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“Infusion Apparatus”

”THIS INVENTION relates to 1nﬁ1s1on apparatus for parenteral 1nfu51on of :

! med1ca1 ﬂulds to patlents

More particularly, the invention relates“to‘ infusion pump units for such
infusion apparatus. which units comprise a -peristaltic pumping mechanism
comprising.a perisraltic pump in which a ﬂexible resilient tuloe, forming pa‘r‘t of
a fluid delivery line for dehverrng a medrcal fluid to a patient is located‘
‘between, on the one hand a perrstaltlc assembly, for example an array of 4
dlsplaceable ‘ﬁngers, and, on the other hand, a counter surface or anvil, sa1d g
tube, in use of the apparatus, being repeatedly pressed against the anvil or
_counter surface, by said peristaltic assembly, at4 differenr _positions along the
s:ﬂex1ble res111ent tube 1n a predetermlned sequence to prov1de a perlstaltrc f
‘pumping. action in a manner well known per se. In one known type of such
- apparatus, for ‘practical reasons, a ,mechamsm for, dr1v1ng a plurality of -

displaceable fingers to achieve the desired pumping acﬁon, and, typically,

- monitoring or sensing devices of one kind or another, are incorporated in a

housing of the purnp unit and said anvil or counter surface is provided by a
door or cover hingedly -connected with said housing; the arrangement being
such that in an open position of the door, said anvil or counter surface is spaced -
from the pressure elements so that the way is clear for the introduction of a
medical fluid line, incorporating such a flexible resilient tube, across said -

housing so that said flexible resilient tube forming part of said line is extended
across the peristaltic assembly and so that the door can thereafter be swung into' "

“a closed position in which said flexible resilient tube is ‘locatedr between the
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A‘ peristaltic assembly and the anvil or counter surface, with the- parts of the

medical infusion line above and below said flexible resilient -tubing eXtending
freely from the pump unit, from between said housing and said door at
opposite ends of said door, the door being releasably securable in sa1d closed B

position to retam said ﬂex1ble resilient tube in place

An 1nfus1on apparatus of the above kind and a pump unit of the above‘

-kind are herem referred to as bemg “of the klnd spec1ﬁed” o

In an 1nfusmn apparatus of the kind spe01ﬁed 1t is. generally des1rable

: that the door should be capable of be1ng occasmnally -non-destructively

- detached from and re-fitted to the housmg, for example to allow thorough

cleaning of the- housmg and/or the door. It is one obJect of the present
invention to provide an arrangement allowing for ‘the detachment and .
replacement of such a door from and to such a,housing in a straightforward_'

mannecr.

Accordlng to one aspect of the invention there is provrded an infusion
- apparatus of the kind spe01ﬁed Wherem said door i is read1ly non-destructrvely :' “ |
rremovable, e.g. for cleaning purposes, and replaceable and;wherem the housmg \A
carries at least one journal and the door carries a cornplernentary b'earlng :

‘ arrangement sald bearlng arrangement 1nclud1ng a first part having an open-

ended transverse slot termmatmg in a bearing surface for said Journal and a o

second part moveable with respect to said first part and which in a first pos1t10n
discloses said transverse slot to allow said journal to pass transversely through _
said slot into co-operation with said bearing surface, said second part being
moveable into a second position in which it obstructs such transverse slot and . )
provides a further bearing surface co-operating with said journal. Preferably

said first part and said second part each have an open-ended transverse slot
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~terminating in the respective bearing. surface the second‘partt'being :rotatable ‘

between a position in which the transverse slots are in alignment to allow

transverse passage of said journal into co-operation with said bearing surfaces

‘ and a second position in which said second part obstructs movement of the °

journal out of said first part; - '

In infusion apparatus of "the kind specified, a ~further problem
encountered is that hard-pressed nursing staff sometime attempt to arrange the “ ‘
infusion line in the pumping unit in the opposite direction from that intended, -

i.e. in such a way that operat1on of the. perrstaltlc pump Would tend to pump’ }

- fluid: from the patlent towards the- medlcal fluid source rather than 1n the

: '1ntended direction. Various measures have been proposed_ln the past to“
- minimise the likelihood of nursing staff making this m’istake but these measures
“have not been entrrely successful. It is an “object of another aspect of the

: 1nvent1on to provide 1mproved means of safeguardlng agamst ‘such a mistake.

According to this aspect of the invention, there: is provided infusion
apparatus of the kind spe01ﬁed in which the 1nfusron lme has. first and seeond .
colour coded fittings spaced therealong upstream and downstream of said )
flexible resilient flexible tube and wherein the regron of sald housing, of the
pumplng unit across which the infusion line is to’ be’ extended is pr0V1ded ‘
correspondlngly spaced above . and below the perrstaltrc assembly, Wlth .

correspondlngly colour ooded support means for sa1d ﬁttlngs -

A further problem may be encountered in relation: to the operation of

~ infusion apparatus of the kind specified, as follows. There are occasions, in,

medical treatment, for example in intensive care facilities, where it may be
necessary to infuse a patient simultaneously” with several different medical

fluids, at respective different rates and so on: "Furtherrnore,‘in, for example,
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intensive care facil’ities there may be several. patients‘ in one room or. ward.in a. .

* similar condltlon Typlcally, each such. patrent may have a respectrve 1nﬁ1$1on :

apparatus of the kind spec1f1ed for each medical fluid being admm1stered

- State-of-the-art infusion apparatus of the kind speclﬁed generally incorporates. .

sensors for sensing when something goes wrong with the infusion process and,

for actrvatrng an alarm when this occurs. Typically, the alarm will 1nclude an
audible alarm and for example, an alarm light on the housmg of the pump unit
concerned, Whlch will flash to identify the pump umt assocrated with the alarm
condition. Usually the pump unit will also trlgger a nurse call (i.e. send a -
signal along an appropriate commumcatlon channel to alert a,nurse) when such ‘

an alarm conditions occurs.

Accordmg to another aspect of the 1nvent10n there i is prov1ded a dockmg .

‘station for supportmg a plurahty of mﬁlsron pumps of rnﬁlsron apparatus -of the -,

; kind spec1ﬁed sa1d 1nfu31on pumps havmg respectlve output s1gna1 connectors g

and wherein said docking station includes electromc processing means for
receiving signals from said output signal connectors and. further includes visual
alarm signal means and information display means such that where a plurality
of such infusion pumps. are mounted on such docking station and connected E

with said processing means, and one of said'infusion pumps produces an alarm
signal, a correspo'nding output signal is provided to said processing means
causing the latter to activate said alarm means and to present, on said display

means, an mdlcatlon as to which of the pump umts mounted on the docklng | .

station is generatmg the alarm.

Accordlng to a yet further aspect of the mvent1on there i is prov1ded a

pump unit of the kind specified in which at least one sensor, and a bracket ‘

,arrangement for supportlng a respective part of an infusion line, are

1ncorporated in a module des1gned for ready fitting to the remainder of the' |
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apparatus. With this arrangement, it is possible for a manufac‘airer of infusion
apparatus of various sizes and types, for example, to design these various

apparatus in such a way as to receive the standard modﬁle,‘ thereby facilitating

-manufacture and repair of the apparatus.

An embodiment of the invention is ,dés'éribed below. by way of example -

and with reference to the accofnpanying drawings in which:-

Figure 1-is a perspective view .showing an infusion pump unit

érhbodying_the ir_wention,i with a removable door removed; .
- Figure 2 is a corresp_dnding perspéctive view showing théunit of 'Fi'gur'e' :
1-with the removable door in place and in an Qpen'pos_itionand further sh‘owin'g‘ ,

part of an infusion line in place;

Figure 3is ‘e‘lvperspécti\'ré:viewfof a pump unit of Flgure 2, ?compléte with o

door, but with the door in-d closed position in which the infusion line is .held in

‘the unit;

Figure 4 is a fragmentary perspective view to an enlarged scale as
compared with Figures 1 to 3 showing part of a hinge érrangement which
allows ready removal of the door of the pump‘ unit- of Figlires 1 to 3 when

required;
Figure.4a is a view in section of a detail of the hinge arrangement;

Figures 5, 6 and 7.‘ar'e'r¢spective ﬁ*agmcntary perspective views of part .

“of the door, illustrating the hinge arrangement;
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Figurés' 8 and 9 are perspective views of feet of the pump ~1init;.

F igufe 10 is a fragmentary perspective view 6f part of the interior of the

pump unit showing a Smart Media card momted on'a circnit board of the pump

unit;

Figure 11 ‘is' a perspective view of a docking station Supporting bsveve'ralx "

" pump units;

10

Figure llyél is a schematic diagram of circuitry of a processing unit of the

docking station;

Flgure 12 is an elevatlon view of the rear of the pump unit showmg an -

RS232 connector prov1ded thereon;
Figure. 13 is an underneath plan view of the pnmp unit; and

Figure 14isa fragmentary view in vertlcal sectlon along the line
XIV -XIV of Flgure 13 ‘ \

Referring to the drawings, and ﬁr_stly' to Fignre;s 1 to 3, an_infusion
system for parenteral infusion of a medical fluid to a patient comprises a pump |
unit 10, a major part of which comprises a nousing 12 which accommodates, in
manner known per se, a cam mechanism controlling a plurality of fingers of a | ‘
peristaltic pumping mechanism, an electric motor and associated gearing, .
driving said cam mechanism, and further accommodates elecﬁonic control and .
processing circuitry for controlling such motor and processing signals from

pressure sensors etc. provided on the unit. The pump unit, as shown, may also’
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comprise an electronically operated display 14, an alarm '\light 16‘ an input
.keyboard 18 or other manually operated controls, all i in manner known per se. |
On its rear side (see Flgure 12) the housmg 12 is provided w1th a channel 17 to “
receive a mountmg rail .or column for example a mountmg rail or column 124 .
(Figure 11) of a docking station 126 whereby the pump unit may be readily "
fitted to or detached from such docking station. As 111ustrated.1n Figure 12, the .
pump unit is also provided at its rear with a swing-down bracket 156 having a

clamping screw 158 whereby the unit may be clamped to such vertical rail orﬁ

“column. The umt 1s also prov1ded on its rear 31de w1th a horizontal channel 150 o

to fit over a horizontal supportmg rail (e.g of a docking statlon) and has a

‘rotatable securmg member 152 to secure such a horizontal ra11 in the channel B

‘V 150. The rear of the unit 10 may likewise be provided with various connectors B

Vincluding connectors for receiving complementary power supply connectors,
electronic commumcatrons interfacing connectors for prov1d1ng data and alarm

output s1gna1s and for recewmg 1nput signals, etc.

As shown in Figures 1 and 2, on the front of the housing there is

provided a face or deck 20 on which is exposed an upper mounting or bracket °

22 for a complementary fitting 38 forming part-of an infusion line; a. lower .

mounting or bracket 24 for a complementary fitting 40 formmg part of such

-infusion hne and a per1sta1t1c assembly 26 which is, effect1ve1y, the operatlve »

}end of the peristaltrc pumping mechamsm and may, in pr1nc1p1e, be the free
ends of respective fingers- moveable by the cam mechanlsm referred to, -
inwards and outwards from the face or deck 20. In order to make it easier to
maintain sterile conditions, these fingers may be covered by a thin flexible -
membrane, (not shown), sealed at its edges with respect to the deck 20. As
shown in Figures 2 and 3, a door 30 is normally fitted to the housing 12 and can .-
be swung between an open position illustrated in Figure 2anda closed position .

illustrated in Flgure 3, about a p1vota1 axis A A medical ﬂuid 1nfus1on 11ne, for
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~use with the | pump unit, _ comprises upper' and lower sections 32 and 34

respectlvely of transparent plastlcs tubing, }an mtermedrate sect1on 36 of

" resiliently compress1b1e tubmg, for example of silicone rubber and upper and -

- lower fittings 38 and 40 via which the tublng section 36 is connected

respectively with the upper line 32 and with the lower line 34. In use, the upper‘
line 32 extends upwardly to a source of the medical fluid to be administered
whilst the lower line 34 extends from the infusion pump to an infusion needle -

or the like inserted into the patient. In use, the infusion line is eXtended across

 the face or deck 20 of the pump unit so that the fittings 30 and 40 are received.

in the brackets 22 and 24 respectively and so that the tubing seetion 36 extends
over the peristaltic assembly 26 as illustrated in Figure 2. The infusion line is

fitted in place in this fashion whilst the door 30 isin the open posmon shown i n

: "Flgure 2. After the 1nfus1on line has been s0 ﬁtted the door 30 is moved to the :

closed pos1t10n shown in F1gure 3 and is secured bya catch 37 whlch comprlses :

a lever mounted'on the outer edge of the door 30 (i.e. the edge wh1ch lles at the

- side of the pump unit when the door is in its closed position_),t for prvoting\ about

. an axis 37a generally perpendicular to that outer edge of the door and parallel "

with the front face of the door The catch 37 has a handle portron 37b which ,
extends. downwardly and partly across the front of the door and has a cam |
portlon 37c adapted to fit within a complementary recess 39 at the front of the o
pump housing at the adjacent-sideof the pump, the cam portion 37¢ having a ‘
cam surface 37d, (see Figure 7), conﬁgured to engage nnder a boss 41 (which
projects laterally from the pump housing into recess 39) vtfhen' with the pump. v~
door 30 closed, the handle portion 37b is swung downwardly and rearwardly -
from a posmon in which it pro;ects forwards and outwards ﬁom the door to.a

posmon (shown in Flgure 3) in Whlch the handle portion 37b lies agamst the

front of the door.
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The pump housing may have a carrylng handle (not shown) plvotally .

mounted on top.

- The terms “upper” and “lower” are ‘used herein for ‘Convenience andﬁ .

~ -should not be understood to mean that the - apparatus must be used 1n the

orientation shown in Figures 1 to 3 The unit will, of - course, pump ﬂurd :

~ perfectly well in any orientation.

In operat1on of the pump, in known manner, the ﬁngers of the perlstaltrc
assembly 26 per1odlcally press the ﬂexrble resﬂ1ent tublng agalnst a counter '
surface or anvil to propel fluid within the 1nfusron line along the latter. In the - |
pump shown, the peristaltic assembly comprises an upper ﬁnger 26aanda |
lower finger 26b which are of a relatively limited extent 1n the long1tud1nal
direction of the rnfusron line, and an 1ntermed1ate ﬁnger or pad 26c¢, between
the upper and lower fingers and which- ﬁnger 26c is extended or elongated in .
the longitudinal dlrectron of the infusion line. In operatron_, assuming the fluid

is to be propelled downwards, as viewed in Figures 1 to 3, along the infusion

. line, the perrstaltrc assembly performs a repeating cycle in whrch with the

' 1ntermed1ate pad 26¢ spaced from the counter surface, the upper finger presses

the flexible tube .agalnst the counter surface or anvil to close the tube at the
location of the upper finger 26a, the lower finger is then withdrawn from the
counter surface to open the tube at the location of the lower ﬁnger 26b, then the
intermediate pad or finger 26¢ is motfed towards the counter surface to drive -
the fluid in the tube adjacent the intermediate pad 26¢ downward along the
tube, then the tube is pinched closed again between the lower finger 26b and

the counter surface, then the upper finger 26a is ,withdrawn from the counter -

- surface and the intermediate. finger 26¢ withdrawn from the counter surface to".

~draw fresh ‘ﬂuid into the part of the tube adjacent the intermediate finger 26¢.
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In order for example, to allow for ready cleaning of the housing 12 or
the door 30, or to allow ready replaceinent of the door 30 should the latter - -

“become da_maged means is provided'in accordance with the present invention '

' "Whereby the door 30 can be readily removed when requlred As 111ustrated in

. Fi igures 4 to 7 the door has at its upper and lower ends laterally extending arms
50 which carry at their ends respectlve bearing arrangeme_nts for hinge pins or
journals 52, fixed in the casing adjacent the upper and lower ends of the
housing. The d_eor comprises an inner part (shown partially 1n ,Figures 5 to N, . .
which provides the counter surface or anvil referred to, and an oufer shell,
(omitted in Flgures 5t07 for clarity but Vls1b1e in Flgures 2 3 4 and 4a),
secured to the outer side of the i inner part. The portlons of the 1nner part of the
door which are mcorporated in the arms 50 are referenced S0a i 1n Flgures 5,6 -
and 7, and are referred to below as arms 50a. Flgure 4isa fragmentary
perspective view showing the upper part of the door 430, from the inside of the ‘

_door, without the housirl'g‘ 12 but ’showing, in position in relation to the d‘oor a . -

‘unit 52a wh1ch is 1n pract1ce fixed in the housmg 12 and Whlch prov1des the .

. upper hmge pm or Journal 52. (A correspondmg unit ﬁxed in the housrng 2

likewise provides the lower hlnge pin or Journal 52).

As best shown in Figure 5, each said arm S'Oa (only one is shown, t_he‘ ,
other being ‘a‘ mirror image) has at one end a slot 56 extending to.the end of the
respective arm,‘ithe inner end of the slot being: of semi-eylirrdrical form of a
curvature cerresponding to that of the bearing surfece of ﬁinge pin or journal -
52. Rotatably mounted on the end portion of tﬁe arm 50a, for rotation about the

axis of the semi-cylindrical end surface of the slot 56 is a‘respective retaining

~lever 60, a hub portion 62 of which isAlikewise brovided_ with a sﬁlo‘t‘5'7 epenipg .

onto the periphery of the hub, portion, the inner end of this slot Iikewi'se bemg a -
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| semi-cylindrical surface coaxial with that of the semi-cylindrical surface of the

slot 56 ancl‘of the same curvature. In the arrangement shown, the lever 60 on
the upper arm 50a lies on top of the latter as viewed in Fighres 1 to 3 (and
conversely the corresponding lever 60 for the lower arm:50a (not shown) lies |
below the lower arm SOa). Each lever 60 is retained hetWeen the respective o
arm 50a and the opposing side wall 51 of part of the outer shelt which blies in )
the respective arm 50 of the door, the hub 62 of the lever 60 having, on its side ’A |

facing the arr‘nk 50a, a part-cylindrical boss which is‘received' ina correspondirlg .

“'part-cyhndrlcal recess on the adjoining side of the arm 50a “such boss and

recess bemg again coaxial w1th the half-cyhndrlcal surfaces at the inner end of

| the slot 56 and of the slot 57 in the lever 60,thereby the lever 60 is rotatably

: mounted on the arm 50a. The lever 60 is kept in place, ‘when the 'door 1s

removed, as described below, between the arm 50a and said side Wall 51. In
the posmon of the lever 60, (relatlve to the door and arm 50a) shown in Flgure

5 the transverse slots 56 57 in the arm 50a and the lever hub 62 are ahgned :
defining a single open slot WhICh, when the door is apphed to the casing, can ]

receive the respective hinge pin or journal 52. The lever 60 may then be swung -

 through 90° to the position shown in Figure 6 in which the slot 57 in the hub 62

is displaced through approximately 90° with respect to the slot 56 so that Whilstr
the respective. half-cyhndncal ends of these slots co operate Wlth respectlve o

portlons of the cyhndrlcal part of the hlnge pin 52, one s1de wall of the slot in. -

: the hub 62 obstructs the slot 56 and provrdes a bearlng surface for engagement-’

with the hinge pin 52 and likewise one side wall 56 of the slot 56 obstructs the
slot 57 in the hub 62 so that the combination of the arm 50a and lever 60 retains
the hinge pin 52 securely but is nonetheless rotatable around the hinge pin 52.
In this, the closed position of the lever 60, the latter‘ltes snugly against the arm

50a as Showu ianigure 6. More particularly, the lever arm of lever 60 may, as : - |

shown, comprise a major part 63 in the form of a wall or strip lying in the plahe

* of movement of the lever arm and may further comprise a tab portion 65
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extending atright angles to said part 63 and which; in-said -closed position of
the lever, lies within a corresponding recess in the respective arm 50a of the

inner part of the door. In this closed posmon of the lever, the part 63 lies

- snugly agalnst the arm 50a.between the arm 50a 'and the wall 51 of the outer )

shell. When the door is to be removed, both Jevers 60 are pivoted in the door to |

the pos1t10n shown in Flgure 5 and the door is then pulled away from the pump |

. ’\housmg and hinge p1ns Door replacement i 1s by the reverse of th1s procedure .
: ,the levers 60 ﬁnally being’ plvoted to the posmon shown in Frgure 6 to retaln'{

’ the door on the hlnge pins 52

Figure4aisa fragmentary sectional view showing the part of the door
with the upper arm 50a, and also showing the unit 52a providing hinge pin 52

and indicating the part of housing 12 in which it is fixed. \The section in Figure™

B 4a is taken i in a plane through the axis A of the hlnge pII’lS 52 and Wthh is.

generally parallel with the maJ or surfaces of the door and is taken with the o
lever 60 in the position shown in Figures 4 and 6 in Wthh the respective hmge .
pin 52 is held captive in the arm 50a Thus, the plane of section in Figure 4a
runs along the slot 56 in the arm 50a and through the open end of slot:56 and

\ runs across the slot 57 in the lever 60.

In order to prevent inadvertent or unnecessary removal‘ of the door by
‘nursing staff or others, whilst still allowing ready remoyal and replacement of
the door by servicing personnel, the levers 60 may be held in. their closed
positions by screws 70 screwed into the door inner part and the heads of which
screws 70 overlie the tab portions 65 in their recesses and which screws must
be undone to allow the levers 60 to be. suvung into their open positions. To
facilitate mounting of the door and as a “backup” shouldfa screw 70 become .
lost, the levers 60 and arms 50a may be provided With:integral complementary

retaining means, e.g. in the form of detents and co-operating recesses, or (less P
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preferably) the levers 60 may have detentslor recesses on the sides of parts 63

facing the respectlve walls 51 and co- operatmg with complementary recesses or

‘fdetents on the walls 51 facmg the parts 63.

Referring to Figure 1 and 2, the brackets 22 and. 24 project forward
‘somewhat from the face 20 and provide, or incorporate, respective resilient

clips which define respective recesses to receive the respective fittings 38 and

- 40 of the infusion line, and these recesses are so shaped as to ensure, as far as

poss1ble that the fitting 40 will not fit in the recess 1n bracket 22, nor Wlll the ‘, |

fitting 38 ﬁt in the recess in bracket 24. L1l<ew1se, ,the ﬁttmgs 3 8, 40 and the

brackets 22, 24 are so shaped as to ensure that neither fits in 'its respectiVé ,

. bracket in an inverted position Nevertheless it has been found that, despite

such measures, nursing personnel often take a srgmﬁcant tlme if unfamiliar .
with a part1cular pump umt to determine on.a trial and error basis, the correct -
orlentatron and posmon of the mfusron 11ne in a perrstalt1c pump unit. - Time .

may, of course be Very precious in a medical emergency situation. In

accordance with the present 1nventron therefore, to assist nursing personnel in

quickly determining the correct orientation and position of the infusion line in
the pump unit, colour coding is used. Thus the bracket 22 and fitting 38 ‘a:re B
made of the-v samc,. Vi'sually striking, -colour, distinct from thc'rernainder of the
pump unit and’infusion line and the bracket 24 and ﬁttihg 40 are made of the N
same visually str1k1ng colour as each other, but contrastmg with that of the
bracket 22 and fitting 38 and agam distinct form the remamder of the pump un1t~ '
- or infusion line. For example, bracket 22 and fitting 38 mrght be blue and the
bracket 24 and fitting 40 might be orange. | '

Referrmg to Figures 1 and 2 once more the bracket 24 ‘besides serving' -
to co-operate with and hold the fitting 40 of the mfusron hne also mcorporates :

various sensors, such as a pressure sensor (not shown) of a type known per se, -



10

15

20

25

WO 2006/008465 PCT/GB2005/002747

14
for measuring the pressure at which the medical fluid is s'upplliedl to the patientd
and a bubble detector, also known per se. ‘A bracket performing the above- .
noted function and incorporating such sensors is likely to be required inany of -
arange of different infusion pumps of the character coneerned In the prefened
i\embodlment of the 1nvent10n the bracket 24 the Sensors referred to and .

possibly other faerhtles such as a mechanlsm for pmchlng off the mfuswn line -

. when the door~30 is Aopened, are all ;neorporated in a rnodule which can be

easily fitted to the pump during manufacture, e.g. which can be simply‘
“plugged in”. Where the ,rnanufacturer produces a range of different models of
pump unit, the different models are preferably designed to receive the ‘same
design of module, thereby rationalising manufacture to some extent, minimising .

manufacturing costs and stock-holding requirernents for s'pares.w

The pump unit housmg is prov1ded W1th feet 100 102 for example of kx
' elastomerlc material, for.use when the umt is to be- supported on a flat surface ”
rather than, for example clamped to a rail. In prior infusion pump units, where' |
-the feet have simply been attached: by adhe51ve to the bottom of the pump':
housing, these feet have. had a tendency to become dlslodged Attachment of - f

“such feet to the bottom of the housing by screws has also proved unsatlsfactory

: 1n that such screws are sometlmes over-tightened during assembly causing the

' housing to crack. In the preferred embodiment of the inVention 'the feet used’

are unitary elastomeric items such as illustrated in Figure 8 or Frgure 9 and.

which are inserted through holes in the bottom of the housing. - Thus, each foot -* -

shown has a lower part 104, intended to be extended from the pump casing, a
ciroumferential groove or rebate 106, intended to receive the edge of the hole in
wall of the pump casing through which the foot is extended,.and an enlarged
retaining portion 108 (for foot 100) or 110 (for foot 102) above the groove 106‘

which engages the inside of. the pump housmg, to retain ‘the foot against |

3 'dlsplaeement from the hole. In the preferred embodlment of the invention, the
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pump unit has two rear feet 100 fitted in holes in downwardly projecting parts
113 of the pump housing, (see Figures 13 and 14) these feet each having an
upper inner part 108 with a tapering wall to assist in pushing through the =
respectrve hole in the bottom of the pump housmg The pump housing, in the
preferred embodiment, is formed in two parts one provrdmg a front panel of :
the housing and forward parts of the top, bottom and side walls, and the other ’_
part providing a back, and rearward parts of the side walls, top wall and bottom. .,
‘wall. The holes in which the front feet 102 are fitted are - lntersected by the:
Junctlon between the front and rear housing parts' so that the rear part of the.
‘housing has, in the forward edge thereof at the bottom two notches
corresponding to the rear parts of the respeotrve holes for feet 102 into whrch |
the narrower parts, (defined by grooves 106) of feet 102 can be ﬁtted before’ *
the front housing part havmg correspondlng notches in 1ts rear edge at the
bottom, is applled to the rear housing part, whereby the edge portlons of the - R
last-mentioned notches engage in the grooves 106 and holes encompassmg the
feet 102 are thus completed. In this way, the front feet 102, like the rear feet
100, are firmly and reliably held in place. |

As noted above the pump unit 1ncludes electronlc processing: means,

controllmg operat1on of the motor dr1V1ng the perlstaltw assembly 26; recervmg;’;

“signals from the pressure and other Sensors; rece1v1ng 1nput from the keypad on .

the front of the pump unit; controlling the alarm means and the display; and so

-on. The electronic processing means comprises, in mannet known per se, a

CPU (central processing unit), running a program stored in electric memory

- within the pump unit. In preferred embodiments of the invention, this memory,

or a part thereof, is carried in a connnercially available, readily replaceable,
non-volatile rnemory card, such as a “Smart-Media” card, a “Compact Flash”
card, an “SDM?” card or the like, recerved in a complementary socket within the -

pump unit, whereby the operatmg program of the CPU or some aspect thereof ‘
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or pre-set data utilised by such program, may readlly be changed for example -

to provide for different medication administration regimes or 1mproved control.

algorithms, simply by opening the pump unit housing, and exchanging cards.

‘Figure 10 111ustrates such a “Smart Media™ card. 112 ina socket 114 mounted

~on a circuit board 116 Wlthln the pump unit 10

At the rear of the casing, as shown in Figure 12, are provided various
electrical connectors, including a power supply connector 118 and data
connectors. In the preferred embodlment one of these data connectors may be' '

.:a rnult1—p1n connector such as an RSZ32 connector 120 1n whlch plns unused )
for data cornmumcatlon ha.ve been set’ a81de for a nurse call functron As usual

‘a pump alarm will trigger. the nurse call

4Referring to Figure 11 a plurality of pump units 10 may be mounted on a
docking’station‘ 126 which may be located at the bed side of a patient being
infused with respective medical fluids via the respective pumps 10 mounted on -
the docking station. The,dock‘ing station includes électronic processing means '
127 (Figure 11,5) housed in a unit 128 of the docking station Which carries
visual alarm signal means, such as a lamp or beacon 130 and information -
display means 132 controlled by the electronic proCessing means-in the unit

128. Respectlve output signal connectors of the pump units are connected w1th~ ‘.
respective 1nputs 134a, 134b 134c. of umt 128. In operatron, if one.of the'- |
infusion  pumps on the ' docking station produces an alarm s1gna1 aj}y

correspondlng output signal ‘is provided via the respective input 134 to the

" processing rneans 127, causing the latter to activate the alarm means 130 and to -

present, on display means 132, an indication as to which of the pump units"
mounted on the docking station is generating the alarm. ~A nurse alerted by the
alarm can thus readﬂy and qulckly determine which dockmg station 126 has the

pump unit 10 associated w1th the alarm cond1tron
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When used in th1s specification and clalms the terms "comprlses" and .
' "comprlsmg" and variations thereof mean that the specified features, steps or
1ntege1s are included. The terms are not to be 1nterpreted to exclude the

presence of other features, steps or components.

The féatures’disclosed in the foregoing description, or the following -
“c‘laims, or the iacco‘mpanying drawings, expressed in their sﬁepiﬁc forms or in. -
terms of a means for performing the disélosed function, or a mg:thod or pi‘ocess
for attaining the disélos_ed. résult, as appropriate,. may,separately, or in any .
_combination of such f¢atufes, be utilised for realising the invention in diverse-( |

forms |  thereof. .
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Claims

1. A peristaltic pump unit for medical infuéion, comprising a. -

’ "perlstalt1c assembly, a counter surface or anvil facmg said peristaltic assembly,

a support for supporting, between said perlstaltlc assembly and said counter_
surface or- arrvﬂ, a ﬂex1ble resilient tube formmg part of amedlcal fluid delivery |
line and a driving mechanism operable to drive said periétaltic assembly to

pinch such ﬂeXIble tube agamst said anvil or counter: surface at different ‘
positions along the flexible resilient tube, and Wherem sa1d perlstaltlc assembly -
and said mechamsm are mcorporated in a housmg and Wherem said anvil or ‘»

counter surface is provided by a door or cover hlngedly connected with. sald h

- housing so that in an open position of said door or cover, said anvil or counter :

surface is spaced from the peristaltic assembly to allow the introduction of such
flexible resilient tube across the peristaltic assembly? or to allow the removal of :
such flexible resilient tubefrornthe unit, and:so that in a "closed position of said - -
‘door or cover such ﬂexible resilient fube -exterided  across. the per"istaltics .
“assembly will be pos1t10ned between the per1sta1t1c assembly and said anvil or
counter surface characterised in that said door is readily non—destructlvely
removable, e.g. for cleamng purposes, and replaceable and wherein the housing:
carries at least one Journal or hinge pin and the door carries a complementary -
bearing arrangement, (or the door carries at least one journal or hinge pin and |
the housing | carries a- complementary bearing arrangement), said bearing.
arrangement including a first part having: an open—ended‘. transverse" slot ,
terminating in a bearing surface for said journal and a second part moveable
with respect 'to said first part and which in a first position- discloses' said
transverse slot to allow said journal to pass transversely through said slot into
‘co-operation with said bearing surface, said second part being moveable ihto a
second posmon in Wthh it obstructs such transverse slot and prov1des a further .

bearing surface co-operatmg with said journal.
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2. A pnmp unit according to Claim I‘Wherein said first part and said
second part each have an open-ended transverse slot terminating ’in the -
respective bearing surface the second part Being rotatable between a position in

which the transverse slots are in alignment to allow transverse passage of said

: Journal into o~ operatron w1th said bearmg surfaces and a second posrtlon in.

which said second part obstructs movement of the Journal out of said ﬁrst_part.

4 3, - A pump unit according to Claim 2 wherein said first part is fixed
~with respect to.the door and said bearing surface of said first part is arcuate(
about an axis fixed with respect to the door, and wnerein“said second part is
rotatable with respect to the door about said axis and wherein_said journal or -
“hinge pin is' carried by said housing and is ccaXial with -;said bearing surfaces '

when the door is in positicn on the housing.

4. A pump unit according to Claim 2 wherein said first part is fixed

with respect to the hous1ng and said bearmg surface of sa1d ﬁrst part is arcuate

. ~about an axis ﬁxed with respect to the housmg, and Whereln said second part is

‘rotatable with respect to the housmg about said axis and Wherem said Journal or -
hrnge pin is carried by said door and is coaxial Wlth said- bearlng surfaces when

the door is in position on the housing.

5. A pump umt according to Claim 3 or Claim 4 Wherem said

~ second part has a boss which is cylindrical about said ax1s apart from the

interruption due to said slot in the second part, sa1d boss being journaled in a
recess provided in a face of said first part, which recess, apart from the

interruption due to said slot in the first part, is also cylindrical about said axis.
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6. ~ A pump unit according to Claim 5 wherein said first part-
c\omprises a base structure of said door and \sai.d face providing said cylindrical
recess is at an edge of said base structure and wherein a cover plate or trim -
.‘secu’red to said base structure has a wall or_‘ﬂange which ei(tends at least partly
over said second part, on the side of the second part remote from said
cylindrical recess, whereby 'said second part'is held captive between said base

structure and said wall or flange.

7. A pump unit ‘aceor{ding‘ to any':o“f Claims 1 to6 wherein sa1d .
second part ’has"an 'operatin;g lever for moviné tlie second p’airf.bejcween said ﬁfst ,' ‘
and s’aid second posi.tion‘s' and wherein a fastener releasabl)i seenred to said fn"st | ,
“part normally acts on said lever to maintain said lever in the posmon in wh1ch

" said second part is in said second position with respect to said first part

8 t A perlstaluc pump unit for medical 1nfu310n comprising a
peristalt1e assembly, a counter surface or anvﬂ facing sa1d peristaltlc assembly,
a support for supporting, between said peristaltie assembly and said counter
surface or anvil, a flexible resilient tube forming part of'a medical fluid delivery

“line and'a driving mechanism operable to. drive ‘said peristaltic assembly to'j

pinch such ﬂex1ble tube against said anvil or couriter surface at different - °

’ posruons along the ﬂex1ble resﬂient tube and Wherein sald perlstaltic assembly ‘

and said mechamsm are 1ncorp0rated ina ‘housing of said unit and in Whlch the :

~ medical fluid delivery line has first and second colour . eoded fittings spaced

therealong upstream and downstream of said flexible resilient flexible tube and
wherein the region of said honsing of the pump unit across which the infusion
line is to be extended is provided, correspondingly spaced above and below the §
peristaltic assembly, witli:eorrespondingly colour coded support means for said

| fittings.
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9. A pump unit according to Claim § wherein said first colour-coded
fitting has a first approximately cylindrical form configured for engagement in,

a groove or recess of complementary form in the correspondingly colour-coded

~support means provided on said housing, and wherein said second colour-coded

fitting has a second approximately cylindrieal form conﬁgured for engagement

in a groove or recess of complementary form in the correspondingly colour- |

coded support means provided on said housing, said colour-coded support- ‘
' means being in the form of resilient clips configured to enibrace their respective
'colour-coded'ﬁttings and wherein the fofms of sa1d cotour—coded ﬁttings andj -
said grooves in the support means are selected to re51st the ﬁrst colour-coded -
| fitting being ﬁtted 1n the groove in the second support means and to res1st the“

‘second colour-.coded ﬂtttng- being fitted i 1n the grooye in the ﬁrst. support means. -

10. . A pump unit according to any of claims 1 to 9 in which at least.
one sensor, and a bracket arrangement for supporting a respective part of an
infusion line, are incorporated in a module designed for ready fitting to the

remainder of the apparatus.

1. A perlstaltlc pump unit for medlcal lnfusmn comprlsmg a"'

peristaltic assembly, a counter surface or anV11 facmg sa1d perlsta1t1c assembly,

“a support for supportlng, between said _peristaltic assembly and sald counter

surface or-anvil, a flexible res111ent tube formlng part of a med1ca1 fluid dthery N

line, a driving mechanism operable to drive said peristaltic assembly_to' pmch -

‘such flexible tube against said anvil or counter surface at different positions

g along the flexible resilient tnbe, and wherein said peristaltic assembly and said

mechanism are incorporated in a housing of said unit and wherein said housing
carries, spaced from said peristaltic assembly, but in line therewith, a support

bracket for supporting a complementary part of a said ﬂe}'(ible tube extended
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- across the perrstaltlc assembly, and Wherem said bracket is m the form of a
replaceable module which incorporates one or more of a pressure sensor for 4
sensing the pressure of fluid in such ﬂex1b1e tube and a bubble detector for. .

| detectlng bubbles in such flexible tube.

12. -~ An infusion pump for infusion of a medical fluid to a patient, the
pump including an external casing in the form of a shell of predetermined

thickness prov1ded ina base portion thereof W1th a plurahty of apertures -

.recelvmg respectwe feet each sa1d foot compnsmg a body havmg a.

circumferential groove or a rebate receiving an edge portlon of the respectrve
said aperture, a lower part below said . circumferential groove or rebate,
extending from said casing and an upper part, -above said . circumferential

groove or rebate within sa1d casmg, said upper and lower parts belng larger» :

- ‘than the respectlve sa1d _aperture, Whereby the foot 1s retamed agalnst _
15 ]

d1sp1acement from the casmg

13. . ‘An infusion pump according to Claim 12 wherein said casing
mcludes a first part and a second part having respective edges which meet in -
the assembled condition of the pump and whereln at least one of said apertures
recelvmg a sa1d foot is defined jointly by co-operating notches in respectrve

said edges of said first and second parts of said casing.

14. An infusion pump according to Claim 12 or Claim 13 wherein

said feet are of elastomeric material.

15. A dockmg statlon for supportmg a plurahty of medical 1nfusmn -
“having respectlve output signal connectors, and Wherem sa1d dockmg station
includes electronic processing means for receiving signals from said output

signal connectors and further includes visual alarm signal means and
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information display means such that where a plurality“of such infusion pump ‘
units are mounted on such docking station and connected witli said processing"‘
means, and one of said infusion pump units produces an alarm signal, a
corresponding«output signal is provided to said processing means, causingthe

latter to act1vate sa1d alarm means and to present on said - d1splay means, an“

‘ Amd1cat10n as to wh1ch of the pump units mounted on the docking statron is ‘

| generating the alarm

16. A peristaltic pump un1t for medical infusion, comprismg a perrstaltlc
assembly, a counter surface or anvil facmg said per1stalt1c assembly, a support .
for supportmg, between sa1d peristaltic assembly and. said- counter surface or
anv1l a flexible resilient tube forming part of a medical ﬂu1d dellvery lrne a
driving mechanism operable to drive sa1d per1staltlc assembly to pinch suchv ,
flexible tube against said anvil or counter surface at different pos1t1ons along
the flexible resilient tube, and wherein said per1stalt1c , assembly and said .

“mechanism are incorporated in a‘housing of said unit and wherein said housing .

. 'houses an electric motor dr1v1ng the per1staltlc assembly and carries at least a

pressure sensor - for sensmg the pressure in the fluid be1n0 delivered along said
fluid delivery line, and an input device for setting the pump unit. the pump unit
including electronic processing means controlling operation of the motor

 driving the peristaltic assembly, and receiving signals' from said pressure .

- sensor, the electronic processing means comprising a central processrng unit

running a program stored in electric memory within the pump unit, and wherein .
at least part of said memory is carried in a readily replaceable, non-volatrle .
memory card, received in a complementary socket within the pump unit,
whereby the operating program of the central processing unit Vmay readily be
changed, for example to provide for different medication administration. ,
regimes or improved control algorithms, by exchanging Vsaid ‘m'emor‘y card ‘for‘f

‘another. -
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1. ctaims: 1-7,10(partly)

Peristaltic pump unit for medical infusion having a housing
with a removably mounted door.

2. claims: 8,9,10(partly)

Peristaltic pump unit for medical infusion having colour
coded support means to match colour coded fittings on a
flexible resilient tube.

3. claim: 11

Peristaltic pump unit for medical infusion having a support
bracket in the form of a replaceable moduie incorporating a
pressure sensor and/or a bubble detector.

4. claims: 12-14

Infusion pump for medical infusion having an external casing
with apertures receiving feet with a groove resulting in the
feet being retained against displacement from the casing.

5. claim: 15

Docking station for supporting a plurality of medical
infusion pump units, the docking station including
electronic processing means, visual alarm signal means and
information display means, the processing means causing
alarm and display indicating which of the pump units mounted
on the docking station is generating an alarm.

6. claim: 16

Peristaltic pump unit for medical infusion having at least
part of a memory carried in a readily replaceable,
non-volatile memory card, received in a complementary socket
within the pump unit.
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