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SYRINGE PUMP AND ARRAY OF SYRINGE PUMPS WITH MULTI-ZONE ELECTRONIC DISPLAY

The present invention relates to an infusion pump and in particular to a

syringe pump having an improved user display.

An infusion pump is a medical device commonly used to infuse fluids or

medicaments to a patient.

In particular, an infusion syringe pump is a device which drives a syringe
plunger of a syringe at a predetermined rate, thereby expelling fluid from the
syringe and then on through a tube to the patient. Typically, syringe pumps
comprise a motor that drives a screw or gear mechanism to move a pushing
surface (drive head) at a controllable rate. The rate of movement of the
pushing surface or drive head can be predetermined by a medical practitioner
such as a nurse in order to infuse fluid from the syringe at the desired rate of
administration. The rate of flow can be precisely controlled and extremely low
rates of infusion can be achieved, for example 0.1 ml per hour infusions,

which could not be achieved using gravity infusion (i.e. a so-called “drip”).

A syringe pump typically comprises a body or housing which is adapted to
receive the non-moving body of a syringe, i.e. the syringe barrel. This portion
of the housing is known as the syringe cradle. There may be a groove in the
syringe cradle in which a flange of the syringe barrel can be located in order
to immobilise the syringe barrel from longitudinal movement during

longitudinal movement of the syringe plunger within the barrel.

The syringe plunger has a plunger flange which is connected to the syringe
piston by a syringe plunger stem. When mounting a syringe in the syringe
pump, the plunger flange is held beside the syringe plunger drive head which
may additionally be provided with a retaining arm or arms for holding the
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syringe plunger at a correct centred position. A syringe barrel clamp or clip
may also be provided to clamp the barrel in a predetermined position.

As known in the art, the drive head is connected to a screw drive mechanism
for connecting the linear motion of the screw drive mechanism to the syringe

plunger in order to empty the syringe.

The prior art syringe pump is typically provided with a control panel or buttons
for the user to program the desired infusion. The user can typically input the
drug to be infused, the syringe brand and size and the desired infusion rate or
duration of infusion. The device is also provided with a display which firstly
allows an operator to view his or her inputs from the control panel as he or
she programs the pump, and also provides information to the operator whilst
infusion is in progress. Such information could include, for example, “infusion
time remaining” (i.e. time remaining until all fluid is expelled from the syringe)

or “infusion volume remaining” (i.e. VTBI = “volume to be infused”).

Typically, manufacturers have attempted to keep syringe pumps as small as
possible for ease of mounting on a mounting frame, easy handling and in
order to save space around a patient’s bedside. One way to achieve this in
the past has been to provide displays which have a large width but low height
i.e. relatively long but thin displays. Whilst these custom displays can be
considerably more costly than displays of standard size which are
commercially available from suppliers “off the shelf”, the displays of standard

size may be of unsuitable proportion for a compact syringe pump.

In addition, a practitioner typically wants to see both the electronic display but
also the syringe barrel itself to provide an immediate visual representation as
to the state of the infusion.

It is therefore an object of the present invention to provide a syringe pump
having a display of cost-effective size whilst also providing space for the
syringe barrel itself to be viewed.
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According to the present invention, there is provided an infusion pump for
infusing a fluid from a syringe, the syringe comprising a syringe barrel and a
syringe plunger comprising a piston, a plunger stem and a plunger flange,
wherein the infusion pump comprises a housing having a display, a syringe
retainer for retaining the syringe in place and a plunger driver for pushing the
syringe plunger to expel fluid from the syringe, characterised in that the

syringe retainer retains the syringe in a position such that at least a visible

part of the display is located behind the syringe barrel.

Preferably, the display comprises an LCD panel.

Advantageously, the display has a diagonal length of about 5.7 inches (144-
145 mm).

Conveniently, the display is backlit.

Preferably, the display is additionally a touchscreen.

Advantageously the display is separated into at least two zones, preferably
wherein each display zone is a different colour or brightness.

Conveniently at least part of one zone is located on the part of the display
located behind the syringe barrel.

Preferably, the size and layout of the at least two zones are dimensioned and
positioned in response to the dimensions of the syringe, such that the at least
one part of one zone is generated on the part of the display located behind

the syringe barrel.

Advantageously the display extends substantially from the top of a front face
of the housing to the bottom of a front face of the housing.

Conveniently the display is capable of displaying infusion data selected from
the list including drug name, syringe volume or size, syringe manufacturer,

time, date, desired infusion rate, actual infusion rate, system pressure, fluid
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volume already infused, fluid volume still to be infused, infusion time already

elapsed and/or infusion time remaining.

Preferably the infusion data is selected from fluid volume already infused
and/or infusion time already elapsed and wherein said data is displayed on

the screen in an area proximal a part of the syringe barrel containing no fluid.

More preferably the infusion data is selected from fluid volume still to be
infused and/or infusion time remaining and wherein said data is displayed on

the screen in an area proximal a part of the syringe barrel containing fluid.

The invention also provides an array of infusion pumps according to the
invention, wherein the displays of each pump in the array are aligned in a

vertical direction.

Preferably each pump in the array is in close proximity to the next adjacent
pump.

The invention also provides a docking station configured to dock with at least
one infusion pump according to the invention, wherein the docking station and
the pump each have cooperating locating means to locate the pump in place,
and wherein the docking station optionally includes a computer controller.

Embodiments of the present invention are described below with reference to
the accompanying drawings in which:

FIGURE 1 is a perspective view of a prior art syringe pump.

FIGURE 2 is a perspective view of a syringe pump according to the present

invention.

FIGURE 3 is a perspective view corresponding to the syringe pump of
FIGURE 2.
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FIGURE 4 is a front depiction of an array of syringe pumps according to the

present invention.

Figure 1 shows the typical components of a syringe pump 1 as known in the
art. There is provided a housing 2 having a syringe cradle 3 therein which is
of appropriate size for receiving a syringe 4, in particular the syringe barrel 5
thereof. In the example shown, there is a clip 6 provided to support the
syringe barrel 5 in the syringe cradle 3 and a groove which receives the flange
7 of the syringe barrel 5. The prior art syringe pump 1 as shown is in a state
either before or during infusion where the syringe plunger 8 is extended out of
the syringe barrel 5. The syringe plunger 8 terminates with a syringe piston 9
at one end, which forces fluid from the syringe 4 and a syringe flange 10 at an
opposing end, connected by the syringe plunger stem 11. The syringe flange
10 is pushed via the driver head 12 when in use, which forces the syringe
piston 9 through the syringe barrel 5 thereby forcing liquid through the end of
the syringe 4. The syringe flange 10 may additionally be supported or
clamped by one or more retaining arms 13.

As well as operating buttons or switches, which the operator uses to activate
and program the syringe pump 1, there is a display screen 14. In prior art
devices, the display screen 14 may be a simple LCD (liquid crystal display)
having a small number of segments, for example seven segments in a figure-
of-eight configuration per character, adapted to display a small number of
alphanumeric characters. The display may be monochromatic, for example, it
might only display red, green or grey/black characters.

Alternatively, the display 14 might be a more complicated liquid crystal display
capable of displaying more characters or more complicated characters. The
LCD may be backlit, for example, using light emitting diodes (LEDs).

As stated above, LCDs as known in the art and incorporated into prior art
syringe pumps 1 have been customised into relatively long (greater width than
height) configurations as shown in Figure 1 in order to display sufficient
information whilst saving space on the front housing 2 of the pump 1. Such

customised displays can be more expensive for a manufacturer to produce
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than display modules that are already commercially available and can simply
be incorporated into the syringe pump 1 at the manufacturing stage.

The syringe pump 20 according to the present invention is shown in Figures 2
and 3. This syringe pump incorporates a display 21 having a commercially
available LCD and, as can be seen from Figure 2, in the syringe pump 20 of

the invention, the syringe barrel 5 is positioned in front of part of the LCD.

As illustrated, the invention includes a standard 5.7 inch (145 mm) (diagonal
dimension) TFT LCD. A TFT is a thin-film transistor, known in the art and well
known in LCD technology. 5.7 inch TFT panels having a diagonal size of 5.7
inch are a standard size in the art and can be purchased from numerous
manufacturers. Pixel resolution in a 5.7 inch TFT display can be, for example,
640 x 480 pixels. A typical “off the shelf” 5.7 inch TFT panel has an overall
size of around 127 mm (width) x 100 mm (height), a viewing area of around
118 mm (width) x 89.5 mm (height) and an active area of approximately 115
mm (width) x 86.5 mm (height). The diagonal length is therefore
approximately 144-145 mm.

Resolution of a 5.7 inch TFT panel may be, for example, 640 x 480 pixels,
and the panel may be capable of displaying 256K colours.

In the present invention the LCD display 21 covers a large proportion of the
front facing housing 22 of the infusion pump 20. In particular, the LCD 21
extends over a large proportion of the height (short axis) of the front facing
housing 22: preferably more than 80% thereof, more preferably at least 90 or
95% thereof, so that at least the top and bottom edges of the LCD panel 21
are as close as possible to the top and bottom edges of the front of the
housing 22 of the pump 20. This allows the provision of a relatively large
display 21 whilst minimising the front-facing surface area of the pump 20.
Having a small unit size for the pump 20 is advantageous in the clinical
setting, because this saves space around the patient. As will be explained
later, having a small unit size is also advantageous when considering that

several pumps may be mounted together in parallel.
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The LCD display 21 displays infusion information on a zone 23 of the screen
21 not obscured by the syringe barrel 5. This could be, for example, an
indication of the infusion rate, an indication that the system pressure is within
safe limits, an indication of the drug name and an indication of the present
time and date. These are illustrated in Figure 3.

The LCD can also show an indication of the volume of liquid already infused,
an indication of the volume still to be infused (VTBI) and an indication of the

time already elapsed and infusion time remaining.

As known in the art, when programming a syringe pump, the user must input
the type of syringe 4 being fitted to the pump. The pump stores in an internal
memory a database of known syringe types containing information such as
syringe diameter and stroke. The infusion pump firmware calculates the
position of the syringe plunger and syringe piston based on movement of the
syringe driver head and the type and size of the syringe. This allows the
machine to display the calculation of volume infused, time elapsed, volume
remaining and time remaining. As infusion continues and the driver head
moves, these calculations can be updated and the displayed information
changed.

As will be appreciated, by having a indication of volume already infused and
time already elapsed displayed on a part 24a of the screen 21 proximal to the
plunger stem 11, and an indication of the volume remaining and time
remaining displayed on the screen 21 in the region 24b of the syringe barrel 5
beyond the end of the syringe piston 9, will provide a strong association to the
user between the information displayed on the screen and the visual
information from the syringe itself. Therefore, there is a strong correlation
between the calculated data displayed on the screen and the visual state of
the syringe. The correlation between data is much stronger than in prior art
pumps, in which the screen is spatially more remote and dissociated from the
syringe itself.
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As the LCD is backlit, the back lighting also enhances the user’s view of the
syringe barrel 5, thereby providing a better visual indication of the actual state

of infusion.

Furthermore, the TFT LCD can be “zoned” into, for example, areas of different
colour or different brightness. For example, as shown, there is a separate
coloured zone 25 in the region of the syringe barrel 5 which therefore
backlights the syringe barrel 5 in a different colour to the rest 26 of the screen
21 and provides a better contrast. A separate zone is shown schematically
within a dotted line 25 in Figures 3 and 4.

Preferably, the TFT LCD is also a touchscreen such as a capacititive
touchscreen. Therefore, as shown, the syringe pump 20 only has one
mechanically operated on/off switch 27 and a power light 28. Other inputs to
the syringe pump, such as those described above in respect of the prior art,
can be achieved by touching the touch screen. Therefore, when an operator
sets up the syringe pump prior to an infusion, he or she can input for example,
the drug name, infusion rate and syringe identity (size/manufacturer/volume)
by touching pre-programmed regions of the touch screen. The syringe pump
is provided with software to control the LCD touchscreen and to allow an

operator to make these inputs.

More preferably, the user can manually set a point at which the syringe pump
provides an alarm when the infusion is nearly finished. For example, if the
operator wished to receive an alarm five minutes before the end of infusion,
then the user could touch a region of the TFT LCD adjacent the syringe barrel
5 at the desired point, i.e. the user wishes to receive an alarm when the
syringe piston 9 reaches that point. When the syringe piston 9 reaches this
point, calculated by the movement of the driver head, then an alarm would

sound or a visual alarm given on the screen.

In addition, as known in the prior art, syringe pumps may be provided in an
array 29 as shown in figure 4. That is to say that a number of syringe pumps
20 may be mounted together for example on a mounting assembly such as a
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“T"-piece or pole 30. This means that a number of infusions can be carried
out from separate syringe pumps 20, either simultaneously or sequentially,

optionally under the control of a separate control module.

As known in the art, there exist “docking stations” which include several
docking positions in which to park more than one syringe pump, together with
the optional control unit, to which all of the pumps are connected. Typically,
such docking stations bring several infusion pumps into close proximity with
each other.

In prior art embodiments, the prior displays of each individual pump within an
array were spatially apart from each other. On the contrary, when using the
syringe pump 20 of the present invention, having a large LCD screen 21
which covers a large proportion of the front face 22 of the pump, and which
extends nearly to the top and bottom edges of the front face, when several
pumps 20 are aligned in an array 29, also the individual displays 21 aligned
form a master display array which overall can provide a large area for the
presentation of clinical data.

For example, whilst each display 21 provides information as outlined above
relating to infusion from the syringe pump 20 containing that display, when
combined together the master display can provide important messages
relating to the infusion array 29. For example, if there was a mains power
failure (power outage), then the master display array (consisting of the
individual LCD elements) could display a warning prominently. Having a
master array displaying such information is more noticeable to a user than
having a single display or several discrete displays presenting this

information.

Furthermore, if one individual pump 20 within the array needs particular
attention, then the entire master display array could overall indicate that user
intervention is required on a particular pump, whilst also displaying
additionally on the particular pump that required attention, which action is
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needed (for example if a particular infusion pump were to become jammed or

were some other problem to occur).

In addition, during a “relay” operation in which one syringe pump hands over
infusion to a further pump, then the display screens of the two pumps could
be combined to better communicate to the operator what is happening.

For example, where it is necessary to infuse large volumes over a long period
of time, it would not be possible to provide a syringe large enough in one
pump to achieve the desired infusion. Therefore, two pumps acting in relay in
communication with each other would be required. When the first infusion
from one syringe is completed, then the second syringe pump takes over.
The display screens of the two pumps could be combined to display not only
the infusion time remaining and volume to be infused from each individual
pump but also the combined volume to be infused and time remaining from

both pumps.

Accordingly, the present invention provides a syringe pump 20 having an
improved display 21. The display not only provides back lighting of the
syringe barrel 5 but also provides infusion data next to the syringe barrel to
give a more intuitive set of information to the operator. When used in an array
29, the combined effect of the syringe pump displays allows a much larger

area for displaying information relating a series of infusion pumps.

When used in this specification and claims, the terms "comprises" and
"comprising" and variations thereof mean that the specified features, steps or
integers are included. The terms are not to be interpreted to exclude the
presence of other features, steps or components. The features disclosed in
the foregoing description, or the following claims, or the accompanying
drawings, expressed in their specific forms or in terms of a means for
performing the disclosed function, or a method or process for attaining the
disclosed result, as appropriate, may, separately, or in any combination of

such features, be utilised for realising the invention in diverse forms thereof.

10
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CLAIMS

1. An infusion pump for infusing a fluid from a syringe, the syringe
comprising a syringe barrel and a syringe plunger comprising a piston, a
plunger stem and a plunger flange, wherein the infusion pump comprises a
housing having a display, a syringe retainer for retaining the syringe in place
and a plunger driver for pushing the syringe plunger to expel fluid from the
syringe, characterised in that the syringe retainer retains the syringe in a
position such that at least a visible part of the display is located behind the

syringe barrel.

2. An infusion pump according to claim 1, wherein the display comprises
an LCD panel.
3. An infusion pump according to any preceding claim wherein the display

has a diagonal length of about 5.7 inches (144-145 mm).

4. An infusion pump according to any preceding claim wherein the display
is backlit.
5. An infusion pump according to any preceding claim wherein the display

is additionally a touchscreen.
6. An infusion pump according to any preceding claim wherein the display
is separated into at least two zones, preferably wherein each display zone is a

different colour or brightness.

7. An infusion pump according to claim 6 wherein at least part of one

zone is located on the part of the display located behind the syringe barrel.

11
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8. An infusion pump according to claim 7, wherein the size and layout of
the at least two zones are dimensioned and positioned in response to the
dimensions of the syringe, such that the at least one part of one zone is
generated on the part of the display located behind the syringe barrel.

9. An infusion pump according to any preceding claim, wherein the
display extends substantially from the top of a front face of the housing to the
bottom of the front face of the housing.

10.  Aninfusion pump according to any preceding claim wherein the display
is capable of displaying infusion data selected from the list including drug
name, syringe volume or size, syringe manufacturer, time, date, desired
infusion rate, actual infusion rate, system pressure, fluid volume already
infused, fluid volume still to be infused, infusion time already elapsed and/or

infusion time remaining.

11.  Aninfusion pump according to claim 10, wherein the infusion data is
selected from fluid volume already infused and/or infusion time already
elapsed and wherein said data is displayed on the screen in an area proximal
a part of the syringe barrel containing no fluid.

12.  Aninfusion pump according to claim 10 or claim 11, wherein the
infusion data is selected from fluid volume still to be infused and/or infusion
time remaining and wherein said data is displayed on the screen in an area

proximal a part of the syringe barrel containing fluid.

13.  An array of infusion pumps according to any preceding claim, wherein
the displays of each pump in the array are aligned in a vertical direction.

14.  An array of infusion pumps according to claim 13 wherein each pump
in the array is in close proximity to the next adjacent pump.

12
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15. A docking station configured to dock with at least one infusion pump
according to any of claims 1 to 12, wherein the docking station and the pump
each have cooperating locating means to locate the pump in place, and
wherein the docking station optionally includes a computer controller.

16.  Aninfusion pump, array or docking station substantially as herein

described, with reference to figures 2 to 4.

17. A novel feature or combination of features described herein.

13
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This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-14, 16, 17

Claims 1-14, 16 and 17 essentially define an infusion
(syringe) pump having a particular display.

2. claim: 15

Claim 15 essentially defines a docking station for an
infusion pump.
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