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(57) Abstract: Monitoring system configured to provide a
health chart on an operator display. The health chart in-
cludes a plurality of indicators that identify patient paramet-
ers. The plurality of indicators form a column that extends
parallel to a first axis. The health chart also includes linear
projections that are aligned with respective indicators and
extend parallel to a second axis that is perpendicular to the
first axis. The linear projections represent values of the pa-
tient parameters that correspond to the respective indicators.
The values are determined by the physiological data ob-
tained from corresponding sensors. The patient monitoring
system is configured to determine lengths of the linear pro-
jections based on the physiological data. The lengths extend
from proximal ends of the linear projections to distal ends
of the linear projections. The distal ends move parallel to
the second axis toward or away from the respective indicat-
ors to change the length.
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MONITORING SYSTEMS AND METHODS FOR MONITORING A
CONDITION OF A PATIENT

BACKGROUND

[0001] The subject matter herein relates generally to patient monitoring systems
and methods, and more particularly, to patient monitoring systems and methods that

monitor multiple parameters to facilitate identifying alarm conditions.

[0002] Patient monitoring systems are configured to receive physiological data
from a patient, analyze the physiological data, and communicate information to a
healthcare provider so that the healthcare provider may assess a condition of the patient.
Monitoring systems may include one or more sensors that detect the physiological data and
an operator display that presents the information to the healthcare provider. The
information includes recognizable physiological parameters that the healthcare provider
may use to determine a health status or condition of the patient. Non-limiting examples of
these parameters include heart rate, blood pressure, electrocardiographic (ECG) data,
auditory evoked potentials, and electroencephalogram (EEG) data. ECG data, in particular,
may be used to diagnose certain cardiac conditions, such as complex arrhythmias,
myocardial ischemia, and prolonged QT intervals. EEG data may be used to assess a
patient’s depth of sedation (or depth of anesthesia). Diagnosing the above conditions often
includes simultaneously analyzing multiple parameters. This diagnosis is made more

difficult because the values that may be considered problematic depend upon the patient.

[0003] Monitoring systems are often particularly configured for monitoring
certain conditions. For example, monitoring systems exist for detecting ECG data and
analyzing the ST-segments from the ECG data. Changes in ST-segments may indicate
myocardial ischemia in which blood flow to the patient’s heart is reduced. Traditional ST-
segment monitoring systems present a table to the healthcare provider. For example, the
healthcare provider may be presented with a table having eleven values that can be positive

or negative and are updated in real-time. Although these ST-segment monitoring systems



WO 2017/058534 PCT/US2016/052079

provide useful information for assessing a patient’s health, it is often difficult to interpret
the information quickly. Because they can be difficult or frustrating to use, some

healthcare providers decide not to use the systems.

[0004] Another, more recent, ST-segment monitoring system displays two multi-
axis portraits or maps of the ST-segment data. In each portrait, six axes intersect one
another at a center of the portrait and each axis intersects a perimeter of the portrait. The
ends of the axes, which are positioned along the perimeter of the portrait, correspond to the
placement of the electrodes used to obtain the ECG data from the patient. While
monitoring a patient, colored sections are shown on the portrait that indicate areas of the
heart that are ischemic. Again, although this ST-segment monitoring system provides
useful information for assessing a patient’s status, the portraits are not intuitive and it is
often difficult to interpret the information quickly and/or correctly. A substantial amount
of education may be necessary so that the healthcare provider will feel comfortable using

the system.

BRIEF DESCRIPTION

[0005] In an embodiment, a monitoring system configured to monitor a condition
of a patient is provided. The monitoring system includes a plurality of sensors that are
configured to operably couple to a patient to detect physiological data from the patient.
The patient monitoring system also includes an operator display that is configured to
present a monitoring window that includes viewable information that is based on the
physiological data of the patient. The patient monitoring system also includes a processor
that is configured to execute programmed instructions stored in memory. The processor,
when executing the programmed instructions, performs the following operations. The
processor receives the physiological data from the patient and provides a health chart in
the monitoring window that includes a plurality of indicators that identify corresponding
patient parameters. The plurality of indicators form a column that extends parallel to a first
axis. The health chart also includes linear projections that are aligned with respective

indicators and extend parallel to a second axis that is perpendicular to the first axis. The
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linear projections represent values of the patient parameters that correspond to the
respective indicators. The values are determined by the physiological data obtained from
corresponding sensors. The processor determines corresponding lengths of the linear
projections based on the physiological data. The corresponding lengths extend from
proximal ends of the linear projections to distal ends of the linear projections. The distal
ends move parallel to the second axis to change the length of the corresponding linear

projection.

[0006] Optionally, the lengths of the linear projections may be scaled relative to
a maximum length if the patient parameter is less than a designated threshold. Upon one
of the patient parameters obtaining the designated threshold, the lengths of the other linear
projections may be scaled relative to the value of the patient parameter that obtained the

designated threshold.

[0007] In certain aspects, the indicators and corresponding linear projections
form a plurality of groups in which each group includes multiple indicators and the
corresponding linear projections. Each group is visually differentiated from at least one
other group. Optionally, at least two of the groups correspond to different anatomical
regions of the heart. Optionally, during an alarm event, the linear projections of a first
group extend designated distances away from the corresponding indicators in a first
direction and the linear projections of a second group extend designated distances away

from the corresponding indicators in a second direction that is opposite the first direction.

[0008] In an embodiment, a method is provided that includes receiving
physiological data from a patient and determining values for a plurality of patient
parameters. The values are a function of the physiological data. The method also includes
displaying a health chart on an operator display. The health chart includes a plurality of
indicators that identify corresponding patient parameters. The plurality of indicators form
a column in the health chart that extends parallel to a first axis. The health chart also
includes linear projections that are aligned with respective indicators and extend parallel

to a second axis that is perpendicular to the first axis. The method also includes
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determining corresponding lengths of the linear projections. The lengths of the linear
projections represent the values of the patient parameters that correspond to the respective
indicators. The corresponding lengths extend from proximal ends of the linear projections
to distal ends of the linear projections. The distal ends move parallel to the second axis
toward or away from the respective indicators to change the length of the corresponding

linear projection.

[0009] Inan embodiment, a monitoring system configured to monitor a condition
of a patient is provided. The monitoring system includes a plurality of electrodes
configured to couple to a patient to detect electrocardiographic (ECG) data of the patient.
The monitoring system also includes an operator display that is configured to present a
monitoring window to a user. The monitoring window includes viewable information that
is based on the ECG data. The monitoring system also includes a processor configured to
execute programmed instructions stored in memory. The processor, when executing the
programmed instructions, performs the following operations. The processor receives the
ECG data from the patient and provides a health chart in the monitoring window that
includes a plurality of indicators that identify corresponding ECG leads. The plurality of
indicators form a column that extends parallel to a first axis. The health chart also includes
linear projections that are aligned with respective indicators and extend parallel to a second
axis that is perpendicular to the first axis. The linear projections represent ST-segment
deviations of the ECG leads that are determined by the ECG data obtained from the
corresponding electrodes. The processor also determines corresponding lengths of the
linear projections based on the ST-segment deviations. The corresponding lengths extend
from proximal ends of the linear projections to distal ends of the linear projections. The
distal ends move parallel to the second axis to change the length of the corresponding linear

projection.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figure 1 is a block diagram of an exemplary system for displaying

waveform information in accordance with one embodiment.
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[0011] Figure 2 illustrates a health chart that may be presented to a user of the
system of Figure 1. The health chart in Figure 2 includes information about a patient during

a steady state or baseline condition.

[0012] Figure 3 illustrates the health chart of Figure 2 when the patient is

progressing toward an alarm condition.

[0013] Figure 4 illustrates the health chart of Figure 2 when the patient is in an

alarm condition.

[0014] Figure 5 illustrates a health chart that may be presented to a user of the

system of Figure 1 in accordance with an embodiment.

[0015] Figure 6 illustrates a method of monitoring a patient in accordance with

an embodiment.

[0016] Figure 7 illustrates a health chart that may be presented to a user of the

system of Figure 1 in accordance with an embodiment.

DETAILED DESCRIPTION

[0017] Exemplary embodiments that are described in detail below provide
systems and methods that analyze physiological data that may be used to diagnose a patient
of a particular condition. Although the various embodiments may be described in
connection with electrocardiography, the systems and methods described herein are not
limited to electrocardiographic (ECG) analysis. Non-limiting examples of other types of
analysis that embodiments may be used in connection with include cardiotocographic
analysis, electroencephalographic (EEG) analysis, electromyographic analysis, depth of
sedation, among others. Embodiments may be used for more than one type of analysis
(e.g., ECG and depth of sedation). Physiological information displayed by embodiments
described herein may relate to, for example, electrical activity, blood pressure, heart rate,

body temperature, respiratory rate, depth of sedation score, or intrauterine pressure.



WO 2017/058534 PCT/US2016/052079

[0018] At least one technical effect of various embodiments includes providing a
health chart that shows magnitudes of certain values in a manner that may enable a
healthcare provider to determine a condition of the patient more quickly than known

monitoring systems.

[0019] As used herein, an element or step recited in the singular and proceeded
with the word “a” or “an” should be understood as not excluding plural of said elements or
steps, unless such exclusion is explicitly stated. For example, the phrase “a processor” may
include a single processor, a multi-core processor, or a plurality of processors. If a plurality
of processors are used, the plurality of processors may be found within a single unit (e.g.,
computer) or may be distributed throughout a system, such as in multiple units. If one

processor is used, the claims may recite the processor as “only a single processor.”

[0020] Furthermore, references to “one embodiment” are not intended to be
interpreted as excluding the existence of additional embodiments that also incorporate the
recited features. Moreover, unless explicitly stated to the contrary, embodiments that
“comprise,” “have,” or “include” an element or a plurality of elements that have a particular
property may also include additional such elements that do not have that particular
property. Furthermore, when a feature is described as being based on a parameter or being
a function of a parameter, the term “based on” or “function of” should not be interpreted
as the parameter being the sole parameter or primary parameter, but may include the

possibility that the element is also based on other parameters.

[0021] As used herein, the term “physiological signals” may include only one
type of signals or multiple types of signals. For examples, physiological signals may
include physiological signals relating to a first type (e.g., ECG signals) and physiological
signals relating to a second type (e.g., EEG signals, heart rate, pulse oximetry, etc.).

[0022] The following detailed description of certain embodiments will be better
understood when read in conjunction with the appended drawings. To the extent that the

figures illustrate diagrams of the functional blocks of various embodiments, the functional
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blocks are not necessarily indicative of the division between hardware circuitry. For
example, one or more of the functional blocks (e.g., modules, processors, or memories)
may be implemented in a single piece of hardware (e.g., a general purpose signal processor
or random access memory, hard disk, or the like). Similarly, programs may be stand alone
programs, may be incorporated as subroutines in an operating system, may be functions in
an installed software package, may be a software surface package that is run from a
computer server remotely, and the like. It should be understood that the various
embodiments are not limited to the arrangements and instrumentality shown in the

drawings.

[0023] Figure 1 is a block diagram of an exemplary monitoring system 100 that
is configured to monitor a condition of a patient. The monitoring system 100 includes a
computing device or system 102 that is communicatively coupled to a user interface 104.
The user interface 104 may include instruments (e.g., user display), hardware, and software
(or a combination thereof) that permit the system 100 to display information to the user
and, in some embodiments, permit the user to provide user inputs or selections. The user
may be a healthcare provider, such as a doctor, nurse, or other suitably qualified individual.
The user interface 104 may include an operator display 106 (e.g., monitor, screen,
touchscreen, and the like) and an input device 108 (e.g., keyboard, computer mouse,
tracking button, touchscreen, and the like) that is capable of receiving and communicating
user inputs to the computing system 102. In some embodiments, a device constituting the
input device 108 may also be the device constituting the operator display 106 (e.g.,
touchscreen). The operator display 106 may be configured to show a viewable area that
includes a monitoring window having a health chart 105, which is described in greater
detail below. The user interface 104 may also be configured to query or prompt the user

of the system 100 for designated information.

[0024] The monitoring system 100 may be integrated into one component (e.g.,
alaptop computer) or may be several components that may or may not be located near each

other. The monitoring system 100 may include sensors 110 that are configured to detect
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physiological data, such as from an individual (e.g., a patient), and communicate the
physiological data to the computing system 102. In particular embodiments, the sensors
110 are electrodes configured to detect electrical activity within the patient, such as the
electrical activity of the heart and/or brain. Alternatively or in addition to electrical
activity, the sensors 110 may be configured to detect other physiological data, such as a

heart rate, body temperature, blood pressure, respiratory rate, intrauterine pressure, etc.

[0025] In particular embodiments, the monitoring system 100 detects, analyzes,
and displays data relating to ECG and/or EEG. Accordingly, the monitoring system 100
may detect electrical activity of the heart over a period of time using electrodes placed on
a patient's body (e.g., chest, limbs, head). The electrodes detect the electrical changes on
the skin that arise from the heart muscle depolarizing during each heartbeat or,
alternatively, from current in the neurons of the brain. In a conventional 12-lead ECG, ten
electrodes are placed on the patient's limbs and on the surface of the chest. The overall
magnitude of the heart's electrical potential is then measured from twelve different angles
(“leads”) and is recorded over a period of time. As such, an overall magnitude and direction

of the electrical depolarization may be captured throughout multiple cardiac cycles.

[0026] The computing system 102 may include or be part of a server system, a
workstation, a desktop computer, a laptop computer, or a personal device, such as a tablet
computer or a smartphone. However, the above are only examples and the computing
system 102 may be other types of systems or devices. In the illustrated embodiment, the
computing system 102 includes a system controller 114, which may comprise a controller,
processor, or other logic-based device. The system controller 114 may have or be
communicatively coupled to modules for performing methods as described herein. The
modules may include an analysis module 123, a display module 124, and a graphical
representation module 125. Each of the modules 123-125 may be a part of another module
or include another module. For example, the graphical representation module 125 may be
a part of the display module 124. In addition to the above, there may be several other

modules or sub-modules of the system controller 114 that are not shown. Each of the
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modules 123-125 may be communicatively coupled to a memory or database 130 and/or
communicatively coupled to a remote memory or database 132 via, for example, the
internet or other communication network. Although the database 130 is shown as being
shared by the modules 123-125, each module 123-125 may have a separate memory or

database.

[0027] The analysis module 123 is configured to receive the physiological signals
from the sensors 110 and analyze the physiological signals. In some embodiments, the
physiological signals from one sensor 110 may represent a patient parameter. For example,
the physiological signals from a pulse oximeter may directly correspond to an oxygen level
in the blood. In other embodiments, a patient parameter may be based on the physiological
signals from two or more sensors. For example, values of at least some ECG leads may be
based on the physiological signals of two or more electrodes. Accordingly, the analysis
module 123 may also process the physiological signals from one or more sensors 110 to
determine corresponding patient parameters. In some embodiments, the analysis module
123 may also analyze the physiological signals and/or the patient parameters to identify
events-of-interest. For example, the analysis module 123 may analyze the patient
parameters to determine when an alarm condition, such as an ischemic event, has occurred.
The analysis module 123 may use one or more algorithms to identify the events-of-interest.
If an event-of-interest is identified, the analysis module 123 may communicate this
information to the display module 124 and/or the graphical representation module 125 to

notify the user.

[0028] The display module 124 may operate in conjunction with the analysis
module 123 and/or the graphical representation module 125. For example, the graphical
representation module 125 may store graphical objects that represent patient parameters,
such as the indicators described below. The display module and/or the graphical
representation module 125 may generate graphics that correspond to the data provided by
the analysis module 123. For example, the display module and/or the graphical

representation module 125 may generate a linear projection having a length that is based
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on the data provided by the analysis module 123. The data and corresponding lengths may
be re-calculated throughout a monitoring session to give the appearance of real-time
monitoring. In such embodiments, the data and corresponding lengths may be re-
calculated every ten seconds, every five seconds, every three seconds, every one second,
or more {requently. Alternative embodiments may re-calculate the data and corresponding
lengths every twenty second, thirty seconds, or more. The graphical representation module
125 may also be configured to store various graphical objects that provide the overall

appearance of a health chart.

[0029] The databases 130 and 132 may store data that can be retrieved by the
components or modules of the system 100 and other remotely located systems through the
internet or other communication network. The databases 130 and 132 can store data that
the modules 123-125 require in order to accomplish the functions of the modules 123-125.
For example, the databases 130 and 132 can store the physiological signals obtained from

the sensors 110.

[0030] The modules 123-125 (and the system controller 114) include one or more
processors, microprocessors, controllers, microcontrollers, or other logic based devices
that operate based on instructions stored on a tangible and non-transitory computer
readable storage medium. For example, the modules 123-125 may be embodied in one or
more processors that operate based on hardwired instructions or software applications. The
databases 130 and 132 can be or include electrically erasable programmable read only
memory (EEPROM), simple read only memory (ROM), programmable read only memory
(PROM), erasable programmable read only memory (EPROM), FLASH memory, a hard

drive, or other type of computer memory.

[0031] As used herein, the terms “computer” or “computing system” may include
any processor-based or microprocessor-based system including systems using
microcontrollers, reduced instruction set computers (RISC), application specific integrated
circuits (ASICs), logic circuits, and any other circuit or processor capable of executing the

functions described herein. The above examples are exemplary only, and are thus not

-10-
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intended to limit in any way the definition and/or meaning of the term “computer” or

“computing system.”

[0032] The computer or processor executes a set of instructions that are stored in
one or more storage elements, in order to process input data and provide output data in the
form of a health chart, among other things. The storage elements may also store data or
other information as desired or needed. The storage element may be in the form of an

information source or a physical memory element within a processing machine.

[0033] The set of instructions may include various commands that instruct the
computer or processor as a processing machine to perform specific operations such as the
methods and processes described herein. The set of instructions may be in the form of a
software program. The software may be in various forms such as system software or
application software. Further, the software may be in the form of a collection of separate
programs, a program module within a larger program or a portion of a program module.
The software also may include modular programming in the form of object-oriented
programming. The processing of input data by the processing machine may be in response
to user commands, or in response to results of previous processing, or in response to a
request made by another processing machine. The program is compiled to run on

designated operating systems.

[0034] Figure 2 illustrates an exemplary monitoring window 200 in accordance
with an embodiment. The monitoring window 200 is configured to be presented on an
operator display, such as the operator display 106 (Figure 1). The monitoring window 200
may span an entirety of a viewable area along the operator display. In other embodiments,
however, the monitoring window 200 may only span a portion of the viewable area. The
monitoring window 200 is oriented with respect to first and second axes 291, 292. The
first axis 291 may also be referred to as a vertical axis of the monitoring window 200, and
the second axis 292 may also be referred to as a horizontal axis of the monitoring window

200.

-11-
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[0035] The monitoring window 200 includes a health chart 202 having
information that may be used by the user (e.g., healthcare provider) to monitor and assess
a condition of the patient. In an exemplary embodiment, the condition is a cardiac
condition. For example, the user may be able to determine whether the patient is suffering
a cardiac event, such as myocardial ischemia. However, embodiments may be configured
to present information for determining other cardiac conditions or other conditions of a
patient. For example, embodiments may be configured to present information for
determining a depth of sedation or depth of anesthesia. In Figure 2, the health chart 202 is
displaying information that indicates the patient has a baseline condition (e.g., a non-

alarming or non-concerning condition).

[0036] The information presented to the user includes a plurality of indicators
204 and a plurality of linear projections 206. Optionally, numerical values 210 may also
be displayed. The indicators 204 represent or identify patient parameters that are being
monitored by the patient monitoring system. Each of the linear projections 206 is aligned
with a respective indicator 204 and, optionally, a respective numerical value 210. The
linear projection 206 visually represents the numerical value of the patient parameter
relative to a reference value. The numerical value 210 identifies the actual value.
Accordingly, in the illustrated embodiment, each patient parameter is represented by a
single indicator 204, a single linear projection 206, and a single numerical value 210 at a
single moment or period in time. It is contemplated, however, that a patient parameter may
be represented by more than one indicator 204, more than one linear projection 206, and/or
more than one numerical value 210 in other embodiments. For example, blood pressure
may be represented by both a diastolic value and a systolic value. In such instances, a

linear projection may be generated for each of the diastolic and systolic values.

[0037] By way of example, the indicator 204 labeled “V1” corresponds to a
patient parameter, the ECG lead V1, which is often monitored in 12-lead ECG data. A
linear projection 206 is aligned with the V1 indicator 204. (The linear projection 206 for

the lead V1 is more visible in Figure 3.) In this case, the linear projection 206 is laterally

-12-
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aligned with the V1 indicator 204. The linear projection 206 that is aligned with the V1
indicator 204 is aligned with a numerical value 210 of “0.1,” which is also aligned with the
V1 indicator 204. As described in greater detail below, the linear projection 206 may have
a length that correlates to the absolute value of the respective numerical value 210. The

length may also be based on other factors in some embodiments.

[0038] As shown, the patient parameters represented by the indicators 204
include the leads from 12-lead ECG data. The leads are derived from ten electrodes
positioned on the patient. More specifically, the patient parameters include the six chest
leads that detect the depolarization wave in the frontal plane. These may also be referred
to as the precordial leads and are V1, V2, V3, V4, V5, and V6. Each of the chest leads
corresponds to an electrode that has a designated position on the patient’s chest. The
patient parameters also include extremity leads I, II, III, aVL, and aVF. Optionally, the
extremity lead aVR (not shown) may be displayed. The extremity leads are derived from

electrodes that are positioned on the left and right arm and left and right legs.

[0039] Although the patient parameters correspond to patient parameters that are
detected by 12-lead ECG data, it should be understood that other embodiments may display
patient parameters that are based on other physiological data and that may be used in
assessing a patient’s health status. For example, the patient parameters may correspond to
data that is used to determine a depth of sedation. The patient parameters may include

those found in EEG data.

[0040] In the illustrated embodiment, each of the indicators 204 includes a block-
shaped graphical object with symbols (e.g., text) within the object. Each of the objects of
the indicators 204 has the same size and shape as other objects. The symbols may identify
the patient parameter. In other embodiments, the indicators 204 may only include symbols.

For instance, the indicators 204 may only include text that identifies the patient parameter.

[0041] The indicators 204 are arranged in a column 208 that extends parallel to
the first axis 291. The indicators 204 are stacked substantially side-by-side and aligned

-13-
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with one another to form the column 208. The column 208 is spaced apart from edges of
the health chart 202 such that open spaces exist on either side of the column 208. More
specifically, the health chart 202 includes first edges 216, 218 that extend parallel to each
other and the first axis 291, and second edges 220, 222 that extend parallel to each other
and the second axis 292. The distance between the first edges 216, 218 represents a width
of the health chart 202, and the distance between the second edges 220, 222 represents a
height of the health chart 202.

[0042] As shown, open spaces 224, 226 exist along opposite sides of the column
208. In the illustrated embodiment, the open space 224 is positioned between the first edge
216 and the column 208, and the open space 226 is positioned between the first edge 218
and the column 208. The open spaces 224, 226 may extend along the first axis 291 for an
entire height or length of the column 208. The open spaces 224, 226 are configured to
allow the linear projections 206 to lengthen into the open spaces 224, 226. In some
embodiments, the open spaces 224, 226 are configured relative to a maximum length of
the linear projections 206. The linear projections 206 are capable of extending away from
the corresponding indicator 204 in a direction that is parallel to the second axis 292. In the
illustrated embodiment, the linear projections 206 may extend in either direction (e.g., one
or the other, not both). However, it is contemplated that two linear projections may

simultaneously extend away from a common indicator 204 in other embodiments.

[0043] As shown, the indicators 204 and the linear projections 206 form a
plurality of groups 211, 212, 213 in which each group includes a multiple indicators 204
and the linear projections 206 that correspond to the indicators 204 of the group. In
particular embodiment, the groups 211-213 are visually differentiated from one another.
More specifically, the appearance of the groups 211-213 informs the user or gives the
impression that the patient parameters of one group are more associated with one another
or grouped closer to one another than the patient parameters of other groups. For example,
in the illustrated embodiment, adjacent groups are separated from one another by a spacing

214. The spacing 214 between the indicators 204 of different groups is greater than a
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spacing between adjacent indicators 204 within the same group. As shown, the indicators
204 of the group 211 substantially abut each other. For example, the indicators 204 may
touch each other or have a nominal gap therebetween. The spacing 214 is greater than the
nominal gap. In other embodiments, the distance between adjacent indicators 204 may be
greater than shown in Figure 2, but the spacing 214 may be greater than this other distance.
In Figure 2, the spacing 214 may also exist between adjacent linear projections 206 of

different groups.

[0044] It should be understood, however, that the indicators 204 and/or linear
projections 206 of one group may be visually differentiated with the respective elements
of the other groups in different manners. For example, the indicators 204 of one group
may have a common color, size, and/or font that is different from the color, size, or font,
respectively, of the indicators 204 of the adjacent group. As another example, the linear
projections 206 of one group may have a common width, color, and/or shape that is
different from the width, color, or shape, respectively, of the linear projections 206 of the
adjacent group. Alternatively or in addition to the above, adjacent groups may be separated
by a boundary line that extends between the adjacent indicators 204 of the different groups
and/or the linear projections 206 of the different groups. For example, each group may be
surrounded by an outline (e.g., rectangular box) that visually informs the viewer that the

indicators 204 within the box are associated with each other in some manner.

[0045] The indicators 204 or, more specifically, the patient parameters that the
indicators 204 represent may be associated with one another in a predetermined manner.
For example, in the illustrated embodiment, the indicators 204 of the patient parameters
are arranged by regions of the heart. The group 211 corresponds to anterior walls, the
group 212 corresponds to inferior walls, and the group 213 corresponds to lateral walls.
As such, the groups 211, 212, and 213 are labeled “ANT,” “INF,” and “LAT,” respectively.
However, as described above, the groups 211, 212, and 213 may be visually differentiated
in other manners. In such embodiments, the indicators 204 may display relationships

between individual ST segment measurement deviations such that localized conditions
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within the heart can be discerned. In particular, the indicators 204 are arranged to facilitate
identifying the onset of an anterior ST segment elevation myocardial infarction (or anterior

STEMI).

[0046] Accordingly, the patient parameters may be arranged in the health chart
202 according to anatomical regions. It should be understood, however, that other types
of arrangements may be used. For example, as demonstrated with respect to Figures 3 and
4, embodiments may also arrange the patient parameters by positive or negative
correlations during designated events. More specifically, as demonstrated below, each of
the indicators 204 of group 211 will have a positive value and each of the indicators 204
of the group 212 will have a negative value during anterior STEMI.

[0047] In some embodiments, during an alarm event (such as anterior STEMI),
the linear projections 206 of the group 211 extend designated distances away from the
corresponding indicators 204 in a first direction. The linear projections 206 of the group
212 extend designated distances away from the corresponding indicators 204 in a second
direction that is opposite the first direction. The first and second directions are opposite

directions that extend parallel to the second axis 292.

[0048] In determining whether an event-of-interest is occurring, it may be
necessary to make a number of different decisions or to consider separate factors. In other
words, a diagnosis may require consideration of different sub-events. Accordingly, the
patient parameters in the health chart 202 may be arranged to facilitate determining these
sub-events. For example, anterior STEMI may be readily identified when the patient
parameters of the anterior walls have substantially increased values and when the patient
parameters of the inferior walls have substantially decreased values. In this example, a
first sub-event (or sub-condition) is the patient parameters of the anterior walls having
substantially increased values. In Figure 2, the patient parameters for determining this sub-
event are grouped together. The second sub-event (or sub-condition) is the patient
parameters of the inferior walls having substantially decreased values. In Figure 2, the

patient parameters for determining this sub-event are grouped together. As such, the user
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may more readily identify when anterior STEMI is occurring because the patient
parameters for analyzing the first sub-event are grouped together and the patient parameters
for analyzing the second sub-event are grouped together. Moreover, the two groups are
positioned adjacent to each other so both sub-events may be recognized substantially

simultaneously.

[0049] Figure 3 illustrates the health chart 202 when the information indicates
that the patient is progressing toward an alarm condition (e.g., myocardial ischemia). In
Figure 3, however, the patient has not yet triggered an alarm and is in a pre-alarm condition
(or condition that warrants more concern than a baseline condition). As shown, the
numerical values 210 of the groups 211, 212 have changed. The numerical values 210 of
the group 211 have increased substantially (e.g., become more positive), and the numerical
values 210 of the group 211 have decreased substantially (e.g., become more negative).
Accordingly, lengths 228 of the linear projections 206 for the groups 211, 212 have

substantially increased as compared to the lengths in Figure 2.

[0050] Each of the linear projections 206 has a proximal end 230 and a distal end
232. The length 228 of the corresponding linear projection 206 extends between the
corresponding proximal and distal ends 230, 232. In the illustrated embodiment, each
proximal end 230 is positioned adjacent to the indicator 204 that the corresponding linear
projection 206 is associated with. Each distal end 232 is positioned away from the indicator
204 that the corresponding linear projection 206 is associated with. In one or more
embodiments, the proximal end 230 is positioned closer to the indicator 204 than the distal
end 232. In alternative embodiments, however, one or more of the distal ends 232 may be

positioned closer to the corresponding indicator 204.

[0051] In the illustrated embodiment, the distal end 232 is configured to move
parallel to the second axis 292 (as indicated by the bi-directional arrow 234) to change the
length 228 of the corresponding linear projection 206. In the illustrated embodiment, the

distal end 232 moves toward or away from the respective indicators 204. The amount of

-17-



WO 2017/058534 PCT/US2016/052079

movement (and the length 228 of the corresponding linear projection 206) is based on re-

calculated numerical values 210.

[0052] In the illustrated embodiment, the lateral position (e.g., position relative
to the second axis 292) of the numerical values 210 is a function of the numerical value
210. In some embodiments, the numerical value 210 may have a fixed position relative to
the distal end 232. As such, the numerical value 210 may give the appearance of being
tethered to the distal end 232 of the corresponding linear projection 206. In other
embodiments, however, the numerical value 210 may not have a fixed position relative to
the corresponding distal end 232. For example, the numerical values 210 may be aligned
to form a column (not shown). The numerical values may have the same position within

the column throughout the monitoring session.

[0053] Embodiments set forth herein may color code at least one of the linear
projections 206, the indicators 204, or the numerical values 210 based on the value of the
corresponding patient parameter. For example, if the value of the patient parameter is
under a designated baseline threshold, the linear projection 206, the indicator 204, and/or
the numerical value 210 may be colored in green. If the value of the patient parameter
passes a designated baseline threshold but is less than an alarm threshold, the linear
projection 206, the indicator 204, and/or the numerical value 210 may be colored in orange.
If the value of the patient parameter passes the baseline threshold and the alarm threshold,
the linear projection 206, the indicator 204, and/or the numerical value 210 may be colored
inred or yellow. It should be understood that other colors may be used to represent baseline
conditions, pre-alarm conditions, and alarm conditions. Alternatively or in addition to the
above, the linear projections 206, the indicators 204, and/or the numerical values 210 may
flash or the patient monitoring system may give an audible sound. In other embodiments,
the linear projections 206, the indicators 204, and/or the numerical values 210 of a
corresponding group may indicate a pre-alarm or alarm condition if only one of the patient
parameters of the groups satisfies a designated condition or a plurality of the patient

parameters satisfy designated conditions.
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[0054] The thresholds or designated conditions may be values of the patient
parameters. The threshold may be a common value (whether negative or positive) for one
or more of the patient parameters. For example, the pre-alarm threshold may be 0.5 and
the alarm threshold may be 2.0. In this case, the alarm threshold may be +2.0 for the patient
parameters of the groups 211, 213, and the alarm threshold may be -2.0 for the patient
parameters of the group 212. In other embodiments, however, the thresholds for the
different patient parameters may be different. For example, the alarm threshold for V1
may be 2.0, but the alarm threshold for III may be -1.5. In some embodiments, the system
enables the user to select the threshold value. For example, the system may receive user

inputs that designated the threshold values.

[0055] As described above, the lengths 228 of the linear projections 206 are a
function, at least in part, of the values of the patient parameters that the linear projections
206 correspond to. For example, in Figure 3, each of the linear projections 206 has a length
228 that is scaled relative to a maximum length 240, which is shown off of the health chart

202 for illustrative purposes. The maximum length 240 may or may not be presented to

the user in the health chart 202.

[0056] In an exemplary embodiment, the maximum length 240 occurs when the
value of the patient parameter is 2.0, which corresponds to 2.0 mm in an ECG graph. Thus,
if the value of the patient parameter is less than the designated threshold, the length 228 is
based on the ratio of the value to the designated threshold. As one example, if the
maximum length 240 is 4 cm on the health chart 202 and the value of the patient parameter
is 0.5, then the length 228 is 0.5/2.0 or 0.25 of the maximum length 240. In this example,
the length 228 when the value is 0.5 1s 1 cm (0.25 * 4 cm).

[0057] In Figure 3, each of the lengths 228 is proportional to the ratio between
the value of the corresponding parameter and the designated threshold, which is 2.0. More
specifically, each of the lengths 228 is a designated percentage of the maximum length
240. Table 1 lists the absolute percentages for the example shown in Figure 3. When the

absolute percentage is 0%, the linear projections may have a nominal length. It is noted
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that each of the values in Table 1 is less than the designated threshold. As described with
respect to Figure 4 and Table 2, in some embodiments, the lengths 228 of the linear

projections 206 may also be a function of another value when the designated threshold is

exceeded.
Table 1
Group ST Label | Value Formula Percentage
(Absolute)
Anterior | V1 0.8 ((100/2.0)* 0.8) 40%
V2 0.5 ((100/2.0)* 0.5) 25%
V3 0.6 ((100/2.0)* 0.6) 30%
V4 0.5 ((100/2.0)* 0.6) 30%
Inferior |11 -0.9 ((100/2.0)* -0.9) 45%
11 -0.7 ((100/2.0)* -0.7) 35%
avF -0.7 ((100/2.0)* -0.7) 35%
Lateral I 0.0 ((100/2.0)* 0.0) 0%
V5 0.0 ((100/2.0)* 0.0) 0%
Vo6 0.1 ((100/2.0)* 0.1) 5%
aVL 0.2 ((100/2.0)* 0.2) 10%

[0058] Figure 4 illustrates the health chart 202 when the information indicates
that the physiological data of the patient has triggered an alarm condition. For example,
the V1 and V3 indicators 204 have exceeded an alarm threshold of 2.0. The II indicator
204 has reached the alarm threshold of -2.0. In some embodiments, when the value of a
patient parameter is equal to or exceeds an alarm threshold, the linear projections 206 may
have a different color. For example, the V1, V3, and III indicators 204 may be colored red
as indicated by different cross-sectional hatching. In Figure 4, the I, V5, V6, and aVL
indicators 204 have not passed the pre-alarm threshold and are colored in green. The V2,
V4, 111, and aVF indicators 204 have exceeded the pre-alarm threshold but have not
exceeded the alarm threshold. Accordingly, the V2, V4, 111, and aVF indicators 204 are
colored in orange as indicated by different cross-sectional hatching. Although the above
describes particular colors when certain conditions occur, it should be understood that a

variety of colors may be used.
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[0059] In some embodiments, the lengths 228 of the linear projections 206 may
also be a function of another value among the patient parameters. For example, the lengths
228 may be scaled relative to the greatest value of the patient parameters that has also
achieved or passed a designated threshold. As shown in Figure 4, each of the V1, V3, and
IT indicators 204 has passed or achieved the designated threshold. Among these patient
parameters, the patient parameter of V1 is the greatest magnitude (e.g., 2.3). Thus, in the
illustrated embodiment, the lengths 228 of the other linear projections 206 are scaled
relative to the value of the patient parameter V1. Table 2 is provided below and provides
the lengths of the other patient parameters relative to the length of the patient parameter

V1.

Table 2
Group ST Label | Value Formula Percentage
(absolute)

Anterior | V1 2.3 ((100/2.3)* 2.3) 100%

V2 1.9 ((100/2.3)* 1.9) 82.6%

V3 2.1 ((100/2.3)* 2.1) 91.3%

V4 1.8 ((100/2.3)* 1.8) 78.2%
Inferior |11 -2.0 ((100/2.3)* -2.0) 86.9%

11 -1.7 ((100/2.3)* -1.7) 73.9%

avF -1.8 ((100/2.3)* -1.8) 78.2%
Lateral I 0.2 ((100/2.3)* 0.2) 8.6%

V5 0.0 ((100/2.3)* 0.0) 0%

Vo6 0.1 ((100/2.3)* 0.1) 4.3%

aVL 0.2 ((100/2.3)* 0.2) 8.6%

[0060] Accordingly, in some embodiments, the lengths 228 of the linear
projections 206 are scaled relative to a maximum length. However, when the value of one
of the linear projections 206 obtains the designated threshold, the lengths 228 of the other
linear projections 206 are scaled relative to the value of patient parameter (or the length of

the linear projection) that obtained the designated threshold.

[0061] The above example scales each of the lengths of all of the patient

parameters relative to the value of one of the patient parameters. In other embodiments,
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the lengths of the patient parameters in one group may be scaled relative to the maximum
value in the group, if that maximum value has exceeded the designated threshold. If the
group does not have a value that exceeds the designated threshold, then the lengths may be

scaled relative to the maximum length.

[0062] Figure 5 illustrates a health chart 302 that may be presented to a user of
the system of Figure 1 in a monitoring window. The health chart 302 may include similar
or identical features of the health chart 202 (Figure 2). For example, the health chart 302
includes a plurality of indicators 304 that identify corresponding patient parameters. The
plurality of indicators 304 form a column 308 that extends parallel to a first axis 391.
Unlike the health chart 202, the column 308 is offset with respect to linear projections 306
of the health chart 302.

[0063] The linear projections 306 are aligned with respective indicators 304 and
extend parallel to a second axis 392 that is perpendicular to the first axis 391. The linear
projections 306 visually represent values of the patient parameters that correspond to the
respective indicators 304. Each of the linear projections 306 has a proximal end 330 and a
distal end 332. As shown, each of the proximal ends 330 are positioned on or immediately
adjacent to a graph axis 393 that extends parallel to the first axis 391. The graph axis 393
is optional and may not appear on the health chart 302 in other embodiments. As described
above, the distal ends 332 are configured to move toward or away from the graph axis 393
based on the physiological data. Although not shown, the health chart 302 may also display

numerical values that numerically represent the value of the patient parameters.

[0064] Figure 6 illustrates a method 400 of monitoring a patient in accordance
with an embodiment. The method 400 includes receiving, at 402, physiological data from
a patient. The method 400 also includes determining, at 404, values for a plurality of
patient parameters. The values are a function of the physiological data. The method 400
also includes displaying or presenting, at 406, a health chart on an operator display. The
health chart may be similar or identical to the health charts described herein and includes

a plurality of indicators that identify corresponding patient parameters. The plurality of
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indicators form a column in the health chart that extends parallel to a first axis. The health
chart also includes linear projections that are aligned with respective indicators and extend

parallel to a second axis that is perpendicular to the first axis.

[0065] The method 400 also includes determining, at 408, corresponding lengths
of the linear projections. The lengths of the linear projections represent the values of the
patient parameters that correspond to the respective indicators. The corresponding lengths
extend from proximal ends of the linear projections to distal ends of the linear projections.
The distal ends move parallel to the second axis to change the length of the corresponding

linear projection.

[0066] The determining, at 408, may include determining, at 410, whether the
value of one or more patient parameters has exceeded a designated threshold. If the values
have not exceeded the designated threshold, then the lengths of the linear projections are
scaled relative to a maximum length at 412. If, however, one or more of the values have
exceeded the designated threshold, then the method may identify, at 414, which value that
exceeded the designated threshold is the greatest value. The method 400 may then scale
the lengths of the linear projections based on the greatest value at 416. During a monitoring
session, the method 400 may continue to receive physiological data, at 402, and repeatedly
re-determine the values of the patient parameters, at 404, and the lengths of the linear
projections, at 408. As such, the method 400 may provide for real-time monitoring of a

plurality of patient parameters to facilitate determining a condition of a patient.

[0067] Figure 7 illustrates a health chart 502 that may be presented to a user of
the system of Figure 1 in a monitoring window. The health chart 502 may include similar
or identical features of the health chart 202 (Figure 2) or the health chart 302 (Figure 5).
For example, the health chart 502 includes a plurality of indicators 504 that identify
corresponding patient parameters. The plurality of indicators 504 form a column (or row)
508 that extends parallel to a first axis 591 and perpendicular to a second axis 592. Unlike
the health chart 202, the column 508 extend horizontally across the health chart 502.
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[0068] Each of the indicators 504 may be aligned with a linear projection 506.
The linear projections 506 extend parallel to the second axis 592, which is perpendicular
to the first axis 591. The linear projections 506 visually represent values of the patient
parameters that correspond to the respective indicators 504. Each of the linear projections
506 has a proximal end 530 and a distal end 532. A length 528 of the corresponding linear
projection 506 extends between the corresponding proximal and distal ends 530, 532. The
length 528 is based on the physiological data obtained from the patient during a monitoring
session. In the illustrated embodiment, each proximal end 530 is positioned adjacent to the
indicator 504 that the corresponding linear projection 506 is associated with. Each distal
end 532 is positioned away from the indicator 504 that the corresponding linear projection
506 is associated with. The distal end 532 is configured to move parallel to the second axis

592 to change the length 528 of the corresponding linear projection 506.

[0069] The indicators 504 and the corresponding linear projections 506 form a
plurality of groups 511, 512, 513 in which each of the groups 511-513 includes multiple
indicators 504 and the corresponding linear projections 506. In some embodiments, each
of the groups 511-513 is visually differentiated from at least one other group. For example,
the groups 511-513 have different labels 514-516, respectively. The indicators 504 of the
group 511 are positioned above the label 514, the indicators 504 of the group 512 are
positioned above the label 515, and the indicators 504 of the group 513 are positioned
above the label 516. In other embodiments, the labels 514-516 may be positioned above
the corresponding indicators 504. Moreover, a visual divider 520, which is illustrated as a
vertical line in Figure 7, is positioned to indicate where the groups 511 and 512 are
separated. More specifically, a visual divider 520 is aligned with an interface 522 between
the indicator 504 for the patient parameter V4 and the indicator 504 for the patient
parameter II. Another visual divider 520 is aligned with an interface 522 between the
indicator 504 for the patient parameter aVF and the indicator 504 for the patient parameter

V5.
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[0070] It is to be understood that the above description is intended to be
illustrative, and not restrictive. For example, the above-described embodiments (and/or
aspects thereof) may be used in combination with each other. In addition, many
modifications may be made to adapt a particular situation or material to the teachings of
the invention without departing from its scope. Dimensions, types of materials,
orientations of the various components, and the number and positions of the various
components described herein are intended to define parameters of certain embodiments,
and are by no means limiting and are merely exemplary embodiments. Many other
embodiments and modifications within the spirit and scope of the claims will be apparent
to those of skill in the art upon reviewing the above description. The scope of the invention
should, therefore, be determined with reference to the appended claims, along with the full
scope of equivalents to which such claims are entitled. In the appended claims, the terms
“including” and “in which” are used as the plain-English equivalents of the respective
terms “comprising” and “wherein.” Moreover, in the following claims, the terms “first,”

b2

“second,” and “third,” etc. are used merely as labels, and are not intended to impose
numerical requirements on their objects. Further, the limitations of the following claims
are not written in means — plus-function format and are not intended to be interpreted based
on 35 U.S.C. § 112, sixth paragraph, unless and until such claim limitations expressly use

the phrase “means for” followed by a statement of function void of further structure.

[0071] This written description uses examples to disclose the invention,
including the best mode, and also to enable any person skilled in the art to practice the
invention, including making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention is defined by the claims, and
may include other examples that occur to those skilled in the art. Such other examples are
intended to be within the scope of the claims if they have structural elements that do not
differ from the literal language of the claims, or if they include equivalent structural

elements with insubstantial differences from the literal languages of the claims.
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WHAT IS CLAIMED IS:

1. A monitoring system configured to monitor a condition of a patient, the

system comprising:

a plurality of sensors configured to operably couple to a patient to detect

physiological data from the patient;

an operator display configured to present a monitoring window that includes

viewable information that is based on the physiological data of the patient; and

a processor configured to execute programmed instructions stored in memory,
wherein the processor, when executing the programmed instructions, performs the

following operations:
receives the physiological data from the patient;

provides a health chart in the monitoring window that includes a plurality
of indicators that identify corresponding patient parameters, the plurality of
indicators forming a column that extends parallel to a first axis, the health chart also
including linear projections that are aligned with respective indicators and extend
parallel to a second axis that is perpendicular to the first axis, the linear projections
representing values of the patient parameters that correspond to the respective
indicators, the values being determined by the physiological data obtained from

corresponding sensors; and

determines corresponding lengths of the linear projections based on the
physiological data, the corresponding lengths extending from proximal ends of the
linear projections to distal ends of the linear projections, at least one of the proximal
end or the distal ends moving parallel to the second axis to change the length of the

corresponding linear projection.

2. The monitoring system in accordance with claim 1, wherein the values of

the patient parameters correspond to ST-segment deviations.
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3. The monitoring system in accordance with claim 1, wherein the lengths of
the linear projections are scaled relative to a maximum length if the patient parameter is
less than a designated threshold, wherein, upon one of the patient parameters obtaining the
designated threshold, the lengths of the other linear projections are scaled relative to the

value of the patient parameter that obtained the designated threshold.

4. The monitoring system in accordance with claim 1, wherein the indicators
and corresponding linear projections form a plurality of groups in which each group
includes multiple indicators and the corresponding linear projections, each group being

visually differentiated from at least one other group.

5. The monitoring system in accordance with claim 4, wherein at least two of

the groups correspond to different anatomical regions of the heart.

6. The monitoring system in accordance with claim 4, wherein, during an
alarm event, the linear projections of a first group extend designated distances away from
the corresponding indicators in a first direction and the linear projections of a second group
extend designated distances away from the corresponding indicators in a second direction

that is opposite the first direction.

7. The monitoring system in accordance with claim 4, wherein the groups are
configured such that, during an alarm event, the values of the patient parameters of a first

group are positive and the values of a second group are negative.

8. The monitoring system in accordance with claim 1, wherein the proximal
ends are positioned adjacent to the corresponding indicators and the distal ends are
configured to move toward or away from the corresponding indictors, wherein at least one
of the linear projections is configured to extend in either direction away from the

corresponding indicator based on the physiological data.

9. The monitoring system in accordance with claim 1, wherein the patient
parameters correspond to at least one of electrical activity of the brain, heart rate, blood
pressure, or auditory evoked potentials, the health chart presenting information to the user

for monitoring a depth of anesthesia.
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10. The monitoring system in accordance with claim 1, wherein the first axis is

a vertical axis and the second axis is a horizontal axis.
11. A method of monitoring a condition of a patient, the method comprising:
receiving physiological data from a patient;

determining values for a plurality of patient parameters, the values being a function

of the physiological data;

displaying a health cart on an operator display, the health chart including a plurality
of indicators that identify corresponding patient parameters, the plurality of indicators
forming a column in the health chart that extends parallel to a first axis, the health chart
also including linear projections that are aligned with respective indicators and extend

parallel to a second axis that is perpendicular to the first axis; and

determining corresponding lengths of the linear projections, the lengths of the linear
projections representing the values of the patient parameters that correspond to the
respective indicators, the corresponding lengths extending from proximal ends of the linear
projections to distal ends of the linear projections, the distal ends moving parallel to the
second axis toward or away from the respective indicators to change the length of the

corresponding linear projection.

12. The method in accordance with claim 11, wherein the values of the patient

parameters correspond to ST-segment deviations.

13. The method in accordance with claim 11, wherein the lengths of the linear
projections are scaled relative to a maximum length if the patient parameter is less than a
designated threshold, wherein, upon one of the patient parameters obtaining the designated
threshold, the method includes re-scaling the lengths of the other linear projections relative

to the value of the patient parameter that obtained the designated threshold.

14. The method in accordance with claim 11, wherein the indicators and

corresponding linear projections form a plurality of groups in which each group includes
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multiple indicators and the corresponding linear projections, each group being visually

differentiated from at least one other group.

15. The method in accordance with claim 14, wherein, during an alarm event,
the linear projections of a first group extend designated distances away from the
corresponding indicators in a first direction and the linear projections of a second group
extend designated distances away from the corresponding indicators in a second direction

that is opposite the first direction.

16. A monitoring system configured to monitor a condition of a patient

comprising:

a plurality of electrodes configured to couple to a patient to detect

electrocardiographic (ECG) data of the patient;

an operator display configured to present a monitoring window to a user, the

monitoring window including viewable information that is based on the ECG data; and

a processor configured to execute programmed instructions stored in memory,
wherein the processor, when executing the programmed instructions, performs the

following operations:
receives the ECG data from the patient; and

provides a health chart in the monitoring window that includes a plurality
of indicators that identify corresponding ECG leads, the plurality of indicators
forming a column that extends parallel to a first axis, the health chart also including
linear projections that are aligned with respective indicators and extend parallel to
a second axis that is perpendicular to the first axis, the linear projections
representing ST-segment deviations of the ECG leads that are determined by the

ECG data obtained from the corresponding electrodes; and

determines corresponding lengths of the linear projections based on the ST-
segment deviations, the corresponding lengths extending from proximal ends of the

linear projections to distal ends of the linear projections, the distal ends moving
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parallel to the second axis to change the length of the corresponding linear

projection.

17. The monitoring system in accordance with claim 16, wherein the lengths of
the linear projections are scaled relative to a maximum length if the corresponding ECG
leads are less than a designated threshold, wherein, upon one of the ECG leads obtaining
the designated threshold, the lengths of the other linear projections are scaled relative to

the value of the ECG lead that obtained the designated threshold.

18. The monitoring system in accordance with claim 16, wherein the indicators
and corresponding linear projections form a plurality of groups in which each group
includes multiple indicators and the corresponding linear projections, each group being

visually differentiated from at least one other group.

19. The monitoring system in accordance with claim 18, wherein at least two

of the groups correspond to different anatomical regions of the heart.

20. The monitoring system in accordance with claim 18, wherein, during an
alarm event, the linear projections of a first group extend designated distances away from
the corresponding indicators in a first direction and the linear projections of a second group
extend designated distances away from the corresponding indicators in a second direction

that is opposite the first direction.
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