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MULTI-STATE ALARM SYSTEM FOR A MEDICAL PUMP

DESCRIPTION

Technical Field

The instant invention relates to alarm systems for use with medlcal dehvcry pumps for
delivery of therapeutic fluids to a patient.

Background of the Invention ‘

The administration of therapeutic fluids to a patient is well known in the art. Many
types of medical delivery devices exist to deliver various therapeutic fluids to a patient, such
as, for example, parenteral fluids, drugs or other medicaments, electrolytes, blood and blood
products, and the like. One particular type of medical delivery device is an infusion pump,
which can deliver one or more of these therapeutic fluids to a patient via a variety of
administration types, such as, for example, intravenous (IV), intra-aﬁexial (1A), subcutaneous,
epidural, irrigation of fluid spaces applications, and the like. Many infusion pumps that
operate under these types of administration typically utilize an administration line set and an
associated container containing one or more therapeutic fluids. The line set is typically
loaded into a delivery mechanism of the pump, \;vhich facilitates delivery of the fluid to the
patient.

Each type of administration and each type of therapeutic fluid typically involve
numerous operational parameters, variables, constraints and other related information, such as
medical and pharmaceutical related information, that must be monitored and followed to
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ensure proper, effective and safe delivery of therapeutic fluids to the patient and effective
treatment of the patient. To ensure proper monitoring and treatment, most medical delivery
pumps incorporate an alarm system to indicate to a caregiver or patient that an event has
occurred, such as one or more operational parameters being out of a predetermined range.
These alarms are typically visual or audible alarms, such as a beeping alarm.

In addition to medical delivery devices, most medical equipment that 1s utilized in
direct patient care typically have alarm systems to notify the caregiver of situations that
require attention. While the intent of these alarms is to ﬁotify the caregiver of such situations
and allow them to be addressed, the shear number of alarm systems of equipment that may be
assoclated with treatment of a particular patient, and the frequency of such alarms being
triggered and high levels of patient acuity, have ultimately minimized the sense of urgency in
responding to such alarms. This can result in a potentially dangerous situation, particularly in
the case of medical pumps utilized to properly and safely deliver fluids, such as drugs, to a
patient.

To address this concern, there 1s a need to distinguish between alarms, and in the case
of medical pumps, there 1s a need to distinguish between alarms associated with the same or
separate events that occur in connection with the same or separate devices.

The present invention addresses these and other concerns and generally provides a

new and improved alarm system for a medical pump for delivery of medicaments to a patient.

Summary of the Invention

The present invention generally provides an alarm system for a medical pump
associated with delivering a medicament or fluid to a patient in connection with treatment of
the patient. According to a particular aspect of the invention, there is provided an alarm
system for a medical pump associated with delivering a medicament to a patient, the alarm
system comprising an alarm associated with at least one treatment parameter, the alarm
having a first alarm state associated with a first event relating to the at least one treatment
parameter, and a second alarm state associated with a second event, the second alarm state
discernable from the first alarm state, and wherein the second event is defined by expiration
of an amount of time measured from occurrence of the first event. This will allow each of the
events to be treated differently by a caregiver.

According to other aspects of the invention, the alarm may be audible, the alarm may
be visual, the alarm may have bother audible and visual components, the second alarm state
may have a volume level that 1s discernable from the first alarm state, the second alarm state

may have a tone that is discernable from the first alarm state, the second alarm state may have
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a frequency that is discernable the first alarm state, and/or the second alarm state may have an

appearance that is discernable from the first alarm state.
According to another aspect of the invention, the second event relates to the at least

one treatment parameter.

According to yet another aspect of the invention, the second event relates to a

treatment parameter different from the at least one treatment parameter.

According to yet another aspect of the invention, the second event 1s defined by

expiration of an amount of time measured from occurrence of the first event.

According to yet another aspect of the invention, the second event is defined by a

deviation from a value associated with the at least one treatment parameter.

According to yet another aspect of the invention, the at least one treatment parameter

is associated with the pump.

According to yet another aspect of the invention, the at Jeast one treatment parameter

is associated with a source external to the pump.

According to yet another aspect of the invention, an alarm signal associated with the
alarm states is routed to a device external to the pump.

According to a further aspect of the invention, the treatment parameter may be
associated with a measurement from the patient, operation of the pump, and/or the flmad.

According to yet another aspect of the invention, the second event may be associated

with a life-threatening situation for the patient.

According to yet another aspect of the invention, the pump will shut off when the
alarm 1s in the second alarm state.

According to yet another aspect of the invent-ion, the events can be set by a user.

According to yet another aspect of the invention, the second alarm state will only be
operational with a particular fluid. The identification of the particular fluid may be stored in a

memory associated with the pump.

According to yet another aspect of the invention, the alarm system can be
customizable and include a near-end alert/alarm feature.
According to yet another aspect of the invention, the alarm system can be incorporated

into different types of infusion pumps in including a micro electro-mechanical systems
(MEMS) pump.
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According to another particular aspect of the invention there 1s provided an alarm
system for a medical pump associated with delivering a medicament to a patient, the alarm
system comprising an alarm associated with at least one treatment parameter, the alarm
having a first alarm state associated with a first event relating to the at least one treatment
parameter, and a second alarm state associated with a second event relating to the at least one
treatment parameter, the second alarm state discernable from the first alarm state, and wherein
the second event 1s associated with a life-threatening situation for the patient.

According to yet another particular aspect of the invention there is provided an alarm
system for a medical pump for delivering a therapeutic fluid to a patient, the alarm system
comprising an alarm associated with at least one operating parameter, the alarm having a first
alarm state and a second alarm state, the first alarm state indicating a non-critical deviation
from an original value of the at least one operating parameter, the second alarm state
discernable from the first alarm state and indicating a critical deviation from the original value
of the at least one operating parameter.

According to yet another particular aspect of the invention there is provided an alarm
system for a medical pump associated with delivering a fluid to a patient in connection with
treatment of the patient, the alarm system comprising an alarm associated with at least one
treatment parameter, the alarm having a first alarm state associated with a first event relating
to the at least one treatment parameter, and a second alarm state associated with a second
event relating to the at least one treatment parameter, the second alarm state discernable from
the first alarm state; and a snooze element that, when activated, enables the second alarm state
to be activated upon occurrence of the second event.

According to yet another particular aspect of the invention there is provided an alarm
system for a medical device used in connection with treatment of a patient, the alarm system
comprising an alarm associated with at least one treatment parameter, the alarm having a first
alarm state associated with a first event relating to the at least one treatment parameter, and a
second alarm state associated with a second event relating to the at least one treatment
parameter, the second alarm state discernable from the first alarm state; and a snooze element
that, when activated, enables the second alarm state to be activated upon occurrence of the

second event.
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According to yet another particular aspect of the present invention there is provided a
pump assembly associated with delivering a medicament to a patient, the pump assembly
comprising a micro electro-mechanical system (MEMS) pump having an alarm system having
an alarm associated with at least one treatment parameter, the alarm having a first alarm state
assoclated with a first event relating to the at least one treatment parameter, and a second
alarm state associated with a second event, the second alarm state discernable from the first
alarm state, and wherein the second event is defined by expiration of an amount of time
measured from occurrence of the first event. .

According to yet another particular aspect of the present invention there is provided a
pump assembly associated with delivery of a medicament to a patient, the pump assembly
comprising a micro electro-mechanical system (MEMS) pump having an alarm system having
an alarm associated with at least one treatment parameter, the alarm having a first alarm state
assoclated with a first event relating to the at least one treatment parameter, and a second
alarm state associated with a second event relating to the at least one treatment parameter, the
second alarm state discernable from the first alarm state; and a snooze element that, when

activated, enables the second alarm state to be activated upon occurrence of the second event.
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These and other aspects of the present invention will be apparent from the drawings

and written specification set forth herein, including the appended claims.

Brief Description of the Drawings

FIG. 1 1s a schematic diagram generically depicting an infusion pump having an alarm
system 1n accordance with the principles of the present invention.

FIG. 2 1s a schematic diagram depicting an infusion pump having an alarm system that
includes an audible component in accordance with the principles of the present invention. |

FIG. 3 1s a screen shot of a display of the infusion pump depicted in FIG. 3, which

llustrates an exemplary visual first alarm state of the alarm system.

FIG. 4 15 a screen shot of a display of the infusion pump depicted in FIG. 3, which

illustrates an exemplary visual second alarm state of the alarm system.

FIG. 5 1s a schematic diagram generically depicting an infusion pump having an alarm

system 1n communication with at least one external device in accordance with the pnnciples

of the present invention.

FIG. 6 is a schematic diagram of an alternate embodiment of the alarm system of the

present invention incorporating a near-end alert/alarm feature or snooze feature.

HG. 7 1s a schematic diagram of an example of a particular embodiment and

application of the alarm system of the present invention.

FIG. 8 1s a schematic diagram of an alternative embodiment of the alarm system of the

present invention.

Detailed Description of the Preferred Embodiments

While this invention is susceptible to embodiments in many different forms, there are

shown 1n the drawmgs and herein described in detail, preferred embodlments of the invention

Ve

L W AT W NN RN A WRAd B vk Sl g W BN WS S SR A WA . & ~E A AW R A e ey W PN WS A NNV ER R B P~ A

with the understanding that the present disclosures are to be considered as exemplifications of

the principles of the invention and are not intended to limit the broad aspects of the invention

to the embodiments illustrated.
FIG. 1 generically depicts a medical fluid delivery pump 50 having an alarm system
52 1n accordance with the principles of the present invention. As is well known in the art, the

pump 50 1s utilized to deliver a medicament 54, or fluid 54, to a patient via a line set 56 and

associated container 58 containing the fluid 54. The pump 50 is preferably a microprocessor-
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based pump that is capable of being programmed, utilizing software and/or firmware, 1o
facilitate operation and functionality of the pump 50. One preferred embodiment of the pump

S0 is the one disclosed in U.S. Patent Nos. 5,782,805 and 5,842,841,

In a preferred embodiment, the alarm system 52 comprises an alarm 60 having a first
alarm state and associated alarm signal (aindicated by the speaker icon labeled as “1” in FIG.
1) and a second alarm state and associated alarm signal (indicated by the speaker icon labeled
as “2” in FIG. 1). However, any number of alarm states and associated signals could be
provided in accordance with the principles of the present invention. The alarm 60 of the
alarm system 52 is preferably associated with at least one treatment parameter in connection
with treatment of a patient. The treatinent parameter may be associated with the pump 50, or
it may be associated with an external source that is in communication with the pump a]ahn
system 52. Examples of treatment parameters may include a value representing an infusion
rate of a therapeutic fluid being delivered to a patient by a volumetric infusion pump,
information relating to operation of the pump, the identification of a drug being delivered to a
patient, a measurement taken from a patient by the pump or an extemnal source, or any other
information or data associated with the treatment of a patient. As used herein, the term
“treatment parameter” is defined to encompass all of the abo've-dcscﬁbed parameters as well
as any other. types or forms of data, values, parameters, information, units of tiine, or aﬁy
discrete measurement or piece of data in connection with treatment of a patient. The alarm 60
is customizable and also can be pre-programmed or set by a caregiver such as at the bedside.

According to a particular aspect of the invention, the first alarm state is preferably
associated with a first event relating to a treatment parameter, and the second alarm state is
associated with a second event relating to the same or another treatinent parameter. The
second alarm state is discemable from the first alarm state so that a caregiver can act
appropnately to each of the alarm states should they occur during treatment. The alarm 60
can be audible, visual, or a combination thereof. The events may be any number of
occurrences relating to the treatment of the patient, such as, for example, measurement of an
clapsed time between events, measurement of a value of a treatment parameter, an occurrence

relating to operation of the pump, an identification or determination made by the pump or an
extemal device, etc.
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In a particular embodiment, the second event can be defined by an amount of time that
has expired since the first alarm state has been activated without being addressed by a
caregiver. In such a case, the first and second events can be related to the same treatment
parameter and the second alarm state is activated only when the particular amount of time has
expired since activation of the first alarm state. The second alarm state may be in any form as
described herein, such as, for example, an escalation of the frequency or tone of the first alarm
state.

In yet another particular embodiment, the second event may be defined by a deviation
from a particular value or range of values of a treatment parameter. In such a case, the first
and second events can be related to the same treatment parameter. The first event may be
defined by a first deviation value or range with respect to an original value of the treatment
parameter and the second event may be defined by a second deviation value or range, wherein
the second event may be measured with respect to either the original value of the treatment
parameter or the first event. The original value may be a predetermined value, either pre-
programmed or obtained by an external source. In this particular example, the second alarm
state is activated only when a particular value of deviation has occurred with respect to the
original value of the treatment parameter or the first event.

In yet another embodiment, the first and second events may be related to different
treatment parameters. For example, if the events are each defined by a deviation from a
particular value of a treatment parameter, the first and second alarm states would be activated
by a deviation of its respectivé treatment parameters (i.e., first and second events). In such a
case, the discernable alarm states would allow a caregiver to identify the particular event
associated with the particular alarm state.

Preferably, the second alarm state is associated with an event that is critical, i.e., life-
threatening to the patient or of a high level of importance that requires immediate attention,
whereas the first alarm state is associated with an event that is non-critical, i.e, non-life-
threatening to the patient or of a lower level of importaﬁce that does not require immediate
attention. However, the alarm states can be customized to be associated with, or categorized
by, any type of event or occurrence. The event can be any occurrence related to the treatment
parameter, such as, for example, a deviation from the treatment parameter or a flag raised by a

treatment protocol that is triggered by the treatment parameter. The events may be associated

PCT/US2005/013283
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with administration of a fluid to a patient, a measurement from a patient, the operation of the
pump, or any other aspect of treatment.

Referring to FIG. 2, a pump 80 1s shown having three line sets 82 loaded therein to
facilitate delivery of three fluid types to a patient. The pump 80 is preferably an infusion
pump. Each of the line sets 82 is associated with a container 83 containing a fluid being
delivered to the patient. The pump 80 includes a user interface 84 having a display 86 that
can be utilized for displaying a visual form of the alarm 60. Although not shown, a light
indicator, such as an LED or other source of light, could be incorporated into the pump and
act as a visual form of the alarm 60. FIG. 2 schematically depicts a first audible alarm state
(1) and a second audible alarm state (2), wherein the second alarm state is discernable from
the first alarm state because it is at a higher volume level than the first alarm state. The
audible alarm states can also be discernable by tone, by frequency of an interval, by type of
sound, or by any other means to create a perceptively different state between the two alarm
states.

As already noted, the pump 80 of FIG. 2 can él-so iﬁcorporate a visual form of the
alarm 60. As an example of a visual form of the alarm 60, FIG. 3 depicts a screenshot of the
display 86 that shows an alert that may not be of a high level of importance and is therefore
categonized-as a first alarm state. In this example, a caregiver enabled a callback feature
relating to a piggyback function of the pump 80. Thus, when the piggyback infusion has been
completed and the pump channel has switched over to the primary rate, a first alarm state is
activated in the form of an alert as shown on the screenshot in FIG. 3.

As an example of a visual form of the alarm 60 in the second alarm state, FIG. 4
depicts a screenshot of the display 86 that shows an alert that may be of a high level of
importance and 1s therefore categorized as a second alarm state. In this exaﬁmple, a channel of
the pump 80 has failed and is out of service. Since this may be critical, a second alarm state is
activated in the form shown on the screenshot in FIG. 4. It is understood that in such a case,
an audible alarm may also be incorporated into the alarm state as well.

In certain instances, it may be desirable to allow a user to program certain events to be
associated with a particular alarm state. Preferably such programming is done by personnel
authonzed by a health care facility so that it can be in accordance with facility policy and
procedures. In a particular embodiment, the second alarm state may be programmed to only

be operational with a particular fluid, such as a particular drug. The alarm states can also be
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programmed to indicate drug interaction situations. In such embodiments, the 1dentification
of a particular fluid having an associated alarm, or data tables or libraries indicating potential
drug interactions, can be stored in a memory associated with the pump.

As shown in FIG. 5, according to another aspect of the invention, the alarm system 52
and associated alarm 60 can be linked to one or more external sources or devices 100, such
that the alarm system 352 can be utilized by these external sources. In such a case, the external
source or device 100 would be associated with the treatment parameter to be monitored. For
example, a heart rate monitor or a pulse oximeter may be connected to the alarm system 52 to
allow treatment parameters of these devices, and events relating to the treatment parameters
of these devices, to be associated with the alarm states of the alarm system 52. In such cases,

there may be several external devices or sources that utilize the alarm system 52 to provide an
effective multi-state alarm.

As shown 1n FIG. 5, according to yet another aspect of the invention, the alarm system
52 may be in communication with an external device or system 150 to allow routing of an
alarm state signal to that external device or system. For example, the external system 150
may be a centralized server or computer that could allow an alarm state and associated
information, such as the associated event, treatment parameter, device, patient identification,
or the like, to be routed to other devices, such as another computer, a personal digital assistant
(PDA), pager, wireless e-mail device, wireless telephone or communicator, or the like. Such
an arrangement expands the effectiveness of a multi-state alarm system.

It 1s understood that the alarm system 52 1s customizable in a variety of different
methods. For example, the system 52 can be set such that a first drug i1s associated with an
alarm escalation wherein the alarm has a first state and a second state as described above.
The system 52 1s also set such that a second drug is not associated with an alarm escalation.
The system 52 can further be set such that in non-cntical alarms, the pump continues to run.
However, with critical alarms, the pump is shut down..

FIG. 6 discloses a schematic diagram of yet another aspect of the alarm system 52 of
the present invention. In this embodiment, the alarm system 52 incorporates a customizable
near-end alert/alarm having a “snooze” {eature 200, snooze element or delay element. This
aspect allows a user to define or enable a second event 202 relative to a first event 204 or
relative t0 when a caregiver addresses the first event 204. For example, the snooze feature

204 may define or enable the second event 202 1n terms of: expiration of an amount of time
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relative to either the first event 204 or when a caregiver addresses the first event 204; reaching
a value of a treatment parameter relative to either the first event 204 or when a caregiver
addresses the first event 204; or any other type of data, information, or parameter that may
change relative to either the first event 204 or when a caregiver addresses the first event 204.
When the second event 202 occurs, a second alarm state 206 1s activated wherein the second
alarm state 206 is discernable from a first alarm state 208 associated with the first event 204.
The snooze feature 200 may be configured such that additional events 210 may be thereafter

defined, each associated with the second alarm state 206, or additional alarm states 212 that

are all respectively discernable.

As already discussed above, in accordance with a particular embodiment, the second
event 202 can be defined by an amount of time that has expired since the first alarm state 208
has been activated without being addressed by a caregiver. In a related aspect incorporating
the snooze feature 200, when the caregiver addresses the first alarm state 208, the snooze
feature 200 can be incorporated into the alarm system 52 to allow the caregiver to
acknowledge the first event 204 and define the second event 202 1n terms of a predetermined
amount of time measured relative to either the first event 204 or when the caregiver addressed
the first event 204, i.e. a snooze interval 214. When the snooze feature 200 1s activated by the
caregiver, the second alarm state 206 i1s enabled and the second event 202 is set by a
predetermined value or preprogrammed data stored in a memory, or by data entered or
obtained at the time of activation of the snooze feature 200, which represents the snooze
interval 214. After expiration of the snooze interval 214, the second alarm state 206 1s
activated. The snooze feature 200 may be configured such that additional events 210 and
associated snooze intervals may be thereafter defined by further activation of the snooze
feature 200. The second alarnm state 206, or one or more additional alarm states 212, may be
associated with these additional events 210.

As mentioned above, in a particular embodiment, the snooze feature or snooze
element 200 may define the second event 202 in terms of a predetermined value of a
treatment parameter relative to the first event 204 or when a caregiver addresses the first event
204. In a specific example of this particular embodiment, the treatment parameter may be
related 10 the volume of an infusion of a medicament, such as a fluid, to a patient. The first
event 204 may be defined in terms of a predetermined volume level value or in terms of units

of time remaining until a predetermined volume level value is reached during treatment of the
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patient by infusion. When the first event 204 occurs and the first alarm state 208 is activated,
the caregiver may activate the snooze feature 200, which deactivates the first alarm state 208.
In this example, activation of the snooze feature 200 will define or enable the second event
202 1n terms of a second volume level value or increment, or in terms of units of time until a
volume level value is reached during the treatment of the patient. When the particular value
associated with the second event 202 is reached, the second alarm state 206 is activated. The
snooze feature 200 may be configured such that additional events 210 may be thereafter
defined by further activation of the snooze feature 200. The second alarm state 206, or one or
more additional alarm states 212, may be associated with these additional events 210. When
the treatment parameter is related to the volume in an infusion application, the events can act

as notifications to the caregiver that a particular point in the infusion treatment has been

reached. Notification before the end of an infusion, i.e. a “near-end” alert, provides the
caregiver the opportunity to avoid interruption in therapy, unwanted changes in the rate of
infusion, or other occurrences that may adversely affect treatment of the patient. To avoid
such occurrences, the caregiver can use the time after notification and before the end of the
infusion to prepare and set-up a new container or infusion kit.

In a particular embodiment, the alarm system 52 is in communication with a computer
network 220 of a healthcare facility to allow communication with other devices or systems
222 within the facility. In such an embodiment, for example, a pharmacy of the facility can
be automatically notified of one or more of the events so that a new container of fluid or drug
can be prepared in time to avoid an interruption in the infusion therapy of the patient. The
alarm system 52 can also be in direct communication, including wireless communication,
with a device or system 224 to allow for various control options of the system or alarm state
duplication or notification within the device or system 224. In addition, the alarm system 52
can be utilized for infusion of medicaments contained in flexible bags, syringes or semi-rigid
containers. It is further understood that the alarm system 52 can occur on an infusion device

such as an infusion pump shown in the Figures, but also on a handheld device, a nurse paging

system or a central monitoring system.
It should be appreciated that the snooze feature 200 can be implemented in numerous
applications in accordance with the principles of the present invention, and as disclosed in the

configurations shown in FIGS. 1-5 and 8. For purposes of exemplification of a particular

application of this feature and/or one or more other aspects of the present invention, the



10

15

20

25

30

CA 02567480 2006-11-21

WO 2005/118028 PCT/US2005/013283

11

following example is provided and certain aspects thereof are schematically illustrated in FIG.
7. It should be understood that this example is one of many possible applications of the
principles of the present invention and should in no way be construed to limit the scope of the
present invention to the details of this particular example.
EXAMPLE

In this particular example, a customizable “near-end” alarm system 250 having a
snooze feature 252 1s provided for use 1in connection with an infusion pump used to deliver a
medicament or fluid to a patient via infusion. The alarm system 250 is associated with the

pump and can be incorporated into the pump, or a separate device or system, such as a
personal digital assistant (PDA) or other portable computing device, a paging system,
monitoring system, or other device, network, or system. The near-end alarm system 250 can
be customuzable to a specific drug infusion wherein the snooze feature 252 allows for
notification to the caregiver before the end of the infusion. The notification is in the form of a
first and/or a second alarm state 254 and 256 of the alarm system 250, which can be audible,
visual, or both. In this example, the alarm states 254 and 256 notify the caregiver that the
infusion velume remaining will soon reach a predetermined value (which is zero in this case,
although other values are possible) so that the caregiver can respond to the notification, such
as by hanging a new fluid container and resetting the volume to be infused via the pump. This

prevents the infusion from dropping to a lower rate that could potentially adversely affect the

patient’s hemodynamic status.

In this example, a first event 260 is defined by the infusion volume reaching a first
value or parameter X, which can be preprogrammed; programmed at the point of care for a
specific drug infusion such as at the bedside; obtained via an identification or data associated
with a line set or container, such as a barcode label, RFID, or the like; obtained from an
external device, such as a handheld device or other external device; or obtained from an
external source via a network connection; or the like. Alternatively, the first event 260 can be
defined by a value or parameter representing an amount of time remaining before the end of
the infusion (for example, the number of minutes remaining before the end of the infusion).
The value associated with the first event 260 can be a component of a predetermined drug

specific profile associated with a container of a specific drug or line set type. A second event

262 1s also defined by the infusion volume reaching a second value or parameter Y, which can
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be programmed or obtained in similar fashion to that of the first value X. If desired,
additional events defined by respective values may also be programmed.

When the first value X is reached dunng infusion, the first alarm state 254 is activated,
thereby notifying the caregiver. The first value X could represent 30 minutes remaining
before completion of the infusion. The caregiver can then activate the snooze feature.
Activation of the snooze feature 252 of the alarm system 250 allows the second event 262 to
be set within the system so that upon occurrence of the second event 254, i.e., the infusion
volume reaching the second value Y, the second alarm state 262 is activated to further notify
the caregiver. In a preferred embodiment, the second alarm state 262 1s discernable from the
first alarm state 260 to ensure that the caregiver will be notified of the second event 254,
especially in critical applications. If additional events have been programmed, the snooze
process can be continued for each of the additional events. In a particular embodiment with
only two programmed events, the first alarm state 252 and/or the second alarm state 254
comprises an escalating alarm that escalates as the volume value (or time value) decreases
from the second value to notify the caregiver of the rate of decreasing volume (or time).
Depending on the type of alarm, the escalation could be in the form of an increase in volume,
a change in the type of tone, a change in the interval or frequency of the tone, the activation
of, or a change in appearance of, one or more visual indicators, or any combination thereof.
This escalation process can also be incorporated in embodiments having more than two events
and associated alarm states. The alarm system 52 could have a more urgent (using any of the
discernable alerts described above) near-end alert/alarmm for a designated high alert or in
critical infusion therapies.

In a particular embodiment, the alarm system 250 is in communication with a
computer network 270 of the healthcare facility to allow communication with other systems
272 within the facility. In such an embodiment, for example, a pharmacy of the facility can
be automatically notified of one or more of the events so that a new container of fluid or drug
can be prepared in time to avoid an interruption 1n the infusion therapy of the patient.

With such features of the alarm system 52, a clinician is alerted that a volume to be
infused will soon be zero so the clinician can respond to the alert, set up a new container and
reset the volume to be infused. This prevents an infusion from dropping to an unwanted or
undesirable lower rate and also prevents an interruption of therapy. The delay or snooze

feature is completely customizable wherein the alarm system 52 can be configured as desired.
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FIG. 8 shows another embodiment of an alarm system of the present invention,
generally designated with the reference numeral 352. The alarm system 352 1s similar to the
embodiments described above, however, the alarm system 352 is utilized with a disposable
element or micro electro-mechanical system (MEMS) element. In one preferred embodiment,
the MEMS element is a MEMS pump. It is understood, however, that the pump could be any
type of disposable pump including pumps micro-molded in plastic or otherwise manufactured
on a small scale. As shown in FIG. 6, alarm system 352 may be used in comjunction with a
medication delivery system, generally designated with the reference numeral 300. The
system 100 generally includes a medical device 312, preferably a MEMS pump 312, which
may have an associated controller 330, an administration line set 314, a container 316. The
system 100 may also take the form of any of the systems such as disclosed in commonly-
owned U.S. Patent Application Number 10/040,887, entitled “Infusion .Systern,” which
application is expressly incorporated by reference herein.

The container 316 is a container similar to the container 16 described above. In one
preferred embodimeht, the containér 316 is a flexible bag adapted to contain a medication
such as a medicament or medical fluid. The administration line set 314 1s similar the line set
14 described above. The line set 314 includes a tubing having one end connected to or
otherwise in communication with the container 316 and another end having a catheter or other
device for communication with the patient.

As further shown in FIG. 5, the MEMS 'pump 312 is operably associated with the line
set 314, The MEMS pump 312 may be connected to the line set 314 i vanous
configurations. For example, the MEMS pump 312 may have an inlet port 320 and an outlet
port 322 wherein the MEMS pump 312 is connected at an intermediate portion of the line set
314. Accordingly, a portion of the line set 314 is connected to the inlet port and a portion of
the line set 314 is connected to the outlet port 322 wherein the MEMS pump 312 is operably
connected to the line set 314. Once properly connécted, the MEMS pump 312 can pump fluid

from the container 316 to the patient.

As discussed, the pump 312 may be a MEMS pump 312. MEMS devices are typically
etched in silicon. It is further understood that MEMS may also describe other types of micro
electromechanical system devices such as devices that are micro-molded in plastic. Thus,

MEMS devices may include devices etched in silicon, molded in plastic or otherwise

fabricated on a small scale.

PCT/US2005/013283
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As discussed, the system 300 may further use the controller 330. The controller 330
1s operably associated with the MEMS pump 312. The controller 330 may communicate with
the MEMS pump 312 via a wireless connection. Alternatively, a hard connection may be
utilized wherein the MEMS pump 312 may be plugged into the controller 330. While the
controller 330 1s shown as a separate component in one preferred embodiment, it is
understood that the controller 330 may be integral with the MEMS pump 312.

Similar to the discussion above, the controller 330 incorporates the alarm system 352.
The alarm system 352 operates with the controller 330 and in cooperatién with the MEMS
pump 312. It is turther understood that the alarm system 352 could be integral with the pump
312. The alarm system 352 is customizable and may include all of the features of the alarm
systems previously described. Thus, as described, the alarm system 352 may include multiple
alarm states that are discernable from one another. The alarm system 352 may also include
the near-end alert/alarm feature as discussed above.

It 1s turther understood that a pump utilized in the present invention will incorporate
safety software. The safety software is capable of generating basic failure alarms wherein the
pump would assume a fail safe condition such as no free flow of medicament through the
pump. Various software/pump configurations may be utilized. For example, all software
may be located on the pump head, or all software may be located off of, or remote from the
pump head. In addition, all software may be located off of the pump head with the exception
of the specific safety software being located on the pump head.

It should be understood that the invention may be embodied in other specific forms
without departing from the scope of the claims. The present embodiments, therefore, are to
be considered in all respects illustrative and not restrictive, and the invention is not to be

limited to the details given herein.
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What is claimed is:

1. An alarm system for a medical pump associated with delivering a medicament to a
patient, the alarm system comprising an alarm associated with at least one treatment
parameter, the alarm having a first alarm state associated with a first event relating to the at
least one treatment parameter, and a second alarm state associated with a second event, the
second alarm state discernable from the first alarm state, and wherein the second event is

defined by expiration of an amount of time measured from occurrence of the first event.

2. The alarm system of claim 1, wherein the second event relates to the at least one

{reatment parameter.

3. The alarm system of claim 1 or 2, wherein the second alarm state is an escalation of a

frequency associated with the first alarm state.

4. The alarm system of any one of claims 1 to 3, wherein the at least one treatment

parameter is associated with the pump.

3. The alarm system of any one of claims 1 to 3, wherein the at least one treatment

parameter 1s associated with a source external to the pump.

6. The alarm system of any one of claims 1 to 5, wherein an alarm signal associated

with the alarm states is routed to a device external to the pump.

7. The alarm system of any one of claims 1 to 6, wherein the alarm is audible.

8. The alarm system of claim 7, wherein the second alarm state has a volume level that

1s discernable from the first alarm state.

9. The alarm system of claim 7, wherein the second alarm state has a tone that is

discernable from the first alarm state.

10. The alarm system of claim 1 or 2, wherein the alarm is visual.
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11. The alarm system of claim 10, wherein the second alarm state has an appearance that
1s discernable from the first alarm state.
12. The alarm system of claim 1 or 2, wherein the alarm has an audible component and a
visual component.
13. The alarm system of claim 1, wherein the second event is associated with a life-
threatening situation for the patient.
14. The alarm system of any one of claims 1 to 13, wherein the pump is adapted to shut

oft when the alarm is in the second alarm state.

15. The alarm system of any one of claims 1 to 14, wherein the events can be set by a
user.

16. The alarm system of claim 1, wherein the second alarm state is only operational with a
particular medicament.

17. The alarm system of claim 16, wherein identification of the particular medicament is

adapted to be stored in a memory associated with the pump.

18. An alarm system for a medical pump associated with delivering a medicament to a
patient, the alarm system comprising an alarm associated with at least one treatment
parameter, the alarm having a first alarm state associated with a first event relating to the at
least one treatment parameter, and a second alarm state associated with a second event
relating to the at least one treatment parameter, the second alarm state discernable from the

first alarm state, and wherein the second event is associated with a life-threatening situation

for the patient.
19. The alarm system of claim 18 wherein the alarm is perceptive to an operator.
20. The alarm system of claim 18 or 19, wherein the at least one treatment parameter is

associated with a source external to the pump.
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21. The alarm of any one of claims 18 to 20, wherein an alarm signal associated with the

alarm states 1s routed to a device external to the pump.

22. An alarm system for a medical pump for delivering a therapeutic fluid to a patient, the
alarm system comprising an alarm associated with at least one operating parameter, the alarm
having a first alarm state and a second alarm state, the first alarm state indicating a non-
critical deviation from an original value of the at least one operating parameter, the second
alarm state discernable from the first alarm state aﬁd indicating a critical deviation from the

original value of the at least one operating parameter.

23. An alarm system for a medical pump associated with delivering a fluid to a patient in
connection with treatment of the patient, the alarm system comprising:

an alarm associated with at least one treatment parameter, the alarm having a first
alarm state associated with a first event relating to the at least one treatment parameter, and a
second alarm state associated with a second event relating to the at least one treatment
parameter, the second alarm state discernable from the first alarm state; and

a snooze element that, when activated, enables the second alarm state to be activated

upon occurrence of the second event.

24, The alarm system of claim 23, wherein the second event is preprogrammed into a

memory of the system.

25. The alarm system of claim 23, wherein the second event is programmed into a

memory of the system at a point of care of the patient.

26. The alarm system of any one of claims 23 to 25, the alarm further including a third

alarm state associated with a third event.

27. The alarm system of any one of claims 23 to 26, wherein the second event is a value

associated with the treatment parameter.
28. The alarm system of claim 27, wherein the value is a unit of time.

29. The alarm system of claim 27, wherein one of the first and second alarm states

comprises an escalating alarm that escalates relative to a change in the treatment parameter.
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30. The alarm system of claim 27, wherein the value 1s related to a volume parameter of
the fluid.
31. The alarm of claim 27, wherein the value i1s a unit of time remaining until a

predetermined volume level of fluid is reached during operation of the pump.

32. An alarm system for a medical device used in connection with treatment of a patient,
the alarm system compnsing:

an alarm associated with at least one treatment parameter, the alarm having a first
alarm state associated with a first event relating to the at least one treatment parameter, and a
second alarm state associated with a second event relating to the at least one treatment
parameter, the second alarm state discernable from the first alarm state; and

a snooze element that, when activated, enables the second alarm state to be activated

upon occurrence of the second event.

33. A pump assembly associated with delivering a medicament to a patient, the pump
assembly comprising a micro electro-mechanical system (MEMS) pump having an alarm
system having an alarm associated with at least one treatment parameter, the alarm having a
first alarm state associated with a first event relating to the at least one treatment parameter,
and a second alarm state associated with a second event, the second alarm state discernable
from the first alarm state, and wherein the second event is defined by expiration of an amount

of time measured from occurrence of the first event.

34. The pump assembly of claim 33 wherein the MEMS pump has a controller and the
~alarm system resides in the controller, the controller communicating with the MEMS pump

via a wireless connection.

35. A pump assembly associated with delivery of a medicament to a patient, the pump
assembly comprising:

a micro electro-mechanical system (MEMS) pump having an alarm system having an
alarm associated with at least one treatment parameter, the alarm having a first alarm state
associated with a first event relating to the at least one treatment parameter, and a second
alarm state associated with a second event relating to the at least one treatment parameter, the

second alarm state discernable from the first alarm state; and
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a snooze element that, when activated, enables the second alarm state to be activated

upon occurrence of the second event.
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