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APPARATUS FOR PATTENT-CONTROLLED INFUSION V//,

This invention relates to an improved apparatus for
effecting patient-controlled infusion of liquid
medicaments and is particularly, but not exclusively,
applicable to patient-controlled analgesia. (PCA).

It has been recognised for some time that PCA is
desirable in many situations of chronic or temporary
(for example, post operative) pain. Before the advent
of PCA, analgesia. relied on periodic injections of
drugs such as synthetic opioids by the physician or
nurse, tYpically at 4-hour intervals. This has the
disadvantage that for most of the time the patient’s
analgesic level is significantly above or below the
optimum.

PCA improves on that prior art by enabling the infusion
of small quantities of analgesics at regular intervals
as perceived to be required by the patient. However,
to date PCA has been effected by sophisticated-
electronic pump systems which have a number of

disadvantages:

(a) They are expensive.



2 ;3 This invention relates to an i nproved apparatus for 4 effecting
patient-controlled infusion of liquid 5 nedi nd is particularly,

but. not exclusively, 6 applicable to patient THISrSHRET! gesia (PCA).
7~8 It has been recognised for some tine tHat PCREp irable in
many situations of chronic or tenporary 10 operative)
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i njections of 12 drugs such as synthetic opioids by the physician or 13

nurse, typitally at B2hBERPRRFBrvals. This has the 14  disadvantage t hat
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8

9 An object of the present invention is to provide an

10 improved PCA apparatus which is simple and inexpensive

11 to manufacture and use, and which has a high level of
12 inherent safety.

13

14 The present invention accordingly provides apparatus

15 for patient-controlled infusion of a ligquid medicament,

16 the apparatus comprising a reservoir for the

17 medicament, a positive displacement pump having a

18 predetérmined working volume, a first conduit

19 connecting the reservoir to the pump, a second conduit

20 extending from the pump and having a distal end to be

21 inserted in the patient, and a one-way valve in the

22 second conduit permitting liquid flow from the pump to

23 the patient and preventing reverse flow; the pump being

24 manually operable to displace liquid through the valve

25 and cbmprising resilient restoring means for returning

26 the pump to its initial state while drawing liquid from

27 the reservoir through the first conduit; and in which

28 the first conduit has a restricted flow rate chosen in

29 conjunction with the working volume of the pump to

30 define a predetermined maximum dosage rate. )

31

32 An important preferred feature of the invention resides

33 in the provision of means for introducing a priming

34 liquid into the second conduit without the priming

35 liquid passing through the first conduit, which means
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25 (a) They are expensive.
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b) They are conplex and require skilled 2 IS SMEETCHAS BEEN

c)- They are capable of adni nistering an overdose # REPLAGED a redult of
machi ne failure or of operator 5 ) error in-SertTmng-up;, —a murtber  of

deat hs frof t hingy @onvenientdagusonntisdcerdyspoinieable cqnneqipign/ 00758 in

the name Baxtepeliaee@hd FHARNA the Gecodd il ©SasereleVige for

patient controlled delivery .
3 pump may be removed to allow the second conduit to be

4 filled with priming liquid through said connection.

Ul

Preferably the pump is a syringe having a plunger
biased outwardly by resilient means.

W o 3 O

The second conduit preferably includes means for

10 venting gas therefrom, suitably in the form of a filter
11 which is also capable of removing bacteria.

12

13 In one form of the invention, means are ‘provided for
14 introducing liquid into the reservoir while the

15 apparatus is in use, preferably in the form of a third
16 conduit extending from the reservoir and terminating in

17 an injection port.

18

19 The third conduit preferably includes a one-way wvalve, .
20 and may include an air—trapping filter or alternatively
21  a branch for removing air.

22

23 For safety reasons, the -injection port and/or the air
24 removing branch if present may be provided with

25 lockable covers.

26

27 The reservoir may suitably comprise a piston and

28 cylinder or a flexible bag.

29

30 Embodiments of the invention will now be described, by
31 way of example only, with reference to the drawings in

32 which:

33

34 Fig. 1 is a schematic view of a PCA apparatus
35 forming a first gmbodiment of the invention;

This Sheet Has Been Replaced

[T




9 .,  of beneficial agents conprising a resilient bag filled 10 wth
beneficial agent attached to a control switch by 11 means of a conduit
incorporating a flowrestrictor; the 12 4 control switch is operable to
conpress a dose reservoir 13 and di scharge the benefi-cial agent through
a further 14 conduit to the patient. 15 WD 91/08002 in the name
(Ijri me Medi gal Produgtig.l rc isl@ sohesedthxesrigppasfitaisséosnPasmpadinantr ol
elivery of a 17 benefi.ci al t i G as_a dose reservoir and a punp
18 connécted by Fﬁﬂ?ﬁg?lﬁﬁeﬁgﬁﬁg%%ggkseﬁ%ﬁ? %ﬁﬁng an 19 out | et
t ubi ng for 3di schargi ng beneficial agent fromthe 20 punp. 21
French Patgnt No 2 338, 75714 5Cla3A3 nivAdd U 2%nird RS RefeP! i S Ng
a reservoir, a punp intended to he 23 placed und%r the skin of a.
patient, tAe punp bERA§I f4modiddpedtans i (He tra aMRRIiRERCaCTaF g -and
havi ng an g25 ougl.et catheter which, in use, is disposed in 26
connunicat%on with the spinal cord of the patient.

8 Fig. 4 is a similar view of a further modified
9 embodiment:; and

io0

11 Fig. 5 is a perspective view of a practical

12 embodiment suitable for ambulatory use.

13

14 Referring to Fig. 1, the apparatus comprises a

15 reservoir in the form of a syringe 3 which is in

16 communication via a small bore tube 4 with a metering
17 device in the form of an aspirating syringe 1 whose

18 plunger la is biased upwardly by a return spring 2.

19 The aspirating syringe 1 is arranged to discharge via a
20 patient line comprising a one-way valve S, tubing 6 and
21 male luer lock connection 9 to an intravenous catheter
22 secured to the patient. Interposed in the tubing 6 is
23 a filter 7 of known type for preventing passage of

24 bacteria and including a hydrophilic membrane 8 which
258 discharges to atmosphere any air which inadvertently

26 enters the system. The aspirating syrin&e 1 can be

27 connected to and disconnected from the patient line by
28 means of a connection joint 10.

29 .

30 In use, the reservoir 3 is filled with a gquantity of

31 analgesic suitable for pain control over a period, for
32 example 4 hours. Once the system is primed with liquid
33 and connected to the patient, depression of the plunger
34 la causes a quantity of analgesic equal to the volume
35 of the aspirating syringe 1, typically about 0.5ml, to



27 . European Patent Application No 0,483,759 Al in the nane 28 Baxa

Corporation discloses a patient controlled 29 I nfusi on appar at us
conprising a dose reservoir |inked 30 tea punp via a flow restrictor
t he punp having an Substitute
sheet - 15 July 1999 +2a 1 out | et

term natingii n ‘@encagdueetior wWhser tthen giniryeér 14 ipatdlwdsed’ id4 The
b 211 qui denedf SEREAE. U BRe" B IGRE o B S rheartB PETBr the
medi canent, 3a Fate pbichi e diefgradamshtoypiine bl Pradetfr hiqedd
4 from the reservoir 3 through the small bore tube 4.
The overall infusion rate is thus controlled by
suitable selection of the volume of the aspirating
syringe 1 and the flow-resistance of the tube 4 in

relation to a given liquid.

O 0 N o0\

10 The tube 4 is preferably a plastics tube having a very
11 narrow bore and a relatively thick wall, the latter

12 ensuring that it does not kink in use. Such a tube and
“the Mmethod of producing it are described in published
14 International Patent Application WO88/02637. The tube
15 ¢ preferably has a length in the range 1 to 40cm and a
16 lumen diameter in the range 0.001 inch (0.025mm) to

17 0.008 inch (0.20mm). In a particularly preferred form,
18 the lumen diameter is 0.070mm and the tube length 23mm.

20 The use of fine bore tubing not only sets the refill
21 time of the aspirating syringe 1, but also acts as a
22 safety factor in inhibiting siphoning of liquid from
23 the reservoir 3 to the patient. As an additional

24 safety factor, the one-way valve 5 should have an

25 opening pressure dreater than the maximum possible

26 hydrostatic pressure which could be present by

27 elevating the reservoir above the patient to the

28 maximum height permitted by the length of the tubing.

30 The embodiment of Fig. 2 is similar to that of Fig. 1

31 - and like parts are denoted by like reference numerals.
32 In this embodiment, the reservoir 3 is provided with a
33 fill line 20 terminating in an injection site 21 where
34 the system can be filled or emptied by means of a

35 standard hypodermic syringe.



8 ° working volune, a first conduit connecting the 9 reservoir to the
punp, a second conduit extending from 10 the punp and having a distal
end to be inserted in the 11 patient, and a one-way valve in the second
conduit 12 permtting liquid flow froméhe punp to the patient and 13
preventing reverse flow, the second conduit being 14 connected to the
punp by a di smountabl e connection 15  adapted to be term nated and

re- est abl i $hed Thepempagiymenty of Rig. j htivderhipa BPi A PEqEile i At.o t he
second 173 copduitheMddydistvdine 1 i iH Nehd | evn-fl PRSSi €811 8pguBhet Bag 18
first conduit; the pupp being manually operable to 19 di spl ace _I'iquid
through the vaPfe & HHABHFTLY SYTHGTi bRt TFRSRGFANBY neaRd igrn
returni ng #he panp tihe talldbn 31 nid ialtisicktevablée suBMeAgbhigobd from

23 " Cor 1 Paui A B g Iy TR chndnr 1 119559 FRBm R
to a rate 6hos&eservedy Bfctitomugh Hhhenbl boxwrkilbg 4ol une of the punp
to define g predeterm ned 26 maxi num dosage r at e.
8 Fig. 4 shows optional features which may be added to
9 the systems of Figs. 2 and 3. A gas-trapping filter 40
10 may be included in the £ill line 20 to prevent any air
11 inadvertently introduced at the injection site 21 from
12 reaching the reservoir 3. Alternatively a branch 41
13 may be provided, ending in a port 42 for removing from
14 the system air either introduced inadvertently or at
15 the initial purging of the system. A one~way valve 45
16 may be included in the fill line 20 to prevent removal
17 of liquid from the system.
18
19 A cover 43 may be placed over the port 42 and secured
20 in place by a padlock 44 to prevent accidental or
21 unauthorised use. The cover 43 and padlock 44 may
22 similarly be used to bar unauthorised access to the
23 injection site 21.
24
25 Fig. 5 illustrates one presently preferred, practical
26 implementation of the invention. Again, like parts are
27 denoted by like reference numerals. In Fig. 5, the
28 reservoir syringe 3 is enclosed within a transparent
29 plastics bag 50 for reasons of safety and hygiene. The
30 return spring of the aspirating syringe 1 is housed
31 within a cylindrical casing 51, the plunger being
32 actuated by a patient demand button 52 extending from
33 the casing 51. The syringe 1 and the bag 50 are linked
34 by a cord 53 which allows the apparatus to be hung
35 around the patient’s neck for ambulatory use.



3 Substitute sheet - 1 5 July 1999 1 Preferably the punp is a syringe
havi ng a plunger 2 bi ased outwardly by resilient neans. 3 The
second conduit preferably includes neans for 4 venting gas therefrom
suitably in the formof a filter 5 which is also capable of renoving
bacteri a. 6 In one formof the invention, neans are prOV|ded for 7

i ntroduci n I| uid into e reservo arat iS in use,
preferably i *WﬁQﬁQﬁrgiqﬁﬁ{%Friﬁ Fh%%ﬁﬁﬁlfs gPSnagﬁleVo %t fEmeve
reservoir amd Ummsnsxuﬂnqp|r1(dx)equzwalemétttonapensp in primifige thie rd

condult preferaliotdic! Uﬂf Qup0 s VELYE: anléxerBRd1PRY 1hACKYdS an
air- trapplng fi erna
that it is dlfflcult to force liquid through it from

the reservoir 3 to prime the system, and such a
procedure would take an extremely long time.
Accordingly, to prime the system the aspiration
syringe 1 is removed from the connector 10 and the

W ® 9 & W

patient line is filled with liquid, which may be done
10 by connecting a relatively large syringe at the

11 connector 10 and injecting from this to overcome the

12 resistance of the one-way valve 5. In the case of the
13 ~embodiments of Figs 2 to S, the reservoir £ill line is
14 also primed with liquid at this stage.

15 . .

16 The aspirating syringe 1 is then re-applied to the

17 connector 10 with its plunger 1a held down. On release
18 of the plunger la, fluid is drawn through the fine bore
19 tube 4. This fluid is initially air which becomes

20 trapped in the syringe 1, but the volume of air

21 involved (equal to the internal volume of the tube 4)
22 is so small that it does not affect the operation of

23 the systemn.

24 |

25 The invention thus provides a patient-controlled

26 apparatus which is of simple and inexpensive

27 construction and has a high level of inherent safety.
28 The apparatus is extremely simple to operate. Owing to
29 its simplicity and cheapness it can be used as a

30 disposable item. The apparatus can be manufactured for
31 use with a particular medicament by suitable choice of
32 aspirating syringe and bore of the flow control tube;
33 on~site adjustment is then not required, and the

34 apparatus can be used by nursing staff without

35 specialist training who simply have to recharge the



13 ° a branch for removing air. 14 For safety reasons, the injection
port and/or the air 15 renmovi ng branch if present nmay be provided with
16 - | ockable covers. 17 The reservoir may suitably conprise a
pi-ston and 18 cylinder or a flexible b&g. 19 Enbodi nents of the
invention will now be described, by 20 way of exanple only, with
reference to the drawings in 21 whi ch: 22 - Fig. 1is a
schematic view 5RSACPEArafpaFatdge 9 time, suidaRliyg by finkecemdd nent of
the inventign; siAdle standard 4-hour bolus into the reservoir.

3
Although described with particular reference to
patient~controlled analgesia, the invention can be
applied to patient-controlled infusion of other
medicaments such as sedatives and antiemetics.
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4 1 Fi g—-2-ts—a—schematic vi ew of a second enbodi nent 2

cont ai ni ng addltl Fig. 3is asimlar viewof a
third enbodi mant m“wﬂn‘mfﬂmu }TDdI fied versiop_of the enbodi nent of

Fig. 6 4is a glnllar YHE
nodified 9 enbodi nent ; and 10 11 %'gEngéEgggﬁl ve View
of a practical 12 enbodlnent sui tabl e for L 14

Referring tio FigrLAIMSthe apparatus conprises a
2 -
1 Apparatus for patient-controlled infusion of a
liquid medicament, the apparatus comprising a reservoir
for the medicament, a positive displacement pump having

3

4

5]

6 a predetermined working volume, a first conduit

7 connecting the reservoir to the pump, a second conduit

8 extending from the pump and having a distal end to be

9 inserted in the patient, and a one-way valve in the

10 second conduit permitting liquid flow from the pump to
11 the patient and preventing reverse flow; the pump being
12 manually operable to displace liguid through the valve
13 and comprising resilient restoring means for-returning- -
14 the pump to its initial state while drawing liquid from
15 the reservoir through the first conduit; and in which
16 the first conduit has a restricted flow rate chosen in
17 conjunction with the working volume of the pump to

18 define a predetermined maximum dosage rate.
19

20 2 Apparatus according to Claim 1, including means for
21 introducing a priming ligquid into the second conduit
22 without the priming liquid passing through the first
23 conduit. " '

24
25 3 Apparatus according to Claim 2, in which said
26 introducing means comprises a dismountable connection

27 between the pump and the second conduit, whereby the

28 pump may be removed to allow the second conduit to be
29 filled with priming liquid through said connection.

30

31 4 Apparatus according to any preceding Claim, in which
32 the pump is a syringe having a plunger biased outwardly
33 by resilient means.

34

35 5 Apparatus according to any preceding Claim, in which

This Sheet Has Bee
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15 - reservoir |n—fhe—forn1of -a-syringe 3 which is in 16 connunication

vi‘a a small bore t ring 17 devic f-orr-of
aspirating syring m’awﬂﬂ UEﬂ”Eger la is biasg Eh{fpsﬂfﬁi AS BEENY et urn
spring 2. 19 The ‘aspic e 1 is g ranget to RECLAGEDye vid a 20

patient |line conprising a one-way valve 5, tubing 6 and 21 nar e tder | ock
connection 9 to an intravenous catheter 22 secured to the patient.

I nterposed 1 n tiiee tadddHl Cdidwit Bndlddes rMe@hskpeynvbiPengoGgalky e i Ng
passage of 24 qH%terlegfnd K§f|Ud'ng a hydrophilic nenbrane 8 which 25

di schar ges 20 &t Lwhi ch i nadvertent| y 26 enters the
system Tl aspirating syringe 1 can be 27 connected to and disconnected

fromthe patie tion;jio 0 9
use, the reser&%lréyaggﬁg$leg\M%ﬁ#%iqua. Q?@ : ﬁé %ﬁ%g gggéc g&ﬁ
for pain cdhtnneanﬂycqmanst§iafﬁwltﬁr %kem@lES4ahaersapa§ﬁee0ﬁhe system

is prinmed y th ldgttihddactid£onnected to the patient, depression of the
pl unger 34 | a causes a quantity of anal gesic equal to the volunme 35 of

the aspirating syringe 1, typically about 0.5n, to
8 7 Apparatus according to any preceding claim, further

9 including means for introducing liquid into the
10 reservoir while the apparatus is in use.
11
12 8 Apparatus according to Claim 7, in which said
13 ' introducing means comprises a third conduit extending
14 from the reservoir and terminating in an injection
15 port.
16
17 9 Apparatus according to Claim 8, in which the third
18 conduit includes a one-way valve.
19
20 10 Apparatus accordinq to Claim 8 or Claim 9, in which
21 the third conduit includes an air trapping filter.
22
23 11 Apparatus according to Claim 8 or Claim 9, in which
24 the third conduit is provided with a branch for
25 removing air.
26
27 12 Apparatus according to any preceding claim, in
28 which the reservoir comprises a piston and cylinder.
29
30 13 Apparatus according to any of Claims 1 to 11, in
31 which the reservoir comprises a flexible bag.
32
33 14 Apparatus according to any of Claims 8 to 11, in
34 which the injection port is provided with a lockable

35 cover.
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1. be infused. Wen the plunger la is released, it 2 returns under the
i af  uence of the spring 2, but at a 3 rate which is determ ned by the

rate of flow of liquid 4 fromthe reservoir 3 through the small bore tube

4" 5 The overall infusion rate is thus controlled by 6 sui tabl e
selection of the volume of the aspirating 7 syringe 1 and the

fl owresistance of the tube 4 in 8 relation to a given liquid. 9 10 The

tube 4 is preferably a plastics tube having a very 11 narrow bore and a
relatively thick wall, the latter 12 ensuring that it does not kink in

use. Such a tube a 3 the method of producing it are described in
i onal Patent Applicat? 2637. The tube 15
th in the range 1 to 40cin 4nd a

publ i shed 14 I nter
4 preferably has a




16 | umen diameter in the range 0.001 inch (0.025mm) to 17 0. 008 inch

((0.20mm. In a particularly preferred form 18 the lunen dianeter is
0. 070mm and the tube length 23mm 19 20 The use of fine bore tubing not
only sets the refill 21 time of the aspirating syringe 1, but also acts as

a 22 safety factor in inhibiting siphoning of liquid from23 the
reservoir 3 to the patient. As an additional 24 safety factor, the
one-way valve 5 should have an 25 opening pressure greater than the

maxi mum possi ble 26 hydrostatic pressure which could be present by 27

el evating the reservoir above the patient to the 28 maxi num hei ght
permtted by the length of the tubing. 29 30 The enbodinment of Fig. 2 is
simlar to that of Fig. 1 31 and like parts are denoted by |ike reference
nuneral s. 32 In this enbodi 'it the reservoir 3 is provided with a 33
fill line 20 termnating in a 2 Bflection site 21 where 34 the system can
be filled or enptied by neans &t 35 standard hypoder m ¢ syri nge.

20

21

2




6 - 1 The enbodinment of Fig. 3 is simlar to that of Fig. 2, 2 but the
reservoir is in the formof a collapsible bag 3 30, and the aspirating
syringe is replaced by a balloon 4 31. The balloon 31 is a thick-walled
rubber balloon 5 with sufficient recovery force to draw liquid fromthe 6
reservoir 30 through the small bore tube 4. 7 8 Fig. 4 shows optional
features which my be added to 9 the systens of Figs. 2 and 3. A
gas-trapping filter 40 10 may be included in the fill line 20 to prevent
any air 11 i nadvertently introduced at the injection site 21 from 12
reaching the reservoir 3. Alternatively a branch 41 13 my be provided,
ending in a port 42 for renovi rom 14 the systemair either introduced
i nadvertently or at 15 the |l purging of th em A one-way

val ve 45

J 20
215
6——
9
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16. may be included in the fill line 20 to prevent renoval 17 of liquid
fromthe system 18 19 A cover 43 may be placed over the port 42 and
secured 20 in place by a padlock 44 to prevent accidental or 21

unaut hori sed use. The cover 43 and padlock 44 may 22 similarly be used
to bar unauthorised access to the 23 injection site 21. 24 25 Fig. 5
illustrates one presently preferred, practical 26 i npl enentation of the
invention. Again, like parts are 27 denoted by like reference nunerals.
In Fig. 5 the 28 reservoir syringe 3 is enclosed within a transparent
29 plastics bag 50 for reasons of safety and hygiene. The 30 return
spring of the aspirating syringe 1 is housed 31 wthin a cylindrical
casing 51, the plunger being 32 actuated by a patient denmand button 52
extending from 33 the casing 51. - The syringe 1 and the bag 50 are |inked
34 by a cord 53 which allows the apparatus to be hung 35 around the

patient's neck for anbul atory use.
. i B
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7 - 1 An inportant preferred feature is the ability to renove 2 the
syringe 1 (or equivalent) to assist in primng the 3 system The tube 4
has such an extrenely fine bore 4 that it is difficult to force liquid
through it from 5 the reservoir 3 to prinme the system and such a 6
procedure woul d take an extrenely long time. 7 Accordingly, to prine the
systemthe aspiration 8 syringe 1 is renoved fromthe connector 10 and
the 9 patient line is filled with liquid, which nay be done 10 by
connecting a relatively large syringe at the 11 connector 10 and
injecting fromthis to overcone the 12 resi stance of the ogégmay val ve
5. In the case of the 13 enbodi nents of Figs 2e-5, the ervoir fill

line is 14 also prined with liquid at yf’s st age. > ¢ The
aspirating syringe 1 is then re-applied tf=the

Q N ‘n\




17 - connector 10 with its plunger |la held domn. On release 18 of the
plrunger la, fluid is drawn through the fine bore 19 tube 4. This fluid
is initially air which beconmes 20 trapped in the syringe 1, but the
v@lume of air 21 involved (equal to theltinternal volune of the tube 4)
22 is so small that it does not affect the operation of 23 the system
24 25 The invention thus provides a patient-controlled 26 appar at us
which is oflsi ndBRIBAGT| nekEE€nstVe 27 construction and has a high |evel
of inherentazsafety. 28 The apparatus is extrenely sinple to operate.

i sposabl e 11 enhinieAin bo¥, SN ERESEOEIROL LeRT uiBatoRd *° 2o i

parti cul ar 4redi cament by suitable choi ce of 32 aspirating syringe and

bore, of Lhes ! ou sRbrebi £ups) 29 caiskbeaddbusl fERLahs! RlaBd ol 1 od

and the 34 appara Uus’ can narsin speC|aI|st
trai ning w® sipwphy sagk 29 a@chapgeatheq syrlnge (1) via a flow

7 control tube (4) which has a fine bore of accurately
8 known size. Actuation of the syringe (1) by the
9 patient discharges a fixed volume of drug via a
10 non-return valve (5) to the patient. The syringe (1)
11 is refilled by a return spring (2) drawing liquid from
12 the reservoir (3) at a rate controlled by the bore of.
13 - the flow*control“tube'(4);'thus-setting"a-maximuxr-"- s .
14 dosage rate.
15
16
17
18
19
20
21
22
23
24
25
26.
27
28
29
30
31
32
33
34
35
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Substitute sheet - 15 July 1999
CLAIMS 1 1. Apparatus for patient-controlled infusion of a 2

| i qui d nedi canent, the apparatus conprising a reserv0|r (3) for the
medi cament, a p03|t|ve di spl acenent punp 4 s Qﬁt r Bl liudy 1199€d
wor ki ng volunme, a first . 5 conduit (4) coanectlng the reservoir (3) to

the pump 6 (1), a second conduit (6) extending fromthe punp and 7
having a distal end tobbheTheyearedcompliéne aodicequiradskBlleda one- way
val ve (5) inpthe secong, eQpdNatcédb) 9 permtting liquid flow fromthe
punmp (1) to the patient 10 and preventing reverse flow, the punp (1)
L1 bei ng manual ly operable to displace liquid through the 12 val ve
(5) and conpsising reSéjiTﬁﬁyreﬁéOééﬁﬁbD@a@S i&ﬁlniéterlﬁ@rameévéﬁaagethe

punmp (1) to jts initi S U|dfromt

reservoir (3 throughq%%e‘;?%gimm mac?)%élfgﬁigk 3@n€?§%ﬂe fl ow
rate of liqud 16 mnamrﬁetmmgrpl e Memiser c@ﬁd@ﬁatmﬂ)flr@m this
restricted g7 10 ad@e KPS edd LB Ed i on Wi th the working vol une

7 WO 87/00758 in the name Baxter Travenol Laboratories

8 Inc discloses a device for patient controlled delivery
9 of beneficial agents comprising a resilient bag filled
10 with beneficial agent attached to a control switch by
11 means of a conduit incorporating a flow-restrictor; the
12 control switch is operable to compress a dose reservoir
13 and discharge the beneficial agent through a further
14 conduit to the patient.

15 WO 91/08002 in the name Prime Medical froducts Inc
16 discloses apparatus for patient control delivery of a
17 beneficial agent which has a dose reservoir and a pump
18 connected by tubing; the pump means also having an

19 outlet tubing for discharging beneficial agent from the

20 pump.

21 French Patent No 2,588,757 discloses injection

22 apparatus comprising a reservoir, a pump intended to be
23 placed under the skin of a patient, the pump being

24 connected to the reservoir via a valve and having an

25 outlet catheter which, in use, is disposed in

26 communication with the spinal cord of the patient.

27 European Patent Application No 0,483,759 Al in the name
28 Baxa Corporation discloses a patient controlled .

29 infusion apparatus comprising a dose reservoir linked
30 to a pump via a flow restrictor, the pump having an

REPLACEMENT SHEET

24 JUL 1999




18 of the punmp (1) to define a predeterm ned maxi num 19 dosage rate
characteri sed by the second conduit (6) 20 bei ng connected to the
punp (1) by a disnmountable 21 connection (1Q) adapted to be term nated
and re- 22 est abl.i shed repeatedly for introdubstute sheati-nho Suly {19993
into the second conduit (6) without the primng liquid 24 passi ng
through the first conduit (4). 25 #pparatus according to daiml,

2.
wherein the first conduit.(4).has a_l th in,the range.lcmto 40cm
e o "oy L eauflan repRTHeEhS) 108 feaSIel For 1hogrh 0 10 &3
Appar at us ac2or di patientlaim 1 or daim?2, in which 29 the punp (1) is a

syringe ‘havigg a plunger biased 30 outwardly by resilient neans (2).

31 4. aratus according to an recedi ng d ai in
ApE The presentginventyog providgs appg}atus for

5 patient-controlled infusion of a liquid medicament, the

6 apparatus comprising a reservoir for the medicament, a
7 positive displacement pump having a predetermined

8 wcfking volume, a first conduit connecting the

9 reservoir to the pump, a second conduit extending from
10 the pump and having a distal end to be inserted in the
11 patient, and a one~way valve in the second conduit

12 permitting liquid flow from the pump to the patient and
i3 preventing reverse flow, the second conduit being

14 connected to the pump by a dismountable connection _
15 adapted to be terminated and re-éstablished repeatedly
16 for introdhcing a priming liguid into the second

17 conduit without the priming liquid passing through the
18 first conduit; the pump being manually operable to
19 displace liquid through the valve and comprising
20 resilient restoring means for returning the pump to its
21 initial state while drawing liquid from the reservoir
22 through the first conduit; and in which the flow rate
23 of liquid medicament through the first conduit is
24 restricted to a rate chosen in conjunction with the
25 working volume of the pump to define a predetermined
26 maximum dosage rate.
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, . . . .
10 1 which the second conduit (6) includes neans (8) for 2 venting

gas fromthe second conduit (6). 3 5. Apparatus according to Caim
4, in which the 4 venting neans (8) conprises a filter (7) whi ch is
also 5 capable of renDV|ng bacteri a. 63 Substit 1 | to
any precedin [ urt.her i ncl udin neans 20) for ntrodu0|ng
liquid into t Bﬁl ¢ XICﬁq’e EER\H;S & t ﬂ?‘“ﬁ‘:ﬁ?

2 biased outwardly by re5111ent means. _

.The second conduit preferably includes means for

4 venting gas therefrom, suitably in the form of a filter
5 which is also capable of removing bacteria.

6 In one form of the invention, means are provided for

7 introducing liquid into the reservoir while the

8 apparatus is in use, preferably in the form of a third
9 conduit extending from the reservoir and terminating in
10 an injection port.

11 The third conduit preferably includes a one-way valve,
12 and may include an air-trapping filter or alternatively
13 a branch for removing air.

14 For safety reasons, the injection port and/or the air
15 removing branch if present may be provided with

16 lockable covers.

17 The reservoir may suitably comprise a piston and
18 cylinder or a flexible bag.

19 Embodiments of the invention will now be described, by
20 way of example only, with reference to the drawings in
21 which:
22 Fig. 1 is a schematic view of a PCA apparatus
23 forming a first embodiment of the invention;

24

[ REPLACEMENT SHEET

|

24 JuL 1999

v er———




9 7. paratus | m in which said 10 I nt roduci ng
nmeans conprises a @mﬁ:u ﬁmg ml 41) 11 extending fromthe S
13

reservoir (3) and t 1§ an injection port (21, 42).

8. Apparatus according to daim7, |n Whl ch t heSubstityte sheet - dénduliyt 1929)
I ncl udes a one-Ml ve. . 15 9. Apparsatus according to CQarm 7 or
Caim8, in whi the third conduit (20) includes an air trapping

filter 17 1 (48y. Apparatuggforppgiigntscantsrdiled dafasirm PLo” Claim
8, in 19 2whi Chﬂ;h&dt ied caaaai, t thaohpp&rarta\sl doapwiking ar 2egkrviir

for LS™VIng BT Ay BE. sps PersFRRRRE B BORLL TR GagataRLREC Rt T ol

4 (1) having a predetermined working volume, a first

S conduit (4) connecting the reservoir (3) to the pump

6 (1), a second conduit (6) extending from the pump and

7 having a distal end to be inserted in the patient, and
8 a one-way valve (5) in the second conduit (6)

9 permitting liquid flow from the pump (1) toj the patient
Lo and preventing reverse flow, the pump (1) ° -

w1 being manually operable to displace liquid through the
L2 valve (S) and comprising resilient restoring means (2)
L3 for returning the pump. (1) to its initial state while

L4 drawing liquid from the reservoir (3) through the first
LS conduit (4); and in which the flow rate of liquid

16 medicament through the first conduit (4) is restricted
17 to a rate chosen in conjunction with the working volume
18 of the pump (1) to define a predetermined maximum

19 dosage rate characterised by the second conduit (§)

20 belng connected to the pump (1) by a dismountable

21 connection (10) adapted to be terminated and re-

22 eStabllShed repeatedly for introducing a priming liquid
23 into the second conduit (6) without the priming llquld
24 pPassing through the first conduit (4) ,

25 2. Apparatus according to Claim 1, wherein the first
26 conduit (4) has a length in the range lcm to 40cm and a
27 lumen diameter in the range 0.025mm to 0.20mm.

28 3. " Apparatus according to Claim 1 or Claim 2, in which
29 the pump (1) is a syringe having a plunger biased

30 © outwardly by resilient means (2).

31 4. Apparatus according to 1“14!5”.%?%“9‘3&?“’ in

24 JUL B9




24 12 Appar at us—accor di ng t 0 aﬁ of Caims 1 to 10, in 25 whi ch the

reservoir conprises ‘mnmmﬂl 30) . 1 13. Apparatus

according to any of ElM\ which the injection port (42)

is provided with a 3 fockab! e *cover (43) Substitute sheet - 15 July 1999
' 10

which the second conduit (6) includes means (8) for
2 venting gas from the second conduit (6).

5. Apparatus according to Claim 4, in which the
venting means (8) comprises a filter (7) which is also

capable of removing bacteria.

6. Apparatus according to any preceding Claim, further
including means (20) for introducing liquid into the
reservoir (3) while the apparatus is in use.

9 7. Apparatus according to Claim 6, in which said

10 introducing means comprises a third conduit (20, 41)

11 extehding from the reservoir (3) and terminating in an

12 injection port (21, 42).

13 8. Apparatus according to Claim 7, in which the third

14 conduit (20) includes a one-way valve.

15 9. Apparatus according to Claim 7 or Claim 8, in which
. 16 the third conduit (20) includes an air trapping filter

17 (40).

18 10. Apparatus according to Claim 7 or Claim 8, in

19 which the third conduit (20) is provided with a branch

20 for removing air.

21 11. Apparatus according to any preceding claim, in

22 which the reservoir (3) comprises a piston and

23 cylinder.

24 12. Apparatus according to any of Claims 1 to 10, in

25 which the reservoir comprises a resilient bag (30).
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1 13. Appafatus according to any of Claims 7 to 10, in
2 which the injection port (42) is provided with a
3 lockable cover (43).
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