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AUTOMATED DETECTION OF PATIENT
AGE BY ECG

[0001] The present disclosure relates to, e.g., medical
instruments and more particularly to electrocardiograph
(“ECG”) equipment and display/interpretation of ECG sig-
nals.

[0002] Electrocardiograph equipment (e.g., a 12-lead
diagnostic device) generates a report called an electrocar-
diogram. An electrocardiograph (“ECG”) signal is a 10
second snapshot of the electrical activity of the heart, for
example. The electrocardiogram or ECG report generally
includes, amongst other information, patient demographics
and ECG interpretation.

[0003] Automated ECG analysis is typically divided into
separate adult and pediatric analyses. Patient age (or esti-
mation thereof) is generally required to decide which
applies, the adult analysis or the pediatric analysis. It is
possible that clinicians or other medical practitioners may
not enter an age into the analyzing ECG device, especially
in urgent situations when they are rushed, for example. In
this case, the device would typically default to the automated
adult ECG analysis. However, adult interpretation is not
appropriate for pediatric patients because, e.g., the thresh-
olds to decide normal versus abnormal are different.
[0004] Accordingly, there exists a need for an automated
system to prevent the large interpretation errors inherent
with application of adult ECG analysis to pediatric ECG
analysis.

[0005] The present invention provides a novel and inven-
tive system and method to determine and/or estimate a
patient’s age or age range and (help) decide if the patient is
an adult or a child. Exemplary embodiments of the inventive
system and method can be based on parameters calculated
from a standard 12-lead ECG. However, as one having
ordinary skill in the art shall appreciate in view of the
teachings provided herein, certain exemplary embodiments
of the of the inventive system and method disclosed herein
can be based on parameters calculated from other ECG lead
configurations/systems/devices. Exemplary system and
method according to the present invention can be used, e.g.,
to provide an approximate age if no age is manually entered
or otherwise provided by a user/practitioner (or otherwise
given or obtained).

[0006] The exemplary system and method can also sug-
gest to the device user/practitioner that a manually entered
age (i.e., a baseline age) should be checked if such age does
not match the age determined by the system or method. This
suggestion can be provided in the way of, e.g., a visual
and/or audio alert, voice prompts, etc. It is also possible that
a device comprising and/or implementing an exemplary
system and/or method in accordance with the present inven-
tion be configured so as to allow the user/practitioner to
ignore and/or turn off the alerts and proceed uninterrupted,
or it can prompt the user/practitioner to confirm age by
manual confirmation (e.g., menu item section, pop-up win-
dow button, physical button depression, key depression,
etc.) or speaking a voice response to the device. A timeout
can also be included that would allow the user/practitioner
to proceed if no response/confirmation is provided after a
pre-selected amount of time (e.g., 1-5 seconds, 3 seconds).
[0007] For example, in accordance with an exemplary
embodiment of the present invention, it is possible that the
exemplary system and/or method use regression on a large
ECG database containing both adult and pediatric ECGs.
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The output of the regression could either be binary (adult or
child) or an estimate of age. The regression inputs can be
BCG parameters that are generally known to vary widely
with age such as heart rate in sinus rhythm, QRS duration
and QRS voltage levels. Using a system or method training
approach, the best ECG parameters for the job (e.g., those
parameters meeting certain pre-defined thresholds and/or
other criteria) can be chosen. The corresponding regression
coeflicients can then be calculated to determine (an estima-
tion and/or range of) the patient’s age. Using a similar
training database as mentioned above, a machine learning
method for computerized classification could be trained to
recognize ECGs which are either pediatric or adult as a
binary decision rather than an estimate of the patient’s age.
[0008] According to certain exemplary embodiments of
the present invention, the ECG parameters can be calculated
from a standard 12-lead ECG. The patient’s age can then be
determined and/or estimated by applying an exemplary
embodiment of the system and/or method in accordance
with the present invention. Once the age is determined
and/or estimated, it can be compared to the age as may have
been entered or otherwise provided by a user/practitioner (or
otherwise given or obtained). If the age is unknown, a
default age can be used based on the age as determined
and/or estimated by the exemplary system or method.
[0009] If the age is known, it can be compared to the age
as determined and/or estimated by the exemplary system or
method. If the manually entered age and age determined/
estimated by the exemplary system or method indicates an
adult patient/pediatric patient classification error, the device
can indicate to the user that there is a discrepancy (e.g., and
that the manually entered age appears to be incorrect). This
indication can be provided in the way of, e.g., a visual and/or
audio alert, voice prompts, etc. For example, a device
comprising and/or implementing an exemplary system and/
or method in accordance with the present invention can be
configured so as to allow the user/practitioner to ignore
and/or turn off the alerts and proceed uninterrupted, or it can
prompt the user/practitioner to confirm age by manual
confirmation (e.g., menu item section, pop-up window but-
ton, physical button depression, key depression, knob (re)
selection, switch, etc.) or speaking a voice response to the
device/system. A timeout can also be included that would
allow the user/practitioner to proceed if no response/confir-
mation is provided after a set pre-selected amount of time
(e.g., 1-5 seconds, 3 seconds).

[0010] Exemplary embodiments of the present invention
can be integrated/used in/with any Advanced Life Support
(ALS) Monitor/Defibrillator as well as Automated External
Defibrillators (AEDs) and any other other patient monitoring
devices which can capture and analyze 12-lead (or other)
ECG information. Indeed, while exemplary embodiments of
the present invention are described herein with a focus on a
12-lead ECG device, one having ordinary skill in the art
shall appreciate in view of the teachings provided herein that
exemplary embodiments of the present invention can be
applied to any ECG measuring device and/or system, and are
specifically contemplated and considered as being within the
scope of the present invention.

[0011] In one form of the present invention, the system
employs a patient monitoring lead assembly and a patient
monitoring device. In operation, the patient monitoring lead
assembly conducts electrical activity of a heart of the patient
to the patient monitoring device. The patient monitoring
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device classifies an age of the patient as an adult patient
(e.g., age >16 years) or a pediatric patient (e.g., age <16
years) as a function of ECG feature(s) derived from ECG
measurement(s) of the electrical heart activity. If the patient
is classified as a pediatric, then the patient monitoring device
may further estimate the age of the classified pediatric
patient as a function of the ECG feature(s).

[0012] The term “patient monitoring lead assembly” is a
specific known grouping of lead assemblies including, but
not limited to, any 12-lead assembly.

[0013] The term “patient monitoring device” is a specific
known grouping of devices for monitoring patients includ-
ing, but not limited, to any Advanced Life Support (“ALS”)
monitors/defibrillators and any Automated External Defi-
brillators (“AED”).

[0014] The term “ECG features” as used in the present
application broadly encompasses calculated ECG param-
eters quantitatively decipherable for distinguishing a pedi-
atric patient from an adult patient. Examples of such ECG
parameters identified in an exemplary study subsequently
described herein include, but are not limited to, patent heart
rate, T-wave amplitude relative to QRS amplitude, QRS
peak-to-peak amplitude, biphasic QRS complexes, QRS
duration and negative T-waves on leads V2 and V3.
[0015] In a second form of the present invention, a con-
troller of the patient monitoring device employs modules in
the form of an ECG feature calculator for calculating ECG
feature(s) derived from ECG measurement(s) of electrical
heart activity, and a patient classifier for classifying the
patient as an adult patient (e.g., age >16 years) or a pediatric
patient (e.g., age <16 years) as a function of the ECG feature
calculation(s). The controller may further employ a pediatric
age estimator for estimating an age of a patient classified as
a pediatric patient.

[0016] For purposes of the present invention, the term
“controller” broadly encompasses all structural configura-
tions of an application specific main board or an application
specific integrated circuit housed within or linked to a
patient monitoring device for controlling an application of
various inventive principles of the present invention as
subsequently described herein. The structural configuration
of the controller may include, but is not limited to, processor
(s), computer-usable/computer readable storage medium(s),
an operating system, peripheral device controller(s), slot(s)
and port(s).

[0017] For purposes of the present invention, the term
“module” broadly encompasses an application component
of the controller consisting of an electronic circuit and/or an
executable program (e.g., executable software and/firm-
ware).

[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 invention.
[0020] FIG. 2 illustrates a block diagram of an exemplary
controller in accordance with the present invention.
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[0021] FIG. 3 illustrates an exemplary electrocardiogram
in the form of a single heart beat as known in the art to
demonstrate the present inventive principles.

[0022] FIG. 4 illustrates an exemplary ten second 12-lead
ECG report for an adult patient as known in the art to
demonstrate the present inventive principles.

[0023] FIG. 5 illustrates an exemplary ten second 12-lead
ECG report for a pediatric patient as known in the art to
demonstrate the present inventive principles.

[0024] FIG. 6 illustrates an exemplary plot showing ECG
calculations as known in the art to demonstrate the present
inventive principles.

[0025] FIG. 7 illustrates an exemplary embodiment of a
patient classifier in accordance with the present invention.
[0026] FIG. 8 illustrates an exemplary embodiment of a
pediatric age estimator in accordance with the present inven-
tion.

[0027] The following is a description of an exemplary
study for identifying and processing ECG features for pur-
poses of classifying/estimating an age of a patient.

[0028] Exemplary Study

[0029] Sometimes patient age information is missing from
12-lead ECG (or other ECG) records. In light of this missing
information, the present invention recognizes that patient
age information can be important and typically critical to
correct pediatric ECG interpretation, for example. The pres-
ent invention further recognizes automated pediatric ECG
analysis could benefit from an estimated age rather than
defaulting to adult ECG analysis when no age is provided.
According to an exemplary embodiment of the present
invention, the exemplary system and/or method can first
determine if an ECG was a pediatric ECG and then in a
second step the pediatric age can be estimated from the
ECG.

[0030] Exemplary Study Population:

[0031] The present inventor conducted an exemplary
study in which the set was a combination of two sets: adult
patients from a teaching hospital (n=990) and pediatric
patients from a children’s hospital (n=455). More particu-
larly, in the combined database, there were 154 patients with
ages from birth to 1 year, 48 patients age 1 to 5, 47 patients
5 to 10, 124 patients 10 to 16, 133 patients 16 to 40, 292
patients 40 to 60 and 647 patients over the age of 60 years.
[0032] Exemplary Study Methods:

[0033] The present inventor analyzed ECGs of the set via
the Philips DXL algorithm for basic parameters like heart
rate and QRS duration. ECGs were further processed to
generate ECG features particular to pediatric ECGs such as
the number of leads with biphasic QRS, average QRS
peak-to-trough voltage and ratio of T-wave to R-wave
amplitude. The data set was randomly split in half to create
test and training sets. Regression analysis was used to select
the best ECG features and regression coeflicients to partition
the training set according to the age groups. The trained
regression model was then applied to predict the age group
of the ECGs in the test set. Performance of the age group
classification was measured on the test set by sensitivity and
specificity of picking the right age group, age <16 years for
pediatric patients or age >16 years for adult patients. A
second linear regression model was used to estimate age in
the pediatric group. Performance of the pediatric age esti-
mation in the test set was measured by correlation coefficient
and RMS error.
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[0034] Exemplary Study Results:

[0035] ECGs of the test set were separated into age groups
age <16 years (positive event) and age >16 years (negative
event) with a sensitivity of 40% and a specificity of 99.4%.
The age estimate in the test set pediatric group had an RMS
error of 3.2 years and a correlation coefficient of 0.85
compared to the true age.

[0036] Exemplary Study Conclusion:

[0037] Pediatric age group can be determined with high
specificity from ECG features alone. In addition, pediatric
age can be estimated from ECG features with good accuracy.
High specificity is most important because it means the
chance of classifying a true pediatric ECG as adult and using
adult analysis on a pediatric ECG is very low.

[0038] All of the methods and systems of the present
invention are premised on the conclusion of the exemplary
study.

[0039] 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 controller
20 (FIG. 2) of a patient monitor device 10 (FIG. 1) in the
form of a commercially available HeartStart MRx Monitor/
Defibrillator. Controller 20 aids a user of patient monitor
device 10 in implementing a pediatric ECG analysis or an
adult ECG analysis based on a classified/estimated age of
the patient. From description of the exemplary embodiments
as shown in FIGS. 1-8, those having ordinary skill in the art
will appreciate how to make and use the present invention
for implementation by/integration into any patient monitor-
ing device known in the art prior to or subsequent to the
present invention (e.g., any ALS monitor/defibrillator and
any AED).

[0040] 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 15, a printer 16 and a port
interface 17 as shown in FIG. 1. Housing 12 further encloses
controller 20 as shown in FIG. 2.

[0041] As known in the art;

[0042] (1) display/display interface 13 displays patient
monitoring data as customized by a user via display
interface 13 (e.g., keys);

[0043] (2) controller interface 15 (e.g., knobs and but-
tons) allows the user to apply various therapies (e.g., a
shock) to a patient as controlled by controller 20;

[0044] (3) printer 16 allows the user to print various
patient reports, status logs and device information;

[0045] (4) port interface 17 allows for the connection by
the user of a patient monitoring lead assembly includ-
ing limb leads 18 and precordial leads 19 as known in
the art; and

[0046] (5) controller 20 includes therapy modules (not
shown) based on an age of a patient as entered into
controller 20 via an age GUI 14.

[0047] This exemplary embodiment of the present inven-
tion is directed to additional modules 21-26 of controller 20
for classifying/estimating an age of the patient to facilitate
an execution of the correct age appropriate therapy modules
irrespective of the age entered into controller 20.

[0048] For purposes of the present invention, the terms of
the art including, but not limited to, terms associated with a
generation and an analysis of an ECG report, are to be
interpreted as known in the art of the present invention.
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[0049] Referring to FIG. 2, an ECG lead acquisition
module 21 is structurally configured as known in the art to
acquire electrical heart activity from leads 18/19 as con-
nected to port interface 17. For example, FIG. 3 illustrates
an exemplary electrocardiogram 30 representative of lead
acquisition of electrical heart activity. In practice, more or
less leads 18/19, or different leads than leads 18/19 may be
utilized to acquire the electrical heart activity.

[0050] Referring back to FIG. 2, in response to lead data
LD from module 21 informative of the electrical heart
activity, a measurement module 22 is structurally configured
as known in the art to execute various ECG measurements
of the electrical heart activity including, but not limited to,
an average beat, global measurements and lead by lead
measurements. For example, FIG. 3 illustrates exemplary
fiducial markers 31-35 for global measurements including
PR interval, QRS duration and QT interval of the electrical
heart activity. In practice, module 22 will execute measure-
ments corresponding to a calculation of ECG features as
further described herein.

[0051] Referring back to FIG. 2, in response to measure-
ment data MD from module 22 informative of the ECG
measurements, ECG feature calculator 23 calculates a n
number of ECG features, nz1. The calculated ECG features
that facilitate distinction between a pediatric patient and an
adult patient.

[0052] For example, FIG. 4 illustrates a 12-lead ECG
report 40 for an adult patient and FIG. 5 illustrates a 12-lead
ECG report 41 for a pediatric patient. In comparison, report
41 highlights the facts that:

[0053] (A) Pediatric patients typically have a higher
heart rate;
[0054] (B) Pediatric patients typically have a lower

T-wave amplitude relative to QRS amplitude;
[0055] (C) Pediatric patients typically have a larger
QRS peak-to-peak amplitude;
[0056] (D) Pediatric patients typically have more leads
with highly biphasic QRS complexes;
[0057] (E) Pediatric patients typically have a narrower/
shorter QRS duration; and
[0058] (F) Pediatric patients typically have negative
T-waves on leads V2 and V3.
[0059] Another example not perceptible in reports 40 and
41 is pediatrics typically have a higher level of sinus
arrhythmia (i.e., a RR interval increases and decreases
slowly with breathing).
[0060] ECG feature calculator 23 will calculate the n
designated ECG features in accordance with known calcu-
lation techniques, such as, for example, calculations 50
shown in FIG. 6 (for which an explanation is not necessary).
Those having ordinary skill in the art will appreciate further
calculations may be performed as necessary in feature
calculator 23 to provide numerical measures of the types of
age dependent differences noted between FIGS. 4 and 5.
[0061] Referring back to FIG. 2, in response to calculated
pediatric data Fpz, informative of the calculated ECG
features, a patient classifier 24 generates a pediatric classi-
fication Yz, or an adult classification Y , ,, derived from
an execution of a function on calculated feature data F oz,
that explicitly delineates a summation of features F,.,, as
identifying a pediatric patient or an adult patient.
[0062] FIG. 7 illustrates a logistic regression embodiment
60 of patient classifier 24. Logistic regression classifier 60
involve three (3) stages including:
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[0063] (1) a multiplication stage 61 whereby each cal-
culated ECG feature F .., is multiplied by a classifi-
cation weight CW derived from training/testing as
previously described herein to yield a weighted classi-
fication contribution WC,zp;

[0064] (2) a summer stage 62 whereby each weighted
classification contribution WCpz;, is added to yield a
patient classification X; and

[0065] (3)anormalized output stage 63 whereby patient
classification X is converted to a normalized classifi-
cation Y indicative of an adult patient classification if
Y, p<0.5 (e.g., age >16 years) or a pediatric patient
classification if Y ,;,20.5 (e.g., age <16).

[0066] Referring back to FIG. 2, if normalized classifica-
tion Y indicates an adult patient classification Y, then an
interpretation module 26 generates adult ECG interpretation
statement(s) AS. In addition, the user is informed that the
therapy modules will be executed under an adult mode.
[0067] Otherwise, if normalized classification Y indicates
a pediatric patient classification Y zp, then pediatric age
estimator 25 estimates a pediatric age Z , ;. derived from an
execution of a function on calculated ECG feature data F o,
that approximates an age of the pediatric patient.

[0068] FIG. 8 illustrates an linear regression embodiment
70 of estimator 25. If enabled by pediatric classification
Y oz the linear regression estimator 70 involve two (2)
stages including:

[0069] (1) a multiplication stage 71 whereby each ECG
feature F o, 1s multiplied by a weight AW derived from
training/testing as previously described herein to yield
a weighted age contribution WA, ,; and

[0070] (2) a summer stage 72 whereby each weighted
age contribution WA .., is added to yield an estimated
pediatric age 7.

[0071] Referring back to FIG. 2, in response to pediatric
age Z .., informative of the estimated pediatric age, inter-
pretation module 26 generates pediatric ECG interpretation
statement(s) PS. The user is informed that the therapy
modules will be executed under a pediatric mode. This is
especially important if an adult age was mistakenly entered
into controller 20 or assumed by default.

[0072] Alternatively, pediatric age estimator 25 may be
omitted whereby in response to pediatric patient classifica-
tion Y 5z, informative of the pediatric patient classification
(as indicated by the dashed line), interpretation module 26
generates pediatric ECG interpretation statement(s) PS and
the user/operator is informed that the therapy modules will
be executed under a pediatric mode. Again, this is especially
important if an adult age was mistakenly entered into
controller 20 or assumed by default.

[0073] Referring to FIGS. 1 and 2, if an age to the patient
has been entered into device 10 or otherwise provided,
controller 20 may compare estimated pediatric age Z,z, to
entered/provided age of patient 10 (i.e., a baseline patient
age). If the comparison estimated pediatric age Z ., to the
baseline patient age of patient 10 indicates an adult patient/
pediatric patient classification error, the controller 20 indi-
cates to the user that there is a discrepancy (e.g., and that the
manually entered age appears to be incorrect). In practice,
controller 20 may provide this indication in numerous way
including, but not limited to, a visual and/or audio alert,
voice prompt(s), etc. Furthermore, controller 20 may allow
the user/practitioner to ignore and/or turn off the alerts and
proceed uninterrupted, or controller 20 may prompt the
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user/practitioner to confirm age by manual confirmation
(e.g., menu item section, pop-up window button, physical
button depression, key depression, knob (re)selection,
switch, etc.) or speaking a voice response to the device/
system. Controller 20 may also implement a timeout that
would allow the user/practitioner to proceed if no response/
confirmation is provided after a set pre-selected amount of
time (e.g., 1-5 seconds, 3 seconds).

[0074] Additionally, if no age of the patient has been
entered into device 10 or otherwise provided, controller 20
may compare patient classification Y or estimated pediatric
age 7z, to a baseline adult classification. If the comparison
of patient classification Y or estimated pediatric age Zpz, to
the baseline adult classification indicates an adult patient/
pediatric patient classification error, the controller 20 indi-
cates to the user that there is a discrepancy. Similar to the
age-to-age comparison, in practice, controller 20 may pro-
vide this indication in numerous way including, but not
limited to, a visual and/or audio alert, voice prompt(s), etc.
Furthermore, controller 20 may allow the user/practitioner
to ignore and/or turn off the alerts and proceed uninter-
rupted, or controller 20 may prompt the user/practitioner to
confirm the class by manual confirmation (e.g., menu item
section, pop-up window button, physical button depression,
key depression, knob (re)selection, switch, etc.) or speaking
a voice response to the device/system. Controller 20 may
also implement a timeout that would allow the user/practi-
tioner to proceed if no response/confirmation is provided
after a set pre-selected amount of time (e.g., 1-5 seconds, 3
seconds).

[0075] Referring to FIGS. 1-8, those having ordinary skill
in the art will appreciate numerous benefits and advantages
of the present invention including, but not limited to, meth-
ods and systems to impeded, if not prevent, large interpre-
tation errors inherent with application of adult ECG analysis
for a pediatric patient.

[0076] 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.

[0077] Moreover, all statements herein reciting principles,
aspects, and embodiments of the invention, as well as
specific examples thereof, are intended to encompass both
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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.

[0078] 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.

[0079] Having described preferred and exemplary
embodiments of novel and inventive system and method to
determine and/or estimate a patient’s age and whether the
patient is adult or pediatric (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.

[0080] 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
invention. Further, corresponding and/or related method for
manufacturing and/or using a device and/or system in accor-
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dance with the present disclosure are also contemplated and
considered to be within the scope of the present invention.

1. An automated age detection system, comprising:

a patient monitoring lead assembly and a patient moni-

toring device;

wherein the patient monitoring lead assembly is operable

in communication with the patient monitoring device to
conduct electrical activity of a heart of a patient to the
patient monitoring device; and

wherein, responsive to the electrical activity of the heart

of the patient, the patient monitoring device is operable
to classify the patient as an adult patient or a pediatric
patient as a function exclusively of at least one elec-
trocardiogram feature derived from at least one elec-
trocardiogram measurement of the electrical activity of
the heart.

2. The automated age detection system of claim 1,

wherein the patient monitoring device is further operable

to apply an adult analysis of the electrical activity of the
patient responsive to a classification of the patient as an
adult patient; and

wherein the patient monitoring device is further operable

to apply a pediatric analysis of the electrical activity of
the heart responsive to classification of the patient as a
pediatric patient.

3. The automated age detection system of claim 1,
wherein at least one of: (i) the patient monitoring device is
further operable to apply an adult analysis of the electrical
activity of the patient responsive to a classification of the
patient as an adult patient, or (ii) the patient monitoring
device is further operable to apply a pediatric analysis of the
electrical activity of the heart responsive to a classification
of the patient as a pediatric patient.

4. The automated age detection system of claim 1.

wherein the patient monitoring device is further operable

to compare a classification of the patient to a baseline
adult classification of the patient; and

wherein the patient monitoring device is further operable

to identify any discrepancy between the classification
of the patient and a baseline adult classification of the
patient.

5. The automated age detection system of claim 1,

wherein the patient monitoring device is further operable

to compare a classification of the patient to a baseline
age of the patient; and

wherein the patient monitoring device is further operable

to identify any discrepancy between the classification
of the patient and the baseline age of the patient.

6. The automated age detection system of claim 1,
wherein the patient monitoring device is further operable to
estimate a pediatric age of the patient responsive to a
classification of the patient as an pediatric patient.

7. The automated age detection system of claim 6,
wherein the patient monitoring device is further operable to
apply a pediatric analysis of the electrical activity of the
heart responsive to an estimation of the pediatric age of the
patient.

8. The automated age detection system of claim 1,

wherein the patient monitoring device is further operable

to compare an estimation of the pediatric age of the
patient to a baseline adult classification of the patient;
and

wherein the patient monitoring device is further operable

to identify any discrepancy between the estimation of
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the pediatric age of the patient and a baseline adult
classification of the patient.

9. The automated age detection system of claim 1,

wherein the patient monitoring device is further operable

to compare an estimation of the pediatric age of the
patient to a baseline age of the patient; and

wherein the patient monitoring device is further operable

to identify any discrepancy between an estimation of
the pediatric age of the patient and the baseline age of
the patient.

10. The automated age detection system of claim 1,
wherein the at least one electrocardiogram feature includes
at least one of:

a patient heart rate;

a T-wave amplitude relative to a QRS amplitude;

a QRS peak-to-peak amplitude;

a biphasic QRS complex;

a QRS duration; or

at least one negative T-wave.

11. A controller for automated age detection within a
patient monitoring device, the controller comprising:

an electrocardiogram feature calculator operable to cal-

culate at least one electrocardiogram feature derived
from at least one electrocardiogram measurement of the
electrical activity of a heart of a patient; and

a patient classifier operable to classify the patient as an

adult patient or a pediatric patient exclusively respon-
sive to a calculation of the at least one electrocardio-
gram feature.

12. The controller of claim 11, wherein the patient clas-
sifier applies a logistic regression to the at least one elec-
trocardiogram feature for classifying the patient.

13. The controller of claim 11, further comprising:

a pediatric age estimator operable to estimate an age of a

patient responsive to a classification of the patient as an
pediatric patient.
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14. The controller of claim 13, wherein the pediatric age
estimator applies a linear regression to the at least one
electrocardiogram feature for estimating the age of the
patient.

15. The controller of claim 11, wherein the at least one
electrocardiogram feature includes at least one of:

a patient heart rate;

a T-wave amplitude relative to a QRS amplitude;

a QRS peak-to-peak amplitude;

a biphasic QRS complex;

a QRS duration; or

at least one negative T-wave.

16. A method of automated age detection for a patient
monitoring device, the method comprising:

the patient monitoring device calculating at least one

electrocardiogram feature derived from at least one
electrocardiogram measurement of the electrical activ-
ity of a heart of a patient; and

the patient monitoring device classifying the patient as an

adult patient or a pediatric patient exclusively respon-
sive to the calculation of the at least one electrocardio-
gram feature.

17. The method of claim 16, wherein the patient moni-
toring device applies a logistic regression to the at least one
electrocardiogram feature for classifying the patient.

18. The method of claim 16, further comprising:

the patient monitoring device estimating an age of a

patient responsive to the classification of the patient as
an pediatric patient.

19. The method of claim 18, wherein the patient moni-
toring device applies a linear regression to the at least one
electrocardiogram feature for estimating the age of the
patient.

20. The method of claim 18, further comprising;

the patient monitoring device applies one of an adult

analysis and a pediatric analysis of the electrical activ-
ity of the heart responsive to the classification of the
patient.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

#RI&ZBAA
4PN
IPCH %5
CPCH %5
11 AR
HhEREESE

BEG®)

—Fh A LFREN RS
BT, BEENSILKAHRBEODENEEIESERERNEE,

MRF L, BEENREBEFLOESDNOERNESHO O BEE
IERBEDENRFBERIILBEE, BEBENRZ T —HRE O

BYECGHZKN & Fi

US20170000366A1 K (2E)R
US15/039975 iR

ERKF BB FROBRAF

ERTCRAEN.V.

ERTERAEN.V.

GREGG RICHARD E

GREGG, RICHARD E

A61B5/0452 A61B5/00

patsnap

2017-01-05

2014-11-26

A61B5/0452 A61B5/742 A61B5/7271 A61B5/7264 A61B5/7405 A61B5/0404 A61N1/3937 G16H50/20

61/910350 2013-11-30 US

Espacenet USPTO

, RABERNS|ILAHNETRENRE, &

DISPLAY/

CONTROLLER W
INTERFACE

AGE GUI
14 PRINTER
16

BEFIERMGITFR, ZOXABTELNAKAD TR BOMEZ

LB 4,

FIG. 1A

PORT
INTERFACE
1z

FIG. 1B


https://share-analytics.zhihuiya.com/view/e0307997-9c1e-419b-802f-2b194380e7ea
https://worldwide.espacenet.com/patent/search/family/052282779/publication/US2017000366A1?q=US2017000366A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220170000366%22.PGNR.&OS=DN/20170000366&RS=DN/20170000366

