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MEDI CAL | NFUSI ON PUWVP Field of the Invention The present invention rel ates
to nmedical infusion punps in general and in partlcular to user interfaces
for medical infusion punps. 5 : Background of the
| nvention The administration of intravenous medical fluids to a patient is
wel | known igolehgrgst- Typically, a solution such as salinegeiGddspings OF

el ectrolyte contained in a glass or flexible container is fed into a

patient's venous systemthrough [ ol yvinyl chloride

(PVO) intravenous (I1V) tube whi cﬁwjﬁa‘mﬁ@i’wpatient by a catheter.
Many tinmes, the 10 fluid is infusw%%ces of gravity, and the
rate of flowis controlled by a rol is adjusted to restrict
the flow | umen ofrfidtedelt invéfiod %més folifedstaPinfiffbnl fufils E@é&etaﬁarmh%hﬁi@ﬁ’lar fol oW

fromthe container to the patient also is known to be regul ated by neans
ot her user interfaces for medical infusion pumps.
5 Background of the Invention.

The administration of intravenous medical fluids to a patient is well known in the art.
~ Typically, a solution such as saline, glucose or electrolyte contained in a glass or flexible
container is fed into a patient's venous system through a conduit such as a polyvinyl chloride
(PVC) intravenous (IV) tube which is accessed to the patient by a catheter. Many times, the
10 fluid is infused under the forces of gravity, and the rate of flow is controlled by a roller ciamp
which is adjusted to restrict the flow lumen of the IV tube until the desired flow rate is
obtained.
-Flow from the container to the patient also is known to be regulated by means other
than a roller clamp. It is becoming more and more common to use an electronically
15 controlled infusion pump. Such pumps include, for example, peristaltic-type pumps and
valve-type pumps. Peristaltic-type pumps typically include an array of cams angularly
spaced from each other which drive cam followers connected to pressure fingers. These -
elements cooperate to impart a linear wave motion on the pressure fingers. This linear wave
motion is used to apply force to the IV tube, which imparts the motion to the fluid in the IV
20 tube thereby propelling the fluid. An alternative type of peristaltic pump employs a plurality
of roller members which roll over the IV tube to impart the motion to the fluid in the I'V tube.
Infusion pumps aiso employ pumping chambers having upstream and downstream valves to
sequentially impart the propulsion fo the fluid. Such valve-type pumps typically require the
use of a specialized pumping cassette chamber, which is contained on a dedicato;d IV tube
25  between the patient and the source of fluid.
Infusion pumps of the prior art are typically designed for a particular clinical
application. For example, many pumps are designed principally for use as general floor
pumps in hospital facilities. Other pumps are designed particularly for pediatric use. Other

pumps are designed for critical care use. Still other pumps are principally designed for home
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than a roller clanp. It is becom ng nore and nore common to use an
electronically 15 <controlled infusion punp. Such punps include, for
exanpl e, peristaltic-type punps and val ve-type punps. Peristaltic-type
punps typically include an array of cans angul arly spaced from each ot her
whi ch drive camfoll owers connected to pressure fingers. These el enents

cooperate tqg,l t alinear wave notion on the pressure fingers. This
| i near vvave%%i s used to apply force to the 1V tube, kﬁ?’yﬁ;’("mrts t he
motion to the fluid in the 1V 20 tube thereby propelling the fluid. An
al t er nat i veS#r§ pte- Jhissppcialized prmping wse @ﬂw%ygsm‘agmd healthycaysrfagilitigsde emplover s

whi ch roll er the IV tub Qi rt .the lon.ta the fluidinthe IV
Flbe. 1 nf ush s mgtoy ok 48 diht” Biich troroed e P fateafn g sonthnsuihy
downst r eam Yal-uQsale® Sequentially inpart the propulsion to the fluid. Such
val ve-type punps typically require the use of a specialized punping

cassette chanberFuriet, 61is bRerfRfihitdd ksl a@hgh pifiehit &8 shtuliafedusanfiSed willb Wween

.the patient and the source of fluid. Infusion punps of the prior art are
typi cal |y dewhnbprefimedicaldflyids: tNaost pumpsémployxasingle flowchanrneh whichradds ttpe €, nany
pumps are deefpiegsr;%gd g;(;wr(]ig itl?easlplage sfmc')r(r)unLtli?neg aal;satignetrwlp\(?hre(rfillsuc]:hI :?ncl)lrtiple' infusions are
require&. Although pumps exist which employ dual channels, use of such pumps when only
a single intravenous fluid is required to be infused in the patient results in unused capacity
" and the inability to transfer such unused capacity to other patients.

10 What is needed is a medical infusion pump which is readily adaptable to use in
multiple clinical settings without unduly burdening the user with programming parameters
for such a variety of uses. It would be further advantageous for.a pump to-allow the user to

. select the number of flow channels available or to-allow for. existing pumps to add flow
channels as needed.

15 Summary of the Invention _

The present invention provides a medical infusion pump which is readily adaptable to
use in muitiple clinical settings without unduly burdening the user with programming .
parameters for such a variety of usés. The present invention provides a pump which allows
the user to select the number of flow channels available or to allow for existing pumps to add

20 flow channels as needed.

The present invention provides an infusion pump having a main body portion. The
main body portion includes a display area for displaying user interface information. At least
one pump module is provided which is removably secured to the main body portion and

-adapted to receive an IV tube. The pump module inciudes means for applying pumping

25 action to the IV tube. The pump module further includes an auxiliary display area for

displaying supplemental user interface information. A microprocessor is contained in the

main body portion for generating user interface information on the display areas.
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punps in hospital facilities. O her punps are designed particularly for
pediatric use. O her punps are designed for critical care use. Still other
punps are principally designed for honme 1 WO 97/ 37704
PCT/ US97/ 01073 care use. This specialized punping use requires hospitals
and health care facilities to enploy a large inventory of such devi ces,
whi ch increagges4hes capital investnent and cost of such hosiridersiasse-
Further, it 1s often required that a single patient be sinultaneously
infused with a 5 nunber of nedical fluids. Mst punps enploy a single flow
channel, which adds to the expense and cromds t he space surrounding a
pati ent when such multiple inf ugid : { Behwiabd NOugh punps exi st
whi ch enpl oy dual channels, use o y

Figure 1 is a perspective view of an infusion pump constructed in accordance with the

principles of the preseht.invention;
5 Figure 2 is a perspective view of an alternative embodiment of an infusion pump
 constructed in accordance with the principles of the present invention;
Figure 3 is an exploded view of an alternative embodiment of an infusion pump
constructed in accordance with the principles of the present invention; '
Figure 4 is an elevational view of the infusion pump of figure 1, showing the detail of
10  the pump face; .
Figure 5 is a detailed view of the display area of the infusion pumps of figures 1 and
2
Figure 6 is an elevational view of the rear of the infusion pump of figure 1;
Figure 7 is a user interface navigation flow diagram constructed in accordance with
15  the principles of the present invention; and
Figures 8 to 30 shows the details of the user interaction with a pump constructed in -
accordance with the principles of the present invention.
Detailed Description of a Preferred Embodiment
Referring to figure 1, an intravenous fluid infusion pump made in accordance with the
20  principles of the present invention is referred to generally as 10. The pump is clamped onto a
standard IV pole 12. The pump 10 includes a main body portion 14 and at least one pump
module portion 16. In the embodiment depicted and described herein, two pump module
portions 16 are provided. However, the present invention contemplates the use of and
provides the flexibility to use any number of pumping modules depending on the
25  requirements of the pump user. For example, figure 2 shows a pump made in accordance

with the principles of the present invention having four pumping modules 16. '



a single intravenous fluid is required to be infused in the patient results
I n unused capacity and the inability to transfer such unused capacity to

ot her patients. 10 What is needed is a nedical infusion punp which
is readily adaptable to use in nultiple clinical settings w thout unduly
burdeni ng the user with programm ng paraneters for such a variety of uses.
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having a mai n body portion. The

5 keys 25, the use of which are described in detail below. The pump module 16 includes a
tube-loading channel 27 and an vacuum fluorescent display area 29, also described in detailed
below. The main body portion 14 includes a slave microprocessor which is a slave to a
master microprocessor. The slave microprocessor further includes an analog-to-digital
converter (A/D converter). In a preferred embodiment, the master microprocessor is a

10  80C186 EB available from Intel Corporation, Santa Clara, California, and the slave

microprocessor is a 80C552 available from Phillips Semiconductors, Sunnyvale, California.
-All microprocessors include software in read-only memory (ROM) which drives the user
interaction and pump-monitoring functions described below.

It is a particular advantage that the present invention provides the ﬂexibility to allow a

15  user to choose a plurality of flow channels depending on the user’s requirements. The present
invention further allows for infusion pumps to be easily modified so that the number of flow -
channels can be changed. Referring now to figure 3, an infusion pump -made in accordance .
with the principles of the present invention is seen in which a single module is shown in an
exploded view, thus depicting the ease by which the pump module is connected to or

20 disconnected from the main body portion.

The pump module 16 includes module housing 17, an upper module plate 18 and a
lower module plate 19. Fastening means are provided to secure the pump module 16 to the
main body 14, The fastening means include a plurality of extended bolts 21 which extend
through apertures defined in the lower module plate 19, the module housing 17 and the upper

25  module plate 18 to threaded apertures defined (not shown) on the bottom of the main
body 14. Any number of pump modules 16 can be added to the infusion pump by utilizing

the appropriate fastening means. The pump module includes a microprocessor. Ina

4



mai n body portion includes a display area for displaying user interface

I nformation. At |east one punp nodule is provided which is renovably
secured to the main body portion and adapted to receive an |V tube. The
punp nodul e i ncludes neans for applying punping 25 action to the IV tube.
The punp nodul e further includes an auxiliary display area for displaying
suppl enent al wsPfkright €rface information. A m croprocessor i gcfpgdraigyed i n
the main body portion for generating user interface information on the

di splay area . . .
§§fe%rreld gp\%ﬁryx@, e%;lmpt fnog%lg crgwrocn%sgor#? 868HC 1 available from

PCT/ US97/ 010 scrrptionro ure 'S a perspective
view of an i pMdisbRNSEHAlMbEGAlikdict ed in accordance with the principles of

the present invention;
Referring to figure 4, an elevational view showing the detail of the face of a pump 10
made in accordance with the principles of the present invention is seen. Contained along the
S side of the display area 23 are a scroll-up arrow key.31 and a scroll-down.arrow key 33. -
These keys are used to select programming fields or actions within the display area.
Contained beneath the display area 23 are a plurality of arrow keys 36 which are used to
interact with selection alternatives in the display area 23. Because these arrow keys 36 are
used in conjunction with the particnlar function displayed in the display area 23, as described
10  in detail below, these arrow keys 36 are referred to as "soft keys.” |
Referring now to figure 5, an example of the display area 23 of the infusion pump is
seen, The display area 23 includes four display portions. . Located at the top.portion of the
-.display area is the status display 38. The status display 38 gives the status of the pump
infusion. The status display 38 also identifies alert, alarm, and failure conditions. Contained
15  at the lower portion of the display area is the prompt display. The prompt display includes a
prompt line 41 which provides prompts or instructions for the user. A soft key area 40 is
further provided which contains:labels for the plurality of soft keys 36 located beneath the
display area 23. Thus, by following the prompts and making selections in accordance with
the labels applied to the soft keys 36, the user can interface with the display area 23. Finally,
20 the middle portion 42 of the display area 23 is used for making infusion selections,
programming, and displaying operating or running conditions of the pump infusion.
Referring back to figure 4, the main body 14 further includes a plurality of function
-keys 44. The function keys 44 include dedicated keys 46 which include user interface keys as
well as a numeric key pad 50. Included in the numeric key pad 50 are the numbers zero
25  through nine, and a decimal point key. These numeric and decimal point keys are used to
enter programming values into the highlighted field in the display area 23, an example of
which is seen in figure 5. The numeric key pad 50 further includes a clear key 53 which is



5 Figure 2 is a perspective view of an alternative enbodi nent of an
I nfusi on punp constructed in accordance with the principles of the present
invention; Figure 3 is an exploded view of an alternative enbodi nent of an
i nfusion punp constructed in accordance with the principles of the present
I nvention; Figure 4 is an el evational view of the infusion punp of figure
1, showng_the detail of 10 the punp face; Figure 5 is a detail ed view of
the di spl afV&f®™f the i nfusion punps of figures 1 and 2PCEUSHR08 s an
el evational view of the rear of the infusion punp of figure 1; Figure 7 is
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in the master microprocessor's memory.

5 The dedicated function keys 46 include a main-display function key 55. The main-
display function key 35 is used to return the display area 23 to the main display from any
point in the user interaction. The volume-history function key 57 is used to display the
volume history screen. The silence function key 59 silences pump alarms and pump alerts for
a predetermined period, such as two minutes in the preferred embodiment. The back-light

10  function key 61 sérves one purpose when the pump is plugged into an electrical outlet, and a
related but second purpose when the pump is on auxiliary battery power. When plugged into
an clectrical outlet, the back-light function key 61 turns the display back lights on and off.
When on auxiliary battery power, the back-light function key 61 illuminates the display back
lights, but in order to conserve power the back lights do not remain on indefinitely.

15 Included in the action keys is an on/off charge key 63. The on/off charge key 63
powers the infusion pump. 10 on and.off. When the pump 10 is infusing, pressing the on/off
charge key 63 will provide a system override to stop the infusion. The action keys further --
include a start key 65. 1f all of the required programming values have been collectibly
entered during the programming mode, the start key 65 initiates the infusion. Following an

20 alarm notification, once the alarm condition is resolved the start key 65 cancels the alarm
notification and restarts the infusion. The action keys further include a rate key 68, which is
used to select the rate values, and a volume key 70, which is used to select the volume
parameters.

- Two additional icons are used as in¢ - ators of pump conditions. The electronic-plug

25 icon 72 indicates when the infusion pump 10 is plugged into an electrical outlet. The
electronic-plug icon 72 also indicates that the auxiliary battery is being charged from the
electrical power provided by the electrical outlet. A battery icon 74 is further provided,
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20 principles of the present invention is referred to generally as 10. The
punp is clanped onto a standard |1V pole 12. The punp 10 includes a nmain
body portion 14 and at |east one punp nodule portion 16. In the enbodi nent
depi cted and described herein, two punp nodul e portions 16 are provided.
However, the present invention contenplates the use of and provides the

flexibility Wweehp@eadny nunber of punping nodul es dependi ng pghenishforé
requi renents o? the punp user. For exanple, figure 2 shows a punp nmade in

accor dance Wil {1 wiich B! A1 o2 opdiinly o5 3iiady B4R pOlver 3 o Badifidtial PUTP! NG

nodul es 16.
PCT/ US97/ 01 Qefibotifhet, dwd lad8itienal RiDAS areséd? e bomitericoRtroTaton iRdightesPetichlan 14 1S

a carrying handle 20. The main body 14 further includes a liquid crystal
di spl ay ( LClxtemiatsomputedis etansferring data toothe pump and a monitor icon indicates when an
external computer is querying information from the pump.
5 At least one pump module 16 is located beneath the main body 14 of the pump 10.
While the pump modules depicted in the preferred embodiment described herein are standard
IV tube pump modules, the present invention contemplates use of alternative pump modules
employing alternative pumping technology, such as for example, éyringe pump modules.
The pump module 16 includes a tube-loading channel 27 into which- a standard IV tube is
10  loaded info the pump 10. The pump module 16 includes an automatic tube-loading feature.
Contained within the tube-loading channel 27 is a keyed slot 78 adapted to receive a slide
clamp contained on the IV tube The pump module 16 includes a-free-flow prevention
feature. _
In order to assure that the IV tube is loaded into the pump module 16 in the proper
15 orientation, the pump module 16 contains several safety features. Initially, the slide clamp 80
is keyed such that it only fits into the keyed slot 78 in the proper orientation. Additionally,
beneath the tube-loading channel 27, a fluid flow arrow 81 is provided to instruct the user as
to the proper direction of fluid flow in the IV tube. Still further, on the left side of the pump
module 16 an intravenous solution bag icon 83 is provided. This reminds the user that the
20 end of the IV tube that connects to the solution bag is to be directed to the left side of the
tube-loading channel 27. Still further, on the right side of the pump module 16 is a patient
icon 85. This icon 85 is used to remind the user that the end of the I'V tube that connects to
the patient is to be directed to the right side of the tube-loading channel 27. -
The pump module vacuum fluorescence display area 29 further includes a character
25  display area. In the preferred embodiment depicted herein, an eight-character display area is
provided. The display area is used to prompt or instruct the user during specific pump

interaction operations. The display also is used during an alarm or alert condition to identify



convey various information about the punp 10 to the user and provides for
~user interface with the punp 10, as described in nore detail below The
mai n body 14 includes data-entry 5 keys 25, the use of which are descri bed
in detail below The punp nodul e 16 includes a tube-I|oading channel 27 and
an vacuum fl uorescent display area 29, also described in detailed bel ow

The main bwgﬂﬁg&i on 14 includes a slave m croprocessor %ﬁgﬁé‘ﬁ&ﬁ sl ave
to a master m croprocessor. The slave m croprocessor further | es an

anal og-to-djgital .converter_(A/ D copverter). In a preferred, enbodinent, the
mast er m criyppasEglargpnditon, @é‘q{%ﬂ?&ﬁwﬁﬂﬂs used dpring '@%FF%'WP Provide apindicstian i on,
Santa d ar | £ Ol 2 FE the slave m croprocessor is a 80C552 avail abl e
from Phill fbgs ertn cd(;fglll uc o?’gl: Sunnyval e, California. Al m croprocessors

i ncl ude sof t war €ohfairled dencatt the ERERNAE displalhredlalcCthred IigiCanittiy HGR'(LED)
I nteraction and punp-nonitoring functionS described below 71t 1s a

particul ar sexhsandieayerst The fitshis agresmdiBD Bhwhich iimlicapsswtied else ulnep i bnfsiny. | ity to
allow a 15 user to choose a plurality of flow channels depending on the
user's Pequibeseasnd is 2 yellow B2 89 twhiqll\iatigcatcsnwlren the-pammis iroansalérd conditions iThe
pumps to b(;el c?v% ILlliﬁ S%Drg:ll'n];{ng Cciogt%ugtrl]s 3tf 'litt'-cglu?ing gnnglgltt og:];diziclmc,) \grovided-there are no
active alarms. The third is a red LED 91 which indicates when the pump is in an alarm
condition. The red LED 91 flashes on and off during an alarm condition and remains lit
continuously during a failure condition. If the infusion pump 10 is running on auxiliary
10  battery power, the alert or alarm display will flash on and off in order to conserve battery
power.
. The pump module 16 also includes an open action key 94:and a stop-action key 96.
The open action key 94 opens the loading mechanism so that an IV tube can be loaded into
the tube-loading channel 27. When an IV tube is contained in the pump module 16, the open
15 action key 94 opens the loading mechanism to allow removal of the IV tube. The stop-action
key 96 provides a system override to stop any active infusion.

Refétring now to figure 6, the rear 97 of the infusion pump-10 is seen.. The infusion
pump 10 includes a grounded power cord 98 for plugging the pump into a wall outlet to
provide standard alternating current (AC) to power the infusion pump 10 and to recharge the

20  auxiliary battery. The device further includes a mounting clamp 100 which is used to mount
the pump 10 onto an IV pole. An audio speaker grill 102 is provided over an audio speaker
which is used to generate alert and alarm condition and key press audio tones. A
communications port 104 is provided to allow the pump 10 to connect and communicate with
a computer. The communications port 104 alsa can be used to communicate the nurse call

25  signal to a computer located at a nurse station. In the preferred embodiment, an RS 232

compatible interface is provided for external communications.



channel s can be changed. Referring nowto figure 3, an infusion punp nade

I n accordance with the principles of the present invention is seen in which
a single nodule is shown in an expl oded view, thus depicting the ease by
whi ch the punp nodule is connected to or 20 di sconnected fromthe main
body portion. The punp nodul e 16 includes nodul e housing 17, an upper

nodul e pl at ayd9yaes 2 | ower nodul e plate 19. Fasteni ng nmeanscuse71093/i ded
to secure the punp nodule 16 to the main body 14. The fasteni ng nmeans

nelude a bl ur ol 14 4y i 09EStRkLR 89 RIBE RIERD TOTAIARRL 107 o

defined in the | ower t he uIe housi ng 17 upper

25  nodul e ¢phBle€thé Puind 1016 Baelﬁdemaetbteufeﬁm Defponeisdurues, sidtoayTor édaniphe the
bottom of the main ody 14. Any nunber of punp nodul es 16 can be added to

t he i nf usi orl2penkppdwer saurtd provided lhcmcmpUrSD pehicles td emblenthapumpeHhto. be Tiserd withp
modul e 1 ncl uacril%%ab?ﬂargr?'r o én? C%ﬁesrgzrxr 97|ori]'tl?e infusion pump 10 further includes fuse
5  compartments 109 which contain electronic fuses as known in the art, an audio speaker
volume control 111, and a contrast adjustment 113 for the main display. Further provided is
a panel lock button 116. Enabling the panel lock button 116 disables many of the front panel
keysto prevént inadvertent reprogramming as well as deliberate tampering with the pump.
Contained on the side of each pump module is a manual-tube releasé knob 118. This
10  knob 118 provides a manual override of the automatic tube-loading and unloading feature in
the pump module 16. This allows the user to manually release the tubing from the pump 10.
. Further provided on each pump module is a drop-sensor.port 120. This port 120 allows for
. connection to the pump 10 of an optional drop sensor, which is used in conjunction with a
standard drip chamber.

15 Referring now to figure 7, a user interface navigation flow diagram is seen. The
figure depicts an overview of the user interface routine discussed in detail below. Upon
power-up, the infusion pump performs diagnostic tests while the self-diagnostic routine 300
occurs. After completion of the diagnostic tests, a power-on screen is displayed. From the -
power-on routine 302, the user can access the main display routine 304 or a select set of

20  configuration parameters routine 306. If the select set of configuration parameters
routine 306 is selected, the user can access a series of view set of configuration parameters
subroutines 308. From the select set of configuration parameters routine 306 or the view set
of configuration parameters subroutines 308, the main display routine 304.can be accessed.
From the maln display routine 304, the user can access a plurality of routines. An options

25 menuroutine 311 provides access to the view set of configuration parameters series of
subroutines 308, a change occlusion settings routine 313, a battery display routine 315 and a

configuration/service routine 317. From the options menu routine 311, the series of view set
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WO 97/ 37704 PCT/ US97/ 01073
preferred enbodi nent, the punpt nodule m croprocessor is a 68HCL1 avail abl e
from Motorola, Schaunburg, Illinois. Referring to figure 4, an el evational
view showi ng the detail of the face of a punp 10 made in accordance with
the principles of the present invention is seen. Contained along the 5

side of theygy#sbay area 23 are a scroll-up arrow key 31 i&?@?ﬁﬁﬁﬂ' | - down
arrow key 33. These keys are used to select programring fields or actions

wi thin the_gdi s . t.ai e displa rea 23 a
Bl urali ¢y of eoHeliBh BlauyEat ibidifncs 306 3l s boohBioR b romneCirs i
al ternati v bafleryWsplilysBhiie 35 Qfie Slin W&iﬁ&t&ﬁ%&%&%é@(ﬁé&fé&e used
in conjunction wth the particular function displayed in the display area
23, as descoutined12€an beraccessel | bel ow, these arrow keys 36 are referred to
as "soft keys." Referring nowto figure 5 an exanple of the display area

23 of the infusTbnconfigpratign/seseine roptine 3l Sinpludesarpasswond enteyl subiroutifiowhichii spl ay
portio ns: lglg;tgtagcdesg[o a&:ﬂn%ritzé)dphog&{ai ipgrgon%LI !Ear\]v?ng a password.- Upon input of an

authorized password; the authorized hospital personnel can access a configuration/service
menu subroutine 319. The configuration/service menu subroutine 319 provides access to a
device configuration utility subroutine 322, an event history subroutine 324, a service
features subroutine 326, and a transfer device configuration subroutine 328. From the device

10 configuration utility subroutine 322, the authorized hospital personnel can access a copy set
of configuration parameters subroutine 331 and a series of edit set of configuration
parameters subroutines 333.  From the service features subroutine 326, the authorized

- hospital personnel can access a series of service subroutines 335. From the configuration

service menu routine 319, the power-on routine 302 can be accessed.

15 Further programming routines can be accessed from the main display routine 304.
These further programming routines include a primary rate-volume programming:
routine 339, a primary volume-time programming routine 341, a series of primary dose
programming routines 343, a primary ramp programming routine 345, a piggyback rate-
volume programming routine 347 and a piggyback volume-time programming routine 349.

20 Each of these programming routines provides access to the change mode pop-up
window subroutines 352 which provide the ability to switch to other programming routines
and to the main display routine. The pop-up window subroutines 352 include a prime pop-ué

- -subroutine 354 and a standby pop-up subroutine 356. The prime pop-up subroutine 354 and

the standby pop-up subroutine 356 provide access to the main display routine 304. The

25  prime pop-up subroutine 354 can be accessed from each of the programming routines. A

volume history routine 358 is available from most of the routines.
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display area is the status display 38. The status display 38 gives the
status of the punp infusion. The status display 38 also identifies alert,
alarm and failure conditions. Contained 15 at the |lower portion of the
display area is the pronpt display. The pronpt display includes a pronpt
line 41 which provides pronpts or instructions for the user. A soft key
area 40 is {yydiRPeProvi ded which contains |abels for the ptrosshoiors of soft
keys 36 | ocated beneath the display area 23. Thus, by follow ng the pronpts
and maki ng sel ectyl | i ratltioh i had: ] ft
keys 36, the use?e%gl?\néf %@&fﬁ@vﬁ ﬁ%ﬁ%‘%?@ﬁ ay g?’égnggShﬁ%P%g’rt@qogg t he
m ddl e port igegrifed ifdetdie AN priVicuslyediftasséd théuses Rterdotion isptinoipallyéonducred

sel ections, programm ng, and di spl ayi ng operating or running conditions of
t he punp i nftusighnthe Rmiredisplagarea2 inctudinggbe seref}-up el serdllhddyorarrowvkeys 31 8r
incliudes a plurality of function keys 44. The function keys 44 include

dedi cat ed kepntaingd o thersidenad thesoft keys 36/displayed undemieaththe dighley afea. o nuneri ¢

key d 50. Incl dinth ' d t
(v ogh % ne, " aniiPan aeBrh ofibt e, ) 5 Rt the AT ERRREET: RePSRBSAD 1ceys
q i - . : e . el di he
a gpf: 5 Lo %gﬁésg%e%pmﬂ ﬂ%fzﬁ{a’i‘ﬁ HiSplay fEL23 DRy Wi G2k goksdbrk! Aniidmene
pump module display 29 illuminates each of the character positions. Next, the LEDs are lit

and the audible speaker is activated, followed by the sounding of the back-up beeper. This
procedure enables the user to check for dark spots or lines on the display when the screen is
10  lit, check for light spots or lines on the display when the screen is dark, ensure that the pump
module display characters are appropriately lit, ensure that all of the LEDs are in working
order, and hear that the audible speaker and back-up buzzer tone are active.
Once the display area, LED, and speaker tests are complete, the screen-displays the
pump identification screen seen in figure 8(a). This screen includes a battery icon 122. The
15  battery icon 122 includes a gauge 124 which graphically demonstrates the amount of amp
hours remaining in the rechargeable auxiliary battery.- In this initial screen, the prompt
line 41 identifies that the pump self-diagnostic tests are proceeding and instructs the user to -
wait until the self-diagnostic tests are over.
Referring now to figure 8(b), after the self-diagnostic tests are completed, the prompt
20 line 41 instructs the user that the pump 10 is ready to continue into the programming mode.
Additionally, several soft keys are made available, depending on the configuration options
chosen by the user. For example, in the embodiment depicted in figure 8(b), a soft key
- labeled "change Personality"™ is present which enables the user to enter a mode to change
- the previously selected set of configuration parameters, as described in more detail below.
25  Additionally, a soft key labeled "new patient" is present, indicating that information from a
previous program is still retained in the memory. Pressing the "new patient” soft key will

clear the programming memory and volume history from this previous patient. As instructed
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which is seen in figure 5. The nuneric key pad 50 further includes a clear

key 53 which is 5 WO 97/ 37704

PCT/ US97/ 01073 used to clear values fromthe hlghllghted field. As a safety

feature agai nst inadvertent clearing of values fromthe highlighted field,

if the clear key 53 is again pressed after the highlighted field has been

cleared, t t of the field is restored to the |ast ed in
"o SRRLES Wzﬁo

the master mcroprocessor's nenory. 5 The dedi cate keys
46 include a main-displ functi,on ke Th spl ay fuuction_key
55 15 useq Pube ePmPh iR AP prespie peanea issay by Sradyancss he Sy srondh e meimor

in the user g4 vﬂ% &&hi on. The vol une- history functlon key 57 is used to
di splay the istory screen. The silence function key 59 silences

punp al arns and Fig¥io plogfabfinihg the infusion pump 10, the user is instructed to load an I'V tube
into the pump module 16. Referring to figure 9, the loading of the IV tube into the automated
5 tube-loading slot in the pump module 16 is deécribed. Initially, the open key 94 is pressed, .
which causes the automatic tube-loading mechanism to open. - As seen in figure 9(a), the user
positions the on/off slide clamp 80 into the keyed slot 78, which helps assure the proper
orientation of the I'V tube. Pulling the IV tube taut, as seen in figure 9(b), the user slides the
IV tube into and along the tube-loading channel 27. Once the pump 10 detects the presence
10 of the IV tube, the pump 10 automatically loads the IV tube into the proper position in the
pump drive mechanism. If the IV tube is not loaded in a given predetermined time period, 30
seconds in the preferred embodiment, after the open key 94 has been pressed, the automatic
tube-loading mechanism will close to assure that an inadvertent loading of an improper IV
tube does not occur. Additionally, when off, pressing the open key 94 powers on the infusion
15 pump 10 so that the IV tube can be loaded into the device.

Afier loading the IV tube, the main display screen returns to-the display area, as
depicted in figure 8(c). The main display screen includes the stop icon 126 which indicates
that the pump 10 is not infusing. The soft keys 36 include an "option" key, a “primary" key,
and a "piggyback" key. A stop icon 128 contained above the "primary” soft key indicates the

20  default infusion. The display screen prompt instructs the user to press the "primary" soft key
or "piggyback” soft key to view the programming mode for those two infusions.

To begin programming the infusion pump 10, the rate key 68 is pressed, which _
changes the display to the rate-volume programuning screen with the rate field highlighted, as
seen in figure 8(d). If neither the "primary” soft key nor the "piggyback" soft key is pressed,

25  the programming mode assumes the default infusion is fo be programmed. The rate-volume
programming screen prompt line instructs the user to enter the rate or press change mode,

while the soft key options include the "change mode" key, the "piggyback" key and label line.
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a predeterm ned period, such as two mnutes in the preferred enbodi nent.
The back-light 10 function key 61 serves one purpose when the punp is
plugged into an electrical outlet, and a related but second purpose when
the punp is on auxiliary battery power. Wen plugged into an el ectrical
outlet, the back-light function'key 61 turns the display back |ights on and
of f. VWen GRod4¥ihd ary battery power, the back-1ight functpemdoepiotsl

illum nates the display back lights, but in order to conserve power the

back |ights.d t, I N i Ri tiel . . .
agltC [ onI Eeygolngeﬁ‘%dg 1'?% Q’cr arl‘%gemgg?/g%gg “\f‘%réa%n °o?‘¥“°5ﬁé‘%g§£{§ej‘§g%%&6%ﬂgr s the
i nf usi on pumué-feéf?geamm&‘e;r car Betsell S highRght # voRunie Held | THb vaNBS & BRAnfuftd

on/ of f charge 3 wll provide a syStemoverride to stop the infusion.
The action kaythed b édiered bythe wsker using tties hunketie képpad. fFoabthndaird plimanydnfusion,d
progranmm ng val ues have been collectibly entered during the progranm ng
nmode, the sthis congdetesthe programmag step® i nf usi on. Following an 20 alarm

notification, once the alarmcqpdition i.s resolve t_@e start key 6&1 cancel s
the al arn not i f i DHFIRSRFOZIAMIAG Wﬁ“l‘\@al}’?ﬁaﬂ%meé. By the u3er; pypssIng e ¢l ey

" vorune key 3 AR e gogel ple 5 e ik e Spnk B e et Bing 2 °

numeric key pad 50. To begin the infusion, the start key 65 is pressed. If the programmed

values exceed an allowable range preprogrammed into the master microprocessor based on
the particular set of configuration parameters chosen by the user, an out-of-range alarm will
10  be activated upon pressing the start key 65.

If a piggyback infusion is desired, the "piggyback” soft key is depressed. The stop
icon 128 over the piggyback rate-volume programming screen is displayed. The rate and
‘volume to be infused in the piggyback is-entered in the same manner as the rate and volume

information for the primary infusion. As seen in figure 10(a), the piggyback rate-volume

15 programming screen includes the piggyback icon 131, and the display area includes a
message informing the user of the primary infusion information. To begin the piggyback
infusion, the start key is pressed.

Referring to figure 11(a), the main display is seen for a single channel with a stopped
primary infusion. The main display includes the programmed rate of infusion, the volume

20 remaining to be infused, and the time of infusion remaining. The main display can further
include programmed information about the infusion, such as the total amount of drug, the
total volume of diluent, the drug concentration, the weight of the patient and ramp

- information. The soft keys include an "options" soft key, a "primary" soft key and a
"piggyback" soft key. Pressing the "primary" soft key or the "piggyback” soft key will

25  display the information for the respective infusion.

When the infusion pump is operating with a plurality of flow channels, the main

display displays configuration parameters for the active channels. For example, referring to
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paraneters. Two additional icons are used as indicators of punp conditions.
The el ectronic-plug 25 icon 72 indicates when the infusion punp 10 is

pl ugged into an electrical outlet. The electronic-plug icon 72 al so
indicates that the auxiliary battery is being charged fromthe el ectrical
pomerdpéovided by the electrical outlet. A battery icon 74 is further

provi ded, 6 7/ 37704

pcT/ US97/ 01WPS™RAPEn is 1it when the punp 10 is operating %%ngﬁﬁ?‘V%ry

battery power. I n an additional enbodinent, .t addi ti,onal ‘i,cons are used.
A conput er B8#e A b} fergn ‘Wﬂ?‘bﬂ‘l‘%“%ﬁéﬂ"‘éﬁ“’ﬁm canpionand fwo ?‘i"aﬁg]f’g’r ring

A b 0 CcHATl. ki IR0 bhaBhel € gl °R* s ORI NSY LAoRE s BREPLE" ' ©
' "B." Flow channel A is a primary infusion which has been stopped because of an air detect,
while flow channel B is a labeled, infusing piggyback. All this information plus the
5 d&s'i'gnated- flow rate and the volume remaining to be infused is depicted in the -rﬁain.display.- :
N Referring to figure 11(c), a second example is seen with a labeled, pauséd ramp infusion on
flow channel A and a labeled, stopped piggyback on flow channel B . A pause icon 135 is
displayed for flow channel A,
_ ‘When infusing, the display area will show a droplet icon 128 to indicate that the

10  pump 10 is operational. The programmed rate of delivery, the volume of fluid remaining to
be delivered, and/or the time remaining to deliver the remaining volume will be displayed.
To stop an infusion before it is completed, the stop-key-is pressed. The droplet icon 128 will
be replaced with the stop icon 126 on the:main display, and the pump LED will no longer be
illuminated. To restart the infusion, the start key is pressed.

15 When the infusion pump is operating with a plurality of flow channels, the volume
remaining and time remaining are not displayed at the same time due to-space constraints..
Referring to figure 10(b), the volume remaining is:displayed for two active channels with
channel A running and channel B 'stopped. When the volume remaining is displayed, a "time
remaining" soft key is provided which displays the volume remaining. When the time

20 remaining is displayed, as seen in figure 10(c), a "volume remaining” soft key is provided to
toggle to that display.

If the pump is not restarted within a predetermined period of time, a channel stop alert
" will sound. The pump also can be stopped if any alarm.condition:occurs or if the on/off
charge key is pressed while running. The piggyback infusion is stopped by closing the on/off

25  clamp on the secondary infusion tube and pressing the stop key. To continue with the
primary infusion, the "primary” soft key is pressed to change the operation mode of the
pump, followed by the pressing of the start key to begin the primary infusion.
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5 At | east one punp nodule 16 is |ocated beneath the main body 14 of
the punp 10. While the punp nodul es depicted in the preferred enbodi nent
descri bed herein are standard |V tube punp nodul es, the present invention
contenpl ates use of alternative punp nodul es enpl oyi ng alternative punping
technol ogy, such as for exanple, syringe punp nodul es. The punp nodul e 16

i ncl udes a twarhees Ng channel 27 into which a standard | \pdrda@d7foriO
| oaded into the punp 10. The punp nodul e 16 includes an automatic

| oaded i nto the | he punp modul e 16 i ncl udes |
oyed S ot 78 adagEs L Aitmiliol of g Vil BiseRBi g ABRATc (ol

The punp nodyhfaselity the it sinée the Rt fith@thic FoRMRWds @leared ddn BetrevieWed byl fresding
assure that the IV tube is |oaded into the punp nodule 16 in the proper 15

ori entation, thénlpuehistondkeye The vohmiediisterysereen will appéas oy theakisplayessea, and
Initially, the slide clanp 80 is keyed such that it only fits into the
keyed sl ot 7anformatiea opthgvalurae infitped by the infigian purap,dnqlydingtha dateiand time the.
e o B e i e ot [t 1
further, on tn“@robﬁc&ss&"s‘*ﬁerﬂ&y a predetermined period of time even if the pump is turned off.
' The information includes the date and time the pump volume history was last cleared, the
total volume cleared at that time, and the current date and time.
The prompt line includes instructions on how to clear the volume history. When the
10 infusion pump is operating with a plurality of flow channels, the volume history displays the
history of the active channels. Figure 12 contains an example of volume history for an
infusion: pump with two active channels. A “clear" channel soft key and "done" soft key are
~provided. If theuser desires to clear the volume history, the "clear" channel soft key is
pressed. If the user desires to return to the screen from which the volume history screen was
15  accessed, the "done" soft key is pressed. Alternatively, after a predetermined time lapses
with no key selection, the pump will automatically return to the screen from which the
volume history screen was accessed. If; in the power-on programming mode, the "new
patient” soft key is selected or the set of configuration parameters are changed, the volume:
history will automatically be cleared.
20 The tnfusion pump also provides the ability to change flow rate during an infusion.
To change the flow rate, the rate key is pressed. This causes the rate field in the display area
to highlight. The prompt line instructs the user to enter the new flow rate, and a "rate up" soft
key and a "raté down" soft key may be provided. The flow rate.can be changed by pressing
the "rate up" or "rate down" soft keys to increase or decrease the flow rate. Alternatively, the

25  numeric key pad can be used to enter a new value into the rate field. After the new rate has

been entered into the infusion pump, to begin infusing at the new rate, the start key is pressed.
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nodul e 16 an intravenous solution bag icon 83 is provided. This rem nds the
user that the 20 end of the IV tube that connects to the solution bag is
to be directed to the left side of the tube-loading channel 27. Still
further, on the right side of the punp nodule 16 is a patient icon 85. This
icon 85 is used to renind the user that the end of the IV tube that
connects tQ the patient is to be directed to the right side of the
tube-.l.oadiﬁﬂD el 27. The punp nodul e vacuum f | uor esceREEUEONEy area
29 further includes a character 25 display area. In the preferred

embodi nent depi cPucq thecyalpme rempining,totbe dnfused seashesigerss lindjcating thejinfusiomisi ded.

The di | dt t ' t.th duyr i j fi
punp i nt er s iiedh B R ovl ity seies & ke<psveimo ek AkrEmade. o, or
al ert condi if?ﬂ:rf Roded R Hubnb will contmaeng Qe lesser of a preprogrammed KVO rate

PCT/ US97/ 01 .
or at the programmed rate. To exit the KVO alert mode, the stop key is pressed. The

5  infusion pump can then be programmed for the next infusion or the pump can be powered -
off.

After the end of the infusion, to unload the IV tube, the open key is pressed. The
pump module automatically closes the slide clamp and opens the tube-loading channel to
allow removal of the IV tube. Upon removal of the IV tube, the auto load mechanism will

10 close. Alternatively, if the IV tube has not been removed afier a predetermined time period,
the mechanism will automatically close.

The IV tube can be removed on an-infusion pump that is not:powered on. If the open
key is pressed while the infusion pump is off, the open key will temporarily power the unit, to
allow removal of the IV tube. The display area includes a special instruction directing the

15  user to.close and remove the slide clamp and the IV tube. As an additional safety feature, a:
manual tube release is provided as a-redundant safety feature-to allow the IV tube tobe -
unloaded if the loading mechanism becomes disabled.

The lock function disables all of the front panel keys except the main display, volume
history, and back-light key, and the arrow keys as well as the "option," "primary,"

20 "piggyback," “channel select” and "select” soft keys for viewing. The lock function can only
be enabled when the infusion pump is in a standby mode or during an infusion with no alarm
or aleﬁ conditions present. When the lock function is enabled, the display area includes a
lock icon beneath the prompt line. Alternatively, an auto-lock function can be provided
which automatically locks the front panel keys after an infusion has been started if no alarms
25  or alerts are present.
The infusion pump includes several gdditional user features. Referring now to

figure 13(a), a pop-up window is seen which displays an options window if the "option" soft
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the particular condition. Finally, the display is used during infusion to
provide an indication of the status of the infusion. Contained beneath the
character display area are three light-emtting diode (LED) status
indicators. The first is a green LED 87 which indicates when the punp is
infusing. 5 The second is a yellow LED 89 which indicates when the punp is
in an alert qepeisragn. The yellow LED 89 renmi ns cont.i nuouspyriusdmoietsi Nng an
alert condition, provided there are no active alarnms. The third is a red

0P ot KR i o B, 8 I B Wi L0
conti nuousl y cHiéntParsBndliy MAigw RAfRE, theORlectidn éfiBe ddvimstreaiodtiti¥onhahies, the!NNi Ng
on auxiliary 10 battery power, the alert or alarmdisplay will flash on
and of f i n ofdeeryicharge levelrfeatutsadriiehe/configarationfivevips fepture dni brder1o vidve the
i ncl udes an open action key 94 and a stop-action key 96. The open action
key 94 opens pattisulapavhilable featuresa thepserdrightights she feapureip be vigwedyusingthe setollupo
AU AT AT MR N TR T T
' the current set of configuration parameters, as described in detail below.
Referring to figure 13(b), a display area is seen which includes the flow check display
feature. The flow check display feature provides the user with a graphical display of the
downstream resistance to flow. In the preferred embodiment, as seen in figure 13(b), a
10 pluralify of triangles 138 are provided which represent the downstream flow resistance.
When one triangle 138 is filled, normal flow conditions are present. When all of the
triangles 138 are filled, the downstream flow has been occluded. -When the downstream flow
has been occluded, the occlusion alarm is enabled.
The downstream occlusion value allows a user to review and change selection of the
15 downstream occlusion levels. On selecting the downstream occlusion value, the options
menu will display a downstream occlusion value table; as seen in figure 13(c). The prompt
line instructs the user how to change the selected values. The soft keys include a "no change"
soft key, a "PSI/MMHG" soft key, and a "select” soft key. The "PSI/MMHG" soft key
allows users to view the values in millimeters of mercury instead of the standard pounds per
20 square inch. Ifthe user wishes to change the occlusion values, the "select" soft key is pressed
on the options menu, the scroll-up and scroll-down arrow keys can be used to highlight the
new value range, and the "select” soft key is pressed to lock in the new sefection.
As seen in figure 13(d), the battery charge level on the options menu allows the user
- to access information regarding the battery charge level of the auxiliary battery. The battery
25 charge icon 122 is displayed in the main display area. The prompt line instructs the user how
to exit the battery charge level option. A "done" soft key is provided to exit the battery

charge level display.
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15 action key 94 opens the | oading nmechanismto allow renoval of the IV
tube. The stop-action key 96 provides a systemoverride to stop any active
i nfusion. Referring nowto figure 6, the rear 97 of the infusion punp 10 is
seen. The infusion punp 10 includes a grounded power .cord 98 for plugging
t he punp into a wal | outlet to provide standard alternating current (AC) to

power the i 46y Punp 10 and to recharge the 20 auxili ,‘gg.; The
device furt |ncI udes a nounting clanp 100 which is use?ct)i.o no’lhlﬁfa'y

10 | d K | 1. 102 i ded
budi 6 spggigram#l{ﬂﬁf%'%ﬁé@d’ﬁ el s il ontggretoniferf aria Srg\daﬂey
press audi O ass mAIC AT ?&%ﬂﬁ@ abite &%Pkée?ﬁ;e&\sm?ortpqmg'chﬁg&m pum
a co

10 to connect and conmuni cate ute conmuni ca por 104
al so can beselesishstafd fotprdtiictsehice. heccessrts thisfahttiohTequited B phssicadede ﬁiﬁ%&f

| ocated at a nurse station. In the preferred enbodlnent an RS 2
conpat i bl e whitlkeisfisterdeddo pe bept by duthorized pemsomml oxdpnithis ifarection rssdcso&bed in
| 5  detail below.

Several additional features on the pump are described below. In figure 5, a "label
line" soft key feature was seen. The label library allows the user to select from a list of
informational labels, including solution, therapy and medications identifications. Selection of
an informational label displays the selected label on the programming mode screens as well

10 as the main display screen. The selected label also may be displayed on the channel display
during infusion. This allows the user to readily identify the solution or medication being
infused.

To select a label, the user selects the "label line® soft key during the programming
mode. When the "label line” soft key is pressed, a pop-up screen of available labels,

15  including the full name of the medication, therapy or solutions and the labe} abbreviation,
will appear in the display arca, an example of which is seen in figure 14. The prompt line
instructs the user to select a label while "no change,” "page up," "page down," and "select"
soft keys are provided. The "page up” and "page down” soft keys are provided to enable the
user to scroll if multiple screens of available labels are used. An arrow icon is provided in

20  the lower corner if additional screens of available text are provided. An arrow icon is
provided in the upper corner (not shown) if previous screens of available text are provided.
The scroll-up and scroll-down arrow keys are used to highlight the desired label. The
"select” soft key can then be used to select the label, with the display area automatically
reverting back to the programming screen with the label selected displayed.

25 The present invention also provides se\}eral available programming modes for primary
infusion. Upon selection of the "change mode" soft key in the programming mode display, if
the programming mode is in the primary programming function, an change mode pop-up
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A direct current (DC) receptacle 107 is further provided. The DC receptacle
107 enabl es the punp 10 to be connected to external DC power sources, such
as for exanple, the 12-volt power source provided in nost U S. vehicles, to
enable the punp 10 to be used with an anbul atory patient. The rear 97 of
the infusiongyepsrid further includes fuse 5  conpart nent spdpssidien
contain electronlc fuses as known in the art, an audi o speaker vol une

orovi ded s’ Hi @sShlingtals S5k RS0 Thinalie otk o8BiuB ol cges it B
di sabl es W&mﬁnﬁs‘m{a bfbrbutiel, PRRddelcBidulift MEIGYR the m?%téx Subfbutih®previdhstymm ng

as well as deliberate tanpering with the punp. i ned on the side of

each punp nodescribed; ag weH as ader-sekinted prbgrameniig xubrabfifies siithi #5 rie/volune) 118
provides a manual override of the automatic tube-I|oading and unl oadi ng

feature in t rmgﬁmhpxn;mmn,mlmwﬂme,andm adeseribed in moredetal helow.e| ease t he

t ubi f th
ubrng TE (5)m © pl,hr:p functmn subroutine includes prime subroutine and standby subroutme The

prime subroutine is used to assist users in priming the IV tube in order to ensure that no air is
in the IV tube prior to infusion. In the primary programming mode, after the I'V tube has
been loaded, the prime subroutine is accessed by pressing the "change mode" soft key. The
scroll-up and scroll-down arrow keys can be employed to highlight the prime field, which can

10 be selected by pressing the "select" soft key. The display area then displays the prime pop-up
fnessage, as seen in figure 16(a). The prompt line instructs the user to press the "prime” soft
key to prime the IV tube. A "done" soft key also is provided to indicate when the prime
function has been completed. While priming is active, the display area shows the prime pop-
up message seen in figure 16(b). Pressing the "done” soft key upon completion of priming

15  retums the display area to the primary infusion program.

| The standby subroutine allows programming of the pump without starting the
infusion. Thus, the standby subroutine disables the channel stop alert notification. To access
the standby subroutine, the scroll-up and scroll-down arrow keys are used to highlight the
standby function in the change mode pop-up window. The "select" soft key is selected,

20  which causes the standby pop-up message seen in figure 17(a) to appear on the display area.
After a brief, predetermined time, the main display screen reappears. However, as seen in
ﬁgﬁre 17(b), standby is displgyed where the program information normally appears. Pressing
the "primary” soft key, the "piggyback” soft key, the rate key or the volume key. disables the
standby function. When disabled, the display returns to the programming routine, based

25  upon which disabling key was selected.

As previously noted, several of the operating routines relate to the optional dose
programming subroutines. These subroutines allow the user to program the dose of a primary
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Furt her provided on each punp nodule is a drop-sensor port 120. This port
120 allows for connection to the punp 10 of an optional drop sensor, which
is used in conjunction with a standard drip chanber. 15 Ref erri ng
now to figure 7, a user interface navigation flow diagramis seen. The
figure depicts an overview of the user interface routine discussed in

detail bel gy power -up, the infusion punp perforns d*@g@ﬁ; | C. tests
while the 6svg‘l -diagnostic routine 300 occurs. After conpleti /8#09% he

di agnostic, t.ests,,a ron screen i s di gplayed., K From.,the power-on routine
302, the u l°&ahd°as€%§§°€memawnzﬁ% OB, phsiehs bady,Wejght or basedport ot of 20
confi guratj O i I : . Lguration
par amet er o P onk R Sl arial o Bmihl thedos HbwRite Ghor S ndboeh S0 bPHE O,

set of CONpatighe patdntdierd Mchite ney/Br ﬁ,%é%?m%ﬁélmﬁﬁﬁtw,faﬁd aitshnih, set of

configuration paraneters routl ne 306 or the view set of configuration

par anet er sEsamiiplesuifidosesspro@@msiwhicheme baseld eppatient ndly iweighs théluda mglig/igrc cessed.

Fromthe main display routine 304, the user can access a plurality of

routi nes. mgkeminones/kg/hr, megfks/min,units&edr, and upits/kemin Framples of dose vi ew set

of co nf 'g ulgr%tgxi'axct)xg ngcrhaarlfee E:-aesrea orsl %;tlle%% ngy surface area include mg/m2/hr, meg/m2/hr, and
units/m2/hr.

In the optional dose programming subroutines, when two of three parameters have
been entered, the master microprocessor will calculate the final parameter. For example, if

10 the dose has been entered and the concentration of the drug has been entered or calculated, as
described below, the master microprocessor will calculate and display the rate. Similarly, if
the rate has been entered and the concentration of the drug has been entered or calculated, the
master microprocessor will calculate and display the dose. After the necessary parameters
have been entered and the dose or rate calculated, if the dose or rate values are changed, the

15  master microprocessor will automatically. recalculate and display the new values.

If the concentration of the drug to be administered is known by the user, it can be
directly input into the infusion pump. If the concentration is not known, the user can enter
the drug amount and diluent volume, and the master microprocessor will autématically
calculate and display the concentration. Referring now to figure 18, the programming of the

20  infusion pump is described. From the primary programming modes, the user uses the scroll-
up and scroll-down arrow keys on the change mode menu to highlight the appropriate dose
formula selection from the examples previously set forth above, an exampfe of which is seen
in figure 18(a). The prompt line instructs the user to select the programming mode. To select
a programming mode, the desired mode is highlighted and the “select” soft key is pressed.

25  The display arca then displays the dose programming screen seen in figure 18(b).

If a dose infusion has been retained in the program memory, the screen will initially

display the parameters from that infusion. To clear the displayed parameters, a "clear
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subroutines 308, a change occlusion settings routine 313, a battery display
routine 315 and a configuration/service routine 317. Fromthe options nenu
routine 31 1, the series of view set 9 WD 97/ 37704

PCT/ US97/ 01073 of configuration paranmeters subroutines 308, the change
occlusion settings routine 313 and the battery display routine 315, the

mai n. di spl awo@iene 304 and a configuration/service routiwrerishioman be
accessed. The configuration/service routine 317 includes a password entry

ot 1 AR Sl A8 U M PR SRS g 0
personnel CaBRtra®tS®E Gset t¢ ontér the!arfbin® il the highLightdtbdld s tCaagd inbée,'S'Isbel Tg"
configuration/service nmenu subroutine 319 provi des access to a
and "units" soft keys are provided. The dose programming screen includes the measuring
units for each of the categories of dose information. If the user wants to enter different units
5 than those displayed for fields with more than one measuring unit; the "units” soft key is
pressed to bring up the unit change list screen, an example of which is seen in figure 18(c).
The scroll-up and scroll-down arrow keys are used to highlight the desired units, with the
select key pressed to change to the desired units. Upon selection of the alternative units, the
dose programming screen is again displayed. On the dose programming screen, the initial
10  parameter is highlighted for entry by the user.

Again, the scroll-up and scroll-down arrow keys can be utilized to move the
highlighted portion into-the desired category. For example, if the concentration is known, the
scroli-up and scroli-down arrow keys can be used to highlight the concentration parameter
and the concentration can be entered. This eliminates the need to enter the drug amount and

15  diluent volume parameters. If the concentration is not known, the scroll-up and scroll-down
arrow keys can be used to highlight and enter the drug amount and diluent volume parameter,
with the master microprocessor then calculating and displaying the concentration. The scroli-
up and scroll-down arrow keys can then be used to highlight and enter the dose field or to
highlight and enter the rate value, with the master microprocessor calculating the unknown

20 parameter.

Prior to starting the infusion, the use must confirm the calculated settings. If the user
does not, the display area goes to the confirmed settings message window seen in figure
18(d). The prompt line instructs the user to confirm the setting by pressing the “confirm
setting” soft key. After the settings have been confirmed, the infusion is started by pressing

25  the start key, as previous described. The display area returns to the main display which, as
set forth above, displays the rate, the volume remaining to be infused, and/or the time

remaining for the infusion, as well as the dose.
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device configuration utility subroutine 322, an event history subroutine
324, a service features subroutine 326, and a transfer device configuration
subroutine 328. Fromthe device 10 configuration utility subroutine 322,

t he aut hori zed hospital personnel can access a copy set of configuration
paraneters subroutine 331 and a series of edit set of configuration

paraneters ﬁ’bbJ nes 333. Fromthe service features subr t he
aut hori zed osplwgf personnel can access a series of servic g}@%}g{”gﬁl nes
335. Fromthe c ur.at{Qn service, u rout| t he power-on routine
302 can be accegg % %mi S€ programming Mﬁﬁ’%ﬂﬁﬁﬂ?ﬁ%"é‘%‘a‘ﬁe‘%%ccessed
fromthe majga; *rﬁp}ﬁmﬁ@%l S I ut i nes
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vol une- t i MescReR HaviAThdsméterd rélied %ﬁm g BiSeddn tRE Eamys WEigRt iB5@4! H™ Ng
routines 343, a prinmary ranp progranm ng rout| ne 34 pi ggyback rate-
vol une pr ogrddmmrﬁgﬂ:emﬂgrmnﬁg?vahmipmpuggﬂm%dymbpa&-.m’s weight m@stdsm ng
routi ne 349. 20 Each of these progranm ng routines provides access

to the éharrjesrabmed byntapngyw velusnsingthe pumerickes pad. ectalysrcan belenteted abi | ity

L e i A of ool e wnits slecte by usin the "units” sot ket

highlight the appropriate selected unit.
Similarly, if an optional dose programming function is selected based on patient body
surface area, a dose programming screen is used which includes parameters directed to this
10  function. In addition to the programming of each function as previously described, the dose
programming screen includes the patient's body surface area (BSA) parameter, as seen in
: ﬁgure 20. This BSA parameter is used by the master microprocessor to calculate the dose or
rate utilizing a BSA calculation known in the art.
Optionally, the pump can be programmed utilizing the volume to be infused and time
| 15 of infusion parameter, with the master microprocessor calculating the flow rate. This feature
is available in both the primary and piggyback modes. To access the volume/time
programming function, the "change mode"” soft key is sclected, as seen in figure 21(a). . A
volume/time programming screen is used, having parameters related to programming based
on the volume to be infused and the time of infusion. Utilizing the scroll-up and scroll-down
20  arrow keys, values can be entered for the volume to be infused and the time for infusion. The
- pump then automatically calculates and displays the flow rate. As seen in figure 21(b), to
begin infusing, the "confirm settings" soft key is pressed to confirm the entered values as well
as the calculated flow rate, and the start key is pressed.
The ramp mode allows the user to enter a total volume for infusion and up to four
25  individual time parameters. These time parameters include run time, delay time, ramp-up
time, and ramp-down time. Run time includes both the ramp-up and ramp-down time

parameters as well as the additional level delivéry time. Delay time is the time prior to ramp-
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and to the main display routine. The pop-up w ndow subroutines 352 include
a prinme pop-up subroutine 354 and a standby pop-up subroutine 356. The
prime pop-up subroutine 354 and the standby pop-up subroutine 356 provide
access to the nmain display routine 304. The 25 prime pop-up subroutine 354
can be accessed from each of the programm ng routines. A volune history
routi ne 358wigorayRy! abl e from nost of the routines. 10 VE€x/6s9781079 4

PCT/ US97/ 01073 Referring now to figures 8 to 30, the user interaction with
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user interaction is princip ucte he mai n l'ay area 23,
i ncl udi ng t iR desicetd rakp upsithedeve! deliverrar! W iSthe tid ee@blished fd dRn t he

side and the soft keys 36 displayed underneath the display area.
device to ramp down from the level delivery rate to the KVO rate.
From the entered parameters, the master microprocessor calculates the rates necessary
5  to perform the time and volume requirements.- The total volume includes the volume infused
during the ramp-up, level delivery, and ramp-down times as well as the volume delivered
during the KVO delay time. As such, volume delivered during the ramp-up, level delivery,
and ramp-down times is calculated based on the total volume to be infused less the volume
delivered during delay time. As seen in figure 22(a), the ramp programming screen includes
10  the total volume, run time, delay time, ramp-up time, and ramp-down time. These parameters
can be entered utilizing the scroli-up and scroll-down arrow keys to highlight the appropriate
ﬁeld.‘ When all of the required values have been entered, the pump will calculate the level
delivery rate. The level delivery rate will be displayed above a ramp delivery icon 140. The
"confirm settings" soft key confirms the entered values as well as the calculated level
15  delivery rate. To begin infusing, the start key is pressed.

While the pump is infusing in the ramp mode, the current rate of infusion, the delivery
phase, the volume remaining to be infused, and the time remaining for the infusion are
displayed, as seen in figure 22(b). The main display also includes the ramp status icon 142.
The ramp status icon 142 includes a likeness of the stages of the ramp infusion, including the

20 delay time 144, the ramp-up 146, the level delivery 148, and the ramp-down 150 periods.
During infusion, the ramp status icon 142 is continually updated to show the progression of
the therapy. The portion of the ramp infusion that is completed is shown shaded in black.
The prompt line includes the user instructions to view the settings for the ramp infusion.
‘Upon pushing the "view setting” soft key from the programming screen, a ramp infusion

25  parameter screen shows the entered parameters for the ramp infusion. If the "view settings”
soft key is chosen during a ramp infusion from the main display, a ramp-in-progress screen,

which includes the rate, volume, and time as well as the ramp status icon 142, is displayed, as
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5 Upon power-up of the punp 10 by pressing the on/off charge key
63, the punp self- diagnostic tests begin. The main display area 23
initially is lit, then goes dark, while the punp nodul e display 29

i1lum nates each of the character positions. Next, the LEDs are |it and the
audi bl e speaker is activated, foll owed by the sounding of the back-up

beeper. Thi dure enables the user to check for dark | i nes on
R FETsgyiprs

t he displa he screen is 10 Ilit, check for light s nes on
the display whep th reen is dark, ensure that the punp mpdul e di spl ay
char act er sy"ﬁf‘é“ Ewgﬁ&g'aﬁglpw’f‘?t ine @ﬁa@l’{‘ﬁ&feaé'ﬁlu optings pyatlable te theyiser
wor ki ng or & m; Pl ck-up, buzzer tone
are active@%@gﬁﬁg?%g%@;ofg‘?ea, ,"q‘af{gﬁéﬁg"g‘é‘ﬁ@ ggetsgtlgfdgp Pete, the
screen di g 22td)Siuping Teveldlivér it avdifabie fo 2 %Ser!itofiin Thi s
screen incl%des gljbattg]rlby I con l’§{22. The615 batteryli ccgn%léggt%\%hfdes a
gauge 124 ddévae hThusap Niampldoywntsofolegtis ploeiled.ne anmount of anp hours renai ni ng
in the rechargeable auxiliary battery. In this initial screen, the pronpt

| ine 413 i dent i f Incardentto ytilizeithe pptiopalsizor seascarghe dropsensesissorneeteg tothedebpng and

instructs the user to it until the self-diagnostic tests are over.
sensor connector. %e drop sensor is attacied to the drgilp chamber above the fluid level on

Bh

the IV tube connected to the primary source fluid container. When the drop sensor senses
that the primary-source fluid container is empty, a container-empty alert will occur and the
device will infuse at the KVO rate during the alert. A container empty alarm will follow the
10  container empty alert. If the optional drop sensor is utilized, the primary-volume-to-be-
infused field is not mandatory. If the primary-volume-to-be-infused field is not entered, the
infusion pump will operate at the program rate until the drop: sensor detects an empty fluid
container.
The pump is capable of functioning in a variety of clinical uses from basic through
15 advanced programming functions. In order to facilitate usage in the selected clinical
application, the present invention includes a variety of configurable sets of configuration
parameters. In order to access the custom set of configuration parameters screen, the "change
personalities” soft key from the power-on screen is pressed. In figure 23, examples of custom
sets of configuration parameters such as the general floor, pediatrics, neonatal intensive care
20 (NICU), critical care (ICU), and i’nome care are listed. To choose a particular set of
configuration parameters, the scroll-up and scroll-down arrow keys highlight the chosen set
of configuration parameters. To view the configuration of any of the chosen sets of
configuration parameters, the "view" soft key is pressed to display a Personality™
configuration screen. To chose a set of configuration parameters, the "select” soft key is
25  pressed.
To configure the sets of configuration parameters, the configuration/service function

of the options menu seen in figure 13(a) is selected. Upon selection of the
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Referring now to figure 8(b), after the self-diagnostic tests are
conpleted, the pronpt 20 line 41 instructs the user that the punp 10 is
ready to continue into the progranm ng node. Additionally, several soft
keys are nade avail abl e, depending on the configuration options chosen by
the user. For exanple, in the enbodi ment depicted in figure 8(b), a soft
key | abel ed woémrea Personality"[err] is present which enabcesssieromser to
enter a node to change the previousl y sel ected set of configuration
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key | abel ed patient™ Is present, ating that "inforhmation froma
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patient” key will clear the programm ng nenory and vol une history from
this pr eV| o) lTShC promipt line ditects enstyraf ¢hequssword. Tha@uditriagizpegsonnel enter a numeral

PCT/-US97/ 01073
password in order to proceed in the configuration/service routine. The password entry screen -

5 includes a reference listing of the software version in the infusion pump. A "cancel" soft key
is provided to exit the routine.

Upon successful entry of a valid password, a configuration/service menu screen as
seen in figure 25(a) appears. The options include Personality™ configuration utility, device
configuration utility, event history, service features, device configuration u'ansfer,' download

10  configuration, time set and date set. The device configuration transfer allows the authorized
- hospital personnel to transfer the configuration of one infusion pump to another infusion
pump. The download configuration allows the authorized hospital personnel to download the
infusion pump-configuration through the serial port. . The configuration service menu
includes a "select” soft key and a "done” soft key. When an option is highlighted, a message
15  appears giving the particular components of an option. In the example seen in figure 25(a),
the Personality™ configuration utility includes as components a Personality™ list, infusion -
modes.and features, infusion limit alerts and alarms, drop sensors, and label library.

When the Personality™ coﬁﬁgmaﬁon utility screen is entered, a Personality™ list is
displayed as seen in figure 25(b). The power-on default set of configuration parameters is

20 identiﬁéd in the display. "Done,” "up” and "down" soft keys appear. Upon highlighting a set
of configuration parameters, a "change settings" soft key, an "enable/disable” soft key, and a
"copy Personality™" soft key appear. The authorized hospital personnel can modify or view
the set of configuration parameters by using the "change settings" sqﬁ key, modify the name
of the set of configuration parameters by using the "change settings” soft key, copy the

25  configuration of the set of configuration parameters by selecting the "copy Personality™"
soft key, or enable or disable the set of configuration parameters by using the

"enable/disable” soft key. When a set of configuration parameters is enabled, it will appear
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in the pronpt line 41, pressing the main display key 55 advances the
display area to the main display screen. Prior to progranm ng the infusion
punp 10, the user is instructed to load an IV tube into the punp nodul e 16.
Referring to figure 9, the loading of the IV tube into the automated 5
tube-loading slot in the punp nodule 16 is described. Initially, the open

key 94 is p whi ch causes the automatic tube-I oadi ng i to
open. As se{e‘ﬁ?f’% al‘gure 9(a), the user positions the on/of r@@%&'@ﬁnanp 80

into the keyed, sl ot .78, . whi ¢ch hel ps assure the proper grientation of the IV
tube. Pulli Mﬂ’et?‘ﬂ}s't‘tfﬁ%tsf’gfﬂn,%g tion-pagametess; 8‘69(*5‘)’?6’?%@’1%%5@ kexds t he
|V tube int Bre@ﬁﬁaﬁlﬂg&%etr% t ube- | oadi ng channel 27. Once the punp 10

1

detects the*presenc of the IV tube, the punp 10 automatically | oads

the 1V tube i nt Orffe dhagiciettiBPisbit Rey isBelobiSd, AP ERoly™ JSRERRMcH ther fof N, | V

tube is not | oaded in a given predeterm ned tinme period, econds 1 n the
preferred etheaeiected et oftonfigutation pgrasheten)is idplhyed, ivexampleast whikh ik Benanit omat i c
t ube- | oadi n? mechanismw || close to assure that an inadvertent | oading of

]

an i npr oper higwre25(c3. TheBersenality™ oenfignration menw ideytifiesithaconiponents. oA siessage he
open key 94id%gt\fﬁéssthg Qorltijégxai){yi%%s?gund in the highlighted component. The soft keys include a
"done" soft key, a "select” soft key, and a "Personality™ name" soft key. Selection of the
"Personality™ name" soft key displays the create name screen .seen in figure 25(d). Using
the soft keys and the scroll-up and scroll-down arrow keys, authorized hospital personne! can
10  enter the name of a set of configuration parameters.

Selection of the infusio_n mode and features, for example, allows the authorized
hospital personne! to determine which features and functions will be available for the clinical
user for that set of configuration parameters and how the infusion pump will display features
and functions to the clinical user. Examples include disable infusion modes, disable dose

15 formulae, set channel display, disable piggyback mode, disable prime mode, enable quick
titration, and enable flow check display.

| The authorized hospital personnel can enable or disable the label library. The .

authorized hospital personnel also can select which medication or solution names are
available to the clinical user for selection if the label library is enabled. When the label

20  library is highlighted in the configuration menu seen in figure 26(a), "done,” "library set up"
and "enable/disable" soft keys are provided. Upon selection of the "library set up" soft key,
the label library set-up list is displayed, as scen in figure 26(b). A "yes/no" soft key is
provided to enable or disable labels.

The present invention also provides several troubleshooting alert, alarm and failure

25 messages. When an alert, alarm or failure message occurs, the status area of the display, as
well as the pump module character display, identify the alert, alarm or failure. Alert

messages may require a user intervention, but do not stop the infusion. Alarm conditions
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15 punp 10 so that the 1V tube can be |oaded into the device. After

| oading the IV tube, the main display screen returns to the display area,
as depicted in figure 8(c). The main display screen includes the stop icon
126 which indicates that the punp 10 is not infusing. The soft keys 36

i nclude an "option" key, a "primary" key, and a "piggyback" key. A stop

I con 128 cowoasmds above the "primary" soft key indicates pdusstorersief aul t
i nfusion. The display screen pronpt instructs the user to press the o f
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key 68 is pestartedd A ddvicefailire agtematidatly dioppargyinfugioh ) Anfakid cumditioeowingdis @i Ng
screen with the rate field highlighted, as seen in figure 8(d). If neither
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the silence key.

The alert conditions include advanced air alert which indicates that the user is
advancing a detected air bubble. A battery-low alert indicates that the auxiliary battery has
less than a predetermined amount of infusion time left. This alert occurs before the battery

10  alarm condition, discussed below, occurs. The changing piggyback alert indicates that the
piggyback rate is being changed or a label is being added. The changing primary alert
indicates that a primary rate or dose is being changed or label is being added during an
infusion.

The channel-stopped alert indicates that the pump is on, not in standby mode, but the

15  infusion is not running. This alert is designed to remind the user to start the pump infusion or
to power-off the pump. The container-empty alert indicates that the drop sensor accessory. -
has sensed that the source container is empty and the device is infusing at the lower of the
KVO rate or the preprogrammed rate. The KVO alért indicates that the programmed volume
to be infused has been completed. The piggyback-callback alert indicates that the piggyback

20 infusion has been completed and the pump has switched to the primary infusion. To continue
primary infusion, the silence key can be pressed. The prime alert indicates that the priming
module is being employed. The programming-piggyback alert indicates that a piggyback
infusion is being programmed while a primary infusion is taking:place. This alert is intended
as a reminder to the user to complete the piggyback program and start the piggyback infusion,

25  ifappropriate. The ramp-paused alert indicates that a ramp infusion has been paused. This
reminds the user to press the start key to resume the ramp or to press the "cancel ramp" soft

key to cancel the infusion.
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Ence the desired flowrate is entered by the user into the nuneric key pad
50, either the volune or the arrow key can be used to highlight the vol une
field. The volune to be infused can then be entered by the user using the
nuneric key pad. For standard primary infusion, this conpletes the
progr anm NguosdrRes O Buring programm ng, if incorpephsesidiss are
entered by the user, pressing the clear key 53 clears the incorrect val ue
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pressing the start key 65.
bubble, as seen in figure 27(a). Choosing the advance air feature advances the display screen

5 tothe "advance air" screen depicted in figure 27(b).  To advance the air bubble, the user
presses and holds the "advance air" soft key. When the air-detect feature again detects fluid,
the display area will inform the user of the fluid detection by displaying the fluid icon 155,
seen in figure 27(c). The user can continue to advance the air bubble until it is at the
injection site on the tubing, where it can be removed using a syringe. Upon sensing fluid at

10 the air sensor location and the appearance of the fluid icon 155, the alarm condition has been
reset and the infusion can be restarted by pressing the start key. A user can advance air until
a maximum defined volume has been pumped. Once this maximum volume has been
pumped, the display informs the clinical user, as seen in figure 27(d). The IV tube should be
removed and manually purged to reset the alarm.

15 The battery-depleted alarm indicates that the auxiliary battery charge has diminished
below the level necessary to continue infusion. To reset this alarm, the pump must be .
plugged into an AC supply. The check-drop-sensor alarm indicates that, if the pump has
been configured for mandatory drop sensor use, the sensor has not been connected. To reset
this alarm, the drop sensor must be connected. The downstream-occlusion alarm indicates

20 that a downstream occlusion, such as a closed distal flow clamp, has occurred. To reset this
alarm, the downstream occlusion must be removed. If the pump is configured with the auto
restart feature, the pump will automatically restart if the occlusion has been removed within a
predetermined period of time after occlusion detection.

The drop sensor malfunction alarm indicates that the drop sensor either has been

25 improperly positioned on the drip chamber in the IV tube or has been damaged. To reset this
alarm, the drop sensor must be properly positioned or repaired if damaged. The flow-
detected-on-primary alarm indicates that the drop sensor has detected drops in the primary

28



| f a piggyback infusion is desired, the "piggyback"” soft key i's depressed.
The stop icon 128 over the piggyback rate-vol unme programm ng screen is

di spl ayed. The rate and volunme to be infused in the piggyback is entered in
the sane manner as the rate and volunme information for the primary

i nfusion. As seen in figure 10(a), the piggyback rate-volunme 15

progr ami Nngw&essee4 i Ncl udes t he pi ggyback icon 131, and t lrcwosOpbmy3 ar ea
i ncludes a nessage informng the user of the primary infusion informtion.
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" pi 9gyback” cohfithirg@prédramming parameter. To reset this alarm, the missing parameter value and

the "confirm settings" soft key, if required, must be entered. The reset-manual-release alarm
indicates that the manual tube release has been activated. To reset this alarm, the manual
tube release must be reset.

10 The tube-not-loaded alarm indicates that the I'V tube has not been loaded prior to
pressing the start key. To reset this alarm, the IV tube must be loaded. The out-of-range

- alarm indicates that a programming value outside of the preprogrammed allowable range has
. been entered. This alarm occurs when the "confirm settings” soft key or start key is pressed.
To reset the out-of-range alarm, values within the preprogrammed range must be entered.

15  The temperature-too-high alarm indicates that the operating temperature of the tube is outside
design limits. To reset this alarm, the tube must be cooled by moving the pump to a suitable
temperature environment. The temperature-too-jow alarm means that the operating
temperature of the tube is outside the design limits. To remove this alarm, the tube must be
warmed by moving the pump to a suitable temperature environment. The tube-misioad alarm

20  indicates that the I'V tube has been improperly loaded. To remove this alarm, the IV tube
must be removed and reloaded properly. The tube-unload alarm indicates that the IV tube
has not been removed from the tube-loading channel during an attempted tube-unloading

- procedure. If this occurs, the proper tube-unloading procedure should be employed or the
manual tube release should be used.

25 The upstream-occlusion alarm indicates that an upstream occlusion, such as a closed
proximal slide clamp, has occurred. To reset this alarm, the source of the occlusion mﬁst be

removed. The container-empty alarm follows the container-empty alert condition described
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25 di splay the information for the respective infusion. Wen the infusion
punp is operating with a plurality of flow channels, the main display

di spl ays configuration paraneters for the active channels. For exanple,
referring to 13 WO 97/ 37704

PCT/ US97/ 01073 figure 11(b) for an infusion punp wt h a I ow auxili ary
battery congolor@esand two active flow channels, the first gdQuespapnel is
designated "A" and the second flow channel is desi ghated "B." Fl ow channel
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depicted in the main display. Referrlng to figure 1 (c), a second exanple
i's seen wi térthe purbp peweredafiis Fhe noxsiide-clémys alam indicates that the on/off slide clamp has

not been properly loaded. To reset this alarm, the tubing must be removed and reloaded,

5 properly locating the on/off slide clamp in the keyed slot.

The authorized hospital personnel can program clinical feature limits and infusion:
alert and alarm characteristics. The infusion limits, alerts and alarms are accessed from the
Personality™ configuration menu, seen in figure 28(a). Upon selection, the infusion limits,
alerts and alarms menu seen in figure 28(b) is displayed. The settings in this menu apply to

10 the infusion pump as a whole and are not programmable for separate channels.

The authorized hospital personnel can adjust the flow rate limit, adjust the maximum
volume to be infused, adjust the KVO rate, enable or disable a.piggyback callback alert,
adjust the time between audible tones for the alert and alarm, and enable or disable the auto-
lock feature. The authorized hospital personnel also can set the size of the air bubble to be

15  detected by the infusion pump. Referring to figure 29, an air bubble select pull-down menu
which is displayed upon selection of the air bubble setting is seen. The screen includesa "no
change"” soft key and a "select" soft key. Options on the bubble size are displayed. Ina
preferred embodiment, four bubble size levels are displayed. In the preferred embodiment
described herein, the four bubble size levels are 25 microL, 50 microL, 100 microL and

20 150 microL. Each bubble size level will detect air bubbles within a given range. For
example, the 25 microL level will detect air bubbles above 25 microL. and will not detect air
bubbles below 10 microL; the 50 microL level will detect air bubbles above 50 microL and
will not detect air bubbles below 25 microL; the 100 microL level will detect air bubbles

- above 100 microL and will not detect air bubbles below 50 microL; and the 150 microL level

25  will detect air bubbles above 150 microL and will not detect air bubbles below 100 microL.

The authorized hospital personnel also can select a range of downstream occlusion

values to be detected by the infusion pump. Referring to figure 30, a downstream occlusion
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fl ow channel A and a | abel ed, stopped pi ggyback on flow channel B. A pause
i con 135 is displayed for flow channel A Wen infusing, the display area
will show a droplet icon 128 to indicate that the 10 punmp 10 is
operational. The programmed rate of delivery, the volune of fluid remaining
to be delivered, and/or the tinme remaining to deliver the remaining vol une

wi Il be di sgpayashks TO Stop an infusion before it is conpl eg@fysebforst o key
is pressed. The droplet icon 128 will be replaced with the stop 1con 126 on

[ [ ' | { | lum nated.. T
st art 't he v ftt- 80 ks SR is iRolttd R oeOMRof e dobunitRlaififusion®
i nfusi on puRuesS isALEH. afHeW3redh indhudes™d iodthhdgs" &t kdyO R PIIMINERIG: sohhﬁﬁ‘éufﬁ%dg”e

remaining and time remaining are not displayed at the same tine _
space const sei¢ond the ubitd, and & M'glect? sbft gey. cOPtdND bn theldownstrdamFoctivsibh RalaEs 4ré
di spl ayed for. two active channels with channel A running and channel B

st opped. Whdisplayed. o lapnefenresambeodiment, shndée dewvnsiream ogclisionnalues awi displayed.shif t

key is provided which displays the, volu remai ni ng. \\hen the tine 20
remai ni ny i edred ,0%56@854?"&4-1?#%@@medﬂueém%mm;mgmﬁmg" sof t

key i's providednd? The minimum, moderate and maximum values indicate an approximate
maximum pressure for different flow rate ranges. In the preferred embodiment, three flow
rate ranges are indicated.
The authorized hospital personnel also can set whether the clinician can override the
10  downstream occlusion values. When the occlusion value clinician override is highlighted in
the infusion limits, alerts and alarm menu, an "enable/disable” soft key appears. The infusion
pump also can be configured to include an auto-restart function. This function enables the
- infusion pump to automatically restart itself when a-downstream occlusion has been corrected
within a predetermined time, such as in the preferred embodiment, within one minute after
15  detection. This is likely to occur if, for example, the downstream occlusion is caused by
patient movement which subsequently opens the IV tube. The infusion pump will continue to
attempt an auto restart for a given number of preselected occurrences before manual |
intervention is required. The authorized hospital personnel also can set the number of auto
restarts that will occur after a downstream occlusion alarm occurs and is relieved. The
20  authorized hospital personnel also can require that a clinician program a fluid delivery so that
the fluid level in the drip chamber, in conjunction with a drop sensor, can provide a
container-empty alert. When the drop sensor is highlighted in the configuration menu, a
"mandatory/optional" soft key appears.
The infusion pump further includes service features which are accessible from the
25  configuration/service menu. Upon selection of the service features, a service features menu is
displayed. In the battery information selection, the slave microprocessor keeps track of a
plurality of time periods related to battery operation. In the preferred embodiment, several
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toggle to that display. If the punp is not restarted within a predeterm ned
period of time, a channel stop alert will sound. The punp al so can be
stopped if any alarmcondition occurs or if the on/off charge key is
pressed while running. The piggyback infusion is stopped by closing the

on/ of f 25 clanp on the secondary infusion tube and pressing the stop key.
To conti nugaNistmeishe primary infusion, the "primary” softpkfysdriddsessed to
change the operation node of the punp, followed by the pressing of the

tart key to begin the i.mgry. i nfusion. 14 97/ 37704
ECT; 'u597y026?§°%llfr%’ﬁﬁaﬁkﬁﬁi':}§n‘§{5%?é B’HUSI ‘?“BPPf&‘Pet\cﬁ%l YSIORRUmP 150889488tk and

accunul at eguoldiitng %agayémgerf%tggﬁtgy st g v on?H bdrlelPintohfaidt d4fin WO

includes the battery charge icon 122, "done” and "clear times” soft keys, and the parameters.
When a new battery is installed, the time on battery parameter is cleared. The service

5 features also include sensor calibration, which displays information related to the installation -
or replacement of certain infusion pump components, and manufacturing tests, which are
used in the manufacturing process to calibrate infusion pump components.

It should be understood that various changes and modifications to the preferred

embodiments described herein will be apparent to those skilled in the art. Such changes and

10  modifications can be made without departing from the spirit and scope of the present
invention and without diminishing its attendant advantages. It is therefore intended that such

changes and modifications be covered by the appended claims.
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ey The vol une history screen will appear on the
m I ’ jm formation on the volune infused by the infusion punp,
nd ti mg—the->t veotume—wah cl eared, can be viewed. The

voI ume h| story is retained| rrHtshSHEﬁTsHeS BiESr gprocessor's nenory for a
predet erm ned period of ti eveREPLACE® pu is turned off. The

I nf or mat i ongwigvehees the d —punp vol ume hi sperysonen?d ast
cleared, the total volume cleared at that tinme, and the current date and

time. The pwtﬁ%w%cl udes instructions on how to clear the vol une

hi story. Wh If usi on punp is operating with a plurality of flow
channel's, the VOlhHHFu&ib®p@hY coih 'n'%ys the history of the active channels.
Figure 12 contains an exanple ol une history for an infusion punp with

two active channahainbedypbamn! channel soft key and "done" soft key are
provided. If the user desires to clear the volune history, the "clear"

channel soft keyapisplay eentainied orf the main bady partion fardisplayinguserintefagene screen
fromwhich the valune history screen was 15 accessed, the "done" soft key
i s press®d. ! ‘i“&“ﬂ%etlvely, after a predeternined time Iapses with no key

sel ection,  tne PYTR il oo S8R ooty SLcHeR td the i 5y 8RBT aleiTo ¢ N

receive a tube, the pump module having means for applying pumping action to the tube;
an auxiliary display contained on the pump module for displaying supplemental user
interface information; and

10 microprocessor means contained in the main body portion for generating user
interfacé information on the display areas.

2. Theinfusion pump of claim 1 further whereina plurality of sets of configuration
~parameters are 'incliidéd as user.interface information.
3. The infusion pump of claim 1 wherein the display includes a status area, a prompt

15  area, and a soft key label area and wherein the infusion pump further includes a plurality of
soft keys contained in juxtaposition to the soft key label area. .

4, The infusion pump of claim 1 further including means for entering values related to a
beneficial agent to be infused into a patient and means responsive to the entered values for
calculating a dose of the beneficial agent to be infused into the patient.

20 5. The infusion pump of claim 1 further including means for entering values related to a
beneficial agent to be infused into a patient and means responsive to the entered values for
calculating an infusion profile of the beneficial agent, wherein a graphical representation of

- . the calculated infusion profile is included as user interface information, the- grapixical
representation including the infusion remaining.

25 6. The infusion pump of claim 1 further including means for sensing tube restrictions
wherein a graphical representation of the degree to which the tube is restricted is included as

user interface information.
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vol une hi storﬁwscreen was accessed. If, in the power-on programm ng node,

t he Lﬂﬂmmal t key is sel ect ed or the set of configuration
para d, the v

The' |nfu5|on punp

will automatically be cleared.

ility to change flowrate
dur| ng an infusion. To change Ne rate key is pressed. This

causes thegyk eld in the | ght TP&,ng HH*_,%I I ne
SO

i nstructs the user to enter the new flow rate, and a "rate up key and

F{Léifﬁgd?ﬁi} b éﬁyow% el e e b, Mo ey clibas ¢ ¢ he
o . LI b, U538 %%Jiv‘ﬂ‘f xRl S BABEHTT, e

|1 gf usi on PhiPmednS féieitdetihghe Thatfe Gfithd bitteRE WheRirfa grbpiical keéphdserifion oF Y €ssed.

charge of the battery is included as user interface information.

5 8. The infusion pump of claim 1 further including means for sensing the presence of air
in the tube wherein a graphical representation of the presence of air in the tube is included as
user interface information.

9. The infusion pump of claim 1 further wherein at least two pump modules are provided
and the display includes user interface information for at least two pump modules.
10 10.  The infusion pump of claim 1 wherein the microprocessor means further includes
‘means for storing user interface information related to a specific patient.
‘11.  "‘The infusion pump of claim 1 further including means for:clearing the stored user
interface information for a specific patient.
12.  An infusion pump comprising:
15 a main body portion;
a display contained on the main body portion; - -
at least one pump module adapted to receive a tube, the pump module having means
for applying pumping action to the tube; and
microprocessor means for generating user interface information on the display;
20 wherein a plurality of sets of configuration parameters are included as user interface
information, such that a user can select which of the plurality of sets of configuration
- parameters to configure the pump.
13. - The infusion pump of claim 12-wherein the configuration parameters are selected
from: the group consisting of occlusion alarm settings, air alarm settings and rate ranges.
25 14.  The infusion pump of claim 12 further including means for viewing the set of

configuration parameters.
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ning to be infused s—2zero, indicating the
|nfOHm‘mm“mmﬁm the punp will_as é@ \ enter a keep-vein-open
ertt ndde’ Dliring this 4 S lle punpl wi I 1 conti nue infusing
_ ) T2t e programed rate. To
exit the KVQyole@sie4sode, the st@ =y pressed. The 5 iRCTASPBNOBUND can
t hen be progranned for the next |nfu5|on or the punp can be powered off.
After the engs gﬁx%ﬂg gnfkﬁmﬁ“i‘i ﬁﬁﬂlleltlhﬂudx %ﬁéébﬁty rhdafs R PRevitingiaBeess

pressed. The purrp no matically closes the slide clanp and opens the

t ube- | oadi ngtothetonfiguiatiorpdrametecsertings. of the IV tube. Upon renoval of the
IV tube, the auto | oad mechanismwll 10 close. Alternatively, if the IV

t ube has not 1&beenThednfivion pumpef c@@ﬁ%m@@mﬁhmoﬁqonﬁswqwmmﬁ@s fskdeni sm

will automatically close. The |V tube can_be re n an infusion pu
that is not PRIBreseec Bﬁ"ﬁg"ﬂ tion paragstets and co Eg"ﬁ?bé“s%"@ﬁgmf?@?ﬂa%ﬁf usi olr[: gErrp

A O.f f t; € ppen ‘h?e%nmston p‘l&%?&ﬁ“l llé/ ﬁﬂﬁmh&gﬁ tﬂéryréset éoﬂﬁguratmn parameters’
can be copied.

18.  The infusion pump of claim 12 wherein the at least one pump module includes an
auxiliary display for displaying supplemental user interface information.
19.  The infusion pump of claim 12 wherein the display includes a status area, a prompt

10 area, and a soft key label area and wherein the infusion pump further includes a plurality of
soft keys contained in juxtaposition to the soft key label area.

. 20.- The infusion pump of claim 12 further.including means for entering values related to
.a-beneficial agent to be infused into.a patient-and means responsive to the entered values for
calculating a dose of the beneficial agent to be infused into the patient.

15 21.  The infusion pump of claim 12 further including means for entering values related to
a beneficial agent to be infused into a patient and means responsive to the entered values for
calculating an infusion profile of the beneficial agent, wherein a graphical representation of
the calculated infusion profile is included as user interface information, the graphical
representation including the infusion remaining.

20 22.  The infusion pump of claim 12 further including means for sensing tube restrictions
wherein a graphical representation of the degree to which the tube is restricted is included as
user interface information.

23.  The infusion pump of claim 12 further including a battery which provides electrical
‘power to the microprocessor means, the display and the means for.applying pumping action;
25 -and means for detecting the charge of the battery, wherein a graphical representation of the

~ charge of the battery is included as user interface information.
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al | ow renoval of the IV tube. The display area includes a special

j{ﬂzt umnﬂ"",miml"y’ldf[]?o? er to close and renove the slide clanp and
an

at ure—g, manual tube release is
pr ovi ded®as" a *edundant saf 5 %&Eﬂ\b the 1V tube to be unl oaded
i f the | oadi ng mechani sm bedbss

ST .__Theyll ock function di sabl es all
of the fronjyo@RPles keys except the main disSp , Vol ume hlfé.ﬁ{]

back i ght key, and the arrow keys as well as the "option, pr| rrary, 20

" pi ggyback, 54" ch ?ﬁ ! eys.for view ng. The | ock
function cafronl ?/ﬂ e eila;‘rﬁ%ﬁ ?ﬁgnmtlzg"'%??{h"sfg gdﬁ‘?% f%%’"&%"t%ﬁﬁﬁ??ﬁﬂk or
during an i f #e e whekdin & Braphiedl Rpésetafibr of 4RO HeldnBSE iR \é\rkfcr'i]\x I ock
function is enabled, the display IJglrsea mc?ﬁg gde Pé]&& |lc§%nBene %eﬁgs
pronpt | i neusefirtérfdeainfombdationan aut o-1 ock function can be provi ded which

aut omat i cal I%/ | ocks the front panel keys after an infusion has been started
if no al arn% 25 mm@impaﬂfelamé%émher%e‘emmlmstawopunpquulesldles sever al

addi tion user, fea | ng now to_ figure 13(a), a pop-up w ndow is
seen whi é’ﬁeﬁ?@@ﬁ Sprlndep vses iterface informggion foxat legst fwo pump modules.

26.  The infusion pump of claim 12 wherein the microprocessor means further includes

means for storing user interface information related to a specific patient.
27.  The infusion pump of claim 13 further including means for clearing the stored user
interface information for a specific patient.
10 28.  Aninfusion pump comprising:
a main body portion;
-a-display contained on the main body portion;
-at least one pump module adapted to receive a tube, the:pump module-including
means for applying pumping action to the tube;
15 microprocessor means for generating user interface information on the display; the
display including a status area, a prompt line area and a soft key label area; and .
a plurality of soft keys contained in juxtaposition to the soft key label area.
29.  The infusion pump of claim 28 further including dedicated scroll-up and scroll-down
arrow keys.
20 30. The infusion pump of claim 28 wherein the at least one pump module includes an
auxiliary display for displaying supplemental user interface information.
31.  The infusion pump of claim 28 further wherein a plurality of sets of configuration
.parameters is included as user interface information.
32. ' The infusion pump of claim 28 further including means for entering values related to
25  abeneficial agent to be infused into a patient and means responsive to the entered values for

calculating a dose of the beneficial agent to be infused into the patient.
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PCT/ US97 ssed from\the main display. The options nenu

i ncl udesum ﬁu‘eﬁﬂo ture, current Personality[err] view feature, the
sel ecti oMy Ol¢ WI’sIS keam occliugleng 63 gEBQ [battery charge |evel
feature, and the configuration/ §ervi chep Ré!gé Inforder to view the

part i cul ar supdhidse features, the—tser et t he feapgtmsémbes Vi ewed
using the scroll-up 5 and scrol | -down arrow keys The current

P lit
cont 1 gur at ] 63 par e BFPUEE PSS Al iy il i collBpg VL& bR 1
13(b), a di sbeayfic4lagertio bemfusedlinga paticht ihdincafiCrebponiive RARK eritired valkes for

feature. The fl ow check display feature provides the user with a graphical
di spl ay of tchlsuldtingian infssionneefils phithe beneficial agent, wheteiner grapiical raptesentitioh ofent |

S seen in fjgure 13(p),.a . . ) . )
a | theg calculatecf ml”uslon profile is included as user interface information, the graphical

5  representation including the infusion remaining.

34.  The infusion pump of claim 28 further including means for sensing tube restrictions
wherein a graphical representation of the degree to which the tube is restricted is included as
user interface information.
35.  The infusion puxhp of claim 28 further including a battery which provides electrical

10 power to the microprocessor means, the display and the means for applying pumping action;
and means for detecting the charge of the battery, wherein a graphical representation of the
charge of the battery is included as user interface information.

- 36. .. The infusion pump of claim 28. further including means for sensing the presence of air

in the tube wherein a graphical representation of the presence of air in the tube is included as

15  user interface information..
37.  The infusion pump of claim 28 further wherein at least two pump modules are
provided and the display includes-user interface information for at least two pump modules.
38.  The infusion pump of claiﬁl 28 wherein the microprocessor means further includes

-means for storing user interface information related to a specific patient.

20 39. The infusion pump of claim 38 further including means for clearing the stored user
interface information for a specific patient.
40.  Aninfusion pump comprising:

a main body portion;
a display contained on the main body portion;
| 25 at least one pump module adapted to receive a tube, the pump module including

means for applying pumping action to the tube;

microprocessor means for generating user interface information on the display;
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10 plurality of triangles 138 are provided which represent the downstream

fl o‘\!Imml mﬁm“mmn one triangle 138 is fi I | ed, normal flow conditions

are of the triangle 8 N\l ed, the downstream fl ow
eem otcltded. *Wien the do ¥en occl uded, the

occl usion alarmis enabl ed. The Aton value allows a user to

revi ew andwgwpgmgsel ection of it stream occl uspefiusenees. O

sel ecting the downstream occl usion vaI ue, the options nenu will display a

dounst ream 000! sk it foglvaleErelist B3 Hndel: A & 13 dea 110 RSP | 1

[ nstructs t he user how el ec eys’ 1 ncl ude

a "no change" sgbinskesponsive B%ié SRdrcd vaa@éstfomkulaﬁﬁgia aosc%shﬁ% efiepd b éﬁ% The

"PSI/ MVHG' soft key allows users to view the values in mll |meters of
nercury i ned infubedintd the patiendar d pounds per 20 square inch. If the user

W shes to change the occlusion values, the "select"” soft key is pressed on
t he optlon% men'ﬁhe infusionusin GMHQWWWW@*SMWW@%M@IM to

hi ghl t I t he "sel ect d to | ock
't he hevfrBthE HoUR coTRHRE O bl g conedyaton, (st slo g ool | cvel on
the optio Ngy ME nf'heailnh%m ]Jumi df ifaim 40 wherein the calculating means calculates the

beneficial agent concentration based on user beneficial agent entered values.

43.  The infusion pump of claim 42 wherein the user beneficial agent values include
beneficial agent amount and diluent volume.
10 44.  The infusion pump of claim 40 wherein the use entered values includes weight of the
patient.
45.  The infusion pump of claim 40 wherein the at:least one. pump module includes an
auxiliary display for displaying supplemental user interface information.
46.  The infusion pump of claim 40 further wherein a plurality of sets of configuration
15 parameters is included as user interface information. _
47.  The infusion pump of claim 40 wherein the display includes a status area, a prompt
area, and a soft key label area and wherein the infusion pump further includes a plurality of
soft keys contained in juxtaposition to the soft key label area.
48.  The infusion pump of claim 40 further including means for entering values related to
20 abeneficial agent to be infused into a patient and means responsive to the entered values for
calculating an infusion profile of the beneficial agent, wherein a graphical representation of
the calculated infusion profile is included as user interface information, the graphical
‘representation including the infusion remaining.
49.  The infusion pump of claim 40 further including means for sensing tube restrictions
25  wherein a graphical representation of the degree to which the tube is restricted is included as

user interface information.
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.to access information regard| ng the battery charge |level of the auxiliary

bat charge icon 122 is displayed in the main display
ar eﬂm,mmmuﬂm'ﬂ'“e instructs the user howto exit the battery ﬁharge

| evel dptiton® As"dene" soft key _ ded-To exT i the battery charge
Ievel display. 177 WD 97/ 37704 THIS SHE Pg‘eg‘ASBEENl |

PCT/ US97/ O1otdarainal sel ect i orllan t EFAACERs nefiu i's t hecrusommnons
configuration/service function. This function iIs ngde avai | abl eI fo}rr |
hospital sekyi Cermﬂfdé%?agl ﬁ@?‘m{l@f Qq)gé wh?éll iSRGl s an
for product service. Access'to tﬂﬂ unction r qU| rerg 5SS ‘Code e

nunber, whi péweérso thetmissbptbctssobmediie the display/antithe FeshsITer @9%@ pusiping acﬁBﬁ S
function is described in 5 detail bel ow
and means for detecting the charge of the battery, wherein a graphical representation of the

charge of the battery is included as user interface information.

5 51 The infusion pump of claim 40 further including means for sensing the presence of air
in the tube wherein a graphical representation of the presence .of air in the tube is included as
user interface information.

52.  The infusion pump of claim 40 further wherein at least two pump modules are
provided and the display includes user interface information for at least two pump modules.
10 53.  The infusion pump of claim 40 wherein the microprocessor means further includes
means for storing user interface information related to a specific patient.
-34.  The infusion pump-of claim 53 further including means for clearing the stored user
interface information for a specific patient.
55. An infusion pump comprising:
15 a main body portion;
a display contained on the main body portion;
at least one pump module adapted to receive a tube, the pump module including
means for applying pumping action to the tube;
microprocessor means for generating user interface information on the display;
20 means for entering values related to a beneficial agent to be infused into a patient; and
means responsive to the entered values for calculating an infusion profile of the
beneficial agent;
- wherein a graphical representation of the calculated infusion profile is included as
- user interface information, the graphical representation including the infusion remaining,.
25 56.  The infusion pump of claim 55 wherein the infusion profile includes a ramp up
infusion period and a ramp down infusion period.
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% features on the punp are described below In figure 5, a

Eggﬁ!ﬂﬁﬂﬂm y feature was seen. The |label library allows the user
t of informational |abels, including solution, therapy

and medi cations i dent i ficati qrss et Ton i nf ormati onal | abel

di spl ays the selected | abel @nTiiBeS g@ﬁr% i&ﬁde screens as well 10 as

the mai n diggdsayrscreen. Thellsel ech may be dpeRuSMmib79N t he
channel display during infusiom This allows the user to readily identify

t he sol uti or !p@ | 3 AR, : ”ag
sel ects thgﬂ IagﬁFﬂ{ l%hft ey %UI’I ng g%glﬂgﬁ%gﬁga@nmehéh lé:. %ﬁa

"I abel i ngy Yreschtafibf kP4 ranih dOWr géibhical RpRsentatidMal | abl e | abel's, 15
i ncl udi ng t gﬁa?ul | nanme of the nedicati ogrl:ﬂ) t herapy or solutions and the

| abel abbr &68) at Theinfusidn punpyxfalaimrs Stwherein the latlgast osespunspymedulejrictudes anvhi ch i s
seen in figure 14. The pronpt line instructs the user to select a |abel
while "no ewiliar dlspiqyé‘gredlmiaymg swpplemgnialuser intgrfacedafompationsof t keys are

Phe. usel "t Soscr Re tiion it B i, 3 idhes Focin s D oS BER of SHOURIN  an-
arrow icon pb:%mg{e?s N %ﬂxdh&'as user interface information.

60.  The infusion pump of claim 55 wherein the display includes a status area, a prompt

area, and a soft key label area and wherein the infusion pump further includes a plurality of
soft keys contained in juxtaposition to the soft key label arca.

10 61.  The infusion pump of claim 55 further including means for entering values related to

-a beneficial agent to be infused into a patient and means responsive to the entered values for
- calculating a dose of the beneficial agent to be infused into the patient.
 62.  The infusion pump of claim 55 further including means for sensing tube restrictions
wherein a graphical representation of the degree to which the tube is restricted is included as

15  user interface information.

63.  The infusion pump of claim 55 further including a battery which provides electrical
power to the microprocessor means, the display; and the means for applying pumping action
and means for detecting the charge of the battery, wherein a graphical representation of the
charge of the battery is included as user interface information.

20 64. The infusion pump of claim 55 further including means for sensing the presence of air
in the tube wheréin a graphical representation of the presence of air in the tube is included as
user interface information.

65. Theinfusion pump of claim 55 further wherein at least two pump modules are
provided and the display includes user interface information for‘at least two pump moduv: -

25 66. The infusion pump of claim 55 wherein the microprocessor means further includes

means for storing user interface information related to a specific patient.
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he | ower corner if additional screens of available text are provided.
An arrov”"ﬂ IHH |ﬂmum[j in the upper corner (not shown) if previous
screens [EaD| are provided. The scroLJ_ up and scroll-down arrow
keys are ‘used to 'sel ect” soft key can

[ giﬂ | ght t he e_ﬁwé ?'q
- then be used to select the |abe E%ﬁ;g splayjl area automatically

reverting bgglrssed he progranm flg_scre h abel saicaaisefioidrssp! ayed.
25 The present i nvention al so provides several avail able

pr ogr amm ng.4nod ]m e e node"
soft key |%57t he?g?c{mrisén’n#'ﬂgﬁgé éb%s HR:RP“? Aég%%g%%g%'m%&g gﬁg |§r in the
primary DFQ%ﬁiﬂé‘xﬂanﬁMﬂﬁtfbwspeé’iﬁcBMQG node pop-up 18 WO 97/ 37704

PCT/ US97/ 01073 nmenu, as seen in figure 15, is displayed. The change node

pop- up nentsi nclAmdnﬁxsmnqbemprcdmpnsmg

a main body portion;
5 a display contained on the main body portion;
at least one pump module adapted to receive a tube, the pump module including
means for applying pumping action to the tube;
microprocessor means for generating user interface information on the display; and
means for sensing tube restrictions;
10 wherein a graphical representation of the degree to which the tube is restricted is
included as user interface information.
.69.. - The infusion-:pump of claim: 68-wherein the :graphical representation includes a
plurality of triangles.
70.  The infusion pump of claim 68 wherein the at least one pump module includes an
15  auxiliary disptay for displaying supplemental user interface information.
71.  The infusion pump of claim 68 further wherein a plurality of sets of configuration
parameters is included as user interface information.
72.  The infusion pump of claim 68 wherein the display includes a status area, a prompt
area, and a soft key label area and wherein the infusion pdmp further includes a plurality of
20  soft keys contained in juxtaposition to the soft key label area.
73.  The infusion pump of claim 68 further including means for entering values related to
a beneficial agent to be infused into a patient and means responsive to the entered values for
calculating a dose of the beneficial agent to be infused into the patient.
74.  Theinfusion pump of claim 68 further including means for entering values related to
25  abeneficial agent to be infused into a patient and means responsive to the entered values for

calculating an infusion profile of the beneficial agent, wherein a graphical representation of

41

Sheet Has Been Re‘ilaced

T



functi node subroutine includes the piggyback subrouti ne
reV|ousIE descri bed, as mell as_user-se ect ed programm ng subroutines such

?ns)rreaéiiu lllmlﬁ'llmnl m,n _gﬁ and ranp, as described in

LLLD} tff ne includes prine
subr out i ne anh sTandby SUbFOUtI;mmw,Jf M briouti ne i s used to assi st

users in Py glgﬁ?ﬁ) e |V tube in order to ensure that no ai él?salnﬁléltl?e |V
u

tube prior to infusion. In the primary progranm ng node, V tube
has been | o th ri,me s rout e, s accessed [essing the "change
nmode" soft @%9‘3 '*WS‘?E@ %?’}P’BEEA?W 1S userdmeriace iy ‘Sﬁﬁmb‘ icalypl oyed to
h| ghl ght trPﬁ,e P%RH be selected by pressing the

"sel ect™ %e ﬁﬂ&&ﬁnﬁ)ﬁﬁgbﬂ%ea V& spl ays the prine pop-up nmessage,
as seen in 7 gur'melﬁﬁﬁbn mﬁop&mpss fdrﬂﬂ@r maaanhglsbmédawméﬁ%ﬁ&sereemﬁ he

“prime" soft key to prinme the IV tube. A "done” soft key also is provided

to indi cat eooweero theeigroproeessermdans the displiye anid the many foflappWing purfipingtéiibni S
active, the display area shows the prine pop- up nessage seen in figure

16(b). Pr e meansfor deteeting thoehargef thehwttery wm |acgnapbicab1epwmgaups of thet ur ns
the display, alearhQ valSy B dstot iniad iomaaton.

76.  The infusion pump of claim 68 further including means for sensing the presence of air

in the tube wherein a graphical representation of the presence of air in the tube is included as
user interface information.
10 77.  The infusion pump of claim 68 further wherein at least two pump modules are
provided and the display includes user interface information for at least two pump modules.
- 78. - Theinfusion pump of claim 68 wherein the microprocessor means further includes
means for storing user interface informﬁtion related to a specific patient.
79.  The infusion pump of claim 78 further including means for clearing the stored user
15 interface information fora speciﬁc patient.
80.  An infusion pumnp comprising:
a main body portion;
a display contained on the main body portion;
at least one pump module adapted to receive a tube, the pump module including
20  means for applying pumping action to the tube;
microprocessor means for generating user interface information on the display;
a battery which provides electrical power to the microprocessor means, the display,
and the means for applying pumping action; and
means for determining the charge of the battery;

25 wherein a graphical representation of the charge of the battery is included as user
interface information.
T 42
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routine allows programm ng of the punp without starting t
mm MT’! ’jum,mt subroutine disables the channel stop alert
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scrol | -down arrow keys ar’e used t ﬂ_lggrg LA éEééandby function in the
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15

25

83.  The infusion pump of claim 80 wherein the display includes a status area, a prompt
area, and a soft key label area and wherein the infusion pump further includes a plurality of
soft keys contained in juxtaposition to the soft key label area.

84.  The infusion pump of claim 80 further includes means for entering values related to a
beneficial agent to be infused into a patient and means responsive to the entered values for
calculating a dose of the beneficial agent to be infused into the patient.

85.  The infusion pump of claim 80 further including means for entering values related to

-a beneficial agent to be'infused into:a patient and-means responsive to the entered values for

.- calculating an infusion profile of the beneficial agent; wherein a graphical representation of

the calculated infusion profile is included as user interface information, the graphical
representation including the infusion remaining.

86.  The infusion pump of claim 80 further including means for sensing tube restrictions
wherein a graphical representation of the degree to which the tube is restricted is included as
user interface information. |

87.  The infusion pump of claim 80 further including means for sensing the presence of air
in the tube wherein a graphical representation of the presence of air in the tube is included as
user interface information.

88.  The infusion pump of claim 80 further wherein at least two pump modules are

provided and the display.includes user interface information for:at least two-pump modules.

89. . The infusion pump of claim 80 wherein the microprocessor means further includes
means for storing user interface information related to a specific patient.
90.  The infusion pump of claim 89 further inciuding means for clearing the stored user

interface information for a specific patient.
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i nfusi on i ndependent of patient paraneters, based on patient body weight or
based upon patient body surface area: For exanple, the dose progranms which
are i ndependent of the patient-paraneters include ng/hr, ng/mn, ncg/ mn,
ncg/ hr, units/hr, and units/ mn. Exanples of dose prograns which are based
on patient bgde,Mueppht 1nclude ng/kg/ hr, 5 mg/ kg/ m n, ntdeisifeieTs

mcg/ kg/ mn, uni'ts/kg/ hr, and units/kg/ mn. Exanples of dose prograns which
are based on patient body surface areajifn8Rude ng/nferr]/hr, ncg/merr]/hr,
and units/nferr]/hr. In the optional dose programm ng subroutines, when two
of three paraneters have been entered, the nmaster m croprocessor wll
calculate the final paraneter. For exanple, if 10 the dose has been
entered and the concentration of the drug has been entered or cal cul at ed,
as descri bed bel ow, the master mcroprocessor will calcul ate and displ ay
the rate. Simlarly, if the rate has been entered and the concentrati on of
the drug has been entered or calcul ated, the




master m croprocessor will calculate and display the dose. After the
necessary paranmeters have been entered and the dose or rate calculated, if
the dose or rate values are changed, the 15 master m croprocessor wl|l
automatically recal cul ate and display the new values. If the concentration
of the drug to be admnistered is known by the user, it can be directly

i nput into tyiged¥hessi on punp. If the concentration is not |lpg@wRend19B User
can enter the drug amount and diluent volunme, and the master m croprocessor
will automatically calculate and di spl2y 3Be concentration. Referring now
to figure 18, the programmng of the 20 infusion punp is described. From
the primary programm ng nodes, the user uses the scroll- up and scroll-down
arrow keys on the change node nenu to highlight the appropriate dose
formul a selection fromthe exanples previously set forth above, an exanple
of which is seen in figure 18(a). The pronpt line instructs the user to

sel ect the programm ng node. To sel ect a progranm ng node, the desired node
is highlighted and the "select" soft key is pressed. 25 The display area-
t hen di spl ays the dose programmi ng screen EHan2i n figure 18(b). If a dose

i nfusi on has been retained in the progran1ggnnry, the ggkeen will initially




di splay the paranmeters fromthat infusion. To clear the displayed
paraneters, a "clear 20 WO 97/ 37704

PCT/ US97/ 01073 settings" soft key is pressed. The dose progranm ng screen
includes a pronpt |line which instructs the user to enter the anmpbunt in the
hi ghlighted field. "Change node," "label line," and "units" soft keys are
provi ded. Th #fqa" 09r ammi ng screen includes the measurin i for each
of the'categ§$?es of dose information. If the user wants toggﬁﬁ%¥ﬁﬁfﬁferent
units 5 t han those displayed for fiel §g 3pth nore than one neasuring
unit, the "units" soft key is pressed to bring up the unit change |i st
screen, an exanple of which is seen in figure 18(c). The scroll-up and
scroll -down arrow keys are used to highlight the desired units, with the
sel ect key pressed to change to the desired uniits. Upon sel ection of the
alternative units, the

I00

16




dose progranmm ng screen is again displayed. On the dose progranmm ng screen,
the initial 10 paraneter is highlighted for entry by the user. Again, the
scroll-up and scroll-down arrow keys can be utilized to nove the

hi ghli ghted portion into the desired category. For exanple, if the
concentration is known, the scroll-up and scroll-down arrow keys can be
used to hi ' t he concentration paraneter and the coneggpigsdidigs can be
entered. This elimnates the need to enter the drug anpbunt and 15  dil uent
vol unme paraneters. |If the concentrati o§/i32 not known, the scroll-up and
scroll -down arrow keys can be used to highlight and enter the drug anount
and diluent volune paraneter, with the master m croprocessor then

cal cul ating and di splaying the concentration. The scroll- up and
scrol | -down arrow keys can then be used to highlight and enter the dose
field or to highlight and enter the rate value, with the master

m cr opr ocessor cal cul ati ng the unknown 20 paraneter. Prior to starting
the infusion, the use nmust confirmthe cal culated settings. If the user
does not, the display area goes to thFlg)nai.rrred settings nmessage w ndow
seen in figure ’

33
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:\\ RATE | VOL. | START ] o
71 (MoNTOR== 68
- A A A A ) |comrumer 63
* \_CONTROLES/CHARGE 25
83 =5 74
89--6 A —94
R\ —— 196
29 a HoPumms‘enm PYTITTT; N M L ¢~~—485
56— |~ . — 4 27
78— /] =FWID FLOW=*> 9]
83— 85
H@ OPEN|[STOP L~
3\ \EHPING SALERT oALAR ¢
R Oy Y A ; ; 4..-27
78—~ [/ ] FFLUD FLOW=> | | /)]
- .. L ¥ ) S
// | /1 )
. \ / { 'y g ~7

C —————t
/ / "29gg 81~  l91'94 “96
87



18(d). The pronpt line instructs the user to confirmthe setting by
pressing the "confirmsetting" soft key. After the settings have been
confirmed, the infusion is started by pressing 25 the start key, as

previ ous described. The display area returns to the main display which, as
set forth above, displays the rate, the volunme renaining to be infused,
and/or the t ining for the infusion, as well as the WO
97/ 37704 bﬂ?gﬁﬁﬂﬁ ?Uég /01073 | f
the optional dose programming function i%/®21ized based on patient weight,
a simlar programm ng subrouti utilized. Referring to figure 19, a
dose progrann1ng scree | ated to progranm ng based on
the patient's weight
previ ously descri bed/

,3,/’§Piggyback Ra’re-VolumeG
£
Rate 20.6 mL/hr |
Volume

4277 tobeinfused  BOZmL

PRIMARY RATE RUNNING AT 125 mL/hr 0.,
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5 programmed by entering a value using the nuneric key pad. The val ue can
be entered utilizing either kilogranms or pounds, with the units sel ected by
using the "units" soft key to highlight the appropriate selected unit.
Simlarly, if an optional dose programm ng function is sel ected based on
patient body surface area, a dose progranm ng screen is used which includes
paraneters diwoategodo this 10 function. In addition to thQWﬁﬁﬂﬁhﬁwm ng of
each function as previously described, the dose programm ng screen | ncl udes
the patient's body surface area (BSA) p&rd&d&er, as seen in figure 20. This
BSA paraneter is used by the master m croprocessor to cal culate the dose or
rate utilizing a BSA cal culation known in the art. Optionally, the punp can
be progranmed utilizing the volunme to be infused and tinme 15 of infusion
parameter, with the nmaster m croprocessor calculating the flowrate. This

feature is available in both the primary and pi ggyback nodes. TO acfressithe
vol une/ ti me programm ng function, tﬂs "change node" soft key i$ sel pcted,
as seen in figure 21(a). A vg iNEe programm ng screen isbu;eq§ haxi ng
paraneters related to programfg n@ ed (03 o ~
sgs | | 8
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on the volune to be infused and the tinme of infusion. Uilizing the
scroll-up and scroll-down 20 arrow keys, values can be entered for the
volune to be infused and the tinme for infusion. The punp then automatically
cal cul ates and displays the flowrate. As seen in figure 21(b), to begin

I nfusing, the "confirmsettings" soft key is pressed to confirmthe entered
val ues as mgkb, e calculated flowrate, and the start dssmRbRsSsed.
The ranp node allows the user to enter a total volume for infusion and up
to four 25 individual tinme paraneters.7/AB@se tine paraneters include run
time, delay tinme, ranp-up tinme, and ranp-down tine. Run time includes both
the ranp-up and ranp-down tine paraneters as well as the additional |evel
delivery time. Delay tine is the time prior to ranp- 22 WO 97/ 37704

PCT/ US97/ 01073 e
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up, when the device runs at a preselected KVOrate. Ranp-up tine is the
time established for the device to ranp up to the |evel delivery rate.
Ranp-down is the time established for the device to ranp down fromthe

| evel delivery rate to the KVOrate. Fromthe entered paraneters, the
master m croprocessor calculates the rates necessary 5 to performthe
time and volgy@®paagui rements. The total volume includes thpcwossromrs nf used
during the ranp-up, |evel delivery, and ranp-down tines as well as the

vol une delivered during the KVO del ay 8/n32 As such, vol ume delivered
during the ramp-up, levelFgglggery, and ranp-down times is cal cul ated based
on the total volu e volune delivered during del ay
time. As seen in flgUre 2z2(a), the ranmpyrgramm ng screen includes 10 the
total volunme, ruf/tine, delay tinme, ranp-qgp t+3&8, and ranp-down tine. These
paranmeters can b enteredEygjki 'Tg the stffpl | -up and scroll-down arrow
keys to highlight|the appropriate field. all of the required val ues
have been entere the[pueagMQIVfP@I | at g tRe\Il evel delivery rate. The

| evel delivery r e(ﬁk&a@p delivery icon 140. The

te wll S Igye abovi
"confirmsettings$| saft k WPns the entered values as well as the
cal cul ated | evel BAXTER HEALTHCARE CORPORATION
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15 delivery rate. To begin infusing, the start key is pressed. Wile the
punp is infusing in the ranp node, the current rate of infusion, the
delivery phase, the volunme remaining to be infused, and the tinme renaining
for the infusion are displayed, as seen in figure 22(b). The main display
al so includes the ranp status icon 142. The ranp status icon 142 includes a
| i keness of tygofdages of the ranp infusion, including the Z@rusoghes tinme
144, the ranp-up 146, the level delivery 148, and the ranp-down 150

peri ods. During infusion, the ranp statuB/H}bn 142 is continually updated
to show t he progression of thg -e-.-y The portion ofthe ranp infusion
that is conpleted is ! r 1 K. The pronpt line includes the
user instructions tg e ranp i nfusion. Upon pushing
the "view setting” npoegegcreen, a ranp infusion 25
par anmet er screen 51)m5 the entered paranetergifor the ranp infusion. If the
"view settings" so key is chosen during a [ragp infusion fromthe nain

di splay, a ranp-injprogress screen, which in es the rate, volune, and
time as well as thejranp status icon 142, is| gissplayed, as 23
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ao—+r 128
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WO 97/ 37704

PCT/ US97/ 01073 seen in figure 22(c). The pronpt line in the display area

i ncl udes options available to the user dependi ng upon the status of the
ranmp infusion. In the exanple of the status depicted in figure 22(c),
during level delivery the option available to the user is to inmediately
ranp down. Thwioomsrigeanp down" soft key is provided. 5 R fsgRr to
utilize the optional drop sensor, the drop sensor is connected to the drop
sensor connector. The drop sensor is attHE/A@®2 to the drip chanber above the
fluid Il evel on the IV tube connected to the primary source fluid container.
When the drop sensor senses that the primary-source fluid container is
enpty, a container-enpty alert will occur and the device will infuse at the
KVO rate during the alert. A container enpty alarmw |l follow the 10
container enpty alert. If the optional drop sensor is utilized, the

pri mary-vol une-t o- be- '

FIG. 9a

FIG. 9b




infused.field is not mandatory. If the primary-vol une-to-be-infused field
is not entered, the infusion punp will operate at the programrate until
the drop sensor detects an enpty fluid container. The punp is capabl e of
functioning in a variety of clinical uses frombasic through 15 advanced
programm ng functions. In order to facilitate usage in the selected
clinical appwig@ibfg, the present invention includes a varigdiyué@hoiors
configurable sets of configuration paranmeters. In order to access the
custom set of configuration paranetersisér3@en, the "change personalities”
soft key fromthe power-on s s pressed. In figure 23, exanples of
custom sets of configura n.-.nsﬂers such as the general floor, :
pedi atrics, neonata Antetrrst v M CU), critical care (IClD and
hone care are |ist To choose a particul & ggof configuration
paraneters, the sdrjoll-up and scroll-down a keys highlight the chosen
set of configuraticEéParaneters To VIeM/‘p< sAPegur at i on of any of the

chosen sets @i-cauf ? J \ew' soft key is pressed to
di spl ay a Personalji con @%ﬁgn scr@-.@g[sq chose a set of
configuration pardre ers the "s " soft} key (i

mlL/hr
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125 mL/hr when the
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.

25 pressed. To configure the sets of configuration paraneters, the
configuration/service function of the options nenu seen in figure 13(a) is
sel ected. Upon selection of the 24 WO 97/ 37704

PCT/ US97/ 01073 configuration/service function, a password entry screen seen
in figure 24 appears. The password ensures that only proper hospital

per sonnel ag S3rpe configuration/service routine. The prrecuwsszdiess directs
entry of the password. The authorized personnel enter a nuneral password in
order to proceed in the configurati of%4r34 ce routine. The password entry
screen 5 I ncludes a reference listing of the software version in the

i nfusi on punp. A "cancel" Is provided to exit the routine.
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Upon successful entry of a valid password, a configuration/service nenu
screen as seen in figure 25(a) appears. The options include
Personality[err] configuration utility, device configuration utility, event
hi story, service features, device configuration transfer, downl oad 10
configuration, tinme set and date set. The device configuration transfer

al  ows the autp@biesh hospital personnel to transfer the CO”%&W]% of
one infusion punp to another infusion punp. The downl oad configuration

all ows the authorized hospital personnell363g2ownl oad t he i nfusion punp
configuration through the seri ?QO{@) The configuration service nenu

i ncludes a "select" sofi_Kkey a,ciI ‘Wne" _soft key. When an option is

hi ghl i ghted, a msszgﬁﬁw
option. In the exanpfe._ i.p figure 25(a),
configuration utilikly ianﬁzﬁégg as conponents

i nfusi on nodes and ffgatures, Tnfusion 1rmt 4l

e particular conponents of an
he dgersonality[err]
Personality[err] list,

rts and al arns, drop

sensors, and | abel brary. Wen the PersonaljityNerr] configuration utility
screen is entered, @ Personaljfey |ist vosumdi SF|§ELS seen in figure 25(b).
The power-on defaulft} set of ag@efi gur &E Garfatprs'is 20 identified in
the display. " -1 " up" and "down" sol keys appear. Upon highlighting a
set
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of configuration paraneters, a "change settings" soft key, an

"enabl e/ di sabl e" soft key, and a "copy Personality[err]" soft key appear.
The aut hori zed hospital personnel can nodify or view the set of
configuration paraneters by using the "change settings" soft key, nodify
the nane of the set of configuration paraneters by using the "change
settings" sof iwdeysrgaopPy the 25  configuration of the set oObpcg@Bdnodessat i on
paraneters by selecting the "copy Personality[err]" soft key, or enable or
di sabl e the set of configuration paranet#432y using the "enabl e/ di sabl e"
soft key. Wen a set of confiF?uration paranmeters is enabled, it wll appear
25 WO 97/ 37704 G I2

PCT/ US97/ 01073 | i st TN The TT ST Of SPry configuration paraneters when
t he "new Personal i{(m[‘rerr]" soft key is pr\es\s d ggt er power-on.
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If the "change settings"” soft Key is selected, a Personality[err]
configuration nenu for the selected set of configuration paraneters is
di spl ayed, an exanple of which is seen in 5 figure 25(c). The
Personality[err] configuration nenu identifies the conponents. A nessage
identifies the configurable itens found in the highlighted conponent. The
soft keys iq@ldifdpnpa "done" soft key, a "select" soft key, poriussmoio73
"Personal ity name" soft key. Selection of the "Personality[err] nanme" soft
key displays the create nane screen s/ 82 figure 25(d). Using the soft
keys and the scroll-up and gef@l|zgown arrow keys, authorized hospital
personnel can 10 . of configuration paraneters.
for exanple, allows the
aut hori zed hospitmal personnel to determn i%h features and functions
will be availablyg for the clinical user fqr|j that set of configuration
paraneters and hjogw t he infusion punp will {d | ay features and functions to
the clinical usef] Exanples include disablle AnXusion nodes, disable dose 15
fornul ae, set chighnel drgel ay, di seplt pi gg@a',\k.g,u_mde, di sabl e prime node,
enabl e quick titrlati gn, and enabl mmiinggy check i spl ay.

1264 \-& 125ml/he 248 mL
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The aut hori zed hospital personnel can enable or disable the |label library.
The aut horized hospital personnel also can select which nedication or
solution nanes are available to the clinical user for selection if the

| abel library is enabled. Wien the |abel 20 library is highlighted in the
configuration nenu seen in figure 26(a), "done,"™ "library set up" and
“enabl e/ di sqloaarReft keys are provided. Upon sel ecti on ofPQUAERYIMIOA ary set
up" soft key, the label library set-Uﬁ5 i s displayed, as seen in figure
26(b). A "yes/no" soft key is provide enable or disable |abels. The

present invention also prov:EdlE S[a/eral troubl eshooting alert, alarm and
failure 25 messages._\Wien a d alarmor failure nessage occurs, the

status area of t punp nodul e character display,
identify the alef¥, alarmor failure. Al ekt ages nmmy require a user
I nt-ervention, bujjdo not stop the infusioff’] Alarmconditions 26

Battery/Charge Level
Lo

42T

)
122

/44!1!.“[]&9 |33
124
4i—1T PRESS DONE WHEN FINISHED
40T pone

AAAA
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automatically stop the infusion and require imedi ate attention before

i nfusion can be restarted. A device failure automatically stops any

i nfusion. An alarm condition overrides an existing alert condition while a
failure overrides all alerts and alarns. An alert condition lights the

yel l ow al ert wigls7Beneat h t he punp nodul e di spl ay, and soundspdi¥resoon’
tone. The 5 alert tone can be silenced for a period of tine, such as for
exanmpl e two ninutes, by pressing the silldht32key. The alert conditions

i nclude advanced air alert W@, §§di cates that the user is advancing a
detected air bubble. r_di cates that the auxiliary
battery has less t of infusion tinme left. This

-

?x\’a predet erm ned anou
al ert occurs beforgfthe battery 10 alar c_1 n, discussed bel ow,
occurs. The changi hp pig é__ | 0@1 h t he piggyback rate is
bei ng changed or aj{ abel pﬁggﬁ}ﬁﬁ %&‘Hﬁ%. € ngsng primary alert
i ndicates that a p rypr,-gé,%n@ﬁ,@qmsj s peijngnchanged or | abel is being
added during an for Primary &"k:ﬂ
MODES
PIGGYBACK
| RATE/VOLUME
4211 meg /kg/ min
meg/min_|
VOLUME/TIME
RAMP
FUNCTIONS 33
PRIME v‘/
STANDBY
41 SELECT A PROGRAMMING MODE
a0—TT _No '
\CHANGE CHANGE

NANYA YAy A
36)
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i nfusi on. The channel -stopped alert indicates that the punp is on, not in
standby node, but the 15 infusion is not running. This alert is designed
to remnd the user to start the punp infusion or to power-offthe punp. The
container-enpty alert indicates that the drop sensor accessory has sensed
that the source container is enpty and the device is infusing at the | ower
of the KVO raygefirgshe preprogrammed rate. The KVO al ert i ngicgaseséRat the
programed volunme to be infused has been c | et ed. The piggyback-call back
alert indicates that the piggyback 20 ﬂ&fdgfon has been conpleted and the
punp has switched to the pri sion. To continue primary infusion

the silence key can i alert indicates that the primng

nodul e is being e : i Nggyback al ert - indicates that a
s being progranmed whil

pi ggyback i nfusion B8i mary infusion is taking
S intended as a rem nder

place. This alert 1t ¢ o the user to conplete the
pi ggyback program|gndPrimi#gt the pi ggyback ih 25 if appropriate. The

ranp- paused al ert [ifrdiTares that_a ranp 1Nt usikoy has been paused. This
rem nds the user t|g press the start keyata eC}thjme ranp or to press the
"cancel ramp" soft Primary Rate/Volume (}’

Prime Active

42
WARNING
Set must not be
33
connected to patient v/ .

4t RELEASE PRIME WHEN TUBING IS PRIMED

a0—T

\_ DONE PRIME

FiG. 17a

* f \ 38
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key to cancel the infusion. 27 WO 97/ 37704

PCT/ US97/ 01073 The air-detect alarmindicates that an air bubble has been
detect ed based on preprogrammed air bubbl e detection paranmeters. The

di splay area displays the air-in-line icon 153 and the user is asked if the
advance air feature is desired to be used to view the air bubble, as seen
in figure 27( ayo9i3y9esi ng the advance air feature advances t lperaisoidios
screen 5 to the "advance air" screen d'leili(:t ed in figure 27(b). To advance
the air bubble, the user presses and hol 8Re "advance air" soft key. Wen
the air-detect feature again -ffluid, the display area will inform

the user of the flui the fluid icon 155, seen in
Fr’can continue to aavaﬂg

figure 27(c). The u the air bubble until it is
at the 38

Lrfes
261~ stanoey
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injection site on the tubing, where it can be renoved using a syringe. Upon
sensing fluid at 10 the air sensor |ocation and the appearance of the
fluid icon 155, the alarmcondition has been reset and the infusion can be
restarted by pressing the start key. A user can advance air until a maxi num
defined vol une has been punped. Once this maxi num vol une has been punped,

t he di spl aywoofmmeges the clinical user, as seen in figure »¢fasordibs |V tube
shoul d be renoved and manual |y purged tq_reset the alarm 15 The
battery-depl eted al armindi cates t hat2Q Ad2auxi | | ary battery charge has

di m ni shed bel ow the |evel RGISPHY to continue infusion. To reset this
alarm the punp my 1 supply. The check-drop-sensor
alarmindicates t onfigured for nmandatory drop

, i f the punp has be

sensor use, the gdnsor has not been connecLdd 380 reset this alarm the
drop sensor nust |be connected. The downstrpam occl usion alarmindicates 20
t hat a downstreamjoccl usi on, such as | op 12@al flow clanp, has
occurred. To resgf thi spalﬂﬁfmfﬁﬁ@"do@ﬁe@ccl usi on nust be renoved. |f
the punp is confilguimgs AModN? t he cattipngr st af datdire, the punmp will
automati cal |y regt apiLuenf aMooeT occl usimn has| beern renoved within a
CONCENTRATION meg/ min
BOSE mcg/ min
RATE mL/hr
42T vOLUME
T0 BE INFUSED mL.
_—33
44 ENTER A DRUG AMOUNT
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predeterm ned period of time after occlusion detection. The drop sensor

mal function alarmindi cates that the drop sensor either has been 25

i nproperly positioned on the drip chanber in the IV tube or has been
damaged. To reset this alarm the drop sensor nust be properly positioned
or repaired if damaged. The flow detected-on-primary alarmindicates that
the drop senwo97imes detected drops in the primary 28 WO B GSPTe73

PCT/ US97/ 01073 dri p chanber when the pbﬁg%ﬁgck shoul d be infusing. To reset
this alarm the problem causing the fl f¥9m the primary fluid source,
such as the piggyback i nfusi S e being located at or | ower than the

| evel of the primr ' \padvertent closure of the slide

clanp on the IV tu gftﬁﬁﬁﬁﬁfﬁﬁ'beFﬁ€_ﬁng¥

renoved. The

ack fluid source, nust be

126
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DRUG AMOUNT ° 1mg é" N—-31
DILUENT VOLUME S0 mL
CONCENTRATION 20 meg/mlL
a2 DOSE (B}meg/min
RATE 9.0 mL/hr
Confirm Setfings
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befare START Vol
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5 inconplete-programalarmindicates that the start key was pressed prior

to entering or confirmng a programm ng paraneter.
m ssi ng paraneter value and the "confirmsettings" soft key,

t he
required,

To reset this alarm
i f

nust be entered. The reset-nmnual -rel ease alarmindi cates that the manual

t ube rel ease has been activated. To reset this alarm the manual
rel ease nust yRyeiH9at -

t ube

10 The tube-not-1 oaded al ar TPCRUSYMES t hat

the IV tube has not been | oaded pri or to'ﬁ?ﬁSSi ng the start key. To reset

this alarm the IV
that a progranmm ng
been entered. This
start key is press
pr epr ogranmed rang
i ndi cates that the
limts.

To reset tih
a suitable tenperdgt

tube nust be | oaded?2 out -of -range al arm i ndi cates
val ue out §Fp: 20 the preprogramed al |l owabl e range has
~confirmsettings" soft key or

” To reset the out-of -xange_alarm values within the
nmust be entered. 15 The er’fﬁerature-too-hi gh alarm
operating tenperature of |tthe tgge i s outside design

i's al ap,rm,a,izﬁg/tﬂ@;q\r @ b eQdf 8d by nmoving the punp to

[ nt. The

ure enviro beyqtiur e-t oo- |1 ow al arm nmeans

t hat the operating |t esRoexMtuNT € [T T8 mhube i $de the design linmts. To
remove this al arm} |t RALUENTWBLUMRIST be mL
CONCENTRATION m%/ml
BSA m
DOSE mg/m2/hr
a2 —T1 RATE mL/he
VOLUME
TO BE INFUSED mL
K33
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war med by noving the punp to a suitable tenperature environnent. The
tube-m sl oad alarm 20 indicates that the IV tube has been inproperly

| oaded. To renove this alarm the IV tube nust be renpved and rel oaded
properly. The tube-unload alarmindicates that the IV tube has not been
renmoved fromthe tube-Ioading channel during an attenpted tube-unl oadi ng
pr ocedure. MMae4 OCCUrs, the proper tube-unloading procedurusyséoen d be
enpl oyed or the nmanual tube rel ease should be used. 25 The

upst ream occl usi on al arm i ndi cat es t23f 3@h upstream occl usion, such as a
cl osed proxinmal slide cla w)ccurred. To reset this alarm the source
of the occl usion tainer-enpty alarmfollows the
cont ai ner-enpty 29 WO 97/ 37704

PCT/ US97/ 01073 38
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above. This alarmindicates that the container-enpty alert condition has
existed for a predeterm ned volune. To reset this alarm a new fluid source
contai ner nust be connected or the punp powered off. The no-slide-clanp
alarmindicates that the on/off slide clanp has not been properly | oaded.
To reset this alarm the tubing nust be renoved and rel oaded, 5 properly
| ocating theyyipirhees! i de clanp in the keyed slot. The aut hecrpseonyspit al
personnel can programclinical feature limts and infusion alert and alarm
characteristics. The infusion linmts, 2ber32 and alarns are accessed from
the Personality[err] conflgurplsogzsnu seen in figure 28(a). Upon

sel ection, the infu al arnms nenu seen in figure 28(b)

i s displ ayed. The fﬁrngs ™ thi s meny ab& to 10 ‘the infusion punp as a
rogrammabl e for separ at €)

whol e and are not el s. The authorized
hospi tal personnel}jcan adjust the flowratejlfimt, adjust the maxi num
vol une to be infudqd, adjust the KVOrate, | e or disable a piggyback
cal | back al ert, adjjust thgf fel me betyppe aud tones for the alert and
alarm and enad8Be~qr disable the aummd ock w3, The aut hori zed
hospi tal personnel o can set the size of{thejair bubble to be
38.5mL/hr 76.amL
LEVEL DELIVERY
A
4277 TIME
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1427 | V] |
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15 detected by the infusion punp. Referring to figure 29, an air bubble
sel ect pull-down nenu which is displayed upon selection of the air bubble
setting is seen. The screen includes a "no change" soft key and a "sel ect™
soft key. Options on the bubble size are displayed. In a preferred

enbodi nment, four bubble size levels are displayed. In the preferred

enbodi nent dewwr9Asgrherein, the four bubble size |evel s arepe&pusdmiens, 50
m crolL, 100 m croL and 20 150 mcrolL, Each bubble size level will detect
air bubbles within a given range. For éRdhple, the 25 nmicroL level will
detect air bubbles above 25 mpgyglL d wll not detect air bubbles below 10
m crolL; the 50 mcr L bubbl es above 50 m croL and

r ubbl es bel ow 25 m cr the 100 mcroL |level wll
bove 100 microL and\MI
50 microL; and th

B8 det ect air bubbl es bel ow
150 m
mcroL and will n¢ detecﬁggégéﬁgﬁtles beIo

detect air bubbl es above 150
O mcroL. The authorized

hospi tal personnel|al s@mm%@éepvtpmn ange

to be detected byjfhe infusi®On punp ef err

f Adownst r eam occl usi on val ues
Ftigure 30, a downstream
occl usion 30
IEeneralHoorI
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wi Il not detect ai
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val ue pull-down nmenu, which is displayed upon selection of the downstream
occl usion values, is seen. The screen includes a "no change" soft key, a
"PSI/ MVHG' soft key which selects the units, and a "select"” soft key.
Options on the downstream occl usion values are displayed. In a preferred
enbodi ment , widygegownst ream occl usi on val ues are di spl ayeecTAise781073 t he
preferred enbodi nent described herein, the three values are m ni mum
noderate and maxi nrum The m ni mum md®/&2% and maxi num val ues indicate an
approxi mate maxi num pressure for different flow rate ranges. In the
preferred enmbodi nent, thrdelBl 25aate ranges are indicated. The authorized
hospi tal personn he clinician can override the 10
downst r eam occl us%gn val ue clinician override is
hi ghlighted in

on values. Wen the o
Configuration/Service Menu
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the infusion linmts, alerts and al arm nenu, an "enabl e/ di sabl e" soft key
appears. The infusion punp also can be configured to include an
auto-restart function. This function enables the infusion punp to
automatically restart itself when a downstream occl usi on has been corrected
wWithin a predetermned tinme, such as in the preferred enbodinent, within
one mnute af{Ryg7AaProgdetection. This is likely to occur if, Ponussrvernm e,

t he downstream occlusion is caused by patient novenent which subsequently
opens the IV tube. The infusion punp wid#/ 33ntinue to attenpt an auto
restart for a given nunber oi:‘g sbect ed occurrences before nmanual

I ntervention is requ i | ospital personnel also can set

t he nunber of aut after a downstream occl usi on

al arm occurs and relieved. The 20 aut ~38d hospital personnel also
can require that {4 clini ciP#AspAdg¥édm a f1 ofd delivery so that the fluid
level in the drig|chanb&onfigyrationMenuti on Wi a drop sensor, can provide a
contai ner-enpty 4gliert. Wen the drop sensof ixs\highlighted in the
configurati on nmery, INPUSION WOBES AND FEATORES] onal " @t\kﬁy appears. The infusion
punp further incljdmessorims sERBaNDALRRMsWHi ¢h arle accessible fromthe
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25 configuration/service nenu. Upon selection of the service features, a
service features nenu is displayed. In the battery information sel ection,
the slave mi croprocessor keeps track of a plurality of tinme periods rel ated
to battery operation. In the preferred enbodi nent, several 31 WO

97/ 37704 PCT/ US97/ 01073
paranet ers {gyihgked, including the total anmount of ti mepéfressneiassi on
punp is on and not plugged in, the total anount of tine the infusion punp
was on. A battery information screen2&€Bddes the battery charge icon 122,
"done" and "clear tinmes" s and the paraneters. Wien a new battery
Is installed, the i neter is cleared. The service 5
features also i i whi ch di spl ays information
related to the ggcertain infusion punp
conmponents, ang are

stallation or replace
manuf act peidamaliget s, WhiH
Configuration Menu

INFUSION MODES AND FEATURES & -3
INFUSION LIMITS, ALERTS AND-ALARMS
BROP SENSOR OPTIONAL
LABEL LIBRARY ENABLE
a2
Ve 33

41—TT____ PRESS LIBRARY SETUP TO EDIT
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36—=_ JANJIVAN VANERVAN

FIG. 26b
a | ”
Personatity 2 -
Label Library Setup
Label Library List-Enabled
ALFENTANIL ALFENTAN  [YES &‘ -3
AMINDPHYLLINE AMINOPHT  YES
ANTIBIOTIC ANTIBIOT YES
CARBOPLATIN CARBOPLA  NO
CISPLATIN CISPLATI  ND
42—77|DOBUTAMINEHCL ~ DOBUTAMI  YES
DOPAMINE DOPAMINE  YES
ESMOLOL HCL ESMOLOL  YES
FLUGROURACIL FLOURDUR  YES
‘HEPARINSODIUM ~ HEPARIN  * YES
ISOPROTERENDL HCL ISOPROTE  YES 33
LIDGCAINE HCL LDOCAN  YES® v,/
4] USE ARROWS THEN YES/NO TO CHANGE
40— PAGE  YES/
\_ DONE DOWN NO

36"




used in the manufacturing process to calibrate infusion punp conponents. It
shoul d be understood that various changes and nodifications to the
preferred enbodi nents described herein will be apparent to those skilled in
the art. Such changes and 10 nodi fications can be nade w t hout departing
fromthe spirit and scope of the present invention and w thout di m nishing
i ts attendaniygehamgages. It is therefore intended that suchcghRpafigrzand
nodi fications be covered by the appended clains. 32 What is clalinmed is:
5 1. An infusion punp conprising2%/@2n body portion; a display
contai ned on the main body poﬁéog}gr di spl ayi ng user interface

ﬂznmcren 38
Primary mcg/kg/min g 2 k126

153 — g

YESD
Do you want to Advance
Air to view the air bubble?

427}
NO D
Dose 10 mcg/kg/min
Rate 10.5 mL/hr v-/ 3
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33
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information; at |east one punp nodul e renpvably secured to the mai n body
portion 10 and adapted to receive a tube, the punp nodul e having neans
for applying punping action to the tube; an auxiliary display contained on
t he punp nodul e for displaying suppl enental user interface information

m cr oprocessor nmeans contained in the main body portion for generating 15
user interfacgddfggati on on the display areas; and neans feergsneieasi ng a
plurality of pictorial graphic representations as user interface

i nformati on on the main display; whereidA38l urality of sets of
configuration paraneters are |i as user interface information such
that a user can sele ' lity of sets of 20 configuration
parameters to confx The infusion punp of
claim1l wherein t

heRb Ay i ncludes a sta
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pronpt area, and a soft key | abel area and wherein the infusion punp
further includes a plurality of soft keys contained in juxtaposition to the
soft key | abel area. 30 3. The infusion punp of claim1 further
i ncluding means for entering values related to a: beneficial agent to be
infused into a patient and neans responsive to the entered val ues for
cal cul ati ngya ¢dR$Rs Of the beneficial agent to be infused iPECHUSMHBIPKL | ent .
34 4. The infusion punp of claim1 further including nmeans for entering
values related to a beneficial agent 3/ Bé infused into a pati ent and means
responsive to 5 the enterpygvpggs for calculating an infusion profile of
the beneficial agepi.
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wherein a graphical representation of the calculated infusion profile is

I ncl uded as user interface information, the graphical representation

i ncluding the infusion remaining. 10 5.. The infusion punp of claim1l
further including nmeans for sensing tube restrictions wherein a graphical
representation of the degree to which the tube is restricted is included as
user interfad¥oOPmsd4ati on. 6. The i nfusion punp of cl ai merusetbeis

i ncluding a battery which provides 15 zlectrical power to the

m cr opr ocessor mneans, the display and 8Rd Ians for app! yi ng punpi ng
action; and neans for detectgg, t charge of the battery, wherein a

gr aphi cal represeniatt - the battery is included as user

interfaceinformai/orn. 20 7. Therrrf\‘ ion punp of claim1l further
or sensing the presence o '

i ncl udi ng means f B8in the tube wherein a
graphi cal represdntati on of the presence off lair in the tube is included as
user interface infjormati orRersonality 2
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8. TWWS aim1 further wherein at |east two punp
nodul es 25 are provi d the display includes user interface for at
| east tv\gmlmg The infusion punp_of claim1 wherein the

m cropro ﬂ i ncl udes nmeans f or skREPI OG- USSR Iq =y f-aee

i nformation rel ate ﬂlflc patient. 3b 10! 01 Fheq.afls S@f
1 further including neans for clearing the st ]

information for a specific patient. 35 14 gﬁ,@ﬁf) S1°6h= b
12 wherei n t Whgt isdaimed ig epresent ati on i ncl udq§ 4, Ljarﬁg )u’p Q‘r%\phﬁ%éf“exi .....

“paged ...t
representati op andmﬁ%ggnmc%sﬁ&cgﬂ repriesent affl O paged.....

a main body portion;

.....

a display contained on the main body portion for d1splaymg user mtetface
5 information;

at least one pump module removably secured to the main body portion and
adapted to receive a tube, the pump module having means for applying pumping action
to the tube; :

an auxiliary display contained on the pump module for displaying supplemental

10 user interface information;

microprocessor means contained in the main body portion for generating user
interface information on the display areas; and

means for generating a plurality of graphic representations as user interface
information on the main display;

- ~wherein a plurality of sets of configuration parameters are included as user
interface information such that a user can select which of the plurality of sets of
cohfiguration parameters to configure the infusion pump.

2. The infusion pump of claim 1 further wherein a plurality of sets of
configuration parameters are included as user interface information.
20 3. The infusion pump of claim 1 wherein the display includes a status area, a
prompt area, and a soft key label area and wherein the infusion pump further includes
a plurality of soft keys contained in juxtaposition to the soft key label area.
4. The infusion pump of claim 1 further including means for entering values
related to a beneficial agent to be infused into a patient and means responsive to the
25 entered values for calculating a dose of the beneficial agent to be infused into the
patient.
5. The infusion pump of claim 1 further including means for entering values
related to a beneficial agent to be infused into a patient and means responsive to
the entered values for calculating an infusion profile of the beneficial agent, wherein
30  a graphical representation of the calculated infusion profile is included as

user interface information, the graphical representation including the infusion

remaining. — | REPLACED SHEETS SG
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“1an7Tﬁusrﬁﬁ—paﬁp of claim 12 wherein the at | east one punp nodul e
ary display for displaying supplenental user interface

mforW(’iﬂ gm”,g“l The infusion punp of claim12 further wherein a

pl ural’i nfiguration paraneters is included as user interface

I nformati on. The infusion punp of 341 ai m 12 wherein the di spl ay

I ncl udes a status area, a pronpt area, and a soft key |abel area and

wherein the infusion punp further includes a plurality of soft keys

cont ai ned i n6j uxt Eb@snﬁumn fuop: b claiht 1 If@lyhdralbelhdlage!aean&(for s¢iging tibee

I nfusi on pu S | ues
related to gp%ﬁr%gl Cla reglg%%gép?lgcab %‘#ﬁ%té(g’ Hﬁ&g egg%?t hr}ge \r@’gnlg
responsi ve t&sﬁﬁ&dﬁﬂ&ﬁ@dwhs&anﬂaﬂicequmtﬁim ng a dose of t he benefi ci al
agent to_be infused into the patjent. The infusion punp of claim 12

further Pncl {rdi ngThedHEsipn puma.ef; Flgm db@“f“%"si‘%"‘“@ﬁ%ﬁ?a‘mr‘@lﬁl Preideshi cal
repr esent at | ABifa B Rer e fidiSptohisalt hdbl, 0 Gshily AAPleInahor SphigEuded as

15 user interfacé information. . The infusion punp of claim urt her
i ncl udi ng a prmpiag getign! aid peany ﬁuélgteemmdm ¢hazge of the battery, wherein a graphical

representquon of the charge of the battery is included as user interface information.
8. The infusion pump of claim 1 further including means for sensing the presence
10 of air in the tube wherein a graphical representation of the presence of air in the tube
is included as user interface information.
9. The infusion pump of claim 1 further wherein at least two pump modules are
provided and the display includes user interface for at least two pump modules.
10.  The infusion pump of claim 1 wherein the microprocessor means further
15 includes means for storing user interface information related a specific patient.
11.  The infusion pump of claim 1 further including means for clearing the stored
user interface information for a specific patient.
12. An infusion pump comprising:
-a main body portion;
20 a display contained on the main body portion;
' at least one pump module adapted to receive a tube, the pump module
including means for applying pumping action to the tube;
microprocessor means for generating user interface information on the display;
means for entering values related to a beneficial agent to be infused into a
25  patient; and
means responsive to the entered values for calculating an infusion profile of
the beneficial agent; '
wherein a graphical representation of the calculated infusion profile is included
- as user interface information, the graphical representation including the infusion
30  remaining.
13. The infusion pump of claim 12 wherein the infusion profile includes a ramp

up infusion period and a ramp down infusion period.
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power to o rocessor—neans, the display; and the neans for applying
punplng'a or detectlng the charge of the battery, wherein a
gr aphj cal repvre Wmf the charge of the battery is included as user
interface information? The infusion punp of claim 12 further

I ncl udi ng neans for sensing the presence of air in the tube whereirn a
graphi cal representation of the presedSe of air in the tube is included as
user interface information. 22. The infusion punp of claim 12 further
wherein at | east two punp nodul es are provided and the display includes
user interfiace i Thonfsidngunfpamf chim L2adtreintbe praphicaivehresestati@binclddd.a ramphe

i nfusi on punp of claim1 2wherein the m croprocessor neans further includes

means for supegiapbicalgepresentatipn andea lampdiowniEraphicaldepreatation.a specific pati ent.
36
15 .  The infusion pump of claim12 wherein the at least one pump module includes an

auxiliary display for displaying supplemental user interface information.

5 16. The infusion pump of claim12 further wherein a plurality of sets of configuration
parameters is included as user interface information.
17.  The infusion pump of claim12 wherein the display includes a status area, a prompt
area, and a soft key label area and wherein the infusion pump further includes a plurality of
soft keys contained in juxtaposition to the soft key label area.

10 18.  The infusion pump of claim12 further including means for entering values related to
a beneficial agent to be infused into a patient and means responsive to the entered values for
calculating a dose of the bcneﬁciai agent to be infused into the patient.

19.  The infusion pump of claim12 further including means for sensing tube restrictions
wherein a graphical representation of the degree to which the tube is restricted is included as

15  user interface information.

20.  The infusion pump of claim12 further including a battery which provides electrical
power to the microprocessor means, the display; and the means for applying pumping action
and .means for detecting the charge of the battery, wherein a graphical reprgsentation of the
charge of the battery is included as user interface information.

20 21. The infusion pump of claim12 further including means for sensing the presence of air
in the tube wherein a graphical r_epresentation of the presence of air in the tube is included as
user interface information.

22.  The infusion pump of claim12 further wherein at least two pump modules are
provided and the display includes user interface information for at least two pump modules.

25 23.  The infusion pump of claim 12wherein the microprocessor means further includes

means for storing user interface information related to a specific patient.

ey - Ypasd ba 100 T4
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24. The infusion punp of clainm2 3 further including neans for clearing
the stored user—nterface information for a specific patient. 25. An

i nfusi onprising: a main body portion; 5 a di spl ay

cont ailmﬂﬂqmgmmi”mggdy portion; at |east one punp nodul e adapted to
recei ve act v tme gl nmodul e includi ng means for applying punping action
to the tube; m croprocessor neans for 3&nerating user interface information
on the display; and nmeans for sensing tube restrictions; 10 wherein
a graphical representation of the degree to which the tube is restricted is
i ncl uded ag4userThefesibmpaenp of daim&Bi forther 28ludingliheanis fidriebdanng the seredfused ai N2 5
wherein the graphical representation includes a plurality of triangles. 27.
The i nf usi oRteHasRintormation fapa spegifie paticat.t he at | east one punp nodul e i ncl udes

an 25.  Aninfusion pump comprising:

a main body portion;
5 a display contained on the main body portion;
at least one pump module adapted to receive a tube, the pump module including
means for applying pumping action to the tube; |
microprocessor means for generating user interface information on the display; and
means for sensing tube restrictions;
10 wherein a graphical representation of the degree to which the tube is restricted is
included as user interface information.
26.  The infusion pump of claim25 wherein the graphical representation includes a
plurality of triangles.
27.  The infusion pump of claim25 wherein the at least one pump module includes an
15 auxiliary display for displaying supplemental user interface information.
28 The infusion pump of claim 25 further wherein a plurality of sets of configuration
parameters is included as user interface information.
29 The infusion pump of claim25 wherein the display includes a status area, a prompt
area, and a soﬁ key label area and wherein the infusion pump further includes a plurality of
20  soft keys contained in juxtaposition to the soft key label area.
20  The infusion pump of claim 25 further including means for entering values related to
a beneficial agent to be infused into a patient and means responsive to the entered values for
calculating a dose of the beneficial agent to be infused into the patient.
31 The infusion pump of claim 25 further including means for entering values related to
25  abeneficial agent to be infused into a patient and means responsive to the entered values for

calculating an infusion profile of the beneficial agent, wherein a graphical representation of
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15 auxiliary display for displaying supplenental user interface
I nformati on. The i nfusion punp of claim2 5 further wherein a
plurality of ation paraneters is included as user interface
i nformation. ”Immlmmi“)mnﬂlllon punp of claink2 5 wherein the display
ncludes a status area, & pronpt area, and a soft key | abel area and
mhereln the infusion punp further incl8@es a plurality of 20 soft keys
contained in juxtaposition to the soft key | abel area. 30. The infusion
punp of claim2 5 further including neans for entering values related to a
benefi cial thgesltulited hfusic profid it MtRded RakéranterfaRAnfoRAARDN] @& RAPBicyMEe to the
entered values for calculating a dose of the beneficial agent to be infused
i nto the paeprepantation includigthe pifusioroempining. of cl ai m 25 further incl uding

nmeans for enteri lues related to 25 a beneficial agent to be infused
into a pati¥ht aﬂ% Q8 PP@ESS%HW fusthenjacludipg p bettepuhis Pf‘b’l'dcéﬁieétﬂll%ltl ng

an i nfusion e of the bhenefici ent er ei a
repr esent at Rogv%]e?tc% tlhe mICroproc¢essor mieans, tﬁe dif} ay; and t\PlIh meansnfor ap%liylgg pumpmg action

5  and means for detecting the charge of the battery, wherein a graphical representation of the

charge of the battery is included as user interface information.
33. The infusion pump of claim25 further including means for sensing the presence of air
in the tube wherein a graphical representation of the presence of air in the tube is included as
user interface information.
10 34. The infusion pump of claim25 further wherein at least two pump modules are
provided and the display includes user interface information for at least two pump modules.
35. The infusion pump of claim25 wherein the microprocessor means further includes
means for storing; user interface information related to a specific patient.
36. The infusion pump of claim35 further including means for élearing the stored user
15  interface information for a specific patient.
37.. Aninfusion pump comprising:
a main body portion;
a display contained on the main body portion;
at least one pump module adapted to receive a tube, the pump module including
20 means for applying pumping action to the tube;
microprocessor means for generating user interface information on the display;
a battery which provides electrical power to the microprocessor means, the display,
and the means for applying pumping action; and
means for determining the charge of the battery;
25 wherein a graphical representation of the charge of the battery is included as user

interface information.
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37 t lon profile.is included as user interface

I nf or | t he graphical representation including the infusion renaining;.
32. m‘@m tﬂm'fﬁﬂ of clainm5 further including a battery which
provi u 08 wer to the m croprocessor neans, the display; and the

means for applying punping action 5 and neans for detecting the charge of
the battery, wherein a graphical repr88entation of the charge of the
battery is included as user interface information. 33. The infusion punp
of clainm2 5 further including neans for sensing the presence of air in the
t ube wher ei n38.gr Ahin&isionruped sleirad 7 shersin thhat lpaseansryeparodaieinglpdasias t ube

LR SR Cr N S
0Pl oy 1 e MMk OO S0 U
i ncl udes parameters is included as user interface information.

5 40. The infusion pump of claim 37 wherein the display includes a status area, a prompt
area, and a soft key label area and wherein the infusion pump further includes a plurality of
s_oﬁ keys contained in juxtaposition to the soft key label area.

41. The infusion pump of claim37 further includes means for entering values related to a
beneficial agent to be infused into a patient and means responsive to the entered values for
10  calculating a dose of the beneficial agenf to be infused into the patient.
42. The infusion pump of claim37 further including means for entering values related to
a beneficial agent to be infused into a patient and means responsive to the entered values for
calculating an infusion profile of the beneficial agent, wherein a graphical representation of
the calculated infusion profile is included as user interface information, the graphical
15  representation including the infusion remai.ning.
43. The infusion pump of claim37 further including means for sensing tube restrictions
wh.erein a graphical representation of the degree to which the tube is restricted is included as
user interface information.
44. The infusion pump of claim37 further including means for sensing the presence of air
20  in the tube wherein a graphical representation of the presence of air in the tube is included as
user interface information.
45.. The infusipn pump of claim37 further wherein at least two pump modules are
provided and the display includes user interface information for at least two pump modules.
46.. The infusion pump of claim37 wherein the microprocessor means further includes
25  means for storing user interface information related to a specific patient.
47.. The infusion pump of claim4 6 further including means for clearing the stored user

interface information for a specific patient.
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of the battery is .included as user
An infusion pump comprising :

AR

a display contained on the main body portion for displaying user intertace
information;

a main body portion;

at least one pump module removably secured to the main body portion and
adapted to receive a tube, the pump module having means for applying pumping action
to the tube;

an auxiliary display contained on the pump module for displaying supplemental
user interface information;

microprocessor means contained in the main body portion for generating user
interface information on the display areas; and

means for generating a plurality of pictarial grachic representations as user
interface infomation m the mein display;

wﬁerein a plurality of sets of configuration parameters are included as user
interface information such that a user can select which of the plurality of sets of
configuration parameters to configure the infusion pump.
2. The infusion pump of claim 1 further wherein a plurality of sets of
configuration parameters are included as user interface information.
3. The infusion pump of claim | wherein the display includes a status area, a
prompt area, and a soft key label area and wherein the infusion pump further includes
a plurality of soft keys contained in juxtaposition to the soft key label area.

4. The infusion pump of claim 1 further including means for entering values

- related to a beneficial agent to be infused into a patient and means responsive to the

entered values for calculating a dose of the beneficial agent to be infused into the
patient.

5. The infusion pump of claim 1 further including means for entering values
related to a beneficial agent to be infused into a patient and means responsive to '
the entered values for calculating an infusion profile of the beneficial agent, wherein
a graphical representation of the calculated infusion profile is included as

user interface information, the graphical representation including the infusion

remaining. -—
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38 38 . The-infusion punp of claim3 7 wherein the at |east one punp
nmodul e i ncl udes an auxiliary display for displaying suppl enental user

interface i ltHaﬁBeen& laced N€ i Nfusion punp of clainB 7 further wherein a
plurality of uration paraneters is included as user interface
I nformati on. Enf usi on punp of claim3 7 wherein the display

I ncl udes "a stat us are roonpt area, and a soft key | abel area and

wherein the infusion purrp further includggs a plurality of soft keys
contained in juxtaposition to the soft key | abel area. 41. The infusion
punp of claim 37 further includes neans for entering values related to a

e A s e e e L
i nfused i nt o redteicti@isi windrein a graplucal representation of the degree to which the tube is
| restricted is included as user interface information.

5 7. The infusion pump of claim 1 further including a battery which provides
electrical power to the microprocessor means, the display and the means for applying
pumping action; and means for detecting the charge of the battery, wherein a graphical
representation of the charge of the battery is included as user interface information.
8. The infusion pump of claim 1 further including means for sexising the presence

10  of air in the tube wherein a graphical representation of the presence of air in the tube
is included as user interface information. -
9. The infusion pump of claim 1 further wherein at least two pump modules are
provided and the display includes user interface for at least two pump modules.
10.  The infusion pump of claim 1 wherein the microprocessor means further
15 includes means for storing user interface information related a specific patient. -
11.  The infusion pump of claim 1 further including means for clearing the stored
user interface information for a specific patient.
12. An infusion pump comprising:
a main body portion;
20 a display contained on the main body portion;
at least one i)ump module adapted to receive a tube, the pump module
including means for applying pumping action to the tube; o
pup micropooessar means for generating user interface infomation on the
dlSplay
means for entering values related fo a beneficial agent to be mfused into a

25 patient; and
' means responsive to the entered values for calculating an infusion profile of
the beneficial agent;
wherein a pictorial. grephical representation of the calanlated infusion
profile is included as user interface infomation, the pictorial graghical
30 representation including the infusion ramaining.
13. The infusion pump of claim 12 wherein the infusion profile includes a ramp

up infusion period and a ramp down infusion period.
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42. The infusion punp of claim37 furt her i ncl udi ng nmeans for entering

val ues LeLaLed_LQ_§~Q§ﬂ§%ngal agent to be infused into a patient and nmeans
responsive to the entere

val ues for calculating an infusion profile of the

benefi ci afhi H M@R@qa@eda graphi cal representation of the cal cul ated
I nfusion p

ded as user interface information, the graphical
15 repres Mmpl ng the infusion remaining. 43. The infusion punp
of clai nB7 furt er di ng neans for sensing tube restrictions wherein a
graphi cal representation of the degree to which the tube is restricted is

i ncl uded as user interface information. 3%4. The infusion punp of clainB 7
further including means for sensing the presence of air I n the tube

e e LSRR Py
further v\,herc.allpr 45391%“0;' négg? (glp Ies are provided and the display

I ncl udes user ace “at least two punp nodul es. 46.

The i nfusi onzg)unpAgfmﬁglahggmgderﬂgn the m croprocessor neans furt her
i ncl udes

a main body portion;
S a display contained on the main body portion;
at least one pump module adapted to receive a tube, the pump module including

means for applying pumping action to the tube;

pnpnuc:qmcmneasﬁrgaaztnngmernﬂmfaoemfcmhmmﬂe
display; ad

means for sensing tube restrictions;

10 wherein a pictorial grahical representation of the degree to which the tube
is restricted is inchidsd as user interface infamation.
26.  The infusion pump of claim25 wherein the graphical representation includes a
plurality of triangles.
27.  The infusion pump of claim25 wherein the at least one pump module includes an .
15  auxiliary display for displaying supplemental user interface information.
28.  The infusion pufnp of claim 25 further wherein a plurality of sets of configuration
parameters is included as user interface information.
29.  The infusion pump of claim25 wherein the display includes a status area, a prompt
area,and a soﬁ key label area and wherein the infusion pump further includes a plurality of
20  soft keys contained in juxtaposition to the soft key label area.
30  The infusion pump of claim25 further including means for entering values related to
a beneficial agent to be infused into a patient and means responsive to the entered values for
calculating a dose of the beneficial agent to be infused into the patient.

31 The infusion pump of claim 25 further including means for entering values related to

[29]
(%4}

a beneficial agent 10 be infused into a patient and means responsive to the entered values for

calculating an infusion profife of the beneficial agent, wherein a graphical representation of
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The I nfusi on purrp of cI ai m46 further

T T T

m‘f‘a‘g_f,or,'SLQ_i_ng_l.tsialf—interface information related to a specific

I ncl udi ng neans for

n for a specific patient.

the calculated infusion profile is included as user interface information, the graphical

represcentation including the infusion remaining.

32.

The infusion pump of claim25 further including a battery which provides electrical

power to the microprocessor means, the display; and the means for applying pumping action

and means for detecting the charge of the battery, wherein a graphical representation of the

charge of the battery is included as user interface information.
33.

The infusion pump of claim25 further including means for sensing the presence of air

in the tube wherein a graphical representation of the presence of air in the tube is included as

user interface information.

34.

The infusion pump of claim25 further wherein at least two pump modules are

provided and the display includes user interface information for at least two pump modules.

35.

The infusion pump of claim25 wherein the microprocessor means further includes

means for storing user interface information related to a specific patient.

36.
interface information for a specific patient.
37.. Aninfusion pump comprising:

a main body portion;

a display contained on the main body portion;

The infusion pump of claim35 further including means for clearing the stored user

at least one pump module adapted to receive a tube, the pump module including

means for applying pumping action to the tube;

& pnpmc:qxomneasﬁargemﬂngmsermterfazm&nmbmmﬁe

a battery which provides electrical power to the microprocessor means, the display.

and the means for applying pumping action; and

means for determining the charge of the battery;

wherein a pictorial grachical representation of the charge of the battery is
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What is claimed is: “‘9’\0\0\

1. An infusion pump comprising:

a main body portion;

a display contained on the main body portion for displaying user interface
information; _

at least one pump module removably secured to the main body portion
and adapted to receive a tube, the pump module having means for applying
pumping action to the tube;

an auxiliary display contained on the pump module for displaying

supplemental user interface information;

microprocessor means contained in the main body portion for generating
user interface information on the display areas; and

means for generating a plurality of pictorial graphic representations as user
interface information on the main display;

wherein a plurality of sets of configuration parameters are included as user
interface information such that a user can select which of the plurality of sets of
configuration parameters to configure the infusion pump.

2. The infusion pump of claim 1 further wherein a plurality of sets of
configuration parameters are included as user interface information.

3. The infusion pump of claim 1 wherein the display includes a status area, a

prompt area, and a soft key label area and wherein the infusion pump further
includes a plurality of soft keys contained in juxtaposition to the soft key label
area.

4. The infusion pump of claim 1 further including means for entering values
related to a beneficial agent to be infused into a patient and means responsive to
the entered values for calculating a dose of the beneficial agent to be infused into
the patient.
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5. The infusion pump of claim 1 further including means for entering values
related to a beneficial agent to be infused into a patient and means responsive to
the entered values for calculating an infusion profile of the beneficial agent,
wherein a graphical representation of the calculated infusion profile is included as
user interface information, the graphical representation including the infusion
remaining.

6. The infusion pump of claim 1 further including means for sensing tube
restrictions wherein a graphical representation of the degree to which the tube is
restricted is included as user interface information.

7. The infusion pump of claim 1 further including a battery which provides
electrical power to the microprocessor means, the display and the means for
applying pumping action; and means for detecting the charge of the battery,
wherein a graphical representation of the charge of the battery is included as user
interface information.

8. The infusion pump of claim 1 further including means for sensing the
presence of air in the tube wherein a graphical representation of the presence of
air in the tube is included as user interface information.

9. The infusion pump of claim 1 further wherein at least two pump modules
are provided and the display includes user interface for at least two pump
modules.

10.  The infusion pump of claim 1 wherein the microprocessor means further
includes means for storing user interface information related a specific patient.

11.  The infusion pump of claim 1 further including means for clearing the
stored user interface information for a specific patient.
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What is claimed is:

1. - Aninfusion pump comprising:

a main body portion;

a display contained on the méin body portion for displaying user interface
information;

at least one pump module removably secured to the main body portion
and adapted to receive a tube, the pump module having means for applying
pumping action to the tube;

an auxiliary display contained on the pump module for displaying’
supplemental user interface information;

'microprocessor means contained in the main body portion for generating
user interface information on the display areas; and

means for generating a plurality of pictorial graphic representations as user
interface information on the main display;

wherein a plurality of sets of configuration parameters are included as user
interface information such that a user can select which of the plurality of sets of
configuration parameters to configure the infusion pump.

2. The infusion pump of claim 1 wherein the display includes a status area, a
prompt area, and a soft key label area and wherein the infusion pump further

includes a plurality of soft keys contained in juxtaposition fo the soft key label
area. -

\J

3. The infusion pump of claim 1 further including means for entgring values
related to a beneficial agent to be infused into a patient and means responsive to

the entered values for calculating a dose of the beneficial agent to be infused into
the patient.
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4. The infusion pump of claim 1 further including'_means for entering values

related to a beneficial agent to be infused into a patient and means responsive to
the entered values for calculating an infusion profile of the beneficial agent,
wherein a graphical representation of the calculated infusion profile is included as

user interface information, the graphical representation including the infusion
remaining.

5. The infusion pump of claim 1 further including means for sensing tube
restrictions wherein a graphical representation of the degree to which the tube is
restricted is included as user interface information.

6. The infusion pump of claim 1 further including a battery which provides
electrical power to the microprocessor .means, the display and the means for
applying pumping action; and means for detecting the charge of the battery,

wherein a graphical representation of the charge of the battery is included as user
interface information. )

7. ° The infusion pump of claim 1 further including means for sensing the
presence of air in the tube wherein a graphical representation of the presence of
air in the tube is included as user interface information.

8. The infusion pump of claim 1 further wherein at least two pump modules

are provided and the display includes user interface for at least two pump
modules.

9. The infusion pump of claim 1 wherein the microprocessor means further

includes means for storing user interface information related a specific patient.

10. The infusion pump of claim 1 further including means ¥or clearing the
stored user interface information for a specific patient. |
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