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TRAUMATIC BRAIN INJURY GUIDELINE
SYSTEM AND METHOD

[0001] The present disclosure generally relates to trau-
matic brain injury (“TBI”) guidelines, such as may be
implemented/used in/with medical devices (e.g., monitors/
defibrillators). The present disclosure more particularly
relates to novel and inventive systems and methods for using
TBI guidelines in/with a medical device (e.g., a monitor/
defibrillator) to treat/care for traumatic brain injury patients.
[0002] It is estimated that approximately 1.4 million vic-
tims of traumatic brain injury are seen in emergency depart-
ments each year in the United States (“U.S.”) and, of those,
approximately 50,000 die and 235,000 are hospitalized. It is
further estimated that at least 2% of the U.S. population has
a TBI-related long-term need for help to perform activities
of daily living. These statistics have inspired increased
research into treatment and care of TBI patients, which has
gathered growing evidence that the management of TBI in
the early minutes after injury profoundly impacts outcome
for the patient. This has led to the promulgation of evidence-
based TBI treatment guidelines by authoritative national and
international scientific bodies.

[0003] More particularly, it has been demonstrated that
deleterious effects of hypoxia, hypotension, hypocapnea
(caused by hyperventilation) and hypercapnea (from inad-
equate ventilation) often occurs soon after a traumatic brain
injury. Based on these findings, the Brain Trauma Founda-
tion has promulgated evidence-based guidelines for in-
hospital and pre-hospital TBI treatment.

[0004] Generally, proper management of airway, ventila-
tion, and hemodynamics are at the core of the TBI guide-
lines. The negative impact of hypoxia, hypercapnea,
hypocapnea and hypovolemia are so significant that, if the
earliest opportunities to intervene are missed, subsequent
care, even if it is optimal, will generally not recover what
was lost in neurological damage.

[0005] For example, portable monitor/defibrillators are
used in a pre-hospital setting by Advanced Life Support
(“ALS™) or Basic Life Support (“BLS”) trained medical
practitioners (e.g., paramedics) to care for victims of trau-
matic brain injury immediately after an injury has occurred
(e.g., from a fall or automobile accident, prior to arrival at
the hospital). These devices can be used to monitor patient
data including systolic blood pressure (SBP), blood oxygen
saturation (SpO2), and expired carbon dioxide (CO2) and its
derived parameter end-tidal CO2 (EtCO2).

[0006] However, many paramedics (and other medical
practitioners) are not aware of the TBI guidelines, and many
Emergency Medical Services (“EMS”) agencies (and other
medical services providers) have not formally adopted and
trained their paramedics (or other medical practitioners) on
the TBI guidelines. Even those paramedics (and other medi-
cal practitioners) who are trained on the TBI guidelines
could still benefit from a system and method which could
help them meet and maintain the TBI guidelines by provid-
ing real-time feedback and guidance. Thus, it would be
beneficial to have a system and method implemented/used
in/with medical devices (e.g., monitors/defibrillators) which
can assist the user in maintaining monitored TBI parameters
in guideline range, and can issue warnings/alerts if/when the
TBI parameters fall out of guideline range.

[0007] The present disclosure recognizes that it is likely
that providing TBI guideline therapy, particularly in a pre-
hospital setting, will lead to dramatic improvement in out-
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comes for patients. From this recognition, disclosed and
described herein are exemplary embodiments of the present
disclosure, which, as one having ordinary skill in the art
shall appreciate in view of the teachings herein, can be used
together or separately to overcome the above-described
needs and related challenges of the treatment and care of
TBI patients.

[0008] In one exemplary embodiment of the present
invention, a system is implemented in a patient monitoring
device (e.g., a monitor/defibrillator) that can help the user
maintain target ranges for TBI parameters based on pre-
defined TBI guidelines. The system can provide warnings/
alerts when the parameters fall out of a pre-defined guideline
range. Such system can include software and hardware,
which hardware can be used in connection with other
functionality of the patient monitoring device, for example.

[0009] In one form, the system employs a patient moni-
toring sensor and a patient monitoring device. In operation,
the patient monitoring sensor generates data for monitoring
a TBI parameter of a patient (e.g., systolic blood pressure,
blood oxygen saturation or carbon dioxide expiration of the
patient), and the patient monitoring device generates a TBI
indicator derived from a comparison of the TBI parameter
data to parameter guideline data associated with monitoring
a potential TBI of the patient. The patient monitoring device
may include a patient data monitor to monitor the TBI
parameter data, and a TBI monitor to generate the TBI
indicator. The TBI indicator is informative of a TBI status of
the patient (e.g., a hypotension status, a hypoxia status or a
ventilation status of the patient), and/or a TBI treatment for
the patient (e.g., a ventilation treatment for the patient).

[0010] The term “patient monitoring sensors™ is a specific
known grouping of sensors for monitoring patients includ-
ing, but not limited to, blood pressure sensors, blood oxygen
sensors and carbon dioxide sensors.

[0011] The term “blood pressure sensors” broadly
includes sensors known prior to and subsequent to the
present invention that measure blood pressure both non-
invasively (e.g., through a blood pressure cuff on the arm) or
invasively (e.g., with an arterial catheter pressure line.

[0012] The term “blood oxygen sensors” broadly includes
sensors known prior to and subsequent to the present inven-
tion that provide an estimation of a concentration of oxygen
in the blood (e.g., peripheral capillary oxygen saturation
sensor) or provides a direct measurement of the concentra-
tion of oxygen in the blood (e.g., an arterial blood gas testing
sensor).

[0013] The term “carbon dioxide sensor” broadly includes
sensors known prior to and subsequent to the present inven-
tion that measure expired CO2 from the lungs, or direct
measurements of the partial pressure of CO2 in the arterial
blood PaCO2 (e.g., via an invasive blood gas sensor)

[0014] The term “patient monitoring device” is a specific
known grouping of devices for monitoring patients includ-
ing, but not limited, to Advanced Life Support (“ALS”)
monitors/defibrillators and any Automated External Defi-
brillators (“AED”).

[0015] In another exemplary embodiment of the present
invention, a method is provided that can help the user
maintain target ranges for, e.g., the TBI parameters based on
pre-defined TBI guidelines. The method can include pro-
viding warnings/alerts when the parameters fall out of a
pre-defined guideline range. Such method can be imple-
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mented via software and hardware to run in/with a patient
monitoring device (e.g., monitor/defibrillator), for example.
[0016] In one form, the method involves a patient moni-
toring sensor generating data for monitoring a TBI param-
eter of a patient, and a patient monitoring device generating
a TBI indicator derived from a comparison of the TBI
parameter data to parameter guideline data associated with
a potential TBI of the patient. The traumatic brain injury
indicator is informative of a TBI status of the patient and/or
a TBI treatment for the patient.

[0017] According to the exemplary embodiments of the
present invention, voice and/or display prompts can be
provided to communicate information to “coach” (and/or
guide, direct, suggest, etc.) the person providing care to help
them meet the TBI guidelines.

[0018] The foregoing forms and other forms of the present
invention as well as various features and advantages of the
present disclosure will become further apparent from the
following detailed description of various embodiments of
the present disclosure read in conjunction with the accom-
panying drawings. The detailed description and drawings
are merely illustrative of the present invention rather than
limiting, the scope of the present disclosure being defined by
the appended claims and equivalents thereof.

[0019] FIGS. 1A and 1B respectively illustrate a front
view and a side view of an exemplary portable monitor/
defibrillator in accordance with the present disclosure.
[0020] FIG. 2 illustrates a block diagram of an exemplary
controller in accordance with the present disclosure.
[0021] FIGS. 3A-3C illustrate an exemplary traumatic
brain injury parameter map in accordance with the present
disclosure for graphically representing an acceptable, warn-
ing, and dangerous TBI parameters, respectively.

[0022] To facilitate an understanding of the present inven-
tion, exemplary embodiments of the present invention will
be provided herein directed to an integration of a TBI
monitor 175 (FIG. 2) into a controller 17 (FIG. 2) of a patient
monitor device 10 (FIGS. 1 and 2) in the form of a
commercially available HeartStart MRx Monitor/Defibril-
lator. TBI monitor 175 aids a user of patient monitor device
10 in meeting and maintaining patient care guidelines for a
potential traumatic brain injury to a patient. From descrip-
tion of the exemplary embodiments as shown in FIGS. 1-3,
those having ordinary skill in the art will appreciate how to
make and use the present invention for implementation
by/integration into any patient monitoring device known in
the art prior to or subsequent to the present invention (e.g.,
any ALS monitor/defibrillator and any AED)

[0023] Referring to FIGS. 1 and 2, a block diagram of
patient monitoring device 10 shows a handle 11 attached to
a housing 12 providing user-access to a display/display
interface 13, a controller interface 14, a printer 15 and a port
interface 16 as shown in FIG. 1. Housing 12 further encloses
controller 17 and a speaker 18 as shown in FIG. 2.

[0024] As known in the art:

[0025] (1) display/display interface 13 displays patient
monitoring data (e.g., electrocardiogram data and TBI
data) as customized by a user via a display interface 13
(e.g., keys);

[0026] (2) controller interface 14 (e.g., knobs and but-
tons) allows the user to apply various therapies (e.g., a
shock) to a patient as controlled by controller 17,

[0027] (3) printer 14 allows the user to print various
patient reports, status logs and device information;
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[0028] (4) port interface 16 allows for the connection by
the user of one or more patient monitoring sensors 30
(FIG. 2) to controller 17 including, but not limited to,
ablood pressure sensor 304, a blood oxygen sensor 305
and a carbon dioxide sensor 30c; and

[0029] (5) controller 17 includes a patient data monitor
module 176 implementing various algorithms for
monitoring patient data, particularly TBI data includ-
ing, but not limited to, systolic blood pressure (SBP),
peripheral capillary oxygen saturation (SpO2) and end-
tidal carbon dioxide (EtCO2).

[0030] This exemplary embodiment of the present inven-
tion integrates TBI monitor 176 into controller 17 for
helping the user meet and maintain target ranges for TBI
parameters based on pre-defined TBI guidelines. Specifi-
cally, a data flow diagram of TBI monitor 17B as shown in
FIG. 2 involves a TBI parameter/guideline comparison stage
S20 of a TBI parameter data TBIP to parameter guideline
data TBIG associated with monitoring a potential traumatic
brain injury of the patient. A TBI indicator generation stages
S21 generates a TBI indicator TBII derived from the com-
parison of the TBI parameter data TBIP to parameter guide-
line data TBIG whereby TBI indicator TBII is informative of
a TBI status of the patient and/or a TBI treatment for the
patient. In practice, TBI indicator TBII may have any form
suitable for communication to the user including, but not
limited to, a graphically indicator GI for illustration by
display 13 and/or for reporting by printer 15 and audio
indicator AT for broadcast by speaker 17. TBI indicator TBII
may also be uploaded/downloaded as required, particularly
for TBI data acquisition by a laptop and for remote reporting
to a hospital/care facility.

[0031] The following description is directed to non-limit-
ing examples of a use of patient monitoring sensors 30 and
patient monitoring device 10 to provide further understand-
ing of TBI monitor 175.

[0032] Specifically, a user initiates patient monitoring
device 10 with a button press of display interface 13 and
enter the patient’s (approximate/estimated) age. Alterna-
tively, the user initially can select a range for the patient’s
(approximate/estimated) age (e.g., “TBI age=10") and the
application continues, or “TBI age<10”. If the user selects
“TBI age<10”, patient monitoring device 10 prompts the
user to enter a more exact (approximate/estimated) age.
Based on the age, patient monitoring device 10 computes the
target range for TBI parameters EtCO2, SPO2, and SBP, for
example. Patient data monitor 17 monitors the three (2)
exemplary TBI parameters and TBI monitor 176 provides a
TBI status indicator TBII for each TBI parameter indicative
of whether that TBI parameter is in target range or not.
Additionally, TBI monitor 17b can “coach” the user who is
controlling manual ventilation rate (e.g. by manually
squeezing an ambu-bag) to adjust the ventilation rate based
on the current EtCQO2 value to reach a target EtCO2 value.
Alert warnings can be provided by TBI monitor 175 when
TBI parameters are approaching or have exceeded accept-
able pre-defined parameter range limits.

[0033] More particularly to the examples, when the user
arrives on the scene of a patient with a potential or actual
TBL:

[0034] blood pressure sensor 31 in a form of a blood
pressure cuff is attached around the patient’s arm and
connected to port interface 16;
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[0035] blood oxygen sensor 32 in a form of a SPO2
sensor is placed on the patient’s finger and connected to
port interface 16; and

[0036] if needed, the patient is intubated with an
advanced airway or another type of airway such as an
oropharyngeal airway device or mask from a bag-
valve-mask (BVM) combination, or a nasal cannula
(designed for CO2 monitoring as well as oxygen deliv-
ery) is placed infon the patient, and carbon dioxide
sensor 33 in a form of a CO2 sensor filter-line is applied
between the airway tube and the ambu-bag (manual
ventilation bag) or applied to the nasal cannula and
connected to port interface 16.

[0037] The user begins TBI method by pressing a button
(hardkey or softkey) of display interface 13 or controller
interface 14 labeled with “TBI”, for example. Patient moni-
toring device 10 then prompts the user to enter the patient’s
(estimated/approximate) age in years (and months for an
infant <2 years old).

[0038] TBI monitor 175 then computes the age-based
systolic blood pressure (SBP) threshold, e.g.,

[0039] Infants/Children age<10 yrs: [70+(agex2) |
mmHg (using age in years or fractions);

[0040] Age>10 yrs: 90 mmHg.
EXAMPLES
[0041] Newborn Infant: 70 mmHg;
[0042] Infant 6 months: 71 mmHg:
[0043] 5 yr. old: 80 mmHg;
[0044] >10 yrs: 90 mmHg
[0045] TBI monitor 175 uses an SPO2 threshold of 90%

for all ages.
[0046] TBI monitor 17b uses an EtCO2 target range of
35-45 mmHg for all ages.
[0047] These threshold and targets are current TBI guide-
lines. Nonetheless, in practice, TBI monitor 175 may be
configured with different values in the monitor/defibrillator
configuration. It is possible that this configuration can be
configurable by a user, and/or manufacturer, supplier, etc.
[0048] According to exemplary embodiments of the pres-
ent invention, TBI monitor 175 may provide the TBI indi-
cator TBII in the form of the following hypotension warn-
ings using the current value of SBP as follows:

[0049] at threshold +10: “NOTICE: Approaching
Hypotension”
[0050] at threshold +5: “WARNING: Marginal
Hypotension”
[0051] at or below threshold: “ALERT!! HYPOTEN-
SION!!”
[0052] According to exemplary embodiments of the pres-

ent invention, TBI monitor 176 may provide the TBI indi-
cator TBII in the form of the following hypoxia warnings
using the current value of SPO2 as follows:

[0053] 93-96%: “Insure High-Flow 02~

[0054] 90-92%: “WARNING: Marginal O2 Sat”

[0055] <90%: “ALERT: !! DANGEROUS HYP-

DXIA!”

[0056] One having ordinary skill in the art shall appreciate
in view of teachings herein that these warnings as shown are
examples. The present invention is not limited to these
examples, as it has been contemplated by the inventors that
the present invention can include different warnings and/or
different ways that warnings are displayed and/or otherwise
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communicated to a user and/or recorded, stored and/or
transmitted to a hospital, for example.

[0057] Further, according to exemplary embodiments of
the present invention, TBI monitor 175 may guide ventila-
tion rate by use of a metronome. For example, TBI monitor
175 may control a flashing light and/or an audio prompt to
“ventilate” according to an algorithm/method that compares
the current EtCO2 value to the target EtCO2 range (e.g,,
proportional-integral-derivative for minimizing any differ-
ential between the current EtCO2 value and the target
EtCO2 range).

[0058] TBI monitor 175 start with initial ventilation rates
(bpm: breaths-per-minute) according to the following
patient ages, for example:

[0059] Infants (age 0-2 years): 25 bpm

[0060] Children (age 2-14 yrs.): 20 bpm

[0061] Adolescents/Adults (age 15+): 10 bpm
[0062] When the current EtCO2 is above the target range
(e.g., >45 mmHg), TBI monitor 175 can, e.g., display the
message:

[0063] “Gently Increase Ventilation Rate”

... and the metronome gradually increases the rate until the
target range is reached.
[0064] When the current EtCO2 is below the target range
(e.g., <35 mmHg), TBI monitor 175 can, e.g., display the
message:

[0065] “Gently Decrease Ventilation Rate”
... and the metronome gradually decreases the rate until the
target range is reached.
[0066] As one having ordinary skill in the art shall appre-
ciate in view of the teachings herein, there is usually an
inverse relationship with ventilation rate and EtCO2, par-
ticularly when perfusion remains constant.
[0067] Further, exemplary embodiments of TBI monitor
175 may control a graphic display whether the three exem-
plary TBI parameters (SBP, SPO2, and EtCO2) are in target
ranges, or close to or above/below thresholds. This can be an
advantageous feature/functionality of patient monitoring
device 10 in accordance with exemplary embodiments of the
present invention.
[0068] For example, exemplary embodiments of TBI
monitor 175 can use “Horizon Trends”, similar to that which
is used in some existing in-hospital patient monitors as
known in the art.
[0069] Additionally, in accordance with exemplary
embodiments of the present invention, it is possible to use
another display modality disclosed and described herein,
such as that of the novel and inventive exemplary “TBI
Map” illustrated in FIG. 3.
[0070] Specifically, FIG. 3A illustrates a graphic represen-
tation of a TBI map 40 of a current value of the three (3) TBI
parameters on a three axes labeled 41a-41c. In this example
case, the three parameters are all in acceptable guideline
range as illustrated by a TBI indicator 41 as as circle at the
center which crosses the axes 41a-41c at the current values
of the TBI parameters. In practice, TBI indicator circle 42 at
the center and parameter labels 41a-41¢ may be colored
green to represent that all parameters are in TBI guideline
range.
[0071] FIG. 3B illustrates a graphic representation of TBI
map 40 whereby TBI parameters SpO2 and SBP are both
approaching thresholds as indicated by a downward shift of
TBI indicator 42 into an elliptical shape. In practice, as a
warning, TBI indicator 42 and parameter labels 416 and 41¢
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may be colored yellow to provide the warning that TBI
parameters SpO2 and SBP are both approaching thresholds
of the TBI guidelines, and parameter label 41¢ may remain
green to represent TBI parameter EtCO?2 is still within the
guideline range.

[0072] FIG. 3C illustrates a graphic representation of TBI
map 40 whereby TBI parameters SpO2 and SBP are out of
range as indicated by a further downward shift by TBI
indicator 42 in a larger elliptical shape. In practice, as an
alert, TBI indicator 42 and parameter labels 415 and 41¢
may be colored red to provide the alert that TBI parameters
SpO2 and SBP are out of TBI guideline range, and param-
eter label 41a may remain green to represent TBI parameter
EtCO2 is still within the guideline range.

[0073] The description and example of an exemplary
indicator as shown in FIGS. 1-3, for example, is in accor-
dance with an exemplary embodiment of a TBI indicator that
represents current parameter values against the guideline
range. One having ordinary skill in the art shall appreciate
in view of the teachings provided herein that the above
approach may be further refined, and that alternate embodi-
ments of TBI indicators, including the information and
manner in which the information is displayed or otherwise
communicated, is within the scope of the present invention.

[0074] While the present invention has been described
primarily with respect to monitors/defibrillator, such as
pre-hospital monitors/defibrillators (e.g., used by paramed-
ics/EMS personnel), one having ordinary skill in the art shall
appreciate in view of the teaching provided herein that
exemplary embodiments of the present invention can be
implemented in other medical devices, including, but not
limited to, patient monitors (e.g., ECG monitors), automatic
external defibrillators (AEDs) and/or other defibrillators
coupled to or receiving data from the necessary sensors.
Indeed, exemplary embodiments of the present invention
implemented in these other types of device are specifically
contemplated and considered to be within the scope of the
present invention.

[0075] Further, as one having ordinary skill in the art will
appreciate in view of the teachings provided herein, features,
elements, components, etc. described in the present disclo-
sure/specification and/or depicted in the Figures may be
implemented in various combinations of hardware and soft-
ware, and provide functions which may be combined in a
single element or multiple elements. For example, the func-
tions of the various features, elements, components, etc.
shown/illustrated/depicted in the Figures can be provided
through the use of dedicated hardware as well as hardware
capable of executing software in association with appropri-
ate software. When provided by a processor, the functions
can be provided by a single dedicated processor, by a single
shared processor, or by a plurality of individual processors,
some of which can be shared and/or multiplexed. Moreover,
explicit use of the term “processor” or “controller” should
not be construed to refer exclusively to hardware capable of
executing software, and can implicitly include, without
limitation, digital signal processor (“DSP”) hardware,
memory (e.g., read only memory (“ROM”) for storing
software, random access memory (“RAM”), non-volatile
storage, etc.) and virtually any means and/or machine (in-
cluding hardware, software, firmware, combinations thereof,
etc.) which is capable of (and/or configurable) to perform
and/or control a process.
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[0076] Moreover, all statements herein reciting principles,
aspects, and embodiments of the invention, as well as
specific examples thereof, are intended to encompass both
structural and functional equivalents thereof. Additionally, it
is intended that such equivalents include both currently
known equivalents as well as equivalents developed in the
future (e.g., any elements developed that can perform the
same or substantially similar function, regardless of struc-
ture). Thus, for example, it will be appreciated by one having
ordinary skill in the art in view of the teachings provided
herein that any block diagrams presented herein can repre-
sent conceptual views of illustrative system components
and/or circuitry embodying the principles of the invention.
Similarly, one having ordinary skill in the art should appre-
ciate in view of the teachings provided herein that any flow
charts, flow diagrams and the like can represent various
processes which can be substantially represented in com-
puter readable storage media and so executed by a computer,
processor or other device with processing capabilities,
whether or not such computer or processor is explicitly
shown.

[0077] Furthermore, exemplary embodiments of the pres-
ent invention can take the form of a computer program
product accessible from a computer-usable and/or computer-
readable storage medium providing program code and/or
instructions for use by or in connection with, e.g.. a com-
puter or any instruction execution system. In accordance
with the present disclosure, a computer-usable or computer
readable storage medium can be any apparatus that can, e.g,,
include, store, communicate, propagate or transport the
program for use by or in connection with the instruction
execution system, apparatus or device. Such exemplary
medium can be, e.g., an electronic, magnetic, optical, elec-
tromagnetic, infrared or semiconductor system (or apparatus
or device) or a propagation medium. Examples of a com-
puter-readable medium include, e.g., a semiconductor or
solid state memory, magnetic tape, a removable computer
diskette, a random access memory (RAM), a read-only
memory (ROM), flash (drive), a rigid magnetic disk and an
optical disk. Current examples of optical disks include
compact disk-read only memory (CD-ROM), compact disk-
read/write (CD-R/W) and DVD. Further, it should be under-
stood that any new computer-readable medium which may
hereafter be developed should also be considered as com-
puter-readable medium as may be used or referred to in
accordance with exemplary embodiments of the present
invention and disclosure.

[0078] Having described preferred and exemplary
embodiments of novel and inventive system and method for
using traumatic brain injury guidelines in/with a monitor/
defibrillator to care for traumatic brain injury patients,
(which embodiments are intended to be illustrative and not
limiting), it is noted that modifications and variations can be
made by persons having ordinary skill in the art in light of
the teachings provided herein, including the Figures. It is
therefore to be understood that changes can be made in/to
the preferred and exemplary embodiments of the present
disclosure which are within the scope of the embodiments
disclosed herein.

[0079] Moreover, it is contemplated that corresponding
and/or related systems incorporating and/or implementing
the device or such as may be used/implemented in a device
in accordance with the present disclosure are also contem-
plated and considered to be within the scope of the present
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invention. Further, corresponding and/or related method for
manufacturing and/or using a device and/or system in accot-
dance with the present disclosure are also contemplated and
considered to be within the scope of the present invention.
1. A traumatic brain injury guideline system, comprising:
a patient monitoring sensor operable to generate data for
monitoring a traumatic brain injury parameter of a
patient; and
a patient monitoring device operable in communication
with the patient monitoring sensor to generate, respon-
sive to the traumatic brain injury parameter data, a
traumatic brain injury indicator derived from a com-
parison of the traumatic brain injury parameter data to
parameter guideline data associated with monitoring a
potential traumatic brain injury of the patient,
wherein the traumatic brain injury indicator is infor-
mative of at least one of a traumatic brain injury
status of the patient and a traumatic brain injury
treatment for the patient.
2. The traumatic brain injury guideline system of claim 1,
wherein the patient monitoring sensor is a blood pressure
sensor operable to generate data indicative of a systolic
blood pressure of the patient; and
wherein, responsive to the systolic blood pressure data,
the patient monitoring device is operable to generate
the traumatic brain injury indicator informative of a
hypotension status of the patient derived from a com-
parison of the systolic blood pressure data to blood
pressure guideline data associated with the potential
traumatic brain injury of the patient.
3. The traumatic brain injury guideline system of claim 1,
wherein the patient monitoring sensor is a blood oxygen
sensor operable to generate data indicative of a satu-
ration of a blood oxygen of the patient; and
wherein, responsive to the blood oxygen data, the patient
monitoring device is operable to generate the traumatic
brain injury indicator informative of a hypoxia status of
the patient derived from a comparison of the blood
oxygen saturation data to a blood oxygen saturation
guideline data associated with the potential traumatic
brain injury of the patient.
4. The traumatic brain injury guideline system of claim 1,
wherein the patient monitoring sensor is a carbon dioxide
sensor operable to generate data indicative of an expi-
ration level of carbon dioxide by the patient; and
wherein, responsive to the carbon dioxide data, the patient
monitoring device is operable to generate the traumatic
brain injury indicator informative of a carbon dioxide
ventilation status of the patient derived from a com-
parison of an expiration of end-tidal carbon dioxide by
the patient to an end-tidal carbon dioxide guideline data
associated with the potential traumatic brain injury of
the patient.
5. The traumatic brain injury guideline system of claim 1,
wherein the patient monitoring sensor is a carbon dioxide
sensor operable to generate data indicative of an expi-
ration level of carbon dioxide by the patient; and
wherein, responsive to the carbon dioxide data, the patient
monitoring device is operable to generate the traumatic
brain injury indicator informative of a ventilation treat-
ment for the patient derived from a comparison of an
expiration of end-tidal carbon dioxide by the patient to
an end-tidal carbon dioxide guideline data associated
with the potential traumatic brain injury of the patient.
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6. The traumatic brain injury guideline system of claim 1,
wherein the patient monitoring device is operable to graphi-
cally display the traumatic brain injury indicator relative to
a map of the parameter guideline data associated with
monitoring the potential traumatic brain injury of the
patient.

7. The traumatic brain injury guideline system of claim 1,
wherein the patient monitoring device is operable to graphi-
cally display the traumatic brain injury indicator relative to
a map of the parameter guideline data associated with
monitoring the potential traumatic brain injury of the patient
and of at least one additional parameter guideline data
associated with monitoring the potential traumatic brain
injury of the patient.

8. (canceled)

9. A patient monitoring device, comprising:

a patient data monitor operable to monitor data indicative

of a traumatic brain injury parameter of a patient;

a traumatic brain injury monitor operable in communica-
tion with the patient data monitor to generate, respon-
sive to a monitoring of the traumatic brain injury
parameter data, a traumatic brain injury indicator
derived from a comparison of the traumatic brain injury
parameter data to parameter guideline data associated
with monitoring a potential traumatic brain injury of
the patient,
wherein the traumatic brain injury indicator is infor-

mative of at least one of a traumatic brain injury
status of the patient and a traumatic brain injury
treatment for the patient; and

a housing enclosing the patient data monitor and the
traumatic brain injury monitor.

10. The patient monitoring device of claim 9,

wherein the patient data monitor is operable to monitor
data indicative of a systolic blood pressure of the
patient; and

wherein, responsive to a monitoring of the systolic blood
pressure data by the patient data monitor, the traumatic
brain injury monitor is operable to generate the trau-
matic brain injury indicator informative of a hypoten-
sion status of the patient derived from a comparison of
the systolic blood pressure data to blood pressure
guideline data associated with the potential traumatic
brain injury of the patient.

11. The patient monitoring device of claim 9,

wherein the patient data monitor module is operable to
monitor data indicative of a saturation of a blood
oxygen of the patient; and

wherein, responsive to a monitoring of the blood oxygen
level data by the patient data monitor module, the
traumatic brain injury monitor module is operable to
generate the traumatic brain injury indicator informa-
tive of a hypoxia status of the patient derived from a
comparison of the blood oxygen saturation data to a
blood oxygen saturation guideline data associated with
the potential traumatic brain injury of the patient.

12. The patient monitoring device of claim 9,

wherein the patient data monitor is operable to monitor
data indicative of an expiration level of carbon dioxide
by the patient; and

wherein, responsive to a monitoring of the expired carbon
dioxide data by the patient data monitor, the traumatic
brain injury monitor is operable to generate the trau-
matic brain injury indicator informative of a carbon
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dioxide ventilation status of the patient derived from a
comparison of an expiration of end-tidal carbon dioxide
by the patient to an end-tidal carbon dioxide guideline
data associated with the potential traumatic brain injury
of the patient.
13. The patient monitoring device of claim 9,
wherein the patient data monitor is operable to monitor
data indicative of an expiration level of carbon dioxide
by the patient; and
wherein, responsive to a monitoring of the expired carbon
dioxide data by the patient data monitor, the traumatic
brain injury monitor is operable to generate the trau-
matic brain injury indicator informative of a ventilation
treatment for the patient derived from a comparison of
an expiration of end-tidal carbon dioxide by the patient
to an end-tidal carbon dioxide guideline data associated
with the potential traumatic brain injury of the patient.
14. The patient monitoring device of claim 9, wherein the
traumatic brain injury monitor is operable to graphically
display the traumatic brain injury indicator relative to a map
of the parameter guideline data associated with monitoring
the potential traumatic brain injury of the patient.
15. The patient monitoring device of claim 9, wherein
traumatic brain injury monitor is operable to graphically
display the traumatic brain injury indicator relative to a map

Oct. 13,2016

of the parameter guideline data associated with monitoring
the potential traumatic brain injury of the patient and of at
least one additional parameter guideline data associated with
monitoring the potential traumatic brain injury of the
patient.
16. A traumatic brain injury guideline method, compris-
ing:
a patent monitoring sensor generating data for monitoring
a traumatic brain injury parameter of a patient; and
a patient monitoring device, in communication with the
patent monitoring sensor to be responsive to the trau-
matic brain injury parameter data, generating a trau-
matic brain injury indicator derived from a comparison
of the traumatic brain injury parameter data to param-
eter guideline data associated with a potential traumatic
brain injury of the patient,
wherein the traumatic brain injury indicator is infor-
mative of at least one of a traumatic brain injury
status of the patient and a traumatic brain injury
treatment for the patient.
17. (canceled)
18. (canceled)
19. (canceled)
20. (canceled)
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