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METHODS, SYSTEMS, AND DEVICES FOR
MONITORING AND DISPLAYING MEDICAL
PARAMETERS FOR A PATIENT

FIELD

[0001] The present disclosure relates generally to methods,
systems, and devices for monitoring and displaying medical
parameters for a patient.

BACKGROUND

[0002] Patient monitoring can take a variety of forms and
can gather a wide variety of physiological data. The display of
such data, including what is displayed and how it is displayed,
can affect the ability of caregivers, such as doctors and nurses,
to interpret and act on the data. For example, intracranial
pressure (ICP) is a standard monitoring modality for trau-
matic brain injury patients. Medical guidelines may prescribe
threshold values for intracranial pressure. The guidelines of
the Brain Trauma Foundation, for example, indicate that
clinical action should be taken to reduce intracranial pressure
if the intracranial pressure exceeds 20-25 mmHg. However,
numerous factors can cause transient changes to intracranial
pressure, including patient physiology, monitoring system
noise, and actions taken by a caregiver.

[0003] To monitor a patient, caregivers typically use moni-
toring devices such as the Codman ICP Express device 100,
which is shown in FIG. 1, available from Codman & Shurtl-
eff, Inc. of Raynham, Mass. As shown, the device 100 has a
display of intracranial pressure and a display of systolic and
diastolic values for the intracranial pressure, as well as an
alarm. A caregiver can look at the display to ascertain the
intracranial pressure. Caregivers also use charts, e.g., a car-
egiver can manually record an event in a chart associated with
a patient.

[0004] One drawback with current monitoring devices is
that the devices only provide a limited amount of patient data.
Caregivers thus only have a limited picture of a patient’s
condition from a monitoring device on which to base decision
making regarding treatment of the patient. It can therefore be
difficult for caregivers to make clinical decisions based on the
patient data displayed on a monitoring device without taking
additional time to review other patient records, e.g., paper
files. Taking this additional time can adversely affect patient
treatment, particularly in critical care situations, such as situ-
ations involving traumatic brain injury patients, where treat-
ment delays can greatly exacerbate injuries or otherwise be
particularly problematic. Moreover, such considerations are
applicable not just to intracranial pressure, but to a wide
variety of patient monitoring modalities involving other
physiological parameters.

[0005] Accordingly, there remains a need for improved
methods, systems, and devices for monitoring and displaying
medical parameters for a patient.

SUMMARY

[0006] Methods, systems, and devices are provided for
monitoring and displaying medical parameters for a patient.
In one embodiment, a system is provided that includes a
display screen and a processor. The processor is configured to
receive a plurality of values of a physiological parameter
measured from a patient over a period of time, determine if a
current value based on the received values is within a normal
range of the physiological parameter, cause an alarm indictor
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to be displayed on the display screen if the current value is
determined to not be within the normal range, determine if the
current value is within a goal range of the physiological
parameter, and cause a goal indictor to be displayed on the
display screen if the current value is determined to be within
the goal range. The goal range is nested within the normal
range. The alarm indicator is not displayed on the display
screen if the current value is determined to be within the
normal range. The goal indicator is not displayed on the
display screen if the current value is determined to not be
within the goal range. The physiological parameter can be at
least one of intracranial pressure (ICP), cerebral perfusion
pressure (CPP), mean arterial blood pressure (MAP), oxygen
saturation (pO,), heart rate, and temperature.

[0007] In another aspect, a method is provided. In one
embodiment, the method includes receiving a plurality of
values of a physiological parameter measured from a patient
over a period of time, determining if a current value based on
the received values is within a normal range of the physiologi-
cal parameter, causing an alarm indictor to be displayed on
the display screen if the current value is determined to not be
within the normal range, determining if the current value is
within a goal range of the physiological parameter, and caus-
ing a goal indictor to be displayed on the display screen if the
current value is determined to be within the goal. The goal
range is nested within the normal range. The alarm indicator
is not displayed on the display screen if the current value is
determined to be within the normal range. The goal indicator
is not displayed on the display screen if the current value is
determined to not be within the goal range.

[0008] The method can vary in any number of ways. For
example, causing the goal indicator to be displayed on the
display screen can include changing a color shown in a first
portion of the display screen, and causing the alarm indicator
to be displayed on the display screen comprises changing a
color shown in a second portion of the display screen. For
another example, the physiological parameter can be at least
one of ICP, CPP, MAP, pO,, heart rate, and temperature.
[0009] Themethod caninclude determining if a plurality of
the values match a predetermined pattern. The goal indictor
can not be displayed on the display screen if the plurality of
values are determined to match the predetermined pattern
even if the current value is determined to be within the goal
range. The predetermined pattern can include at least one of
the plurality of values continuously increasing toward an
upper limit of the normal range and the plurality of values
continuously decreasing toward a lower limit of the normal
range. A number of the plurality of values can be a predeter-
mined number.

[0010] The display screen can be attached to a housing. In
some embodiments, the determining if the current value is
within the normal range, the causing the alarm indictor to be
displayed, the determining if the current value is within the
goal range, and the causing the goal indictor to be displayed
can be performed by a processor disposed in the housing. In
some embodiments, the determining if the current value is
within the normal range, the causing the alarm indictor to be
displayed, the determining if the current value is within the
goal range, and the causing the goal indictor to be displayed
can be performed by a processor remotely located from the
housing.

[0011] A computer readable medium can be provided that
has stored thereon a program, that when executed, can per-
form the method.
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[0012] In another embodiment, a method includes receiv-
ing data representing a value of a physiological parameter
over a time period. The physiological parameter is measured
from a patient. The method also includes displaying, on a
monitoring screen, a current value based on the received
values, and determining if the current value is within a goal
range of the physiological parameter. The goal range has a
predetermined upper limit and a predetermined lower limit. If
the current value is determined to be within the goal range, a
visual goal indicator indicating that the current value is within
the goal range is caused to be displayed on the monitoring
screen. The goal indicator is not displayed on the monitoring
screen if the current value is determined to not be within the
goal range. The method can also include determining if the
current value is within a normal range of the physiological
parameter. The normal range has a predetermined upper limit
that is greater than the predetermined upper limit of the goal
range and has a predetermined lower limit that is less than the
predetermined lower limit of the goal range. If the current
value is determined to be outside the normal range, a visual
alarm indicator indicating that the current value is outside the
normal range is caused to be displayed on the monitoring
screen. The alarm indicator is not displayed on the monitoring
screen if the current value is determined to be within the
normal range. In some embodiments, the physiological
parameter can be at least one of ICP, CPP, MAP, pO,, heart
rate, and temperature.

[0013] The method can have any number of variations. For
example, causing the visual goal indicator to be displayed on
the monitoring screen can include changing a color shown in
a first portion of the monitoring screen adjacent the current
value, and causing the visual alarm indicator to be displayed
on the monitoring screen can include changing a color shown
in a second portion of the monitoring screen adjacent the
current value. For another example, the goal indicator can not
be displayed on the monitoring screenif the alarm indicator is
displayed on the monitoring screen, and the alarm indicator
can not be displayed on the monitoring screen if the goal
indicator is displayed on the monitoring screen. For yet
another example, the method can include continuously
repeating the determining if the current value is within the
goal range so as to continuously update on the monitoring
screen whether or not the goal indicator is displayed on the
monitoring screen, and continuously repeating the determin-
ing if the current value is within the normal range so as to
continuously update on the monitoring screen whether or not
the alarm indicator is displayed on the monitoring screen. For
another example, the method can include receiving data rep-
resenting a value of asecond physiological parameter over the
time period and changing at least one of the predetermined
upper limit of the goal range and the predetermined lower
limit of the goal range based on an current value of the value
of the second physiological parameter over the time period.
The second physiological parameter can be measured from
the patient. For another example, the method can include
setting the predetermined upper limit of the goal range and the
predetermined lower limit of the goal range in response to a
manual user input indicating the predetermined upper limit of
the goal range and the predetermined lower limit of the goal
range. For yet another example, the method can include pre-
programming the predetermined upper limit of the goal range
and the predetermined lower limit of the goal range based on
a typical normal range of the physiological parameter.
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[0014] In some embodiments, the method can include
receiving data representing a value of one or more additional
physiological parameters over time. Each of the one or more
additional physiological parameters can be measured from
the patient. The method can also include displaying, on the
monitoring screen, a graphical representation of an current
value of each of the one or more additional physiological
parameters over the time period, and determining if the cur-
rent value of each of the one or more additional physiological
parameters is within a respective goal range for each of the
one or more additional physiological parameters. Fach of the
respective goal ranges can have a predetermined upper limit
and a predetermined lower limit. If the current value of any of
the one or more additional physiological parameters is deter-
mined to be within its associated goal range, a visual goal
indicator indicating that the current value is within the goal
range can be caused to be displayed on the monitoring screen.
The goal indicator for the one or more additional physiologi-
cal parameters can not be displayed on the monitoring screen
if its associated current value is determined to be outside its
associated goal range. The method can also include determin-
ing if the current value of each of the one or more additional
physiological parameters is within a respective normal range
for each of the one or more additional physiological param-
eters. Each of the respective normal ranges can have a prede-
termined upper limit that is greater than the predetermined
upper limit of its associated goal range and can have a prede-
termined lower limit that is less than the predetermined lower
limit of'its goal range. If the current value of any of the one or
more additional physiological parameters is determined to be
outside its associated normal range, a visual alarm indicator
indicating that the current value is outside the normal range
can be caused to be displayed on the monitoring screen. The
alarm indicator for the one or more additional physiological
parameters can not be displayed on the monitoring screen if
its associated current value is determined to be within its
associated normal range.

BRIEF DESCRIPTION OF DRAWINGS

[0015] This invention will be more fully understood from
the following detailed description taken in conjunction with
the accompanying drawings, in which:

[0016] FIG. 1 (PRIOR ART) is a schematic diagram of a
monitoring device;

[0017] FIG. 2isa schematic diagram of one embodiment of
a device for providing a user interface on a display of the
device;

[0018] FIG. 3 is an embodiment of a monitor window of a
medical monitoring system, the monitor window showing
current information for a plurality of physiological param-
eters;

[0019] FIG. 4 shows the monitor window of FIG. 3 includ-
ing current information for a subset of the physiological
parameters;

[0020] FIG. 5 shows the monitor window of FIG. 3 includ-
ing current information for another subset of the physiologi-
cal parameters;

[0021] FIG. 6 shows the monitor window of FIG. 3 includ-
ing an indication that an extraventricular drain related to one
of the physiological parameters is in an open state;

[0022] FIG. 7 shows the monitor window of FIG. 3 includ-
ing an alarm for an ICP one of the physiological parameters;
[0023] FIG. 8 shows the monitor window of FIG. 5 includ-
ing an alarm for the subset of the physiological parameters;
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[0024] FIG. 9 shows the monitor window of FIG. 7 includ-
ing an alarm acknowledgement for the ICP one of the physi-
ological parameters;

[0025] FIG. 10 shows the monitor window of FIG. 3 includ-
ing a goal indicator for an ICP one of the physiological
parameters;

[0026] FIG. 11 shows the monitor window of FIG. 5 includ-
ing a goal indicator for the subset of the physiological param-
eters;

[0027] FIG. 12 shows the monitor window of FIG. 10
including a goal indicator for an oxygen saturation one of the
physiological parameters;

[0028] FIG. 13 is a shows the monitor window of FIG. 12
including an alarm for a mean arterial pressure/blood pres-
sure and heart rate ones of the physiological parameters;
[0029] FIG.14is an embodiment ofa hybrid window of the
medical monitoring system of FIG. 3, the hybrid window
showing current information for a plurality of physiological
parameters and trends information for a subset of the physi-
ological parameters;

[0030] FIG. 15 shows the hybrid window of FIG. 14 includ-
ing current information for another subset of the physiologi-
cal parameters;

[0031] FIG. 16 shows the hybrid window of FIG. 14 includ-
ing an alarm for an ICP one of the physiological parameters;
[0032] FIG.17 shows the hybrid window of FIG. 16 includ-
ing an alarm acknowledgement for the ICP one of the physi-
ological parameters;

[0033] FIG. 18 shows the hybrid window of FIG. 14 includ-
ing a goal indicator for an oxygen saturation one of the physi-
ological parameters;

[0034] FIG.19shows the hybrid window of FIG. 17 includ-
ing a goal indicator for an oxygen saturation one of the physi-
ological parameters;

[0035] FIG. 20 shows the hybrid window of FIG. 18 when
the medical monitoring system is undocked; and

[0036] FIG. 21 shows the monitor window of FIG. 3 when
the medical monitoring system is undocked;

DETAILED DESCRIPTION

[0037] Certain exemplary embodiments will now be
described to provide an overall understanding of the prin-
ciples of the structure, function, manufacture, and use of the
devices and methods disclosed herein. One or more examples
of these embodiments are illustrated in the accompanying
drawings. Those skilled in the art will understand that the
devices and methods specifically described herein and illus-
trated in the accompanying drawings are non-limiting exem-
plary embodiments and that the scope ofthe present invention
is defined solely by the claims. The features illustrated or
described in connection with one exemplary embodiment
may be combined with the features of other embodiments.
Such modifications and variations are intended to be included
within the scope of the present invention

[0038] Further, in the present disclosure, like-numbered
components of the embodiments generally have similar fea-
tures, and thus within a particular embodiment each feature of
each like-numbered component is not necessarily fully elabo-
rated upon. Additionally, to the extent that linear or circular
dimensions are used in the description of the disclosed sys-
tems, devices, and methods, such dimensions are not intended
to limit the types of shapes that can be used in conjunction
with such systems, devices, and methods. A person skilled in
the art will recognize that an equivalent to such linear and
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circular dimensions can easily be determined for any geomet-
ric shape. Sizes and shapes of the systems and devices, and
the components thereof, can depend at least on the anatomy of
the subject in which the systems and devices will be used, the
size and shape of components with which the systems and
devices will be used, and the methods and procedures in
which the systems and devices will be used.

[0039] Methods, systems, and devices are provided for
monitoring and displaying medical parameters for a patient.
In general, the methods, systems, and devices can facilitate
monitoring of a patient, such as when the patient is being
treated at a hospital or other medical facility at which the
patient’s condition can require regular observation. The
methods, systems, and devices can allow the displaying and
monitoring of one or more physiological parameters of the
patient. This monitoring and display can facilitate identifica-
tion of changes in the patient’s condition that may require a
doctor’s assessment and/or may require an adjustment of the
patient’s treatment, e.g., administration of medication(s),
administration of oxygen, adjustment of one or more settings
of an implanted medical device, adjustment of an elevated
limb’s position, additional hydration, movement to another
hospital unit, etc. Generally, as will be appreciated by a per-
son skilled in the art, the earlier the change in the patient’s
condition can be detected, the more time medical personnel
can have to assess and effectively address the change. The
methods, systems, and devices described herein can facilitate
quick detection and identification of changes in the patient’s
condition, thereby facilitating quick, effective treatment of
the patient.

[0040] In one embodiment, a display can be configured to
show a display screen that includes information related to a
physiological parameter being measured from a patient. The
information can include a current value based on values of the
physiological parameter gathered from the patient over a
period of time. Examples of the current value include an
average of gathered values, an average of a calculated index
(e.g., an average of peak gathered values, an average of a rate
of change of the gathered values, etc.), a median of gathered
values, a rate of change of gathered values, a correlation (e.g.,
PRx, RAP index, autocorrelation, an average of autocorrela-
tion, etc.), a maximum value among the gathered values, a
minimum value among the gathered values, a root mean
square (RMS), peak-to-peak values, etc. The display screen
can indicate whether the current value is within a predeter-
mined normal range for the physiological parameter. The
normal range can generally indicate values of the physiologi-
cal parameter that are not a cause for concern, e.g., the patient
is stable and does not need immediate assessment and/or
treatment change. If the current value moves outside the
normal range, e.g., falls below a lower limit of the normal
range or rises above an upper limit of the normal range, an
alarm can be triggered. The alarm can include any one or
more alarms, such as a flashing symbol shown on the display
screen, a color change on the display screen, a lit-up light near
the display screen, an audible sound at a nurse’s station out-
side aroom that has the patient and the display screen therein,
a page to an attending physician, etc.

[0041] The display screen can also indicate whether the
current value is within a predetermined goal range for the
physiological parameter. The goal range can generally indi-
cate a targeted range of values within the normal range that
reflect the physiological parameter being optimally stabilized
within the normal range. The goal range can thus be fully
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contained within the normal range, e.g., the goal range can
delimit the normal range. The normal range and the goal
range can thus cooperate to provide on the display screen a
more complete picture of the physiological parameter for the
patient.

[0042] The display screen can indicate whether the current
value is within the goal range by displaying a goal indicator
thereon. The goal indicator can be adjacent the current value
displayed thereon and can be, e.g., a highly color-contrasted
portion of the display screen, a symbol shown on the display
screen, a lit-up light near the display screen, etc. If the current
value moves outside the goal range, e.g., falls below a lower
limit of the goal range or rises above an upper limit of the goal
range, a goal alarm can be triggered. In an exemplary embodi-
ment, the goal alarm can include removing the goal indicator
from the display screen. In this way, an attending nurse and/or
other medical personnel can look at the display screen and
quickly determine based on presence or absence of the goal
indicator whether or not the patient’s physiological parameter
is within the goal range. By seeing the goal indicator and thus
knowing that the patient’s physiological parameter is within
the goal range, the attending nurse and/or other medical per-
sonnel can be assured that the physiological parameter is not
reflecting a need for the attending nurse and/or other medical
personnel to examine or otherwise assess the patient’s con-
dition. Similarly, if the goal indicator is not shown on the
display screen, the attending nurse and/or other medical pet-
sonnel can quickly determine that the patient may need atten-
tion and can consequently quickly decide to take a closer look
at the patient’s condition, e.g., by checking the numerical
current value of the physiological parameter on the display
screen, by taking a current assessment of the patient (e.g.,
temperature, blood pressure, etc.), by checking other infor-
mation displayed on the display screen, etc. The attending
nurse and/or other medical personnel can thus quickly assess
patient status by viewing the display screen and without hav-
ing to evaluate actual parameter values, e.g., no numerical
values need be known to or evaluated by the attending nurse
and/or other medical personnel to identify the patient’s status.
Quickly assessing the patient in this way can allow the attend-
ing nurse and/or other medical personnel to perform other job
tasks (e.g., moving on to check on another patient) and/or can
allow the patient to be treated before the patient’s condition
further deteriorates, e.g., before the physiological param-
eter’s average has a chance to move outside the normal range.

[0043] The goal indicator can be sufficiently visually dis-
cernible on the display screen from a distance, e.g., by being
large and/or highly color-contrasting. The attending nurse
and/or other medical personnel thus need not get as close to
the display screen as is typically done when viewing a medi-
cal monitor, and/or the attending nurse and/or other medical
personnel need not even go into the patient’s room, get close
to the patient, and/or assess the patient’s condition as related
to the physiological parameter because the goal indicator can
be visible from the room’s door and/or at another relatively
large distance. Therefore, time can be spent on other job tasks
and/or in treating patients with more time-sensitive needs,
room clutter can be reduced by having fewer people entering
the patient’s room if the display is located therein, and/or
chances of patient infection can be reduced by having fewer
people entering the patient’s room if the display is located
therein. The goal indicator can be silent, which can facilitate
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having a quiet care setting, which can generally make a hos-
pital or other medical care facility less stressful and/or can
help patients rest and recover.

[0044] The physiological parameter can include any one or
more variables that can be monitored from a patient, as will be
appreciated by a person skilled in the art. If a display screen
shows current values for a plurality of physiological param-
eters, the display screen can indicate whether or not each one
of the physiological parameters is within its own predeter-
mined normal range, e.g., can trigger an alarm if any one of
the physiological parameters falls outside its associated pre-
determined normal range, and whether or not each one of the
physiological parameters is within its own predetermined
goal range, e.g., can trigger a goal indicator to be removed
from the display screen if any one of the physiological param-
eters falls outside its associated predetermined goal range.
The one or more physiological parameters monitored from a
patient can vary due to one or more factors such as medical
context (e.g., neurological, cardiac, neonatal, etc.), available
supplies, doctor preference, etc. Examples of physiological
parameters include intracranial pressure (ICP), mean arterial
blood pressure (MAP), cerebral perfusion pressure (CPP),
oxygen saturation (pO,) (which can be obtained by, e.g.,
using an invasive oxygen sensor or a pulse oximeter) such as
oxygen saturation in brain tissue (PbO2), heart rate, tempera-
ture, pressure reactivity index (PRx), pressure-volume com-
pensatory reserve (RAP) index, fluid pressure in an implant-
able restriction device (e.g., a gastric band, etc.), flow rate
through an implantable valve (e.g., a cerebral shunt valve,
etc.), gastric pH level, EEG, tissue impedance, etc. In a neu-
rological context, exemplary monitored physiological param-
eters include ICP, CPP, MAP, PbO2, heart rate (HR), and
brain temperature (Tb).

[0045] Thedisplays described herein can be realized as part
of virtually any device, e.g., a monitoring device, a personal
computer, a workstation, a handheld computer, a tablet com-
puter, a smartphone, or other computing device. The device
can include processing circuitry configured to receive data
from one or more sensors configured to gather physiological
data from a patient, configured to compare sensor data to
stored predetermined ranges, etc. A wide variety of displays,
such as cathode ray tubes (CRTs), liquid crystal display
(LCD) screens, touchscreens, etc., can be configured to dis-
play screens in response to a signal received from the pro-
cessing circuitry, as a person skilled in the art will appreciate.
Moreover, a wide variety of software packages can be
executed on the device and/or used to develop the screens and
other elements, including, for example, Flash Macromedia or
custom software.

[0046] FIG. 2 shows an exemplary embodiment of a device
(e.g., a medical monitoring device) that can include a display
screen configured to show information. The device 200 can
include one or more displays 202 configured to show screens
such as those described herein. The display(s) 202 can be
configured to receive signals from processing circuitry 204,
which can include a processor, a video card, and/or virtually
any type of electronic circuitry. The processing circuitry 204
can be configured to execute software to draw appropriate
screens in response to data from one or more input devices
206, e.g., representing user input, and/or data from one or
more sensing devices 208. The input device(s) 206 can
include devices configured to provide an input to the device
200 such as pointing devices, keyboards, buttons, micro-
phones, soft-keys, touchscreens, etc. The input device(s) 206
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can be configured to be communicatively coupled to the pro-
cessing circuitry 204 via a device interface 210. The sensing
device(s) 208 can include devices configured to sense and
report on a physiological parameter. Examples of the sensing
device(s) 208 include ICP transducers, temperature sensors,
blood pressure monitors, pulse oximeters, evoked potentials,
etc. The sensing device(s) 206 can be configured to be com-
municatively coupled to the processing circuitry 204 via a
device interface 212. A memory 214 can be configured to be
coupled to the processing circuitry 204 and be configured to
store data, such as monitoring software, data from the sensing
device(s) 208, predetermined ranges, patient data, etc. The
device 200 can include an alarm mechanism 216 configured
to providing an alarm, e.g., a visual alarm, an auditory alarm,
a textual alarm, etc.

[0047] In an exemplary embodiment, a housing 218 of the
device 200 can house, e.g., have disposed therein and/or have
attached thereto, the display(s) 202, the memory 214, the
alarm 216, the processing circuitry 204, and the interfaces
210, 212. In this way, the device 200 can be a self-contained
unit. The device 200 can thus be portable, wireless, and/or
easily connected to wired power supplies in a variety of
different locations. The elements included in the housing 218
can vary. For example, although shown in FIG. 2 as separate
devices, e.g., not included a housing 218 having the display(s)
202, the memory 214, the alarm 216, the processing circuitry
204, the interfaces 210, 212 disposed therein, the input
devices 206 and sensing devices 208 can be integrated into the
device 200, e.g., included the hosing 218. Additionally,
although the display(s) 202 are shown in FIG. 2 as being
integrated with the device 200, e.g., attached to the housing
218, one or more of the display(s) 202 can be separate from
the device 200.

[0048] FIG. 3 shows anexemplary embodiment ofa display
screen 300 ofa monitoring device configured to display medi-
cal information related to a patient. The display screen 300
can generally be configured as a user interface of a medical
monitoring system. The display screen 300 can include a
plurality of tabs, each of the tabs corresponding to a certain
type or arrangement of information related to the patient. A
display screen can be configured to only show one type or
arrangement of information related to a patient, in which case
the display screen can lack tabs. Each of the tabs can be
configured to be selected by a user so as to display the tab’s
corresponding type or arrangement of information. In the
illustrated embodiment, the display screen 300 includes a
monitor tab 302, a hybrid tab 304, a trends tab 306, and a
future tab 308, but the display screen 300 can include more or
less than four tabs. The monitor tab 302 is selected in FIG. 3
so as to show a monitor window 310 on the display screen
300. The hybrid, trends, and future tabs 304, 306, 308 can
each be selected so as to show, respectively, a hybrid window,
a trends window, and a future window on the display screen
300, as discussed further below.

[0049] The monitor window 310 can be configured to show
information based on one or more physiological parameters
in a current time period. The current time period can be a
predetermined amount of time that can be a default, prepro-
grammed time period, e.g., preprogrammed into a processor,
or can be customized for a particular patient. The current time
period can be, e.g., in a range of about five to sixty seconds, in
a range of about five to ten seconds, a single heartbeat, the
most recent few heartbeats of the patient, etc. The current time
period can be adjustable. In some embodiments, to receive
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user input of this nature, the medical monitoring device can
include or be configured to couple to an input device, such as
a touchscreen, keypad, touchpad, pointing device, mouse,
button, knob, dial, etc. As in the illustrated embodiment, the
display screen 300 can include a touchscreen configured to
allow the current time period to be adjusted when a user
activates a caregiver preferences menu or soft button 312.
Adjustment of the current time period can allow for various
clinical protocols, as such protocols that can require tracking
of a parameter over different time periods. Trend time peri-
ods, future time periods, normal ranges, and goal ranges for
the various physiological parameters, discussed further
below, can be similarly adjusted.

[0050] In the illustrated embodiment, the monitor window
310 shows current information for ICP, MAP/BP, HR, extet-
nal ventricular drainage (EVD) ICP (e.g., an ICP measure-
ment performed with an external fluid coupled sensor that is
connected to the EVD system) shown as “ICP 2: EVD,” CPP,
PbO2, and Tb, but as mentioned above, any one or more
parameters can be monitored and/or calculated, and informa-
tion for any one or more type of current values based on the
physiological parameters can be shown on the monitor win-
dow 310. The information displayed can be based on data
received by the monitoring device in any of a variety of ways,
as will be appreciated by a person skilled in the art, e.g., viaa
Codman Microsensor ICP Transducer (available from Cod-
man & Shurtleff, Inc. of Raynham, Mass.), via an Integra
Camino® ICP Transducer (available from Integra Life-
Sciences Corporation of Plainsboro, N.J.), via a blood pres-
sure monitor, via a temperature sensor attached to the patient,
etc.

[0051] For each of the physiological parameters, the moni-
tor window 310 can be configured to show a textual display of
parameter information for the current time period and/or a
graphical display of parameter information for the current
time period. In the illustrated embodiment, the monitor win-
dow 310 includes a textual display 314 and a graphical dis-
play 316 for ICP, a textual display 318 and a graphical display
320 for MAP/BP and HR, a textual display 322 and a graphi-
cal display 324 for EVD ICP, a textual display 326 for CPP, a
textual display 328 for pbO2, and a textual display 330 for Th.
Which one or more of the physiological parameters have a
textual display only, have a graphical display only, or have
both a textual display and a graphical display can be user-
adjusted, such as by dragging and dropping displays on the
touchscreen or activating the preferences button 312.

[0052] In some instances, data may not be received for a
certain physiological parameter, such as if a sensing device
for the certain physiological parameter is not attached to the
patient or if a sensing device for the certain physiological
parameter attached to a patient has not been electronically
connected to a processor that processes data to be displayed
on the display screen 300. If data is not received for one or
more physiological parameters, textual and graphical display
(s) for those one or more physiological parameters can be
absent from the monitor window 310, both the textual display
(s) and the graphical display(s) for those one or more physi-
ological parameters can be present on the monitor window
310 but lack any numerical or graphed data, or one of the
graphical display(s) and textual display(s) for those one or
more physiological parameters can be absent from the moni-
tor window 310 while the other of the graphical display(s) and
textual display(s) for those one or more physiological param-
eters can be present on the monitor window 310. By having at
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least one of the textual display(s) and the graphical display(s)
for those one or more parameters present on the monitor
window 310, it can be easier for a user observing the monitor
screen 310 to determine, based on a lack of data in those
graphical and/or textual display(s), that those one or more
parameters are not being monitored or that the sensing device
(s) for those one or more parameters are not properly config-
ured. The present textual and/or graphical display(s) for those
one or more parameters can each include at least one data
absence indicator, e.g., a textual message, a warning symbol,
etc., indicating that data is not being received.

[0053] FIG. 4 shows an example of the monitor window
310 in which data is being received for a plurality of physi-
ological parameters, e.g., ICP, MAP/BP and HR, and CPP,
and is not being received for another plurality of physiologi-
cal parameters, e.g., EVD ICP, PbO2, and Tb. The monitor
window 310 in this illustrated embodiment thus lacks graphi-
cal displays for EVD ICP, PbO2, and Tb and lacks any
numerical data in the textual displays 322, 328, 330 for EVD
ICP, PbO2, and Th. In the illustrated embodiment, the textual
displays 322, 328, 330 for EVD ICP, PbO2, and Tb each
include a data absence indicator in the form of a textual
message, “Not connected” in the EVD ICP and Tb displays
322, 330 and “Not installed” in the PbO2 display 328.
[0054] FIG. 5 shows an example of the monitor window
310 in which data is being received for a single physiological
parameter, e.g., ICP, and is not being received for a plurality
of physiological parameters, e.g., MAP/BP and HR, CPP,
EVD ICP, PbO2, and Tb. The monitor window 310 in this
illustrated embodiment thus lacks graphical displays for
MAP/BP and HR, CPP, EVD ICP, PbO2, and Tb and lacks
any numerical data in the textual displays 320, 322, 326, 328,
330 for MAP/BP and HR, CPP, EVD ICP, PbO2, and Th. In
the illustrated embodiment, the textual displays 320, 322,
326, 328, 330 for MAP/BP and HR, CPP, EVD ICP, PbO2,
and Tb each include a data absence indicator in the form of a
textual message, “Not connected” in the MAP/BP and HR,
EVD ICP, CPP, and Tb displays 320, 322, 326, 330 and “Not
installed” in the PbO2 display 328.

[0055] Referring again to FIG. 3, the textual display for
each physiological parameter can include numerical data
regarding the physiological parameter for the current time
period, and the graphical display for each physiological
parameter can include a graphical illustration of the numeri-
cal data forthe current time period. For ease of discussion, the
textual display 314 and the graphical display 316 for ICP are
discussed below as representative examples of textual and
graphical displays for aphysiological parameter shown on the
monitor window 310. Textual and graphical displays for other
physiological parameters shown on the monitor window 310
can be similarly configured. Additionally, ICP is shown in the
ICP textual and graphical displays 314, 316 in units of
mmHg, but ICP can be displayed in any appropriate unit.
Similarly, other physiological parameters shown on the moni-
tor window 310 can be displayed in any appropriate units.
[0056] The graphical display 316 can represent ICP graphi-
cally with a waveform or graph line 332 plotted over the
current time period. However, virtually any graphical repre-
sentation can be used, such as a graph line, a bar graph, a plot
of discrete data points, and/or other pictorial display. The
graphical display 316 in the illustrated embodiment plots via
the graph line 332 ICP values gathered and/or calculated
during the current time period. However, the graphical dis-
play 316 can show (e.g., via a graph line and/or other pictorial
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display) values of another statistic based on ICP, e.g., amean
value of the physiological parameter calculated over a sample
period, e.g., every two to three seconds, a median value, a
normalized value, a systolic value, a diastolic value, wave
amplitude, etc. In an exemplary embodiment, if the monitor
window 310 shows information for a plurality of physiologi-
cal parameters, as in the illustrated embodiment, the same
statistic(s) are shown on the monitor window 310 for each of
the parameters, thereby facilitating quick identification and
understanding of the displayed information.

[0057] The textual display 314 can represent ICP textually
and/or pictorially. In the illustrated embodiment, the textual
display 314 includes information related to an average of ICP
values gathered and/or calculated during the current time
period including a current average (e.g., the current average
intracranial pressure), a current actual value (e.g.. a most
recently measured and/or calculated ICP value), a normal
range for the current average, and a goal range for the current
average. Although a current value related to ICP is an average
of gathered values in the illustrated embodiment, as men-
tioned above, other current values can be shown instead of or
in addition to the average of gathered values, e.g., an average
of a calculated index (e.g., an average of peak gathered val-
ues, an average of a rate of change of the gathered values,
etc.), amedian of gathered values, arate of change of gathered
values, a correlation (e.g., PRx, RAP, autocorrelation, an
average of autocorrelation, etc.), a maximum value among the
gathered values, a minimum value among the gathered val-
ues, a root mean square (RMS), peak-to-peak values, etc.
[0058] The current average can be shown textually and/or
graphically. In the illustrated embodiment, the current aver-
age is shown textually with a numerical value 334. The aver-
age ICP value in the illustrated embodiment is 15 mmHg. As
will be appreciated by a person skilled in the art, the numeri-
cal value 334 shown on the monitor window 310 can be an
exact average value or can be a rounded value, e.g., rounded
to a nearest whole number (as in the illustrated embodiment),
rounded to one decimal place, rounded to two decimal places,
etc.

[0059] The current actual value can be shown textually
and/or graphically. In the illustrated embodiment, the current
actual value is shown graphically with a current value mark
336 on and/or adjacent a normal range scale. The current
value mark’s position along the normal range scale can indi-
cate the current actual value’s numerical value. The current
ICP value in the illustrated embodiment is 7 mmHg.

[0060] The normal range can be shown textually and/or
graphically. In the illustrated embodiment, the normal range
is shown graphically with the normal range scale. The normal
range scale can have an upper normal limit 340 that corre-
sponds to a predetermined upper limit of the normal range,
and the normal range scale can have a lower normal limit 342
that corresponds to a predetermined lower limit of the normal
range. In the illustrated embodiment, the upper normal limit
340 for ICP is 30 mmHg, and the lower normal limit 342 for
ICP is =10 mmHg. The normal range can be predetermined
based on a normal range for typical patients and can be
preprogrammed into the system. Alternatively, the normal
range can be predetermined by being customized for the
patient, e.g., determined by a doctor treating the patient and
entered into the system including the display. In anexemplary
embodiment, the normal range can be preprogrammed into
the system as the normal range for typical patients, thereby
setting the normal range for typical patients as a default
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normal range. By way of example, a typical normal range for
ICPis about 0 to 20 mmHg, a typical normal range for CPP is
about 50to 150 mmHg, a typical normal range for Tb is about
361037.5°C., and atypical normal range for MAP is about 70
to 110 mmHg. The normal range can optionally be readjusted
by a user, e.g., be customized for the patient, such as by
activating the preferences button 312. In an exemplary
embodiment, each of the physiological parameters can have
its own predetermined normal range. Each of the predeter-
mined normal ranges can be independent from one another.
However, one or more of the predetermined normal ranges
can be defined by one or more of the other predetermined
normal ranges, e.g., a predetermined normal range for CPP
being based on a predetermined normal range for ICP and a
predetermined normal range for MAP.

[0061] The goal range can be shown textually and/or
graphically. In the illustrated embodiment, the goal range is
shown graphically with a goal range scale 344. The goal range
scale 344 can be on and/or adjacent the normal range scale, as
in the illustrated embodiment, which can facilitate compari-
son of the normal range and the goal range and/or can facili-
tate simultaneous comparison of the current ICP value, e.g.,
as indicated by the current value mark 336, with the normal
range and the goal range. The goal range mark’s position
along the normal range scale can indicate the goal range. The
goal range is also shown textually in the illustrated embodi-
ment with an upper goal limit 346 that corresponds to a
predetermined upper limit of the goal range and with a lower
goal limit 348 that corresponds to a predetermined lower limit
of the goal range. In the illustrated embodiment, the upper
goal limit 346 for ICP is 14 mmHg, and the lower goal limit
348 for ICP is 8 mmHg. The goal range can be predetermined
based on an optimal range within the normal range for typical
patients and can be preprogrammed into the system. By way
of example, a predetermined goal range for ICP can be about
5to 15 mmHg, a predetermined goal range for CPP can be
about 70 to 90 mmHg, a predetermined goal range for Tb can
be about 36.5 t0 37.1° C., and a predetermined goal range for
MAP can be about 80 to 100 mmHg. Alternatively, the goal
range can be predetermined by being customized for the
patient, e.g., determined by a doctor treating the patient and
entered into the system. In an exemplary embodiment, the
goal range can be preprogrammed into the system as the goal
range for typical patients, thereby setting the goal range for
typical patients as a default goal range. The goal range can
optionally be readjusted by a user, e.g., to be customized for
the patient, such as by activating the preferences button 312.
As shown, the goal range can be nested within the normal
range, e.g., fall entirely within the normal range. In other
words, the upper limit 346 of the goal range can be less than
the upper limit 340 of the normal range, and the lower limit
348 of the goal range can be greater than the lower limit 342
of the normal range.

[0062] In an exemplary embodiment, each of the physi-
ological parameters can have its own predetermined goal
range. Each of the predetermined goal ranges can be indepen-
dent from one another. However, one or more of the prede-
termined goal ranges can be defined by one or more of the
other predetermined goal ranges, e.g., a predetermined goal
range for CPP being based on a predetermined goal range for
ICP and a predetermined goal range for MAP.

[0063] The textual displays and/or the graphical displays
for any one or more of the physiological parameters shown in
the monitor window 310 can include other information
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regarding their respective physiological parameters. For
example, still using ICP as a representative example, the
textual display 314 can include a sensing device position
indicator 338 that indicates a position (e.g., (L/R paren-
chyma, L/R ventricle, or lumbar) of a sensing device (not
shown) sensing ICP from the patient so as to gather ICP
values therefrom. The position can be entered manually.
Although the sensing device position indicator 338 is
included in the textual display 314 in the illustrated embodi-
ment, the sensing device position indicator 338 can be
included in the graphical display 316. In the illustrated
embodiment, the sensing device position indicator 338 indi-
cates that the sensing device sensing ICP is located in a right
side of the patient’s brain in an upper region thereof. For
another example, the textual display 322 and/or the graphical
display 324 for EVD ICP can indicate textually and/or graphi-
cally whether or not the EVD having the EVD ICP is an open
state or a closed state. As will be appreciated by a person
skilled in the art, a default state of an EVD is typically the
closed state. FIG. 3 thus indicates that the EVD is in the
closed state by not providing any particular textual or graphi-
cal indication regarding the EVD)’s open or closed state. FIG.
6 illustrates an embodiment in which the EVD is indicated as
being in the open state, e.g., that the EVD opened to relieve
excess cerebral spinal fluid (CSF) in the brain. The open state
is indicated in the FIG. 6 embodiment with a textual EVD
state indicator 350 (“Open”) in the EVD textual display 314,
a second textual EVD state indicator 352 (“Open”) in the
EVD graphical display 316, and a graphical EVD state indi-
cator in the form of background shading in the EVD graphical
display 316. The textual EVD state indicators 350, 352 can
have other configurations (e.g., “open state,” “EVD open,”
“closed,” “EVD closed,” etc.), and the graphical EVD state
indicator can also have other configurations (e.g., a schematic
illustration of an open EVD device, etc.)

[0064] Referringagain to FIG. 3, the display screen 300 can
include a wide variety of other features and display a wide
variety of other data. The display screen 300 can include one
or more static features configured to be on the display screen
300 regardless of which of the tabs 302, 304, 306, 308 is
currently selected. For example, the display screen 300 can
include any one or more of a patient ID window 354 that
identifies the patient (e.g., by name, number, code, etc.); a
help button 356 configured to be user-activated so as to pro-
vide technical assistance (e.g., access to a user manual, ability
to search Frequently Asked Questions, etc.); a screen lock
button 358 configured to be user-activated so as to tempo-
rarily pause or freeze the information on the currently dis-
played window (which is the monitor window 310 in FIG. 3),
which can be advantageous for training purposes and/or to
examine a particular aspect of the display in more detail; a
history button 360 configured to be user-activated so as to
provide historical sensed data for the patient and/or other
patient records; a manual entry button 362 configured to be
user-activated so as to provide access to an event marking
screen for inputting marked events on the currently displayed
window; a print button 364 configured to be user-activated so
as to provide the ability to print the currently displayed win-
dow or portion(s) thereof (e.g., print to an attached printer or
a printer integrated into the medical monitoring device); a
current date/time indicator 366; a power connector 368 that
indicates whether or not the device is connected to external
electrical power; a charge indicator 370 that indicates a cur-
rent charge of a battery included in the monitoring device; a
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docking indicator 372 that indicates whether or not the device
is docked at a docking station (e.g., a bedside docking station,
etc.); an alarm silence button 374 configured to be user-
activated for acknowledging an alarm and/or silencing an
audible alarm in those embodiments in which the monitoring
device includes an audible alarm for indicating that the aver-
age of one or more physiological parameters is out of limit
(e.g., outside the normal range, etc.); etc. Embodiments of
providing historical sensed data and embodiments of marking
events are described in further detail in U.S. Pat. Pub. No.
2009/0005703 entitled “Medical Monitor User Interface”
filed Jun. 27,2007, which is hereby incorporated by reference
in its entirety. One or more static features may only be shown
on the monitor window 310 in response to a trigger event,
such as the alarm silence button 374 being configured to
appear only when the an out-of-limit condition is determined,
the docking indicator 372 only appearing to indicate an
undocked device, etc.

[0065] The relative sizes and locations of the various win-
dows, symbols, text, icons, etc. of the monitor window 310,
and for other windows that can be shown on the display screen
300, are exemplary in nature. A person skilled in the art will
appreciate that any of the various windows, symbols, text,
icons, etc. of the display screen 300 can have virtually any
size and virtually any location.

[0066] The textual display and/or the graphical display for
each of the physiological parameters ICP, MAP/BP and HR,
EVD ICP, CPP, PbO2, and Tb shown on the monitor window
310 can be configured to be observed by a user, e.g., viewed
on the screen 300, so as to assess the patient’s condition. To
facilitate assessment of the patient’s condition, an alarm can
be provided if any of the physiological parameters fall outside
their associated normal range. The alarm can be provided in a
variety of ways.

[0067] In an exemplary embodiment, when an average of
one of the physiological parameters, e.g., ICP, MAP/BP, HR,
EVD ICP, CPP, PbO2, and Tb, shown on the monitor window
310 falls outside its associated predetermined normal range,
the alarm can be triggered. In other words, when an average of
one of the physiological parameters increases to be above the
predetermined upper normal limit for that physiological
parameter or decreases to be below the predetermined lower
normal limit for that physiological parameter, the alarm can
be triggered. In other words, when the physiological param-
eter’s average falls outside the normal range as determined by
the device’s processor, the processor can cause the device’s
alarm to activate.

[0068] As mentioned above, the alarm can include any one
or more alarms, as such as a flashing symbol shown on the
display screen 300, a color change on the display screen 300,
a lit-up light near the display screen 300, an audible sound at
a nurse’s station outside a room that has the patient and the
display screen 300 therein, a page to an attending physician,
etc. In an exemplary embodiment, the alarm for an out-of-
normal-range physiological parameter can include at least an
audible sound and a color change on the display screen 300
within the textual display for the out-of-normal-range physi-
ological parameter. The audible sound can include any sound,
as will be appreciated by a person skilled in the art, e.g., a
ringing bell sound, a series of beeps, a siren sound, etc. The
color change can include changing a color of at least a portion
of a background of the out-of-normal-range physiological
parameter’s textual display.
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[0069] In an exemplary embodiment, a majority portion of
the background of the out-of-normal-range physiological
parameter’s textual display can change from a first color to a
second, different color in response to the physiological
parameter’s average moving out of the normal range. Color is
generally easily discernable even from a relatively large dis-
tance, e.g., at a distance from a door of a patient’s room to the
display screen within the patient’s room. The alarm can thus
be easily detected from a relatively large distance, even if the
alarm does not include a traveling audible sound. The second
color can highly contrast with the first color, which can help
highlight the color change by allowing the second color to be
clearly visible as an atypical color on the screen 300, and
hence be indicative of a special condition, e.g., an out-of-
normal-limit parameter. Examples of exemplary first color/
second color pairs include black/white, black/red, white/red,
black/yellow, a color on one side of the color wheel/a color
directly opposite the color on the color wheel, grey/red, etc.
The first and second colors can each be any color, and can be
solid, patterned, flashing, textured, etc. In an exemplary
embodiment, the first color can be non-flashing, and the sec-
ond color can be flashing, e.g., alternating between at least
two different colors (e.g., at least two colors each highly
contrasting with the first color). The first color can be the
same for all of the textual displays on the display screen 300,
which can facilitate identification of any out-of-normal-range
parameters. In the illustrated embodiment, as shown in FIG.
3, each of the textual displays 314, 318, 322, 326, 328, 330
has a background of a first color, which in the illustrated
embodiment is black. As will be appreciated by a person
skilled in the art, any characters (e.g., text and/or symbols) or
images within a textual display that changes from the first
color to the second color, as well as from the second color to
the first color, can also change color in order for the characters
and images to be visible in the textual display regardless of the
textual display’s background color(s). Additionally, the
graphical display for the out-of-normal-range parameter can
change color, include an alarm symbol therein, etc., in addi-
tion to or instead of the out-of-normal-range parameter’s
textual display including the alarm.

[0070] FIG. 7 shows an embodiment of the display screen
300 after the average ICP falls outside its predetermined
normal range, which in the illustrated embodiment is the
average exceeding the upper normal limit 340, e.g., the cur-
rent average value 334 of 22 mmHg being above the upper
normal limit 340 of 20 mmHg. In response to the ICP average
falling outside the normal range, an alarm was triggered,
thereby changing a majority portion 378 of the background
for the ICP textual display 314 from a first color, e.g., black,
in FIG. 3 to a second color, e.g., red, in FIG. 7. The majority
portion 378 in the illustrated embodiment includes a portion
of the ICP textual display 314 that includes the current aver-
age value 334, the upper and lower goal limits 346, 348, and
the sensing device position indicator 338. A minority portion
380 of the background for the ICP textual display 314
changed from the first color in FIG. 3 to a second color, e.g,,
white, in FIG. 7. The minority portion 380 in the illustrated
embodiment includes a portion of the ICP textual display 314
that includes the normal range scale, the upper and lower
normal range limits 340, 342 and the goal range scale 344.
The display screen 300 showing an alarm for ICP in FIG. 7 in
the form of a background color change also includes an alarm
in the form of an alarm symbol 376 shown in the ICP textual
display 314. The alarm symbol includes a warning triangle
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and exclamation points in the illustrated embodiment, but the
alarm symbol can include any one or more of a variety of text
and/or symbols, e.g., the word “alarm,” a star, a bell, etc. The
alarm symbol 376 is within the ICP textual display 314, e.g.,
within the out-of-normal-range parameter’s textual display,
in the illustrated embodiment, but the alarm symbol 376 can
be adjacent the out-of-normal-range parameter’s textual dis-
play, within the out-of-normal-range parameter’s graphical
display, and/or adjacent the out-of-normal-range parameter’s
graphical display.

[0071] In the illustrated embodiment of FIG. 7, the MAP/
BP, HR, EVD ICP, CPP, PbO2, and Tb physiological param-
eters are within their respective normal ranges such that
alarms are not shown for any of MAP/BP, HR, EVD ICP, CPP,
PbO2, and Tb. Although only one alarm is shown in FIG. 7,
any one or more of the parameters on the screen 300 can, in
any combination thereof, have alarms therefor.

[0072] FIG. 8 shows another embodiment of the display
screen 300 after the average ICP falls outside its predeter-
mined normal range, which in the illustrated embodiment is
the average exceeding the upper normal limit 340, e.g., the
current average value 334 of 22 mmHg being above the upper
normal limit 340 of 20 mmHg. FIG. 8 shows the alarm being
triggered from the monitor window 310 of FIG. 5 in which
data is being received for a single physiological parameter,
ICP. The alarm in FIG. 8 includes, similar to FIG. 7, a major-
ity portion 382 of the background color of the ICP textual
display 314 changing colors (black to red), a minority portion
384 of the background color of the ICP textual display 314
changing colors (black to white), and the alarm symbol 376
being present within the ICP textual display 314.

[0073] The ICP average decreasing below the lower normal
limit 342 and the other physiological parameters on the
screen 300 falling outside their respective normal ranges can
trigger an alarm similar to that discussed with respect to the
ICP alarms of FIGS. 7 and 8.

[0074] A duration of the alarm can be determined and
stored, e.g., in a storage unit, which can facilitate evaluation
of the patient’s condition, e.g., if displayed on the screen 300.
In other words, start and stop times of the alarm can be saved.
[0075] When an alarm is triggered, the alarm can persist,
e.g., a sound can continue sounding, the textual display’s
background color can remain the second color, the textual
display’s background color can flash, a warning light attached
to the display can continue flashing, etc., until the alarm is
acknowledged by a user and/or until the out-of-normal range
parameter’s average falls back within the normal range. The
alarm can be acknowledged in a variety of ways, such as by
activating the alarm silence button 374. In an exemplary
embodiment, the alarm silence button 374 can appear only
when an alarm is triggered.

[0076] When the alarm is acknowledged, the display screen
300 can continue to indicate that the out-of-normal-range
parameter is outside the normal range until the parameter
returns to within the normal range. In this way, the display
screen 300 can indicate that the alarm condition has been
observed by at least one medical practitioner, e.g., nurse,
doctor, etc. Thus, any subsequent observer of the display
screen 300 while the alarm condition persists can determine
from the display screen 300 that the alarm has been previ-
ously observed and is likely being tended to as needed. The
display screen 300 can display an acknowledged alarm in a
variety of ways. In an exemplary embodiment, the acknowl-
edged alarm for an out-of-normal-range physiological
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parameter can include at least a color change on the display
screen 300 within the textual display for the out-of-normal-
range physiological parameter. The portion(s) of the out-of-
range parameter’s textual display that changed to indicate the
alarm can change again similar to that discussed above
regarding the change from the first color to the second color,
e.g., change from the second color to a third color that is
different from the first color and the second color. The change
to the third color can be similar to that discussed above
regarding the change from the first color to the second color.
The third color can highly contrast with each of the first color
and the second color, which can help highlight the color
change by allowing the third color to be clearly visible as an
atypical color on the screen 300, and hence indicative of a
special condition, e.g., an acknowledged out-of-normal-limit
parameter. Examples of exemplary first color/second color/
third color trios include black/white/red, black/red/white,
white/red/black, black/yellow/red, the three primary colors,
etc. The third color can be any color, and can be solid, pat-
terned, flashing, textured, etc. In an exemplary embodiment,
the second color can be solid and non-flashing, and the third
color can be a non-flashing pattern including a same color as
the second color. e.g., a second color being red and a third
color being stripes in the second color and another color. The
third color can be the same for all of the textual displays on the
display screen 300, which can facilitate identification of any
acknowledged out-of-normal-range parameters.

[0077] FIG. 9 shows an embodiment of the display screen
300 after acknowledgement of the alarm of FIG. 7. In
response to the alarm being acknowledged, e.g., in response
to activation of the alarm silence button 374, an acknowledge-
ment was triggered, thereby changing the majority portion
378 of the background for the ICP textual display 314 from
the second color, e.g., red, in FIG. 7 to a third color, e.g.,
white, in FIG. 9. The minority portion 380 of the background
for the ICP textual display 314 did not change from FIG. 7 to
FIG. 9. The alarm symbol 376 can remain present on the
display screen 300 even after the alarm has been acknowl-
edged, as shown in FIG. 9.

[0078] Similar to that discussed above regarding the alarm
for the normal range, to facilitate assessment of the patient’s
condition, a goal alarm can be provided if any of the physi-
ological parameters are outside their associated goal range. In
an exemplary embodiment, the goal alarm can be provided for
a physiological parameter when the physiological parameter
is outside its associated goal range and is within its associated
normal range. The goal alarm can indicate to medical person-
nel, e.g.,an attending nurse, a doctor, etc., that the patient may
need assessment and/or treatment because the physiological
parameter associated with the goal alarm is not in an optimal
range and therefore may be heading outside its normal range.
In other words, the patient’s condition may be deteriorating
but can be assessed and/or the patient can be treated prior to
the patient being in a more dire condition. The goal alarm can
thus function in a preventative way. The goal alarm can be
provided in a variety of ways.

[0079] In an exemplary embodiment, when an average of
one of the physiological parameters, e.g., ICP, MAP/BP, HR,
EVD ICP, CPP, PbO2, and Tb, is within its associated prede-
termined goal range, and hence is also within its associated
normal range, a goal indicator can be shown on the display
screen 300. In other words, when an average of one of the
physiological parameters is within its associated goal range,
e.g., below its associated predetermined upper goal limit and
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above its associated predetermined lower goal limit, the goal
indicator can be triggered to be displayed on the screen 300
for that physiological parameter. The device’s processor can
be configured to determine whether the physiological param-
eters’ averages are within their respective the goal ranges and
can be configured to cause the goal indicator to be shown on
the screen 300. The statuses of the physiological parameters
shown on the display screen 300 can thus be quickly assessed
by checking the display screen 300, e.g., by a user looking at
the display screen, to determine if a goal indicator is present
on the screen 300 for each of the physiological parameters.
The goal alarm for a physiological parameter can, in an exem-
plary embodiment, include absence of the goal indicator from
the screen 300 for that physiological parameter.

[0080] Based on the presence of a goal indicator on the
screen 300 for a physiological parameter, a medical practitio-
ner need not examine actual numerical values on the display
screen 300 for the parameter having the goal indicator asso-
ciated therewith to determine that that parameter is within an
acceptable range, thereby saving time and/or helping to
reduce errors in determining whether the patient’s measured
parameters are within an acceptable range. A goal indicator
being present on the screen 300 for each of the physiological
parameters can indicate that each of the parameters is within
its associated goal range, thereby indicating that the physi-
ological parameters point to the patient being in relatively
good condition. A medical practitioner can thus conclude
based on the presence of the goal indicators for all of the
parameters that the patient need not be assessed and/or treated
at this time. The medical practitioner can, however, neverthe-
less determine to assess and/or treat the patient at this time
based on any other number of factors, such as to maintain a
regular schedule of patient assessments.

[0081] Correspondingly, based on the absence of a goal
indicator from the screen 300 for a physiological parameter,
the medical practitioner need not examine actual numerical
values on the display screen 300 for the parameter not having
a goal indicator associated therewith to determine that the
parameter is not within an acceptable range, thereby saving
time and/or helping to reduce errors in determinations of
whether the patient’s measured parameters are within an
acceptable range. A goal indicator not being present on the
screen 300 for any of the physiological parameters can indi-
cate that none of the parameters are within their associated
goal ranges. No goal indicators and no normal range alarms
being present on the screen 300 for any of the parameters can
indicate that despite the patient’s physiological parameters
being within their respective normal ranges, assessing and/or
treating the patient at this stage may be advisable, e.g., to help
prevent the patient’s condition from deteriorating outside the
normal range of any of the physiological parameters. A medi-
cal practitioner can thus conclude based on the presence of the
goal indicators for none of the parameters that the patient
should be assessed and/or treated at this time. The medical
practitioner can, however, nevertheless determine to not
assess and/or treat the patient at this time based on any other
number of factors, such as to first allow for consultation with
colleague(s). Similarly, a goal indicator not being present on
the screen 300 for at least one but less than all of the physi-
ological parameters can indicate that at least one of the
parameters its outside its associated goal range and that
assessing and/or treating the patient at this stage may be
advisable.
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[0082] The goal indicator can be provided in a variety of
ways. The goal indicator can include any one or more indi-
cators, such as a highly color-contrasted portion ofthe screen,
a symbol shown on the display screen, a lit-up light near the
display screen, etc. In an exemplary embodiment, the goal
indicator can be visually discernable and silent, e.g., non-
audible, which can allow the goal indicator to be non-intru-
sively provided. The goal indicator can be shown on the
display screen 300 adjacent its associated physiological
parameter displayed on the screen 300, which can facilitate
associating a goal indicator with its associated physiological
parameter among a plurality of parameters shown on the
screen 300. In an exemplary embodiment, the goal indicator
for an in-gpal-range physiological parameter can include at
least a color change on the display screen 300 within the
textual display for the in-goal-range physiological parameter.
The color change can include changing a color of at least a
portion of a background of the in-goal-range physiological
parameter’s textual display. In an exemplary embodiment, a
minority portion of the background of the in-goal-range
physiological parameter’s textual display can change from a
first color to a second, different color in response to the
physiological parameter’s average being within the goal
range. As mentioned above, color is generally easily discern-
able even from a relatively large distance. The goal indicator
can thus be easily observed from a relatively large distance,
even if the goal indicator does not include any audible sound.
The second color can highly contrast with the first color, as
discussed above within respect to the alarm for out-of-nor-
mal-range parameters, which can help highlight the color
change by allowing the second color to be clearly visible as an
atypical color on the screen 300, and hence indicative of a
special condition, e.g., an in-goal-limit parameter. The first
and second colors can vary, as discussed above regarding the
alarm for an out-of-normal-limit parameter. Also similar to
that discussed above, the graphical display for the in-goal-
range parameter can change color, include a goal indicator
symbol therein, etc., in addition to or instead of the in-goal-
range parameter’s textual display.

[0083] The goal indicator can optionally include a trend
indicator that indicates whether its associated physiological
parameter’s average is increasing or decreasing. The trend
indicator can reflect an increasing or decreasing trend of the
physiological parameter over the current time period or over
another time period, e.g., one hour, twenty-four hours, a trend
time period discussed further below, a time period corre-
sponding to an attending medical practitioner’s shift, etc. The
trend indicator indicating a trend corresponding to the trend
time period can allow trends information to be accessible on
the monitor window 310 without having to switch to the
hybrid window or the trends window, both discussed further
below. The trend indicator can have a variety of configura-
tions. Examples of the trend indicator include an arrow that
points up to indicate an increasing average trend or that points
down to indicate a decreasing average trend; a textual mes-
sage of “rising,” “increasing,” etc. to indicate an increasing
average trend or “falling,” “decreasing,” etc. to indicate a
decreasing average trend; etc. The trend indicator can be
positioned within and/or adjacent to its associated physi-
ological parameter’s textual display. In an exemplary
embodiment, the trend indicator can positioned within the
goal indicator within the associated physiological param-
eter’s textual display, e.g., an arrow within a goal indicator
color in the textual display.
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[0084] FIG. 10 shows an embodiment ofthe display screen
300 when the average ICP is within its predetermined goal
range, which in the illustrated embodiment is the average
being less than the upper goal limit 346, being less than the
upper normal limit 340, being greater than the lower goal
limit 348, and being greater than the lower normal limit 342,
e.g., the current average value 334 of 10 mmHg being less
than the upper goal limit 346 of 14 mmHg, being less than the
upper normal limit 340 of 20 mmHg, being greater than the
lower goal limit 348 of 8 mmHg, and being greater than the
lower normal limit 342 of —10 mmHg. In response to the ICP
average being within the goal range, a goal indicator was
triggered, thereby causing the minority portion 380 of the
background for the ICP textual display 314 from a first color,
e.g., black, in FIG. 3 to be a second color, e.g., green, in FIG.
10. In an exemplary embodiment, a color indicating a goal
indicator can be different than and be highly contrasting with
the color indicating an alarm, e.g., green for a goal indicator
and red foran alarm. As discussed above regarding the normal
range alarm, the minority and majority portions of the screen
300 can vary. The goal indicator 380 is within the ICP textual
display 314, e.g., within the in-goal-range parameter’s textual
display, in the illustrated embodiment, but the goal indicator
380 can be adjacent the in-goal-range parameter’s textual
display, within the in-goal-range parameter’s graphical dis-
play, and/or adjacent the in-goal-range parameter’s graphical
display.

[0085] Although only one goal indicator is shown in FIG.
10, any one or more of the parameters on the screen 300 can,
in any combination thereof, have goal indicators therefor. In
general, the higher a number of goal indicators present on the
screen 300, the more likely that the patient is overall in a
relatively good condition, and the lower the number of goal
indicators present on the screen 300, the less likely that the
patient is overall in a relatively good condition. The number
of goal indicators present on the screen 300 can thus be
configured as an indicator of the patient’s overall condition. A
user, e.g., a medical practitioner, etc., observing the screen
300 can thus use the number of goal indicators present on the
screen 300 in determining whether to assess and/or treat the
patient. In other words, even without seeing or otherwise
determining numerical values of any the patient’s physiologi-
cal parameters, the user can determine whether to assess
and/or treat the patient, which can facilitate quick decision-
making, help reduce errors in reading numbers from the
screen 300, help reduce errors in comparing current numeri-
cal values to predetermined range(s), and/or facilitate quick
patient care. Because color is generally easily discernable
even from a relatively large distance, as discussed above, the
goal indicator(s) for the physiological parameter(s) on the
screen 300 can facilitate assessment of the patient’s overall
condition without a medical practitioner or other user even
having to go into a patient’s room and/or get close to the
patient.

[0086] FIG. 11 shows another embodiment of the display
screen 300 when the average ICP is within its predetermined
goal range, which in the illustrated embodiment is as dis-
cussed above with respect to FIG. 10. FIG. 11 shows the goal
indicator being triggered from the monitor window 310 of
FIG. 5 in which data is being received for a single physiologi-
cal parameter, ICP. The goal indicator in FIG. 11 includes,
similar to FIG. 10, a minority portion 384 of the background
color of the ICP textual display 314 changing colors (black to
green).
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[0087] FIG. 12 shows an embodiment of the display screen
300 when the averages of a plurality of physiological param-
eters are within their respective goal ranges. In the illustrated
embodiment, ICP is within its predetermined goal range as
discussed above with respect to FIG. 10, and PbO2 is within
its predetermined goal range, which in the illustrated embodi-
ment is the PbO2 average of 22 mmHg being less than an
upper goal limit of 23 mmHg, being less than an upper normal
limit 386 of 30 mmHg, being greater than a lower goal limit
of 17 mmHg, and being greater than a lower normal limit 388
of 0 mmHg. FIG. 12 shows the goal indicators for ICP and
PbO2 being triggered from the monitor window 310 of FIG.
3. The goal indicators in FIG. 12 includes, similar to FIG. 11,
a minority portion 384 of the background color of the ICP
textual display 314 changing colors (black to green) and a
minority portion 390 of the background color of the PbO2
textual display 328 changing colors (black to green). In the
illustrated embodiment, the EVD ICP, CPP, and Tb physi-
ological parameters are outside their respective goal ranges
and within their respective normal ranges such that alarms
and goal indicators are not shown for any of the EVD ICP,
CPP, and Th.

[0088] FIG. 13 shows an embodiment of the display screen
300 when at least one of the physiological parameters is
within its respective goal range and when at least one other of
the physiological parameters is outside its respective normal
range. In the illustrated embodiment, the ICP and PbO2
physiological parameters are within their respective goal
ranges as discussed above regarding FIG. 12, the EVD ICP,
CPP, and Tb physiological parameters are outside their
respective goal ranges and within their respective normal
ranges as discussed above regarding FIG. 12, and the MAP/
BP physiological parameter is outside its normal range, e.g,,
by being below its predetermined lower limit for its normal
range. The MAP/BP alarm is shown in FIG. 13 as having been
acknowledged similar to that discussed above regarding the
acknowledgement of the ICP alarm of FIG. 9. Although only
two goal indicators and only one alarm are shown in FI1G. 13,
any combination of any of the parameters on the screen 300
can have goal indicators or alarms therefor.

[0089] A duration of the goal state can be determined and
stored, e.g., in a storage unit, which can facilitate evaluation
of the patient’s condition, e.g., if displayed on the screen 300.
In other words, start and stop times of the goal indicator’s
presence on the screen 300 can be saved.

[0090] When a goal indicator is triggered for a physiologi-
cal parameter, the goal indicator can persist until the param-
eter falls outside its associated goal range. The goal indicator
can thus be configured to continuously indicate in-goal-range
status of its associated physiological parameter. In an exem-
plary embodiment, the goal indicator can be configured to be
non-removable, e.g., user input cannot cause the goal indica-
tor to be removed from the screen 300. In other words, a goal
indicator can be configured to always be present on the screen
300 for its associated physiological parameter unless the
parameter is out of goal range. In this way, the screen 300 can
be configured to always provide an indication of each param-
eter’s goal range status. The screen 300 can thus be config-
ured to continuously provide goal range status information in
a consistent way, e.g., with a textual display’s minority por-
tion remaining a same color if within the goal range and
remaining same color if outside the goal range, thereby facili-
tating unambiguous assessment of parameters’ goal range
statuses. The goal indicator can, however, be configured to be
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removed from and/or altered on the screen 300, such as by
being acknowledged similar to that discussed above regard-
ing acknowledgement of the alarm. The screen 300 can thus
include a goal indicator acknowledgement button (not
shown) similar to the alarm silence button 374.

[0091] As discussed above, a goal indicator can be trig-
gered for a physiological parameter, e.g., ICP, MAP/BP, HR,
EVD ICP, CPP, PbO2, and Tb, inresponse to its average being
within its predetermined goal range. Additionally or alterna-
tively, a goal indicator can be triggered for a physiological
parameter in response to a pattern of individual values for the
physiological parameter gathered from the patient being con-
sistent with a predetermined pattern of values for the physi-
ological parameter. In other words, a goal alarm can be trig-
gered in response to a pattern of individual values varying
from a predetermined pattern of values. As discussed above,
triggering the goal alarm can cause the goal indicator for that
physiological parameter to be removed from the screen 300,
if the goal indicator for that physiological parameter was
already present thereon, or cause the goal indicator for that
physiological parameter to remain off the screen 300, if the
goal indicator for that physiological parameter was already
not present thereon. The goal indicator can thus be configured
to not be present on the screen 300 in some circumstances for
aparameter even when the parameter’s current value is within
that parameter’s goal range. In this way, the goal indicator can
be configured to indicate whether or not the physiological
parameter is trending to be outside its associated goal range
and/or outside its associated normal range. The patient’s con-
dition can thus be assessed and/or treated before the patient’s
condition further deteriorates, e.g., before the physiological
parameter’s average has a chance to be outside the normal
range and/or outside the goal range. The predetermined pat-
tern of values can include a variety of different patterns.
[0092] In an exemplary embodiment, the predetermined
pattern can include a predetermined number of immediately
successive gathered or calculated values each increasing from
its immediately preceding gathered or calculated value. In
other words, if a predetermined number of values succes-
sively increase, e.g., indicating an upward trend, the goal
alarm can be triggered for that parameter. The predetermined
number can be any number two or greater, and in an exem-
plary embodiment is at least ten, e.g., such that the eleventh
increased value in a row can trigger the goal alarm. The
predetermined number can vary between different param-
eters, e.g., a higher predetermined number for physiological
parameters that are gathered more frequently than other
physiological parameters.

[0093] In another exemplary embodiment, the predeter-
mined pattern can include a predetermined number of imme-
diately successive gathered or calculated values each decreas-
ing from its immediately preceding gathered or calculated
value. In other words, if a predetermined number of values
successively decrease, e.g., indicating a downward trend, the
goal alarm can be triggered for that parameter. The predeter-
mined number can be any number two or greater, and in an
exemplary embodiment is at least ten, e.g., such that the
eleventh decreased value in a row can trigger the goal alarm.
The predetermined number can vary between physiological
parameters, e.g., a higher predetermined number for physi-
ological parameters that are gathered more frequently than
other physiological parameters.

[0094] Inyetanother exemplary embodiment, the predeter-
mined pattern can include a gathered or calculated value

Sep. 18,2014

being a predetermined threshold amount greater than its
immediately preceding value. In other words, the predetet-
mined trend can include a sudden spike up in value. The
predetermined threshold amount can vary between different
parameters, e.g., a higher predetermined threshold amount
for physiological parameters that are gathered more fre-
quently than other physiological parameters.

[0095] In another exemplary embodiment, the predeter-
mined pattern can include a gathered or calculated value
being a predetermined threshold amount less than its imme-
diately preceding value. In other words, the predetermined
trend can include a sudden spike down in value. The prede-
termined threshold amount can vary between different
parameters, e.2., a lower predetermined threshold amount for
physiological parameters that are gathered less frequently
than other physiological parameters.

[0096] In another exemplary embodiment, the predeter-
mined pattern can include a gathered or calculated value
being a predetermined threshold amount greater than the
current average value for that parameter. In other words, the
predetermined pattern can include a sudden spike up in value.
The predetermined threshold amount can vary between dif-
ferent parameters, e.g., a higher predetermined threshold
amount for physiological parameters that are gathered more
frequently than other physiological parameters.

[0097] In another exemplary embodiment, the predeter-
mined pattern can include a gathered or calculated value
being a predetermined threshold amount less than the current
average value for the parameter. In other words, the predeter-
mined pattern can include a sudden spike down in value. The
predetermined threshold amount can vary between different
parameters, e.g., a lower predetermined threshold amount for
physiological parameters that are gathered less frequently
than other physiological parameters.

[0098] In another exemplary embodiment, the predeter-
mined pattern can include one or more of the physiological
parameters meeting a predetermined condition, thereby trig-
gering a goal alarm for a different one or more of the physi-
ological parameters. In other words, one or more of the physi-
ological parameters can be cross-correlated with one or more
others of the physiological parameters such that values of the
one or more of the physiological parameters can affect the one
or more others of the physiological parameters. For example,
CPP can be cross-correlated with ICP and MAP such that if
one or both of ICP and MAP fall outside their respective goal
ranges and/or fall outside their respective normal ranges, a
goal alarm can be triggered for CPP, e.g., a goal indicator for
CPP can be removed from the screen 300 ifnot already absent
from the screen 300. In other words, the predetermined con-
dition can be, for example, ICP and/or MAP falling outside
their respective goal ranges and/or fall outside their respective
normal ranges. For another example, MAP/BP can be cross-
correlated with ICP such that if one of ICP and MAP/BP is
increasing, e.2., its average is increasing, and the other one of
ICP and MAP/BP is decreasing, e.g., its average is decreas-
ing, a goal alarm can be triggered for both ICP and MAP/BP.
In other words, the predetermined condition can be, for
example, one of ICP and MAP/BP increasing and the other
one of ICP and MAP/BP decreasing. ICP and MAP/BP both
relate to pressure, so if one of ICP and MAP/BP is increasing
while the other of ICP and MAP/BP is decreasing over the
same current time period, the patient may be in distress even
if ICP and MAP/BP are both within their goal ranges. For
another example, MAP/BP can be cross-correlated with ICP
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such that if ICP is increasing or decreasing opposite from
MAP/BP, e.g., ICP’s average is increasing and MAP/BP’s
average is decreasing, or ICP’s average is decreasing and
MAP/BP’s average is increasing, a goal alarm can be trig-
gered for ICP. In other words, the predetermined condition
can be, for example, ICP’s average trending opposite to that
of MAP/BP’s average.

[0099] Predetermined numbers, predetermined threshold
amounts, and predetermined conditions for predetermined
patterns can each, same or different from one another, be a
default, preprogrammed value, e.g., preprogrammed into a
processor, or can be customized for a particular patient.
[0100] The device can be configured to consider any num-
ber of predetermined patterns. In other words, any number of
predetermined patterns can be preprogrammed into the
device such that the goal alarm can be configured to be trig-
gered based on any one or more predetermined patterns and/
or based on the goal range. In some embodiments, alarms
related to the predetermined normal ranges for physiological
parameters can be based on predetermined patterns similar to
that discussed above regarding predetermined goal ranges.
[0101] As mentioned above, selection of the hybrid tab 304
on the display screen 300 can cause a hybrid window to be
shown on the screen 300. The hybrid window can be config-
ured to show information for one or more physiological
parameters over a current time period and can show informa-
tion for the one or more physiological parameters over
another time period, also referred to herein as a “trend time
period,” that is different from the current time period. The
hybrid window can thus facilitate comparison of current
information with previously gathered information, which can
facilitate a more long term analysis of the patient’s physi-
ological parameters. The information for the one or more
physiological parameters over the current time period can
include information similar to that discussed above regarding
the information that can be shown on the monitor window.
The information for the one or more physiological parameters
over the other time period can include information that can be
shown on the trends window. The hybrid window can thus be
configured as a hybrid of the monitor window and the trends
window. The information displayed in the hybrid window for
each of the physiological parameters can be based on data
received by the monitoring device in any of a variety of ways,
as discussed above. For each of the physiological parameters
shown on the screen, the hybrid window can be configured to
show at least one of a textual display of parameter informa-
tion for the current time period and a graphical display of
parameter information for the current time period, and at least
one of a textual display of parameter information for a trend
time period and a graphical display of parameter information
for the trend time period.

[0102] In an exemplary embodiment, the trend time period
can be longer than the current time period, e.g., fifteen min-
utes, thirty minutes, ninety minutes, one hundred minutes,
etc., although virtually any time period can be used as the
trend time period. In some embodiments, the trend time
period can be hours, days, or longer, and can be adjustable as
discussed above with respect to the current time period. The
trend time period can entirely precede the current time period
or can overlap at least partially with the current time period. In
some embodiments, the trend time period can correspond to
requirements of a particular physiological parameter. For
example, the trend time period can correspond to a time
period pertinent to ICP monitoring and thereby allow a car-
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egiver to review this trend time period. Various embodiments
of displaying trends for a physiological parameter on a dis-
play screen are described in further detail inU.S. Pat. Pub. No.
2009/0005703.

[0103] FIG. 14 shows an embodiment of a hybrid window
392 on the display screen 300. As mentioned above, the
hybrid window 392 can include one or more static features,
such as the patient ID window 354, the help button 356, the
screen lock button 358, the history button 360, the manual
entry button 362, the print button 364, the current date/time
indicator 366, the power connector 368, the charge indicator
370, the docking indicator 372, and the alarm silence button
374. In the illustrated embodiment, the hybrid window 392
shows information over the current time period for ICP in an
ICP textual display 394 and an ICP graphical display 396,
MAP/BP in a MAP/BP textual display 398 and a MAP/BP
graphical display 400, HR in the MAP/BP textual display
398, EVD ICP in an EVD textual display 402, CPP in a CPP
textual display 404, PbO2 in a PbO2 textual display 406, and
Tb in a Tb textual display 408, but as mentioned above, any
one or more physiological parameters can be monitored and
displayed, and current information forany one or more physi-
ological parameters can be shown on the hybrid window 392
in textual displays and/or graphical displays. In the illustrated
embodiment, the hybrid window 392 shows information over
the trend time period for ICP in an ICP trends window 410, for
MAP/BP in a MAP/BP trends window 412, for CPP in a CPP
trends window 414, for PbO2 in a PbO2 trends window 416,
and for Tb in a Tb trends window 418, but any one or more
physiological parameters can be monitored and displayed,
and trends information for any one or more physiological
parameters can be shown on the hybrid window 392 in textual
displays and/or graphical displays similar to the textual dis-
plays and graphical displays discussed above regarding the
monitor window. Which one or more of the physiological
parameters have a textual display only, have a graphical dis-
play only, or have both a textual display and a graphical
display can be user-adjusted, such as by dragging and drop-
ping displays on the touchscreen or activating the preferences
button 312.

[0104] As shown in the embodiment of FIG. 14, the hybrid
window 392 can display a trendline in each of the ICP trends
window 410, the MAP/BP trends window 412, the CPP
trends window 414, the PbO2 trends window 416, and the Th
trends window 418 as related to each of their respective
physiological parameters. The trendline for each of the physi-
ological parameters can represent its associated physiological
parameter graphically via a graph line, however virtually any
graphical representation can be used, such as a bar graph, a
plot of discrete data points, and/or other pictorial display.
Each of the ICP trends window 410, the MAP/BP trends
window 412, the CPP trends window 414, the PbO2 trends
window 416, and the Tb trends window 418 in the illustrated
embodiment plots via the trendline their respective physi-
ological parameter’s values gathered and/or calculated dur-
ing the trend time period. However, a trends window can
show (e.g., via a graph line and/or other pictorial display)
values of another statistic based on its associated physiologi-
cal parameter, e.g., a mean value of the physiological param-
eter calculated over a sample period, e.g., every two to three
seconds, a median value, a normalized value, a systolic value,
a diastolic value, wave amplitude, etc.

[0105] In some instances, data may not be received for a
certain physiological parameter, as mentioned above, such
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that those missing physioclogical parameter(s) can be absent
from the hybrid window 392. FIG. 15 shows an example of
the hybrid window 392 in which data is being received for a
plurality of physiological parameters, e.g., ICP, MAP/BP and
HR, and CPP, and is not being received for a plurality of
physiological parameters, e.g.. EVD ICP, PbO2, and Tb. The
hybrid window 392 in this illustrated embodiment thus lacks
graphical displays for EVD ICP, PbO2, and Tb over the cur-
rent time period, lacks textual displays for EVD ICP, PbO?2,
and Tb over the trend time period, lacks graphical displays for
EVD ICP, PbO2, and Tb over the trend time period in the
PbO2 graphical display 416 and in the Th graphical display
418, and lacks any numerical data in the textual displays 402,
406, 408 for EVD ICP, PbO2, and Th. In the illustrated
embodiment, the textual displays 402, 406, 408 for EVD ICP,
Pb02, and Tb each include a data absence indicator in the
form of a textual message, “Not connected” in the EVD
ICPand Tb displays 402, 408 and “Not installed” in the PbO2
display 406.

[0106] Similar to that discussed above regarding the moni-
tor window 310, the textual display(s) and/or the graphical
display(s) for each of the physiological parameters ICP,
MAP/BP and HR, EVD ICP, CPP, PbO2, and Tb shown onthe
hybrid window 392 canbe configured to be observed by a user
s0 as to assess the patient’s condition. To facilitate assessment
of the patient’s condition, an alarm can be provided if any of
the physiological parameters fall outside their associated nor-
mal range, also similar to that discussed above regarding the
monitor window 310. In an exemplary embodiment, when an
alarm for a physiological parameter is triggered, the monitor
portion of the hybrid window 392 for that physiological
parameter can be configured to indicate the alarm, while the
trends portion of the hybrid window 392 for that physiologi-
cal parameter can be configured to not change in response to
the alarm condition, e.g., not change color, not include an
alarm symbol thereon, etc. Not changing the trends portion of
the hybrid window 392 in response to the alarm condition can
reflect that current conditions are in an alarm state rather than
indicate that an error exists in the longer-term trend of the
physiological parameter reflected in any trends display in the
hybrid window 392 for that physiological parameter. The
trends portion of the hybrid window 392 for that physiologi-
cal parameter can, however, be configured to change in
response to the alarm similar to that discussed above regard-
ing the monitor window.

[0107] FIG. 16 shows an embodiment of the display screen
300 after the average ICP falls outside its predetermined
normal range, which in the illustrated embodiment is the
average exceeding the upper normal limit, e.g., the current
average value of 22 mmHg being above the upper normal
limit of 20 mmHg. In response to the ICP average falling
outside the normal range, an alarm was triggered, thereby
changing a majority portion 420 of the background for the
ICP textual display 394 from a first color, e.g., black, in FIG.
14 to asecond color, e.g., red, in FIG. 16, and thereby causing
an alarm symbol 422 to be shown in the ICP textual display
394. Although only one alarm is shown in FIG. 16, any one or
more of the parameters on the screen 300 can, in any combi-
nation thereof, have alarms therefor. The embodiment shown
in FIG. 16 does not alter the ICP graphical display 396 or the
ICP trends portion of the hybrid window 392, e.g., the ICP
trends window 410, in response to the detected alarm condi-
tion for ICP.
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[0108] An alarm on the hybrid window 392 can be
acknowledged similar to that discussed above regarding the
monitor window. FIG. 17 shows an embodiment of the dis-
play screen 300 after acknowledgement of the alarm of FIG.
16. In response to the alarm being acknowledged. e.g., in
response to activation of the alarm silence button 374, an
acknowledgement was triggered, thereby changing the
majority portion 420 of the background for the ICP textual
display 394 from the second color, e.g.. red, in FIG. 16 to a
third color, e.g., white, in FIG. 16. A minority portion 424 of
the background for the ICP textual display 394 did not change
from FIG. 16 to FIG. 17. The alarm symbol 422 can remain
present on the display screen 300 even after the alarm has
been acknowledged, as shown in FIG. 17.

[0109] Also similar to that discussed above regarding the
monitor window, a goal alarm can be provided on the hybrid
window 392 based on any one or more factors, e.g., if any of
the physiological parameters are outside their associated goal
range and/or any of the physiological parameters deviate
from one or more predetermined trends. FIG. 18 shows an
embodiment of the hybrid window 392 of FIG. 14 after the
average PbO2 has changed to be within its predetermined
goal range. In response to the PbO2 average being within the
goal range, a goal indicator was triggered, thereby changing a
minority portion 424 of the background for the PhO2 textual
display 406 from a first color, e.g., black, in FIG. 14 to a
second color, e.g., green, in FIG. 18. The embodiment shown
in FIG. 18 does not alter the PbO2 trends portion of the hybrid
window 392, e.g., the PbO2 trends window 416, in response
to the detected goal condition for PbO2. FIG. 19 shows an
embodiment of the hybrid window 392 of FIG. 14 when at
least one of the physiological parameters has changed within
its respective goal range, e.g., PbO2 similar to that discussed
above regarding F1G. 18, and when at least one other of the
physiological parameters is outside its respective normal
range and has been acknowledged as being so, e.g., ICP
similar to that discussed above regarding FIG. 17.

[0110] FIG. 20 shows an embodiment of the hybrid window
392 of FIG. 18 when the device is undocked, e.g., is running
from an on-board power supply such as a battery. The
undocked state of the device can be indicated in any one or
more ways, such as by changing a background color of the
display screen 300 (e.g., from white in FIG. 18 to yellow in
FIG. 20, changing the docking indicator 372 (e.g., from a
docked icon in FIG. 18 to an undocked icon in FIG. 20), a
textual identifier (e.g., “UNDOCKED” on the screen 300 in
FIG. 20), etc. Providing clear notice of the device being
undocked can help prevent the device from running out of
power, going out of range, etc. FIG. 21 similarly shows an
embodiment of the monitor window 310 of FIG. 3 when the
device is undocked.

[0111] As mentioned above, the relative sizes and locations
of the various windows, symbols, text, icons, etc. shown for
the hybrid window 392 of FIGS. 14-20 and the monitor win-
dow 310 of FIG. 21 are exemplary in nature.

[0112] As mentioned above, selection of the trends tab 306
on the display screen 300 can cause a trends window (not
shown) to be displayed on the screen 300. The trends window
can include information similar to the trends information that
can be shown in the hybrid window, as discussed above. As
also mentioned above, various embodiments of providing
trends information are discussed furtherin U.S. Pat. Pub. No.
2009/0005703.
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[0113] As mentioned above, selection of the future tab 308
on the display screen 300 can cause a future window (not
shown) to be displayed on the screen 300. The future window
can show information for one or more physiological param-
eters in a future time period that is after the current time
period. The future time period can be a predetermined amount
of time that can be a default, preprogrammed time period,
e.g., preprogrammed into a processor, or can be customized
for a particular patient. The future time period can be, e.g., in
arange of about five to sixty seconds, in a range of about five
to ten seconds, a single heartbeat, a most recent few heart-
beats of the patient, etc. The future time period can be adjust-
able similar to that discussed above, such as when a user
activates the preferences menuorsoft button 312. Adjustment
of the future time period can allow for various clinical proto-
cols, as such protocols can require tracking of a parameter
over different time periods.

[0114] Any one or more physiological parameters can be
shown on the future window. The information displayed for
each of the physiological parameters can be based on data
received by the monitoring device in any of a variety of ways,
as discussed above. For each of the physiological parameters,
the future window can be configured to show a textual display
of parameter information for the future time period and/or a
graphical display of parameter information for the future time
period, similar to the textual and graphical displays discussed
above. Which one or more of the physiological parameters
have a textual display only, have a graphical display only, or
have both a textual display and a graphical display can be
user-adjusted, such as by dragging and dropping displays on
the touchscreen or activating the preferences button 312. The
future data can be shown in the future window in any one or
more ways, such as by scatter plots, spider plots, plotting one
parameter against another, plotting one parameter against
another within a specific period of time, 3D plot (where the
third axis is time).

[0115] The parameter information shown on the future
window can be based on analysis of actual parameters values
gathered from the patient. In other words, the information for
a physiological parameter in the future time period can
include projections of future parameter values based on actual
values of that parameter gathered from the patient. Future
parameter values for a physiological parameter can be
extrapolated from the actual values gathered from the patient
for that parameter using any one or more extrapolation tech-
niques, as will be appreciated by a person skilled in the art.
Examples of extrapolation techniques include linear extrapo-
lation, linear extrapolation, conic extrapolation, and polyno-
mial extrapolation. Various software known in the art can be
used to perform such extrapolation, such as Fityk (available
under GNU General Public License), Ch (marketed by Soft-
Integration, Inc. of Davis, Calif.), ZunZun.com (online curve
fitting), and savetman.com (online curve fitting using least
squares fit with weights). The future data can be correlated
(e.g., autocorrelated and/or cross correlated) and/or the future
data can be manipulated for frequency analysis.

[0116] FIGS. 3-19 are directed to user interfaces in a neu-
rological context, e.g., for use in monitoring a patient with a
traumatic brain injury. However, the methods, systems, and
devices described herein are applicable in other medical con-
texts and can be used in monitoring a patient having virtually
any ailment(s). Also, while FIGS. 3-19 use ICP. MAP/BP,
HR, EVD ICP, CPP, PbO2, and Tb as exemplary physiologi-
cal parameters, this is by way of illustration only. The meth-
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ods, systems, and devices described herein can be applied to
virtually any physiological parameters of a patient.

[0117] A person skilled in the art will appreciate that the
present invention has application in conventional minimally-
invasive and open surgical instrumentation as well applica-
tion in robotic-assisted surgery.

[0118] Thedevices disclosed herein can also be designed to
be disposed of after a single use, or they can be designed to be
used multiple times. In either case, however, the device can be
reconditioned for reuse after at least one use. Reconditioning
can include any combination of the steps of disassembly of
the device, followed by cleaning or replacement of particular
pieces and subsequent reassembly. In particular, the device
can be disassembled, and any number of the particular pieces
or parts of the device can be selectively replaced or removed
in any combination. Upon cleaning and/or replacement of
particular parts, the device can be reassembled for subsequent
use either at a reconditioning facility, or by a surgical team
immediately priorto a surgical procedure. Those skilled in the
art will appreciate that reconditioning of a device can utilize
a variety of techniques for disassembly, cleaning/replace-
ment, and reassembly. Use of such techniques, and the result-
ing reconditioned device, are all within the scope of the
present application.

[0119] Oneskilled in the art will appreciate further features
and advantages of the invention based on the above-described
embodiments. Accordingly, the invention is not to be limited
by what has been particularly shown and described, except as
indicated by the appended claims. All publications and refer-
ences cited herein are expressly incorporated herein by ref-
erence in their entirety.

What is claimed is:

1. A system, comprising:

a display screen; and

a processor configured to:

receive a plurality of values of a physiological parameter
measured from a patient over a period of time,

determine if a current value based on the received values
is within a normal range of the physiological param-
eter,

cause an alarm indictor to be displayed on the display
screen if the current value is determined to not be
within the normal range, the alarm indicator not being
displayed on the display screen if the current value is
determined to be within the normal range,

determine if the current value is within a goal range of
the physiological parameter, the goal range being
nested within the normal range, and

cause a goal indictor to be displayed on the display
screen if the current value is determined to be within
the goal range, the goal indicator not being displayed
onthe display screen ifthe current value is determined
to not be within the goal range.

2. The system of claim 1, wherein the physiological param-
eter is at least one of intracranial pressure (ICP), cerebral
perfusion pressure (CPP), mean arterial blood pressure
(MAP), oxygen saturation (pO,), heart rate, and temperature.

3. A method, comprising;

receiving a plurality of values of a physiological parameter

measured from a patient over a period of time;
determining if a current value based on the received values

1s within a normal range of the physiological parameter;
causing an alarm indictor to be displayed on the display

screen if the current value is determined to not be within
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the normal range, the alarm indicator not being dis-
played on the display screen if the current value is detet-
mined to be within the normal range;

determining if the current value is within a goal range of the

physiological parameter, the goal range being nested
within the normal range; and

causing a goal indictor to be displayed on the display

screen if the current value is determined to be within the
goal, the goal indicator not being displayed on the dis-
play screen if the current value is determined to not be
within the goal range.

4. The method of claim 3, wherein causing the goal indi-
cator to be displayed on the display screen comprises chang-
ing a color shown in a first portion of the display screen, and
causing the alarm indicator to be displayed on the display
screen comprises changing a color shown in a second portion
of the display screen.

5. The method of claim 3, further comprising determining
if a plurality of the values match a predetermined pattern, the
goal indictor not being displayed on the display screen if the
plurality of values are determined to match the predetermined
pattern even if the current value is determined to be within the
goal range.

6. The method of claim 5, wherein the predetermined pat-
tern comprises at least one of the plurality of values continu-
ously increasing toward an upper limit of the normal range
and the plurality of values continuously decreasing toward a
lower limit of the normal range.

7. The method of claim 5, wherein a number of the plurality
of values is a predetermined number.

8. The method of claim 3, wherein the display screen is
attached to a housing, and wherein the determining if the
current valueis within the normal range, the causing the alarm
indictor to be displayed, the determining if the current value
is within the goal range, and the causing the goal indictor to be
displayed are performed by a processor disposed in the hous-
ing.

9. The method of claim 3, wherein the display screen is
attached to a housing, and wherein the determining if the
current value is within the normal range, the causing the alarm
indictor to be displayed, the determining if the current value
is within the goal range, and the causing the goal indictor to be
displayed are performed by a processor remotely located
from the housing.

10. The method of claim 3, wherein the physiological
parameter is at least one of intracranial pressure (ICP), cere-
bral perfusion pressure (CPP), mean arterial blood pressure
(MAP), oxygen saturation (pO,), heart rate, and temperature.

11. A computer readable medium having stored thereon a
program, that when executed, performs the method of claim
3.

12. A method, comprising:

receiving data representing a value of a physiological

parameter over a time period, the physiological param-
eter being measured from a patient;

displaying, on a monitoring screen, a current value based

on the received values;

determining if the current value is withina goal range of the

physiological parameter, the goal range having a prede-
termined upper limit and a predetermined lower limit;
if the current value is determined to be within the goal
range, causing a visual goal indicator indicating that the
current value is within the goal range to be displayed on
the monitoring screen, the goal indicator not being dis-
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played on the monitoring screen if the current value is
determined to not be within the goal range;

determining if the current value is within a normal range of
the physiological parameter, the normal range having a
predetermined upper limit that is greater than the prede-
termined upper limit of the goal range and having a
predetermined lower limit that is less than the predeter-
mined lower limit of the goal range; and
if'the current value is determined to be outside the normal
range, causing a visual alarm indicator indicating that
the current value is outside the normal range to be dis-
played on the monitoring screen, the alarm indicator not
being displayed on the monitoring screen if the current
value is determined to be within the normal range.
13. The method of claim 12, wherein causing the visual
goal indicator to be displayed on the monitoring screen com-
prises changing a color shown in a first portion of the moni-
toring screen adjacent the current value, and causing the
visual alarm indicator to be displayed on the monitoring
screen coniprises changing a color shown in a second portion
of the monitoring screen adjacent the current value.
14. The method of claim 12, wherein the goal indicator is
not displayed on the monitoring screen if the alarm indicator
is displayed on the monitoring screen, and the alarm indicator
is not displayed on the monitoring screen if the goal indicator
is displayed on the monitoring screen.
15. The method of claim 12, further comprising:
continuously repeating the determining if the current value
is within the goal range so as to continuously update on
the monitoring screen whether or not the goal indicator
is displayed on the monitoring screen; and

continuously repeating the determining if the current value
is within the normal range so as to continuously update
on the monitoring screen whether or not the alarm indi-
cator is displayed on the monitoring screen.

16. The method of claim 12, further comprising:

receiving data representing a value of'a second physiologi-

cal parameter over the time period, the second physi-
ological parameter being measured from the patient; and
changing at least one of the predetermined upper limit of
the goal range and the predetermined lower limit of the
goal range based on an current value of the value of the
second physiological parameter over the time period.

17. The method of claim 12, further comprising:

receiving data representing a value of one or more addi-

tional physiological parameters over time, each of the
one or more additional physiological parameters being
measured from the patient;

displaying, on the monitoring screen, a graphical represen-

tation of an current value of each of the one or more
additional physiological parameters over the time
period,

determining if the current value of each of the one or more

additional physiological parameters is within a respec-
tive goal range for each of the one or more additional
physiological parameters, each of the respective goal
ranges having a predetermined upper limit and a prede-
termined lower limit;

if the current value of any of the one or more additional

physiological parameters is determined to be within its
associated goal range, causing a visual goal indicator
indicating that the current value is within the goal range
to be displayed on the monitoring screen, the goal indi-
cator for the one or more additional physiological
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parameters not being displayed on the monitoring screen
ifits associated current value is determined to be outside
its associated goal range;

determining if the current value of each of the one or more
additional physiological parameters is within a respec-
tive normal range for each of the one or more additional
physiological parameters, each of the respective normal
ranges having a predetermined upper limit that is greater
than the predetermined upper limit of its associated goal
range and having a predetermined lower limit that is less
than the predetermined lower limit of its goal range; and

if the current value of any of the one or more additional
physiological parameters is determined to be outside its
associated normal range, causing a visual alarm indica-
tor indicating that the current value is outside the normal
range to be displayed on the monitoring screen, the
alarm indicator for the one or more additional physi-
ological parameters not being displayed on the monitor-
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ing screen if its associated current value is determined to
be within its associated normal range.

18. The method of claim 12, further comprising setting the
predetermined upper limit of the goal range and the predeter-
mined lower limit of the goal range in response to a manual
user input indicating the predetermined upper limit of the
goal range and the predetermined lower limit of the goal
range.

19. The method of claim 12, further comprising pre-pro-
gramming the predetermined upper limit of the goal range
and the predetermined lower limit of the goal range based on
a typical normal range of the physiological parameter.

20. The method of claim 12, wherein the physiological
parameter is at least one of intracranial pressure (ICP), cere-
bral perfusion pressure (CPP), mean arterial blood pressure
(MAP), oxygen saturation (pO,), heart rate, and temperature.
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