
accompanying drawings, i witich:

HHHE R ¥i{s. 1 15 an illusiration depicting a medical device i accordance with an

embodiment of the present invention;

THEIERY FIG. 2 15 an dlustration of the emply condifion of the medical device of FIG.
i

{HEIRE} ¥Fi{s, 3 15 an dlustration of the filled condition of the medical device of Fi{.
£

RG] Fi{s. 4 15 a perspective view of a flexible reservoir implersented m a paich

pump system,
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FRO0221 FIG. 8 15 a fludic architecture and metering sub-sysiem diggram of the patch
pump system of Fig. 4; and

RG] FI(. & is a flowchart illustrating a method for detecting low hguid volume and
for notitving the user of estimated fime-to-empty.

(G241 Throughout the drawings, like reference numerals will be understood 1o refer

10 fike elements, features and shructures.

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

LIRS The matiers exemplified in this descriplion are provided {c assisi in a
comprehensive understanding of exemplary embodiments of the mvention, and are made with
reference to the accompanying drawings. Those of ordmnary skill i the art will recognize that
various changes and modifications in the exemplary embodiments deseribed heren can be
made without departing from the scope and spirit of the claimed invention. Also,
descriptions of well-known functions and constructions are omuted for clarity and
CORCISENEss.

826} As shown i Fids, 1, an exemplary embodiments of the present mvenfion
includes a fleable reservoir 181 for housing a sapply of a hiquid drug, a rigid struchure 128
with a chamber 182 and g side hole 164 in fhud communication with the flexible reservoir
161, and a plunger 185 mounted inside the chamber and configured to seal one side of the
chamber §182. The term “flexible reservoir” mnchudes reservoilr structures that are both
entirely flexible, such as collapsible fluid pouches or bladders, as well as reservoir structures
that are only partially flexible by virtue of having both flexible and rigid wall portions. An
exit/entrance 183 of the chamber 182 allows fluid in and out of the chamber 82, The
plunger 185 is capable of moving in the axial direction of the chamber 182 from end A to end
B for filling the chamber, or aliernatively from end B o end A for emptying the chamber.
The plunger 185 s posifioned in the chamber 162 such that # prevents liquid from leaking
out of the chamber 182, When the plunger 183 moves from end A (o end B for ithng, a flwd
source 1$ connecied o end A, When the plunger 185 passes the side hele 14, fluid §ills the
chamber 102 and flows through the side hole 184 mnio the Hexible reservorr 181 untdd the
Hlexibie reservoir 383 15 fifled. Al the same {ime, 8 sensor 186 is friggered {o transmuit a
vohume signal. When the plunger 183 moves from end B to end A for emptyving, the flexible

reservoir 361 is emptied first. When the plunger 185 passes the side hole 184, the Hlexible
_ 5 ann
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reservoir 181 is emptied. The sensor 186 1 triggered agamn 10 transmit another volume signal
to indicate low fluid volume in the reservoir.

(B80T One of ordinary skill in the art will appreciate that medical device shown in
¥FIG.1 may be contfigured to be fully functional when the sensor 186 15 an electrical swiich.
For nstance, when the plunger 185 passes the side hole 184, an electrical signai is
transmitted from the sensor 106 (o indicate the volume miormation. The sensor 186 may also
alternatively be implemented using an opiical sensor. For instance, when the plunger 183
passes the side hole 184, an optical signal is {ransmitted from the sensor 8¢ to indicate the
volume information. Alternatively, the sensor 186é may be implemented using a magnetic
SENSOT.

[GO028) When emptying the Hexable reservoir 185, a pump or means can be arranged
downstream of the flexible reservoir 18] and the chamber 1862, 1o produce a negative pressure
that conveys the fluid from the flexibie reservoir 181 10 its destination. When fithing the
flexible reservoir 181, sumilar means can be arranged to produce a positive pressure that
conveys the fluid from another fluid source into the flexible reservow 181 through the
exit/enirance 183,

{HO019] in one cxemplary embodiment of the present invention, the sensor 186 is an
electrical swilch aligned with the end B of the chamber 182, The bulton or actuator 187 of
the swiich 186 18 pointed toward the opening of the chamber 182, When the plunger 188
moves from end A fo end B and passes the side hole 164, the end of the plunger 105 touches
the button 187 of the elecirical switch and triggers the swiich 186 {o transmit a volume signal.
One of ordinary skill in the art will appreciate that additional supporting and housing
struchire may exist to support and house the above components,

0030 FI(e. 2 is an illustration of the low volume state of the present invention with a
pumyp mechanism. To empty the flexible reservorr 181, the pump mechanism 118 is located
downstream of the flexible reservoir 181, The mtial position of the plunger 185 i3 10
position B, The pump mechanism produces a negative pressure on the fluid inside the
chamber 182 and the flexible reservoir 181, Fluid inside the flexible reservoir 181 flows
through the side hole 184 into the chamber 182, and through the chamber exit/enirance 183 o
conduit 1311 to the pump mechanism 118, The negative pressure causes the flexible reservoir

181 1o be emptied frst. When the flexible reservoir 101 s emptied, continued negative

pressure from the pump mechanism 118 causes the phinger 188 to move from position B
toward position A, and the button 187 on the switch 186 is activated to transmit a low volume

e
P h [ N
e
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signal to g control moduie 189, Control module 189 then sends g low-voiume waming signal
o the user.

086311 FE{. 3 1s an illustration of the high volume state of the device of K. 2. o
fill the flexible reservoir 181, a fill syringe or other device 15 used o foreibly inject fhud
through a valve or seal mto the exitentrance 183, The initial position of the phunger 188 15
p:e:}sitioﬁ A. The plunger 10835 is pushed back by the posifive pr@ssure inside the chamber 182
produced by the filling device, When the plunger 185 passes the side hole 184 in the
chamber 183, Hhuid starts to How into the Hexible reservoir 181 through the side hole 104,
When the flexible reservoir 181 15 Billed with flusd, the positive pressure moreases and pushes
the plunger 185 further back to position B (o activate the button 187 on the switch 186 1o
transmit a high volume signal o the control module 189, Then the pump means §186 can be
staried {0 run at a pre-determined speed, the hguid in the flexible reservolr 181 will be
pumped o the user and the flexible reservoirr 181 will be emphied a5 illustrated m FEG, 2,
when the sensor 186 will be activaied o transmit a low bagud volume signal,

{BO632] FiGs. 4 15 g perspective view of the fiexible reservor 161 mmplemenied in a
patch pump 1A illustrated without a cover. Such arrangement may further reduce the
external dimensions of the paich pump A, with the fexible reservoir 181 [lling voids within
the patch purnp 1A, The paich purop 14 s sthustrated with a canmuda insertion device 74 that
inserts the cannula into the surface of g user’s skin. The patch pump A further comprises g
power source SA m the torm of batteries; a metering sub-system 41 that montiors the volume
of insudin and ncludes 8 low volume delecting means; control electronics 8A for controliing
the components of the device; and 3 reservolr Bl port 43 for receiving a Bl syringe 45 (o §ill
the reservon 181,

{HEIESS ¥z, § 15 a flwdic architecture and melering sub-system diagram of the pateh
pump A of ¥iG. 4. The power storage sub-system for the patch pump 1A inciudes batieries
SA. The control electronics 84 of the palch pump 1A may melude a microconiroiier 81,
sensing ctectronics 82, pumip and valve controlier 83, sensing giectronics 8% and deployment
clectronics 87, that control the operation of the patch pump LA, The pateh pump 1A includes
a fiuidics sub-system that comprises the reservolr 181, a volume sensor 48 {or the reservoir
181, and a reservorr {1 port 43 {or recerving g il syringe 48 (0 fill the reservoir 44, The
thudics sub-system may meiude g melenng system comprising a pump and valve actuator
411 and an miegrated pump and valve mechanism 413, The flwidics sub-system may further

inciude an occlusion sensor 49, a deploy actuator or cannuia msertion device 7, aswellas a

la_a a4 Ml
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cannuia 47 for insertion nto an infusion sile on the user’s skin. {n one embodiment of the
present invention, the volume sensor 1s implementied with the sensor 186 of FiGs 1, 2 and 3.
38834} 'E?EGO 6 is g flowchart iilustrating the method for alerting the user of low liquid
vohune and for noiifying the user of an estimated time-to-empty. In siep 682, when the
flexible reservoir 181 is emptied by the application of a negative pressure to end A of the
chamber 182, fluid fows out of the flexibie reservoir 181 and through the chamber 182, In
step 663, this continues until all of the fluid is removed from the flexible reservoir 181, At
this moment, the negative pressure will bunld unix i 1s suiicient 1o cause thf: piunger 185 {0
siide forward in the chamber §82. When the plunger 188 begﬁn.s'to move, the back edge of
the phinger 185 will lose contact with the button 187 of the switch, causing a low volume

- signal fo be fransnuiticd {o the conirol module 168%. in sicp 684, the moment that the plunger
$105 Ioses contact with the button 187 of the switch 186 1s detected. The exact volume
remaining in the sysiem at this moment is known since it is equal o the volume of the
conduit 111 and the portion of the chamber 182 not occupied by the plunger 188, Dividing
this volume by the current flow rate of the liquid, which 18 known from the operating speed of
the pump mechanism 118, vields the estimated gmount of time left before the sysiem
becomes empty of fluid i step 685, In step 686 the user of the system 18 aleried that the
volume 18 fow. If ihe How rate 1 Known, i step 887, the user can be nolified of the
spproxunate time that the sysiem will run out of fluid,

{HEIRRY One of ordinary skall in the art will appreciate that the features of the above
exemplary embodunents may be syntlarly provided i a pumber of applications and are not
fimited to the above disclosure,

FROO36] While the present invention has been shown and deseribed with reference to
particuiar thustrative embodiments, i is not t0 be restricied by the exemplary embodiments
but only by the appended claims and thewr equivalents. I 1 to be appreciated that those
skified in the art can change or modity the exemplary embodiments without departing from
the scope and spirit of the present invention, and that the features of different embodiments

and clamms can be combined with cach other as long as they do not contradict each other,
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CLARMS
i. A medical device for administering iiguid drug therapy to a user with a low volume

b i
(¥ ]

<

sensor, said medical device comprising:

a flexible reservolr for containing a supply of 8 qnd drug;

2 nigid structure with a chamber and a side bole i Huid conumunication with the
flexibie reservolr;

a plunger mounted nside the chamber and configured 1o seal one side of the chamber;
ang

a sensor for detecting low hguid volume in the flexable reservotr, whersin:

wien the inside end of the plunger passes the side hole, the sensor is activated o

transmiif a signal indicating low iiquid volume in the flexible reservoir.

The medical device of claim 1, wherein the sensor comprises an electrical swiich.
The medical device of claim 2, wheremn the electrical switch is tniggered by a bution.
The medical device of claim 1, wherein the sensor comprises an optical sensor.,

The medical device of claim 1, wherein the sensor coOmprises a magnetic Sensor.

The medical device of claim 1, further comprising a control moditle connected {o the

sensor for receiving the low liguid volume signal.

The medical device of claum 1, further comprising an alarm svstem for wamning of 8

low luquid volume state of the reservolr.

The medical device of clamum 7, wherein the alarm system fransmits a light signal as a

warning of low liquid volume in the reservoir.

The medical device of claim 7, wherein the slarm system transmits sound signal as a

warning of low hiquid volume in the reservorr.
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10, The medical device of clamm 7, wherein the alarm svstem transmits a vibrational

signal as a warning of low liquid volume in the reservoir.

P, The medical device of ciamm 7, wheren the alarm system {ransmifs a combined hight,

sound and/or vibration signai as a warning of low liguid volume in the reservoir.

12, The medical device of claim 1, further comprising a pump mechanisim {or pumping

iiguid out of the flexible reservolr,

i3, A medical sysiem for adminisiening hiquid drug therapy to a user with g low volume
sensor, said medical device comprising;
a Hexible reservoir for containing guid;
4 purnp mechanism in fhad connection with the flexible reservoir for pumping Hauid
out of the flexable reservorr:
a sensor means for detecting fluid volume inside the flexible reservoir; and
a control module in functional connection with the sensor for receiving a volume

signal from the sensor.

i4., A method for detecting low hiquid volume and notifving a user of time-to-empty in a
system comprising a pump mechanism, a Hexible reservoir for housing a supply of 8
gquid drug, a ngid structure with a chamber and a side hole in fhad communication
with the Hexible reservoir, 8 plunger mounied mside the chamber and configured 1o
seal one side of the chamber, a sensor for detecting low higuid volume in the Hexible
reservolr, and a control module 1n functional connection with the pump mechanism
for controtiing the operation of the pump mechamsm, wherein when the inside end of
the plunger passes the side hole, the sensor is activated to transmit a signal indicating
fow hiquid volume i the flexible reservoir, the method comprising the steps of:
providing the rigid structure with the chamber connected to the flexible reservoir;
applving a negative pressure to an end of the ngid siruciure;
rernoving thud from the fexible reservoir;
detecting moment that the plunger loses contact with the swiich;
calculating estimated time {for empty based on current flow rate and volume of the

chamber and the condust;
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alerting the user that volome s low,; and

notifving gser of approximate fime when system widl run out of higuid,
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Provide rigid structure 120

| with chamber 192 connected
601 to flexible reservolr 163

Apply negative pressure to

o end A of rigid structure 120
6502

Pump fluid from flexible

o~ reservolr 101
503

+*
00000000000000000000000000000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000000000000000000000000000000

Detect moment that plunger 185

604 loses contact with sensor 186

+ +*
00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
+

Calculate estimated time-to-empty
..~ based on current flow rate and volume
6> of chamber 102 and conduit 111

Alert user that volume 1s low

506~

Notity user of approximate

tume when system will run out

b0/ of hquid
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