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AUTOMATED CONDITION SCREENING
AND DETECTION

INCORPORATION BY REFERENCE TO ANY
RELATED APPLICATIONS

[0001] Any and all applications, if any, for which a foreign
or domestic priority claim is identified in the Application
Data Sheet of the present application are hereby incorpo-
rated by reference under 37 CFR 1.57.

BACKGROUND

[0002] Pulse oximetry screening can identify some critical
congenital heart defects (“CCHDs”), which also are known
collectively in some instances as critical congenital heart
disease. CCHDs are structural heart defects that often are
associated with hypoxia among infants during the newborn
period. Infants with CCHDs are at risk for significant
morbidity or mortality. There are several defects that could
be considered CCHDs. However, in the context of newborn
pulse oximetry screening at the time of preparation of the
present application, the Centers for Disease Control and
Prevention (“CDC”) for the U.S. government classify seven
(7) defects as CCHD: hypoplastic left heart syndrome,
pulmonary atresia (with intact septum), tetralogy of Fallot,
total anomalous pulmonary venous return, transposition of
the great arteries, tricuspid atresia, and truncus arteriosus.
According to the CDC, these seven CCHD:s represent about
seventeen to about thirty one percent (17-31%) of all con-
genital heart disease.

[0003] Patent ductus arteriosus (“PDA”) is common in
infants with several or more of the above seven (7) defects.
In the developing fetus, the ductus arteriosus (“DA”) 102
shown in FIG. 1 is the vascular connection between the
pulmonary artery 106 and the aortic arch 104 that allows
most of the blood from the right ventricle 110 to bypass the
fetus’ fluid-filled compressed lungs. During fetal develop-
ment, this shunt protects the right ventricle 110 from pump-
ing against the high resistance in the lungs 108, which can
lead to right ventricular failure if the DA 102 closes in-utero.
[0004] When the newborn takes its first breath, the lungs
open and pulmonary vascular resistance decreases. In nor-
mal newborns, the DA is substantially closed within twelve
to twenty four (12-24) hours after birth, and is completely
sealed after three (3) weeks.

[0005] In the case of PDA, high pressure oxygenated
blood from the aorta 104 leaks or flows back into the
pulmonary artery 112 and back to the lungs 108 with normal
deoxygenated venous blood. The additional fluid returning
to the lungs increases lung pressure to the point that the
infant may have greater difficulty inflating the lungs. This
uses more calories than normal and often interferes with
feeding in infancy. Moreover, an open (patent) DA 102 alters
the flow in the descending aorta 118, which, as a result,
changes the blood oxygen saturation in the feet.

[0006] Without screening, some newborns with CCHDs
might be missed because the signs of CCHD might not be
evident before an infant is discharged from the hospital after
birth. Other heart defects might be considered secondary
screening targets. Some of these heart defects can be just as
severe as the primary screening targets and also require
intervention soon after birth. These secondary targets
include aortic arch atresia or hypoplasia, interrupted aortic
arch, coarctation of the aorta, double-outlet right ventricle,

Nov. 30,2017

Ebstein anomaly, pulmonary stenosis, atrioventricular septal
defect, ventricular septal defect, and single ventricle defects
(other than hypoplastic left heart syndrome and tricuspid
atresia).

[0007] Current CDC recommendations focus on screening
infants in the well-baby nursery and in intermediate care
nurseties or other units in which discharge from the hospital
is common during an infant’s first week of life. At the time
of preparation of the present application, the CDC promul-
gated a CCHD screening process 200 reproduced as FIG. 2,
directed toward oxygen saturation measurements, or pet-
centages measured using, for example, a standard pulse
oximeter.

[0008] According to the CDC’s CCHD screening process
200 of FIG. 2, a screen is considered positive (see box 228)
if (1) any oxygen saturation measurement is less than ninety
percent (<90%) (in the initial screen or in repeat screens)
(see boxes 206, 214, and 222): (2) the oxygen saturation
measurement is less than ninety five percent (<95%) in the
right hand and foot on three measures (see boxes 208, 216,
and 224), each separated by one (1) hour (see boxes 204,
212, 220); or (3) a greater than three percent (>3%) absolute
difference exists in oxygen saturation measurements
between the right hand and foot on three measures (see
boxes 208, 216, and 224), each separated by one (1) hour.
Any screening that is greater than or equal to ninety five
percent (=95%) in the right hand or foot with a less than or
equal to three percent (<3%) absolute difference in oxygen
saturation measurements between the right hand and foot is
considered a negative screen and screening would end (see
boxes 210, 218, 226, and 230).

[0009] The CDC recommends any infant receiving a posi-
tive screen receive a diagnostic echocardiogram, which
would involve an echocardiogram within the hospital or
birthing center, transport to another institution for the pro-
cedure, or use of telemedicine for remote evaluation. This
can be expensive, disruptive, and possibly harmful to the
infant. For example, at the time of preparation of the present
application, an echocardiogram to verify an out-of-range
(positive) screen could cost several hundred dollars.
[0010] Thus, false positives are to be avoided. The CDC
believes that false positives are decreased if the infant is
alert, and timing pulse oximetry screening around the time
of newborn hearing screening improves efliciency.

[0011] Pulse oximetry screening may not detect all
CCHDs, so it is possible for a baby with a negative screening
result to still have a CCHD or other congenital heart defect.

SUMMARY OF CERTAIN EMBODIMENTS

[0012] In certain embodiments, a system for noninva-
sively measuring a physiological parameter of a patient to
facilitate a diagnosis can include an electronic device having
a display, a wireless transceiver, a memory device having
processor-executable instruction stored thereon, and a hard-
ware processor in communication with the display, wireless
transceiver, and the memory. The hardware processor can be
programmed to execute the processor-executable instruc-
tions stored in the memory so as to display, on the display,
instructions to obtain a first measurement by positioning a
first noninvasive sensor at a first measurement site on a
patient; receive, from the noninvasive sensor, first signals
responsive to a first physiological characteristic of the
patient; calculate a first measured physiological parameter
responsive to the first signals; display, on the display,
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instructions to obtain a second measurement by positioning
a second noninvasive sensor at a second measurement site
on the patient; receive, from the second noninvasive sensor,
second signals responsive to a second physiological char-
acteristic of the patient; calculate a second measured physi-
ological parameter of the patient responsive to the second
signals; display, on the display, the first and second mea-
sured physiological parameters; transmit, with the wireless
transceiver, the first and second measured parameters over a
network to a clinician; and initiate, with the wireless trans-
ceiver, a telemedicine session with the clinician over the
network to obtain a diagnosis based on the first and second
measured parameters.

[0013] The system of the preceding paragraph can be
implemented together with any combination of the follow-
ing features, among others: the first measured parameter can
be oxygen saturation and the second measured parameter
can be blood pressure; the wireless transceiver can be
configured to receive an instruction to re-run one or both of
the first and second measurements; the hardware processor
can be further configured to output a selection of clinicians,
receive a selection of one of the clinicians from the patient,
and initiate a communication session with the clinician;
wherein the telemedicine session comprises a video of the
clinician; wherein the hardware processor can be further
configured to receive an indication of a prescription;
wherein the hardware processor can be further configured to
instruct the patient to take a temperature reading; wherein
the hardware processor can be further configured to instruct
the patient to perform the first measurement again due to low
signal confidence in the first measurement.

[0014] In other embodiments, a system for noninvasively
measuring a physiological parameter of a patient to facilitate
a diagnosis can include an electronic device in communi-
cation with a noninvasive sensor coupled with a patient. The
electronic device can be configured to drive light sources of
the noninvasive sensor and to receive output signals from
the noninvasive sensor. The electronic device can include a
hardware processor that can process the output signals from
the noninvasive sensor to measure a physiological parameter
associated with the patient; determine, based on a level of
the physiological parameter, that critical congenital heart
defect (CCHD) screening is recommended; transmit a noti-
fication that the CCHD screening is recommended; and
subsequent to said transmission of the notification, and in
response to receipt of an indication that CCHD screening is
to be performed: display, on a display of the electronic
device, instructions to position the noninvasive sensor at a
first measurement site on the patient; obtain, with the
noninvasive sensor, first physiological data from the first
measurement site; display, on the display of the electronic
device, instructions to position the noninvasive sensor at a
second measurement site on the patient; obtain, with the
noninvasive sensor, second physiological data from the
second measurement site; process the first physiological data
and said second physiological data; and output a difference
between said first physiological data and the second physi-
ological data, the difference used to determine the existence
of a CCHD.

[0015] The system of the preceding paragraph can be
implemented together with any combination of the follow-
ing features, among others: the hardware processor can be
further configured to determine, based on the level of the
physiological parameter, that critical congenital heart defect
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(CCHD) screening is recommended by determining that
oxygen saturation is below a threshold level; the first physi-
ological data can include a first window of physiological
data, the second physiological data can include a second
window of physiological data, and the first window and the
second window can be non-overlapping in time. Further, the
hardware processor can be further configured to process said
first physiological data and said second physiological data
by: calculating a plurality of first physiological parameter
values corresponding to the first window; calculating a
plurality of second physiological parameter values corre-
sponding to the second window; determining first confi-
dence values corresponding to the first physiological param-
eter values; determining second confidence values
corresponding to the second physiological parameter values;
selecting a first selected physiological parameter value from
the first physiological parameter values, the first selected
physiological parameter value having a highest value of the
first confidence values; selecting a second selected physi-
ological parameter value from the second physiological
parameter values, the second selected physiological param-
eter value having a highest value of the second confidence
values; and calculating the difference between the first
selected physiological parameter value and the second
selected physiological parameter value.

[0016] Moreover, the systems of the preceding paragraphs
can be implemented together with any combination of the
following features, among others: the hardware processor
can be further configured to output an indication that the first
and second selected physiological parameter values were
selected to calculate the difference; the hardware processor
can be further configured to output an indication that the first
and second selected physiological parameter values were
selected to calculate the difference due to the first and second
selected physiological parameter values having the highest
values of the first and second confidence values; the hard-
ware processor can be further configured to display, on the
display, a configuration option that enables a clinician to
specify a recommended period of time between CCHD
screenings; the hardware processor can be further configured
to perform one or both of the following: display an indica-
tion recommending the CCHD screening, or transmit, over
a network, an indication recommending the CCHD screen-
ing; the hardware processor can be further configured to
display the first and second physiological parameter values,
together with a third physiological parameter value, used in
determining to recommend the CCHD screening; the hard-
ware processor can be further configured to display, on the
display, whether results of the CCHD screening were sent to
an electronic medical record; and the hardware processor
can be further configured to display, on the display, an option
to send the results of the CCHD screening to the electronic
medical record.

[0017] For purposes of summarizing the disclosure, cer-
tain aspects, advantages and novel features thereof have
been described herein. Of course, it is to be understood that
not necessarily all such aspects, advantages or features will
be embodied in any particular embodiment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The following drawings and the associated descrip-
tions are provided to illustrate embodiments of the present
disclosure and do not limit the scope of the claims.
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[0019] FIG. 1 illustrates a diagram of a portion of a
circulatory system including a heart having a patent or open
ductus arteriosus.

[0020] FIG. 2 illustrates an embodiment of a CCHD
screening process provided by the CDC.

[0021] FIG. 3A illustrates a simplified view of a pulse
oximeter configured to perform a CCHD screening process,
according to an embodiment of the disclosure.

[0022] FIG. 3B illustrates a simplified block diagram of a
pulse oximeter configured to perform a CCHD screening
process, according to an embodiment of the disclosure.
[0023] FIG. 3C illustrates an example CCHD screening
process according to an embodiment of the present disclo-
sure.

[0024] FIG. 4 illustrates a simplified perspective view and
block diagram of a pulse oximeter configured to perform a
CCHD screen process including dual sensors, according to
an embodiment of present disclosure.

[0025] FIG. 5 illustrates a data diagram of a data sharing
system, according to an embodiment of present disclosure.
[0026] FIGS. 6 illustrates an example screen shot of a
pulse oximeter monitor configured for measuring CCHD,
according to an embodiment of the present disclosure.
[0027] FIG. 7 illustrates an example screen shot, including
spot check settings, of a pulse oximeter monitor configured
for measuring CCHD, according to an embodiment of the
present disclosure.

[0028] FIGS. 8-9 illustrate example screen shots, includ-
ing test results, of a pulse oximeter monitor configured for
measuring CCHD, according 1o an embodiment of the
present disclosure.

[0029] FIGS. 10A-B illustrate example screen shots,
including alternative screening settings, of a pulse oximeter
monitor configured for measuring CCHD, according to an
embodiment of the present disclosure.

[0030] FIGS. 11A-B illustrate example screen shots,
including additional settings, of a pulse oximeter monitor
configured for measuring CCHD, according to an embodi-
ment of the present disclosure.

[0031] FIGS. 12A-C, 13A-C, and 14A-D illustrate
example screen shots, including instructions for single sen-
sor operation, of a pulse oximeter monitor configured for
measuring CCHD, according to an embodiment of the
present disclosure.

[0032] FIG. 15 illustrates an example plot of pre- and
post-ductal SpO, measurements in a CCHD screen process,
according to an embodiment of the present disclosure.
[0033] FIG. 16 illustrates an example plot of pre-ductal
perfusion index and confidence measurement in a CCHD
screen process, according to an embodiment of the present
disclosure.

[0034] FIG. 17 illustrates an example diagnostic comput-
ing environment including a medical network service.
[0035] FIG. 18 illustrates an example implementation of
the medical network service of FIG. 17.

[0036] FIG. 19 illustrates an example telemedicine pro-
cess that may be implemented in the diagnostic computing
environment of FIG. 17 or in another diagnostic environ-
ment.

[0037] FIGS. 20 through 27C illustrate example user
interfaces for instructing a patient to use patient monitoring
equipment and for initiating a telemedicine session between
the patient and a clinician.
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[0038] FIG. 28 illustrates an embodiment of a CCHD
screening process.

[0039] FIG. 29 illustrates an embodiment of a CCHD
screening environment.

[0040] FIG. 30 illustrates an example user interface con-
taining CCHD screening data and functionality for sending
that data to an electronic medical record.

[0041] FIG. 31 illustrates an example user interface con-
taining CCHD screening data and functionality for reporting
that that data has been sent to an electronic medical record.

DETAILED DESCRIPTION

Overview

[0042] In one embodiment, automated critical congenital
heart defect (“CCHD”) screening systems and processes are
described. A caregiver may be guided to use a single or dual
sensor pulse oximeter to obtain pre- and post-ductal blood
oxygenation measurements. A delta of the measurements
indicates the possible existence or nonexistence of a CCHD.
Errors in the measurements are reduced by a configurable
measurement confidence threshold based on, for example, a
perfusion index. Measurement data may be stored and
retrieved from a remote data processing center for repeated
screenings.

[0043] The CCHD screening process of FIG. 2 incorpo-
rates multiple measurement sites, such as, for example, a
baseline site of the right hand and a secondary site of the feet
or left hand. In some cases, a stereo pulse oximeter, such as
the one disclosed in U.S. Pat. No. 6,334,065 (the ’065
Patent), incorporated by reference herein, could use two (2)
or more of its associated sensors, one for each of multiple
sites to accomplish the measurements. In fact, the 065
Patent discusses the use of its sensor for multiple sites to
determine indications of PDA, Persistent Pulmonary Hyper-
tension in Neonates (“PPHN”), and Aortic Coarctation.
However, very few if any institutions possess stereo pulse
oximeters.

[0044] Rather, in most if not all circumstances, the CCHD
screening process of FIG. 2 will be implemented on a single
site pulse oximeter. The caregiver will apply the sensor to
the first site, such as the baseline right hand, and take
measurements. The caregiver will then remove the sensor
from the first site, and transfer it to the second site, such as
a foot, left hand, etc. and take measurements. As shown in
FIG. 2, the CCHD screening process relies on the delta (or
difference) between the two measurements.

[0045] Drawbacks may occur using the single sensor
implementation. For example, there will be a time differen-
tial between the first baseline measurement and the second
alternate site measurement when the caregiver changes sites.
In infants, the parameters measureable with today’s oxime-
ters, including but not limited to oxygen saturation
(“SpQ,”), vary within relatively short periods. This is exac-
erbated when infants are exited, crying, or otherwise agi-
tated.

[0046] In the most straightforward scenario where the
SpO, measurements are somewhat varying, the single sensor
implementation of CCHD screening may determine, for
example, an infant’s SpO, during a valley or trough of
varying SpO, values for the baseline measurement, and
quite accidentally during a peak of varying SpO, values for
the alternate measurement. Such time displaced measure-
ments could appear anywhere on an infant’s SpO, wave-
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form. Thus, the differential between the baseline measure-
ment and the alternate measurement, which is the key to
determining positive or negative screenings under the
CCHD screening process, could be subject to error. This is
exacerbated as the CCHD screening process may require
three (3) or more screenings before rendering a conclusion.
Thus, a screening process may include measurements taken
under different data conditions at each screen, and then again
across the screens.

[0047] To overcome these and other drawbacks, the pres-
ent disclosure includes systems and methods automating
CCHD screening and detection. In an embodiment, a pro-
cessor executes one or more processing modules to improve
a likelihood that during a single sensor implementation of
CCHD screening, the measurement values while time dis-
placed, correspond to data conditions similar to one another.
In addition, the processing module may determine the best
sites for measurements.

[0048] In an embodiment, an oximeter or communicating
monitor controls and tracks the implementation of the
screening process, including instructions to caregivers on
next steps. For example, a straightforward instruction may
include “Attach Sensor to Right Hand,” “Attach Sensor to
Alternate Site,” “Attach Sensor to Right Foot,” “Attach
Sensor to Left Foot,” “Calm Patient,” “Adjust Sensor Posi-
tioning,” or the like. The oximeter may also include a quality
indicator providing information on the confidence in the
screening measurements. A quality measure may be
included for each measurement, for the entire screen, or the
like. For example, the display may indicate “Positive
Screen, 72% Confidence.” In an embodiment, a minimum
confidence threshold may be used to instruct a caregiver to
repeat the measurements and/or restart the screening pro-
cess. Moreover, the oximeter may produce an audio/visual
alarm indicating time for a repeat screen, may accept patient
information including a patient identifier, and the like.
[0049] In other embodiments, the oximeter may commu-
nicate with a host digital network or system to store or
upload measurement data associated with a unique identifier
to a remote processing center. That network or system may
include multiple networks or systems. However, the oxime-
ter may access previously stored information, such as, for
example, earlier screening data stored at the remote network,
to complete or increment the CCHD screening process. In an
embodiment, a first network may be an institutional network
such as a hospital data system, a cellular or other data
system, or the like, wirelessly communicating with the
oximeter or monitor. The system or systems eventually
allow communication to a remote data server or processing
center that stores the measurement information in a manner
that provides for retrieval and appropriate association with
newly acquired data.

[0050] Embodiments of the present disclosure generally
relates to systems and methods automating critical congeni-
tal heart defects (“CCHDs”) screening and detection. In an
embodiment, the CCHD screening process may be imple-
mented on a single site pulse oximeter. A caregiver will
apply the pulse oximeter sensor to the first site, such as the
right hand, and take baseline measurements including, for
example, blood oxygen saturation (“SpO,”). The caregiver
will then remove the pulse oximeter sensor from the first
site, and transfer it to the second site, such as, for example,
a foot or left hand, and take measurements. As shown in FIG.
2, and as described above, the CCHD screening process
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relies on the delta (or difference) between the two measure-
ments. Then, a processor executes one or more processing
modules to improve a likelihood that during a single sensor
implementation of CCHD screening, the measurement val-
ues, while time displaced, correspond to data conditions
similar to one another. In addition, the processing module
may determine the best sites for measurements.

[0051] As used herein, the terms pulse oximeter, CCHD
screening system, CCHD measurement device, and CCHD
monitor may be used interchangeably.

Example Embodiments

[0052] FIG. 1 illustrates an infant heart 100 having patent
ductus arteriosus (“PDA”), and lungs 108. The infant heart
100 includes a ductus arteriosus 102, an aorta 104, a
pulmonary artery 106, a right ventricle 110, a main pulmo-
nary artery 112, a left ventricle 114, an innominate artery
116, a descending aorta 118, and a subclavian artery 120.
The ductus arteriosus 102 frequently fails to close in pre-
mature infants, allowing left-to-right shunting, i.e. oxygen-
ated “red” blood flows from the aorta 104 to the now
unconstricted pulmonary artery 106 and recirculates through
the lungs 108. A persistent patent results in pulmonary
hyperperfusion and an enlarged right ventricle 110, which
leads to a variety of abnormal respiratory, cardiac and
genitourinary symptoms. Current PDA diagnosis involves
physical examination, chest x-ray, blood gas analysis,
echocardiogram, or a combination of the above. For
example, large PDAs may be associated with a soft, long,
low-frequency murmur detectable with a stethoscope. As
another example, two-dimensional, color Doppler echocar-
diography may show a retrograde flow from the ductus
arteriosus 102 into the main pulmonary artery 112. Once a
problematic PDA is detected, closure can be effected medi-
cally with indomethacin or ibuprofen or surgically by liga-
tion. Multiple doses of indomethacin are commonplace but
can still result in patency, demanding ligation. A drawback
to current diagnostic techniques is that clinical symptoms of
a PDA can vary on an hourly basis, requiring extended and
inherently intermittent testing.

[0053] In a single sensor implementation of noninvasive
PDA determination or CCHD screen (as described below in
referenced to FIGS. 3A-C), a sensor, such as a blood
oxygenation sensor, may be placed on the right hand to
determine a baseline of physiological data. For example, a
pulse oximetry sensor at the right hand provides physiologi-
cal data signals indicative of arterial oxygen saturation and
a plethysmograph for blood circulating from the left ven-
tricle 114 through the innominate artery 116, which supplies
the right subclavian artery leading to the right arm. Because
the innominate artery 116 is upstream from the PDA shunt
at the ductus arteriosus 102, the oxygen saturation value and
plethysmograph waveform obtained from the right hand are
relatively unaffected by the shunt and serve as a baseline for
comparison with readings from other tissue sites.

[0054] A sensor may then be placed on a foot to provide
oxygen status for blood supplied from the descending aorta
118. The shunt at the ductus arteriosus 102 affects aortic
flow. In particular, the shunt allows a transitory lefi-to-right
flow during systole from the high pressure aorta 104 to the
low pressure pulmonary artery 106 circulation. This left-to-
right flow through the shunt at the ductus arteriosus 102
alters the flow in the descending aorta 118 and, as a result,
affects the oxygen saturation value and plethysmograph
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waveform measured at the foot. The PDA condition, there-
fore, may be manifested as a normal plethysmograph with a
characteristically narrow peak and well-defined dicrotic
notch at the right-hand baseline site compared with a
damped plethysmograph with a broadened peak and reduced
or missing notch at the foot site. Further, the foot site
waveform may be phase shifted from the baseline wave-
form. These plethysmograph differences are accompanied
by comparable differences in arterial oxygen saturation
values between the right-hand site and the foot site.

[0055] As an alternative, the sensor may be placed on the
left hand to provide oxygen status for blood circulating from
the left ventricle through the left subclavian artery 120 that
supplies the left arm. Because the left subclavian artery 120
is nearer the shunt at the ductus arteriosus 102 than the
further upstream innominate artery 116, it may experience
some alteration in flow due to the shunt at the ductus
arteriosus 102. The PDA condition, therefore, may also be
manifested as an altered plethysmograph waveform at a left
hand site as compared with the right hand baseline site,
although likely to a lesser degree than with a foot site. Thus,
the PDA condition, and thus a CCHD condition, can be
detected and its treatment monitored from a delta in satu-
ration (i.e., difference in SpO,) values and plethysmograph
morphology and phase comparisons between a right hand
baseline sensor site and one or more other sites, such as the
left hand or foot. One of ordinary skill will recognize that
multiple site comparisons using an oximeter may also be
used to detect other cardiac abnormalities that cause mixing
of oxygenated and deoxygenated blood, such as a ventricu-
lar hole or a patent foramen. Further, abnormal mixing of
oxygenated and deoxygenated blood may also be manifested
in physiological data measurements other than oxygen satu-
ration provided by an advanced patient monitor or pulse
oximeter.

[0056] FIG. 3A illustrates a simplified view of a pulse
oximeter configured to perform a CCHD screening process
with a single sensor (as described above), according to an
embodiment of the disclosure. FIG. 3A includes a pulse
oximeter 300, a display 302, and a sensor 304. In an
embodiment, the sensor 304 may be noninvasively attached
to the patient’s finger. The sensor 304 may measure various
blood analytes noninvasively using multi-stream spectros-
copy. In an embodiment, the multi-stream spectroscopy may
employ visible, infrared and near infrared wavelengths. The
sensor 304 may be capable of noninvasively measuring
blood analytes or percentages thereof (e.g., saturation) based
on various combinations of features and components.

[0057] The sensor 304 may include photocommunicative
components, such as an emitter, a detector, and other com-
ponents. The emitter may include a plurality of sets of
optical sources that, in an embodiment, are arranged
together as a point source. The various optical sources may
emit a sequence of optical radiation pulses at different
wavelengths towards a measurement site, such as a patient’s
finger. Detectors may then detect optical radiation from the
measurement site. The optical sources and optical radiation
detectors may operate at any appropriate wavelength,
including infrared, near infrared, visible light, and ultravio-
let. In addition, the optical sources and optical radiation
detectors may operate at any appropriate wavelength, and
such modifications to the embodiments desirable to operate
at any such wavelength will be apparent to those skilled in
the art. In some embodiments, the sensor 304 may be any of
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a disposable, reusable, and/or resposable sensor. Generally,
for CCHD measurements, a sensor configured for use with
an infant is desirable. In some embodiments, this may
include a finger, toe, or ear sensor. In an embodiment, the
sensor 304 may also be a wrist-type sensor configured to
surround the wrist or ankle of an infant.

[0058] The sensor 304 is coupled to the pulse oximeter
300 that processes and/or displays the sensor 304's output,
on, for example, display 302. The sensor 304 may addition-
ally be coupled to one or more monitors that process and/or
display the sensor 304's output. As described below in
reference to FIG. 3B, the pulse oximeter 300 may include
various components, such as a sensor front end, a signal
processor, and/or a display, among other things.

[0059] The sensor 304 may be integrated with a monitor
(such as the pulse oximeter 300), for example, into a
handheld unit including the sensor 304, a display and user
controls. In other embodiments, the sensor 304 may com-
municate with one or more processing devices. The com-
munication may be through wire(s), cable(s), flex circuit(s),
wireless technologies, or other suitable analog or digital
communication methodologies and devices to perform those
methodologies. Many of the foregoing arrangements allow
the sensor 304 to be attached to the measurement site while
the device (such as the pulse oximeter 300) is attached
elsewhere on a patient, such as the patient’s arm, or placed
at a location near the patient, such as a bed, shelf or table.
The sensor 304 and/or pulse oximeter 300 may also provide
outputs to a storage device or network interface.

[0060] FIG. 3B illustrates a simplified block diagram of a
pulse oximeter configured to perform a CCHD screening
process, as described above with reference to FIG. 3A. FIG.
3B includes the pulse oximeter 300, the sensor 304, and a
commuuications link 322. The pulse oximeter 300 includes
a front-end interface 324, a signal processor 326, a user
interface processor 330, the display 302, a storage 334, a
network interface 336, and an optional memory 328. In an
embodiment, the signal processor 326 includes processing
logic that determines measurements, for example, SpO,
and/or PI. The signal processor 326 may be implemented
using one or more microprocessors or subprocessors (e.g.,
cores), digital signal processors, application specific inte-
grated circuits (ASICs), field programmable gate arrays
(FPGAs), combinations of the same, and the like.

[0061] The signal processor 326 may provide various
signals through the front-end interface 324 and the commu-
nications link 322 that control the operation of the sensor
304. For example, the signal processor 326 may provide an
emitter control signal to the sensor 304. Additionally, mea-
surement data may be transmitted from the sensor 304 to the
signal processor 326. As also shown, the optional memory
328 may be included in the front-end interface 324 and/or in
the signal processor 326. This optional memory 328 may
serve as a buffer or storage location for the front-end
interface 324 and/or the signal processor 326, among other
uses.

[0062] The user interface processor 330 may provide an
output, for example, on the display 302, for presentation to
a user of the pulse oximeter 300. The user interface proces-
sor 330 and/or the display 302 may be implemented as a
touch-screen display, an LCD display, an organic LED
display, or the like. In addition, the user interface processor
330 and/or display 302 may include a flip screen, a screen
that can be moved from one side to another on the pulse
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oximeter 300, or may include an ability to reorient its
display indicia responsive to user input or device orienta-
tion. In alternative embodiments, the pulse oximeter 300
may be provided without the display 302 and may simply
provide an output signal to a separate display or system.
[0063] The storage 334 and the network interface 336
represent other optional output connections that can be
included in the pulse oximeter 300. The storage 334 may
include any computer-readable medium, such as a memory
device, hard disk storage, EEPROM, flash drive, or the like.
Various software and/or firmware applications can be stored
in the storage 334, which may be executed by the signal
processor 326 and/or another processor of the pulse oxime-
ter 300. The network interface 336 may be a serial bus port
(RS-232/RS-485), a Universal Serial Bus (USB) port, an
Ethernet port, a wireless interface (e.g., WiFi such as any
802.1x interface, including an internal wireless card), or
other suitable communication device(s) that allows the pulse
oximeter 300 to communicate and share data with other
devices (such as, for example, a remote data processing
center as described below in reference to FIG. 5). The pulse
oximeter 300 may also include various other components
not shown, such as a microprocessor, graphics processor,
and/or controller to output a user interface, to control data
communications, to compute data trending, and/or to per-
form other operations.

[0064] Although not shown in the depicted embodiment,
the pulse oximeter 300 may include various other compo-
nents or may be configured in different ways. For example,
the sensor 304 may measure additional advanced param-
eters. As described below, the pulse oximeter 300 may
prompt the user to take specific actions through the display
302 to, for example, accomplish the CCHD screening pro-
cess.

[0065] FIG. 3C illustrates an example CCHD screening
process according to an embodiment of the present disclo-
sure. This CCHD screening process may be accomplished
with, for example, the pulse oximeter 300 of FIGS. 3A and
3B. At box 362, sensor data is gathered at a first site. For
example, at this point the user/caregiver may be instructed
to attach the pulse oximeter sensor (for example, the sensor
304) to the patient’s right hand for a pre-ductal measure-
ment. At box 364, sensor data is gathered at a second site.
For example, at this point the user/caregiver may be
instructed to attach the pulse oximeter sensor (for example,
the sensor 304) to the patient’s foot or left hand for a
post-ductal measurement. In each of boxes 362 and 364, the
measurement data may be transmitted from the sensor 304,
through the communications link 322 and front-end inter-
face 324, to the signal processor 326.

[0066] At box 366, the gathered pre- and post-ductal
measurement data is processed by, for example, the signal
processor 326. The gathered data is processed to provide
both screening results (for example, the pre- and post-ductal
SpO, measurements and the delta between the two), but also
to reduce errors in the measurements. As stated above,
drawbacks arise when data from each time-displaced mea-
surement (baseline and alternate, pre- and post-ductal) is not
carefully selected. For example, normal infant SpO, values
may drift up and down more than two percent (2%). If a
baby holds its breath during onset of crying, values may drift
more than twenty percent (20%) in a very short time. If by
chance the baseline was taken at a coincidental peak in
normal variation, and the alternate was taken during crying
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or even at a valley or trough of normal variation, such error
may impact a CCHD screening process, which, as shown in
FIG. 2, may change the result based on a three percent (3%)
differential between baseline and alternate.

[0067] As described above, F1G. 2 depicts the Centers for
Disease Control and Prevention’s (“CDC’s”™) recommended
CCHD screening process 200. A screen is considered posi-
tive (see box 228) if (1) any oxygen saturation measurement
is less than ninety percent (<90%) (in the initial screen or in
repeat screens) (see boxes 206, 214, and 222); (2) the
oxygen saturation measurement is less than ninety five
percent (<95%) in the right hand and foot on three measures
(see boxes 208, 216, and 224), each separated by one (1)
hour (see boxes 204, 212, 220); or (3) a greater than three
percent (>3%) absolute difference exists in oxygen satura-
tion measurements between the right hand and foot on three
measures (see boxes 208, 216, and 224), each separated by
one (1) hour. Any screening that is greater than or equal to
ninety five percent (295%) in the right hand or foot with a
less than or equal to three percent (=3%) absolute difference
in oxygen saturation measurements between the right hand
and foot is considered a negative screen and screening
would end (see boxes 210, 218, 226, and 230).

[0068] Referring back to FIG. 3C and box 366, in an
embodiment, a process or processes executing on one or
more signal processors (such as signal processor 326) seek
to reduce errors introduced by, for example, the time dif-
ferential in measurements in the single sensor implementa-
tion of CCHD screening processes. In an embodiment,
confidence thresholds may indicate when signal quality is
sufficiently high to use measurement data. Confidence infor-
mation may also be used to weight data as it is combined for
comparisons. Confidence information may be assigned to
windows of data and may be used to reduce an impact of a
particular window on a measurement value or adjust the
value itself. Such confidence information may be advanta-
geously incorporated into a visual queue, such as a number
or a graphic, indicating a confidence in the measurement or
screening itself. An embodiment of a confidence measure-
ment is displayed in FIG. 16. FIG. 16 shows an example plot
1600 of a pre-ductal PI graph 1605 and a pre-ductal confi-
dence graph 1610, each versus time (in seconds). The
pre-ductal PI graph 1605 will be described below. Pre-ductal
confidence is indicated by pre-ductal confidence graph 1610,
which varies over time based on, for example, signal quality
from the sensor 304 and/or PI measurements as shown in the
pre-ductal PI graph 1605. In an embodiment, a sufficiently
low confidence level (and/or threshold) results in a mea-
surement error, and no result is reported to the uset/care-
giver. For example, a confidence threshold may be (on a
scale 0f 0 to 1) 0.5, 0.6, 0.7, 0.8, 0.85, 0.9, 0.95, 0.96, 0.97,
0.98, 0.99, and/or 1, among other possibilities.

[0069] Referring back to box 366 in FIG. 3C, additional
processing may be accomplished to ensure the measured
data 1s reliable, and/or the user/caregiver may be notified of
possible problems with the gathered data. Alternatively, the
gathered data may be processed after it is gathered. For
example, the sensor data at site one may be gathered and
processed, followed by the gathering and processing of the
sensor data of site two.

[0070] In an embodiment, indications of motion may
advantageously cause an audio/visual message to be pre-
sented to a caregiver to calm the patient before measure-
ments can be used. In an embodiment, a minimum wait time
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may ensure that actual stabilization of the data occurs, such
as for example, about ten (10) to twenty (20) seconds or
more may need to pass after an indication of cessation of
motion in the patient.

[0071] In an embodiment, the features of the plethsmo-
graphic data or of the oxygen saturation data values can be
analyzed to determine when to use measurement data. In the
case of the plethsmographic data, determination of how well
the waveform fits a model may guide confidence measure-
ments or indicate signal noise. With saturation data, troughs
and peaks, and their respective severities may be determined
so that measurements for each site are chosen during similar
or the same waveform feature, such as, for example, using
measurements that correspond to peaks for each site. In an
embodiment, the natural high and low cycles of oxygen
saturation are used to correlate the measurements. For
example, typical pre- and post-ductal SpO, measurements
are illustrated in FIG. 15. FIG. 15 shows an example plot
1500, including a pre-ductal SpO, graph 1502 and a post-
ductal SpO,, graph 1504, each versus time (in seconds). The
SpO, measurements vary cyclically over time. Thus, in
order to compare measurements from two different sites
taken at different times, the natural cycles of variance in the
SpO, are used to correlate the measurement data. In the
example of FIG. 15, a 60 second window of data is taken of
both the pre- and post-ductal measurement. The data is time
adjusted so that the natural cycles of the SpO, measurements
occur at roughly the same time. A window or timeframe, for
example, a 30 second window of time, is analyzed, indicated
as 1510 and 1512, respectively, in FIG. 15. This window or
timeframe is then used to determine the SpO, delta 1514. As
a result of correlating the pre- and post-ductal SpO, mea-
surements using the natural cycles, a more accurate delta can
be determined.

[0072] In another embodiment, instead of correlating pre-
and post-ductal measurements using natural cycles, the
system can select a measurement from each window of data
that has the highest signal confidence and compare those two
measurements. The system can display which pre- and
post-ductal measurements were selected from the window of
data. For example, the system can display a graph or trend
of pre-ductal measurements and a graph or trend of post-
ductal measurements, along with some indicator on each
graph or trend (such as a dot, X, square, or the like) showing
which value was selected. By showing the clinician this
graph or trend information, the system can provide the
clinician with more data with which to make an informed
diagnosis of CCHD. With this additional information about
measurements in the windows, which measurements were
selected, and confidence of the measurements (which may
be shown for some or all measurements in the window), a
clinician may be more informed and even decide to change
the diagnosis recommended by the system.

[0073] Referring back to box 366 in FIG. 3C, in an
embodiment, additional processing may be performed and/
or intermediate data may be accessed to assist in determin-
ing which measurements to select for screening deltas. For
example, often sophisticated filters are used to smooth
saturation measurements. In an embodiment, pre-filtered
results may provide more accurate or immediate information
on measurement selection. Similarly, ratio or other informa-
tion may be used in addition to or in place of focusing on
oxygen saturation values.
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[0074] In an embodiment, phases in the respiration cycle
may be accounted for to select measurement data. For
example, measurement values may correspond to only data
during, for example, the inspiration phase, or the like. In an
embodiment, respiration or pulse rates may qualify or dis-
qualify measurement data, based on, for example, rate
stability or the like.

[0075] Other parameter information may also be used. For
example, perfusion index (“PI”) information may provide
indicators on when to select measurement data. In an
embodiment, PI may vary for reasons unrelated to CCHD
and therefore can be used in certain implementations, such
as ranges that qualify or disqualify measurement data or the
like. For example, the perfusion index may indicate that
signal quality is sufficiently high to use measurement data.
A PI measurement is also illustrated in FIG. 16 as pre-ductal
PI graph 1605. Although both confidence and PI have been
illustrated with respect to a pre-ductal measurement in FIG.
16, it is to be understood that a similar PI and confidence
measure may also be determined for a post-ductal measure-
ment.

[0076] Inbox 368 of FIG. 3C, the pulse oximeter 300 may
optionally communicate with a remote data processing cen-
ter, through, for example, the network interface 336. As
described below in reference to FIG. 5, current measurement
data may be transmitted to the remote data processing center,
and/or previous measurement data may be accessed from the
remote data processing center, among other things. Thus, the
results of multiple measurements may be stored, retrieved,
and/or compared as part of the CCHD screening process.
Alternatively, measurement data may be stored at the pulse
oximeter 300. In an embodiment, the data processing of box
366 takes place at the remote data processing center.
[0077] In box 370, the results of the CCHD screening are
reported to the caregiver/patient/user. This may be accom-
plished, for example, by displaying the results on the display
302 as a number, color, and/or other symbol, and/or aurally
in the form of, for example, an alarm.

[0078] An artisan will recognize from the disclosure
herein a wide variety of indicators or combinations of
indicators for determining when to select measurement data
for use in CCHD screening processes. For example, seg-
ments or whole windows of data for the various parameters
and indicators discussed in the foregoing may be combined
to provide additional insight into measurement selection.
Moreover, any or combinations of the foregoing may be
used to adjust a particular measurement instead of seeking a
different measurement.

[0079] FIG. 4 illustrates an embodiment of the CCHD
screening system incorporating dual (or stereo) sensors.
FIG. 4 includes a pulse oximeter 400, a signal processing
device 406, a first sensor 408, and a second sensor 409.
Further, the pulse oximeter 400 includes a display 402, a
communication port 403, and a portable oximeter 404. Such
a pulse oximeter is commercially available from Masimo
Corporation of Irvine, Calif. Other CCHD systems may
employ more than two sensors. In an embodiment, the pulse
oximeter 400 includes a USB or other communication port
403 that connects to the signal processing device 406. In this
embodiment, each of the dual sensors (first sensor 408 and
second sensor 409) connects to the signal processing device
406. Either of the first sensor 408 or the second sensor 409,
or both the first sensor 408 and the second sensor 409, may
comprise any combination of disposable, reusable, and/or
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resposable sensors. As described above, the first sensor 408
and/or the second sensor 409 may be configured for use with
an infant. Additionally, the two sensors are not required to be
of the same type, but may be any combination of suitable
sensors. For example, in some embodiments, the first sensor
408 and/or the second sensor 409 may include finger, toe, or
ear sensors, or any combination of finger, toe, or ear sensors.
In another example, the first sensor 408 and/or the second
sensor 409 may be a wrist-type sensor configured to sur-
round the wrist or ankle of an infant. The signal processing
device 406 provides stereo processing of sensor signals,
such as those disclosed in the 065 Patent. In an embodi-
ment, such processing may include separate oximeter cal-
culators logically similar to having two independent oxime-
ters, one for each sensor. The pulse oximeter 400 may
include components similar to those of the pulse oximeter
300 of FIG. 3B. Specifically, the pulse oximeter 400 may
include a signal processor, among other things. Processing
of sensor data may take place in the pulse oximeter 400
and/or the signal processing device 406.

[0080] In this stereo embodiment of two (2) or more
sensors, while there may not necessarily be time differentials
between measurements, the data from each sensor may be of
varying quality. Thus, many of the same procedures dis-
closed in the foregoing will apply. For example, at a par-
ticular time, the data from the baseline sensor may be clean
with a high confidence while the data from the alternate
sensor may have low quality from motion artifact, such as,
for example, an infant kicking but not moving their right
hand. Thus, the signal processing device 406 may use the
foregoing processes to select measurement values from each
sensor at different times. In such cases, determining which
measurements should be used involves determinations simi-
lar to those used in the single sensor implementation.
Alternatively, the signal processing device 406 may wait and
select a time when both sensors produce usable measure-
ment data, similar data conditions, or the like.

[0081] In an embodiment, the signal processing device
406 determines measurements for each of first sensor 408
and second sensor 409, and forwards measurement values to
the pulse oximeter 400. The monitor 400 advantageously
includes CCHD screening modules that guide a caregiver
through the screening process. In other embodiments, the
signal processing device 406 executes the screening and
sends flags or messages to the display 402 and/or the
portable oximeter 404 directing the display 402 and/or the
portable oximeter 404 to display caregiver instructions and/
or output results.

[0082] Although disclosed as the processing device 406
separate from the pulse oximeter 400, an artisan will rec-
ognize from the disclosure herein that the processing of the
signal processing device 406 may be incorporated into the
pulse oximeter 400 and/or the portable oximeter 404.
[0083] FIG. 5 illustrates a data diagram of a data sharing
system, according to an embodiment of present disclosure.
FIG. 5 includes a patient monitor 502, a remote data
processing center 504, and a network 506. In an embodi-
ment, the patient monitor 502 may include, for example,
either the pulse oximeter 300 of FIG. 3A or the pulse
oximeter 400 of FIG. 4. In an embodiment, the patient
monitor 502 and the network 506 may communicate with
one another, and may be located in a hospital, while both the
patient monitor 502 and the network 506 may advanta-
geously communicate with the remote data processing cen-
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ter 504. The network 506 may include, for example, Masi-
mo’s Patient SafetyNet System, a hospital patient data
system, and/or any other wired or wirelessly connected
system. An artisan will recognize that communications
among any of the patient monitor 502, the remote data
processing center 504, and the network 506 may be through
any appropriate wired and/or wireless data transmission, and
may use any suitable communications protocol. For
example, communication may be serial or parallel, through
Universal Serial Bus (USB) (wired or wireless), Ethernet,
Bluetooth, Near Field Communications (NFC), radio fre-
quency (RF), infrared, and/or WiFi (such as any 802.1x
interface), among others as is known in the art.

[0084] In an embodiment, the remote data processing
center 504 may store, for example, Patient 1D’s, device
information (such as, for example, patient monitor 502
device information), sensor information, measurement data,
screening data, and/or screening determinations for com-
parisons with later screening events. For example, the
CCHD screening process of FIG. 2 includes multiple repeat
screens. In this example, previous screening data for a
particular patient, among other things, may be requested by
the patient monitor 502, when for example, a new screening
is performed. Thus, the data from the two screening may be
compared or used in some other way. Such communication
may advantageously be wirelessly directed from the patient
monitor 502 to the remote data processing center 504, or
through one or more intermediary networks (such as the
network 506). For example, the patient monitor 502 may
include wireless communication to a hospital or other net-
work which eventually communicates with the remote data
processing center 504.

[0085] In an embodiment, the pulse oximeter 300 may
communicate with network 506 (or other host digital net-
work or system) to store or upload measurement data
associated with a unique identifier to remote data processing
center 504. The network 506 may include multiple networks
or systems. The pulse oximeter 300 may access previously
stored information, such as, for example, earlier screening
data stored at the remote data processing center 504 of a
remote network, to complete or increment the CCHD
screening process. In an embodiment, a first network may be
an institutional network such as a hospital data system, a
cellular or other data system, or the like, wirelessly com-
municating with the pulse oximeter 300 or monitor. The
system or systems eventually allow communication to a
remote data processing center 504 or other processing center
that stores the measurement information in a manner that
provides for retrieval and appropriate association with newly
acquired data.

[0086] As will be described in detail below, FIGS. 6-9,
10A-B, 11A-B, 12A-C, 13A-C, and 14A-D illustrate
example screen shots and/or displays of a pulse oximeter
monitor (such as the pulse oximeter 300 of FIG. 3A or the
pulse oximeter 400 of FIG. 4) and/or other CCHD measure-
ment device configured for measuring CCHD, according to
embodiments of the present disclosure.

[0087] FIG. 6 illustrates a screen shot 600 of a pulse
oximeter monitor configured for measuring CCHD. The
screen shot 600 includes a first screen 602, second screen
604, and third screen 606 for measuring CCHD. These three
screens correlate to the three separate measurement recom-
mendations for measuring CCHD, as described in reference
to FIG. 2. A touch screen can be provided in the pulse
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oximeter monitor so that a caregiver need only touch each
measurement (for example, first screen 602, second screen
604, and third screen 606) in succession to begin the three
different measurement processes.

[0088] FIG. 7 illustrates various spot check settings that
are available on the pulse oximeter monitor and/or CCHD
measurement device of the present disclosure. A SpO, delta
702 allows a caregiver to dictate a specific difference in
SpO, between measurement sites that will indicate a CCHD
problem. The value can range between 1 and 10 with a
default value of 3. The low SpO, threshold 704 indicates a
minimal passing SpQO, value for a test result. The value can
range between 85-100 with a default value of 95. The all
mute 706 mutes all noise from the pulse oximeter monitor
and/or CCHD measurement device. The low PI threshold
708 indicates a minimum PI measurement value that may
still indicate a valid test result. This value can range between
0.1 and 1 with a default value of 0.7.

[0089] FIG. 8illustrates a display of a first test results page
800. The first test results page 800 includes a first test results
indication 801. In the embodiment of first test results page
800, a positive result was obtained, but it was at a saturation
value of less than 95%. The first test results page 800 also
includes the time of the test 802, the pre-ductal results 804
and post-ductal results 810, including the respective SpO,
values 806, 812 and PI values 808 and 814, as well as the
delta SpO, 816 illustrating the delta SpO, value 818. The
first test results page 800 also includes a next step indication
820. For example, in the embodiment of FIG. 8, the next step
may indicate that a second screen test is to be performed in
an hour. Alternatively, the next step may indicate that no
further testing is required (in the event of, for example, a
negative screen).

[0090] FIG. 9 illustrates another example of a first test
results page 900. The test results page has similar features
corresponding to that of FIG. 8 shown in an alternative
format. The first test results page 900 includes a first test
results indication 901. In the embodiment of first test results
page 900, a positive result was obtained. The first test results
page 900 also includes the time of the test 902, the pre-ductal
results 904 and post-ductal results 910, including the respec-
tive SpO, values 906, 912 and PI values 908 and 914, as well
as the delta SpO, 916 illustrating the delta SpO, value 918.
The first test results page 900 also includes a next step
indication 920.

[0091] FIGS. 10A and 10B illustrate additional alternative
embodiments of settings available for the CCHD monitor of
the present disclosure. Referring to FIG. 10A, screen 1000
includes settings which indicate the difference in SpO,
readings (SpO, difference 1002) between sites to indicate a
CCHD problem. The screen settings also include passing
SpO, low limit 1004, positive result SpO, threshold 1006,
and enable PI 1008. Referring to FIG. 10B, additional
settings on screen 1020 include positive result SpO, thresh-
old 1022, enable PI 1024, positive result PI threshold 1026,
and settings defaults 1028. The settings defaults can include
different protocols for measuring CCHD including the Kem-
per Protocol.

[0092] FIG. 11Aillustrates additional advanced settings in
screen 1100, including a time window 1102, a correlation
window 1104, a minimum confidence 1106, and minimum
PI 1108. In FIG. 11B other settings are illustrated in screen
1120, including minimum confidence 1122, minimum PI
1124, minimum correlation 1126, and mean trim 1128. In
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addition to the settings shown, in one embodiment, another
option is provided for clinicians to adjust the amount of time
between successive CCHD screenings. Although one hour
between screenings is common, for instance, a hospital may
instead have a policy that successive screenings occur every
two hours. An option to adjust screening times in the
system’s settings can permit hospitals to implement their
own policies with the CCHD system described herein.
Based on the adjusted setting, the system can schedule or
remind clinicians to screen a patient at the desired time.

[0093] Once all of the settings are configured, the CCHD
screening device of the present disclosure provides step by
step instructions for performing a CCHD test protocol.
FIGS. 12A-C, 13A-C, and 14A-D illustrate instructions
provided for the single sensor CCHD monitor of the present
disclosure. FIGS. 12A-C illustrate an embodiment of vari-
ous protocol step-by-step instructions. For the pre-ductal
measurement, instruction screen 1200 instructs a caregiver
to place the sensor on the right hand and press a button on
the screen to move to the next instruction screen 1220.
Instruction screen 1220 indicates that a measurement is
taking place. If an error occurs in the measurement, an error
screen 1240 is displayed. In an embodiment, the CCHD
screening system (including, for example, pulse oximeter
300 or pulse oximeter 400) controls and tracks the imple-
mentation of the screening process, including instructions to
caregivers on next steps, as described. Additional examples
of instruction may include “Attach Sensor to Right Hand,”
“Attach Sensor to Alternate Site,” “Attach Sensor to Right
Foot,” “Attach Sensor to Left Foot,” “Calm Patient,”
“Adjust Sensor Positioning,” or the like.

[0094] Once the pre-ductal measurement is obtained, the
instructions move on to the instruction screens of FIGS.
13A-C. Instruction screen 1300, labeled as step 3, instructs
the caregiver to place the sensor on the either foot of the
patient and press a button to continue to instruction screen
1320. In instruction screen 1320, labeled as step 4, the
post-ductal measurement is obtained. If an error occurs in
the post-ductal measurement, an error screen 1340 is pre-
sented to the user.

[0095] The instructions continue with FIGS. 14A-D. Once
the post-ductal measurement is obtained, results screen
1400, labeled as step 5, is displayed. The results screen 1400
provides the pre- and post-ductal screening results, as well
as the difference in SpO,. The results screen 1400 illustrates
an embodiment in which a passing test was obtained and
instructions that the test was passed are provided on the
screen at 1405. Alternatively, if a potential problem was
found, as illustrated in results screen 1420 of FIG. 14B, then
an instruction is provided at 1425 instructing the care giver
to perform a second test in one hour. If a second screening
indicates a failing test, as illustrated in results screen 1440
of FIG. 14C, then an instruction is provided to perform a
third screen testing in one hour at 1445. If the results of the
third test also indicate a problem, for example in screen 1460
of FIG. 14D, then an instruction is provided to refer the
newborn for further medical evaluation at 1465. As
described above, the CCHD screening system may include
a quality indicator providing information on the confidence
in the screening measurements. A quality measure may be
included for each measurement, for the entire screen, or the
like. For example, the display may indicate “Positive
Screen, 72% Confidence.” In an embodiment, a minimum
confidence threshold may be used to instruct a caregiver to
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repeat the measurements and/or restart the screening pro-
cess. Moreover, the oximeter may produce an audio/visual
alarm indicating time for a repeat screen, may accept patient
information including a patient identifier, and the like.
[0096] Although the foregoing has been described in terms
of certain preferred embodiments, other embodiments will
be apparent to those of ordinary skill in the art from the
disclosure herein. For example, other CCHD screening
methodologies may take advantage of the processes for
matching measurements disclosed herein. Moreover, data
conditions from one screen may influence when measure-
ments are chosen for subsequent screens. For example, if
choosing according to peaks in the SpO, values was imple-
mented to match measurement conditions in one screen, the
same may be used or implemented in subsequent screens.
Accordingly, the present disclosure is not intended to be
limited by the reaction of the preferred embodiments, but is
to be defined by reference to the appended claims.

[0097] In addition to the foregoing, all publications, pat-
ents, and patent applications mentioned in this specification
are herein incorporated by reference to the same extent as if
each individual publication, patent, or patent application was
specifically and individually indicated to be incorporated by
reference.

[0098] Moreover, the oximeters discussed in the foregoing
may include many or all of the features of basic pulse
oximeters that determine measurements for blood oxygen
saturation (“SpO,”), pulse rate (“PR”) and plethysmo-
graphic information, to read-through-motion oximeters, to
co-oximeters that determine measurements of many con-
stituents of circulating blood. For example, Masimo Corpo-
ration of Irvine Calif. (“Masimo™) manufactures pulse oxi-
metry systems including Masimo SET® low noise optical
sensors and read through motion pulse oximetry monitors
for measuring SpO,. PR, perfusion index (“PI”) and others.
Masimo sensors include any of LNOP®, LNCS®, SofT-
ouch™ and Blue™ adhesive or reusable sensors. Masimo
oximetry monitors include any of Rad-8®, Rad-5®, Rad-
5v® or SatShare® monitors.

[0099] Also, many innovations improving the measure-
ment of blood constituents are described in at least U.S. Pat.
Nos. 6,770,028; 6,658,276; 6,157,850; 6,002,952; 5,769,785
and 5,758,644, and are incorporated by reference herein.
Corresponding low noise optical sensors are disclosed in at
least U.S. Pat. Nos. 6,985,764; 6,813,511, 6,792,300; 6,256,
523; 6,088,607; 5,782,757 and 5,638,818, and are incorpo-
rated by reference herein.

[0100] Masimo also manufactures more advanced co-
oximeters including Masimo Rainbow® SET, which pro-
vides measurements in addition to SpO,, such as total
hemoglobin (SpHb™) oxygen content (SpCO™), methe-
moglobin (SpMet®), carboxyhemoglobin (SpCO®) and
PVI®. Advanced blood parameter sensors include Masimo
Rainbow® adhesive, ReSposable™ and reusable sensors.
Masimo’s advanced blood parameter monitors include
Masimo Radical-7™, Rad87™, and Rad57™ monitors as
well as Pronto and Pronto-7 spot check monitors.

[0101] Innovations relating to these more advanced blood
parameter measurement systems are described in at least
U.S. Pat. Nos. 7,647,083; 7,729,733; U.S. Pat. Pub. Nos.
2006/0211925; and 2006/0238358, incorporated by refer-
ence herein.

[0102] Such advanced pulse oximeters, low noise sensors
and advanced blood parameter systems have gained rapid
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acceptance in a wide variety of medical applications, includ-
ing surgical wards, intensive care and neonatal units, general
wards, home care, physical training, and virtually all types
of monitoring scenarios.

[0103] Thus, by employing the embodiments of the
CCHD screening processes and systems disclosed herein,
CCHD, particularly PDA, may be more accurately detected
and diagnosed. Specifically, false positives may be reduced,
variances in SpO, may be detected and filtered, caregivers
may be more propetly directed, and/or measurement confi-
dence may be evaluated, among other advantages.

Telemedicine and Remote Diagnostic Embodiments

[0104] CCHD screening, as well as other forms of patient
monitoring, can be performed remotely using telemedicine
technologies. In addition to having its ordinary meaning, the
term “telemedicine,” as used herein, can refer to the remote
diagnosis and/or treatment of patients using telecommuni-
cations technology. In one form, telemedicine can include a
doctor communicating with a patient via video, with both the
patient and the doctor able to see video and hear audio of the
other, although one way video feeds (or two-way audio
without video feeds) are used in some implementations.
Telemedicine can facilitate more efficient and coordinated
care, making homestay a possibility for a variety of patients.
Remote monitoring and surveillance, along with virtual
consultations, can reduce hospital admissions and length of
stay, cutting costs while reinforcing continued routine care
and self-management. However, limited integrated commu-
nication capabilities, lack of device interoperability, and
poor network connectivity have hindered the rapid adoption
of telemedicine solutions.

[0105] Embodiments of noninvasive point-of-care moni-
toring devices described herein are capable of gathering
patient data from a variety of third-party devices connected
via Bluetooth and transmitting patient data to remote loca-
tions and to electronic medical records (EMRs). Some
point-of-care devices described herein can also offer built-in
cameras, facilitating one- and two-way patient-clinician
commuuication.

[0106] Some point-of-care devices described herein can
have the ability to serve as a connectivity hub for multiple
third-party and proprietary devices, aggregating the data
from each peripheral device via Bluetooth. In addition, the
point-of-care devices can facilitate the transmission of
patient data to clinicians and live video conferencing, allow-
ing a single device to serve as an all-inclusive, integrated
solution. Embodiments of such a device, which may be used
to implement any of the features described herein, are
disclosed in U.S. Pub. No. 2015/0097701, filed Oct. 10,
2014, titled “System for Displaying Medical Monitoring
Data,” attorney docket MASIMO.930P1, the disclosure of
which is hereby incorporated by reference in its entirety.
[0107] Any of the devices described herein can include a
built-in camera, which can enable live, high-resolution (or
lower resolution) video and audio feeds directly from the
device to a central monitoring station (e.g., nurse’s station)
or to clinicians’ devices (such as phones, tablets, laptops,
computers, TVs, etc.), allowing clinicians to provide on-
demand care and support. Real-time, two-way communica-
tion can allow care providers to manage individualized care
plans, make efficient, informed assessments, and provide
cost-effective, high-quality care at patients’ convenience.
One-way, surveillance monitoring can enable care providers
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to observe patient movements and listen to breathing for
virtual assessment without disturbing the patient.

[0108] Although telemedicine may be used in hospital or
other clinical settings, it can also be beneficial to use
telemedicine in patients” homes (or wherever patients may
be). A patient at home or mobile can use an electronic
device, such as a phone, tablet, laptop, or desktop to com-
municate with a clinician. The patient may be provided
monitoring equipment that interfaces with the patient’s
electronic device, such as noninvasive sensors (e.g., a blood
pressure cuff). Outside of a hospital or clinical setting,
however, patients may struggle to use patient monitoring
equipment properly. Similarly, patients may struggle to
interpret the measurements obtained from patient monitor-
ing equipment. A patient may take a blood pressure mea-
surement at home, for instance, but may be unaware whether
the measurement is within normal range or whether it
represents a potentially serious condition.

[0109] Certain embodiments of this disclosure describe a
telemedicine system that can address some or all of the
above concerns, among possibly others. The telemedicine
system can advantageously guide patients through auto-
mated data collection and can facilitate live video chats with
patient-selected health practitioners to discuss appropriate
treatment and medications. The telemedicine system can act
as a self-service point-of-care solution for patients outside of
a traditional clinical setting. With the integrated capability to
connect with their local clinician as needed, the telemedicine
system can empower patients to proactively monitor their
health status.

[0110] The telemedicine system can guide patients step-
by-step to perform personal vital signs measurements. These
measurements can be spot-check or continuous measure-
ments, including, for example, one or more of oxygen
saturation (SpQ,), pulse rate, perfusion index, and respira-
tion rate from a pulse oximetry sensor, as well as optionally
temperature or blood pressure. Other physiological param-
eters can also be measured using these or other sensors, such
as heart rate from an ECG sensor, respiration rate from an
acoustic sensor, or a hemoglobin measurement (such as
SpHb. total hemoglobin; SpMet, methemoglobin; or SpCO,
carboxyhemoglobin, all available from Masimo Corporation
of Irvine, Calif.) from an optical sensor. Any subset of these
or other measurements may be taken. The telemedicine
system can summarize the patient’s measurements. option-
ally indicating which measurements are outside of normal
range (such as abnormally high temperature). After review-
ing results, the patient may be prompted to select a local or
remote clinician to consult in a telemedicine session.
[0111] Ifthe patient would like to consult with a clinician,
the telemedicine system can provide a list of care providers
in the vicinity (or remote) that are available for live audio
and/or video conferencing. The selected care provider may
receive a copy of the patient’s vital signs spot-check results
and may provide a real-time, virtual consultation with the
patient using the integrated audio and/or video feed. At the
conclusion of the virtual consultation, the patient’s prescrip-
tion can be sent directly to the desired pharmacy and a copy
of the results may be sent to the patient (e.g., via email).
[0112] Features of the telemedicine system are described
in detail below with respect to FIGS. 19 through 27. How-
ever, prior to describing these features in detail, a computing
environment is described with respect to FIGS. 17 and 18,
in which the telemedicine system can optionally be imple-
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mented. Turning to FIG. 17B, in a computing environment
1700, various computing devices and patient monitoring
devices can obtain network services from a medical network
service (MNS) 1710. Various institutions 1712, 1714, 1716
and devices 1718, 1720 are shown in the computing envi-
ronment 1700. These institutions include surgery centers/
clinics/outpatient care centers (collectively referred to
herein as small clinics 1712), major hospitals 1714, external
entities such as government agencies 1716. The example
devices 1718, 1720 shown include home/mobile clinician
devices 1718, and home/mobile patient devices 1720. The
various institutions 1712, 1714, and 1716 may each include
internal networks of devices having computing devices and
patient monitoring devices that communicate over networks
1708 with the MNS 1710. The MNS 1710 can provide the
users of the institutions 1712, 1714, and 1716 with access to
a variety of features that are typically included in an internal
IT network installation at a hospital, some examples of
which include electronic medical records or EMR, paging
systems, wellness index computational services, and the
like. In addition, the MNS 1710 can provide patients and
clinicians with access to a telemedicine system (described
below with respect to FIG. 18).

[0113] The MNS 1710 can communicate with the home/
mobile clinician devices 1718 over a network 1708 and the
home mobile patient devices 1720 of a network 1708. The
example networks 1708 shown can be local area networks
(LAN), wide area networks (WAN), the Internet, an intranet,
combinations of the same or the like. Any type of clinician
computing device 1718 can communicate with the MNS
1710 including, for example, laptops, desktops, servers,
work stations, tablets, wireless handheld devices such as cell
phones, smart phones, personal digital assistants and wire-
less pagers, augmented reality devices, virtual reality
devices, combinations of the same or the like. Likewise, the
MNS 1710 can communicate with any type of patient
monitoring device 1720 including bedside devices, body
worn devices, telemetry devices, and the like. Any of these
patient devices 1712 can output parameter data, trend data
and/or alarms which can be provided to the MNS 1710 over
the network 1708 and then re-routed by the MNS 1710 to
institutions 1712, 1714, or computers thereof, and mobile
clinician devices 1718.

[0114] In certain embodiments, by providing network ser-
vices to the various entities shown, the MNS 1710 can
provide greater reliability, security and therefore patient
safety compared to existing networks in hospitals and other
clinical facilities. The MNS 1710 may be implemented in
one or more computing devices, such as servers, which may
be geographically located, for example, in a data center, or
which may be geographically disbursed, for example, in
multiple data centers. The MNS 1710 can include enterprise-
class networking capabilities of any state of the art or
currently available data center today including, for example,
load balancing features, failover features, intelligent net-
work problem detection and resolution features, and the like.

[0115] Thus for example, one benefit that the MNS 1710
can provide in contrast with existing hospital networks is
that if a switch or other network device were to fail at an
existing hospital network, that network would then go down
and deprive patients of necessary care. In contrast, in the
MNS 1710, if a component such as a switch goes down, the
MNS 1710 may be able to reroute network traffic through
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other switches and other components and continue or
resume critical patient care services for the various institu-
tions and devices shown.

[0116] Further, the MNS 1710 can be configured such that
service level agreements (SLAs) can be provided to insti-
tutions so that guarantees of service can be met by the MNS
1710. An example SLA guarantee can be that alarms pro-
cessed by the MNS 1710 can be provided to clinician
devices in the institutions 1712, 1714 within a specified
period of time, such as a few seconds or the like. The MNS
1710 may also provide uptime guarantees through SLAs or
the like.

[0117] Moreover, by providing network services from the
cloud, in certain embodiments, the MNS 1710 can provide
synergistic effects that are greater than the benefits of simply
moving the networking services out of the hospital and into
a centralized data center. One example of a synergistic
benefit of the MNS 1710 in certain embodiments is that
patient profiles from different institutions or clinical facili-
ties can be maintained by the MNS 1710 as a single patient
profile. Thus, if a patient is in a first facility and has a profile
that specifies alarm settings that are unique to that patient’s
health conditions, the MNS 1710 can store these alarm
settings in the patient’s profile in the cloud. If this patient
subsequently is admitted to a different facility, the MNS
1710 can provide this second facility with access to the
patient’s profile, including the alarm settings that were
previously set in the first facility. Patient profiles can enable
clinicians to avoid having to re-establish useful alarm set-
tings and/or other monitoring settings for the patient. Fur-
thermore, the MNS 1710 can enable these patient profiles to
be updated and customized at the second facility.

[0118] In addition to these features, in certain embodi-
ments any of the data collected by the MNS 1710 can be
anonymized and provided to the external entities 1716
including, for example, government agencies or research
institutions for demographic and healthcare research pur-
poses, additional examples of which are described below
with respect to FIG. 18.

[0119] Turning to FIG. 18, a more detailed embodiment of
a medical network service (MNS) is shown, the MNS 1810.
The MNS 1810 can have all of the features of the MNS 1710
described above. In the depicted embodiment, the MNS has
several subsystems or modules that can be implemented in
hardware and/or software, including telemedicine features
(discussed below). The example modules or components
shown group functionality of embodiments of the MNS
1810 together under logical descriptions. It should be under-
stood, however, that the various modules and systems shown
in the MNS 1810 or portions thereof could be implemented
together in a single system. In addition, not all of the systems
or modules shown need be implemented on the same com-
puting device but could instead be implemented in separate
computing devices. Any of the systems or modules shown
could also be omitted in some embodiments.

[0120] The MNS 1810 includes, for example, a network
management module 1802. The network management mod-
ule 1802 can manage network communications with other
networks, including networks in hospitals and other facili-
ties as well as communications with mobile patient devices
and clinician devices. For example, the network manage-
ment module 1802 can communicate with devices in hos-
pitals and outside of hospitals, or inside of facilities and
outside of facilities. The network management module 1802
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can provide the networking services described above with
respect to FIG. 17, such as load balancing, failover, and the
like. In addition, if a patient is monitored in a facility that
communicates with the network management module 1802,
and then the patient is discharged from the facility, the
network management module 1802 can maintain connectiv-
ity with a body-worn or other mobile medical device asso-
ciated with the patient, for example, over cellular or Wi-Fi
links. Additional example features of the network manage-
ment module 1802 are described below with respect to FIG.
6.

[0121] The MNS 1810 also includes an EMR system 1804
that can generally store patient data from any facility,
including data collected from patient monitoring devices in
patients’ homes or while patients are mobile outside of their
homes or out of facilities. For example, the EMR system
1804 can include such information as parameter values,
trend values, alarm histories, patient demographic data,
patient condition data including diagnoses, patient medical
histories, and patient medications, among a variety of other
patient data. The data in the EMR 1804 can advantageously
be used by other components of the MNS 1810 as described
below to improve patient care.

[0122] A clinician portal 1806 of the MNS 1810 can
provide a user interface or user interfaces that can be
accessed by clinicians via their clinician devices to monitor
the health status of their patients for whom they are respon-
sible. The clinician portal 1806 may, for example, be imple-
mented in one or more web pages, mobile applications, or
other network applications and may provide information
about the wellness or relative wellness of each patient.
[0123] In one embodiment, a wellness score or index is
computed for some patients by a risk analysis system 1808
of the MNS 1810, and the clinician portal 1806 can depict
these wellness indices among other parameter data, trend
data and alarms for patients. In one embodiment, the clini-
cian portal 1806 facilities triaging patients by providing
functionality for patients to be ordered or ranked based on
their wellness scores or indices as computed by the risk
analysis system 1808. Example features for computing
wellness indices or risk assessments are described in U.S.
Pub. No. 2014/0077956, filed Sep. 18, 2013, titled “Intelli-
gent Medical Network Edge Router,” attorney docket
MASIMO.909A, the disclosure of which is hereby incorpo-
rated by reference in its entirety. For example, the risk
analysis system 1808 can take into two or more parameters,
such as any combination of the following parameters: oxy-
gen saturation (e.g., SpO,), respiratory rate, pulse rate, heart
rate, total hemoglobin level, methemoglobin, carboxyemo-
globin, blood pressure, ECG output, encephalography out-
put, or the like. The risk analysis system 1808 can combine
data from such parameters and reduce this data to a single
value or data representation of the combination of those
parameters. The single value may be, for example, an index
or score that is on a scale of 0 to 10, where 10 may represent
a most healthy state, while 0 may represent a least healthy
state. Thus, such scores could be used to rank the relative
health state or acuity of patient sicknesses and such numeri-
cal rankings can be output for presentation to clinicians in
the clinician portal 1806, thereby enabling clinicians to
quickly triage patients.

[0124] In certain embodiments, the risk analysis system
1808 also leverages aspects of the cloud-based infrastructure
of the MNS 1810 to improve the wellness index calculation.
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For example, the risk analysis system 1808 may be able to
access patient profile data from the MNS 1810 that comes
from previous hospital visits or other clinical facility visits
from a single facility or multiple facilities to compute
historical wellness indices or to compute a current wellness
index. The risk analysis system 1808 can also personalize
the wellness index based on patient attributes stored in the
EMR system 1804. For example, the risk analysis system
1808 can personalize which parameters are weighted more
heavily in the combination of parameters that are output as
a wellness index based on previous patient conditions listed
in EMR system 1804. In currently available systems, dif-
ferent institutions typically do not share their EMR data, and
EMRs therefore cannot be used to correlate patient data
from multiple institutions together and thereby improve risk
analysis and wellness indices. However, such advantages
can be made possible in certain embodiments by the cen-
tralized cloud nature of the MNS 1810.

[0125] The MNS 1810 also includes a patient profile
manager 1811. The patient profile manager 1811 can manage
patient profiles, which can include information about patient
demographics, patient alarm settings, including alarm set-
tings from previous visits to potentially multiple different
facilities, patient conditions and so forth, and example
features of which are described in greater detail below with
respect to FIG. 3. The MNS 1810 further includes a device
profile manager 1812 that can manage and store device
profiles for medical devices that interact with the MNS 1810
as well as optionally other computing devices. The profiles
may have information about rules that can be used to track
the usage of these devices as well as a variety of other
features.

[0126] The MNS 1810 also includes an early warning
system 1816. The early warning system 1816 can issue early
warning alarms based on parameter measurements, indices
such as the wellness index or other indices. The early
warning system 1816 can look for patterns in patients to
facilitate detecting never events, including events that
should occur never or rarely, like a patient dying in bed
without any intervention, particularly when a patient is
home and would not ordinarily be under the care of a
hospital or have access to a system like the risk analysis
system 1808 or the early warning system 1816.

[0127] An escalation module 1818 of the MNS 1810 can
provide functionality for escalating alarms from a first or
primary care provider to a second or subsequent care pro-
vider in case the primary care provider is unavailable.
However, the escalation module 1818 may also provide
additional functionality such as obtaining information from
a remote primary care provider and providing this informa-
tion to a secondary local care provider who is local to the
patient and can therefore intervene using the information
provided by the first care provider.

[0128] An information exchange system 1820 of the MNS
1810 can facilitate communicating information about
patients to government or research institutions 1718
described above with respect to FIG. 17. One scenario where
patient information may be submitted (anonymously) to
government or research institutions is where a disease
outbreak has occurred. For example, information may be
provided that indicates several patients in a hospital have
come down with the flu. The information exchange system
1820 can report this occurrence to an external entity such as
the CDC or the Center for Disease Control, or state or local
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government agency or national government agency or
worldwide agency to alert such agencies other institutions of
the potentiality of a disease outbreak. If multiple institutions
are using the services of the MNS 1810, then such infor-
mation about patient conditions can be correlated and pro-
vided to these institutions as described above. More gener-
ally, the information exchange system 1820 can provide data
about changing patient conditions continuously or periodi-
cally to government or research organizations to enable such
organizations to rapidly respond to changes in regional
health issues.

[0129] Further, the data provided by the information
exchange system 1820 can be valuable to government
agencies or research institutions to determine the effects of
local conditions on health conditions. It may be discovered,
for instance, that patients that go to a specific facility or set
of facilities in a region are afflicted with disease related to
nearby coal mining which can be ascertained by research
institution or a government agency that has responsibility
over such activities. Accordingly, the information exchange
system 1820 can provide value data that can provide reports
that can be used by external entities to improve patient care.
[0130] A journaling module 1822 of the MNS 1810 can
capture clinician interactions with medical devices that are
in the institutions and/or that are in patients’ homes or that
are body worn in mobile situations. The interactions can
include any type of button press, alarm setting change, RFID
tag interaction, or the like and can be recorded for the
purposes of determining clinician response times to alarms
or other measures of the quality of a clinician’s care. The
journaling module 1822 can further leverage the centralized
monitoring capabilities of the MNS 1810 to compare the
quality of care as journaled or otherwise calculated amongst
different institutions as an apples-to-apples comparison
because some or all of the data from these institutions can be
provided to the centralized MNS 1810.

[0131] Further, the journal module 1822 can facilitate
comparing the quality of care between different units in a
hospital or other facility including different floors or groups
of clinicians or shifts, or the like. The journal module 1822
can also facilitate comparing similar groups amongst differ-
ent facilities, such as an ICU group in two different facilities,
and can thereby enable an organization to identify gaps or
deficiencies of care in different facilities that can be cor-
rected. This information can be provided in real time or
near-real time so that adverse patient care outcomes can be
quickly addressed, in contrast to the past where information
about quality of care is often analyzed well after an adverse
care event has occurred (or even after a patient has been
discharged). Further embodiments of journaling and detect-
ing clinician interactions with devices (including via RFID
tags) are described in greater detail in U.S. Pub. No. 2014/
0077956, filed Sep. 18, 2013, titled “Intelligent Medical
Network Edge Router,” attorney docket MASIMO.909A,
the disclosure of which is hereby incorporated by reference
in its entirety.

[0132] A telemedicine module 1824 of the MNS 1810—
an embodiment of the telemedicine system described
above—can facilitate telecommunications between clini-
cians and patients, including telepresence communications
where clinicians can diagnosis, treat, or otherwise attend to
the needs of patients remotely using audio visual systems or
the like. For instance, the telemedicine module 1824 can
facilitate audio and/or video communications between
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patients and clinicians. For example, using telemedicine
software in a patient device, a patient can connect to the
telemedicine module 1824 to communicate with a clinician
using similar telemedicine software on the clinician’s
device. The telemedicine module 1824 may implement any
audio and/or video protocols, including voice over IP (VoIP)
protocols, to facilitate telemedicine communications
between patients and clinicians. Yet in other embodiments,
the telemedicine module can be implemented apart from the
other features of the MNS. For example, telemedicine
functionality described herein can be implemented through
a server dedicated to telemedicine functionality, rather than
the full panoply of functionality available through the MNS.
Or, patient devices may perform point-to-point connections
directly with clinician devices (and vice versa) using avail-
able networking protocols.

[0133] FIG. 19 depicts an embodiment of a telemedicine
process 1900. The telemedicine process 1900 can enable a
patient living at home or otherwise outside of a hospital to
obtain a consultation from a remote clinician and can enable
that patient to provide the remote clinician with physiologi-
cal data to enable the remote clinician to make an informed
decision about the patient’s health condition.

[0134] The telemedicine process 1900 may be imple-
mented at least in part by the telemedicine system or
telemedicine module 1824, described above. Further, in an
embodiment, the telemedicine process 1900 may be imple-
mented using any of the patient monitors described herein.
For example, the telemedicine process 1900 could be imple-
mented by the pulse oximeter 300 of FIGS. 3A and 3B, the
monitor 400 of FIG. 4, the monitor 502 of FIG. 5, or by the
home/mobile patient device 1720 of FIG. 17.

[0135] In one embodiment, the device or devices imple-
menting the telemedicine process 1900 need not be a dedi-
cated patient monitor but instead can be an electronic device
capable of executing software on a hardware processor that
performs monitoring functions. Thus, for example, a phone,
tablet, laptop, desktop computer, television, augmented real-
ity device, virtual reality device, or the like can implement
the remote diagnostic process 1900. For example, telemedi-
cine software stored as program instructions in a memory of
any such device can perform the telemedicine process 1900.
This telemedicine software (not shown) can communicate
with similar telemedicine software in a clinician device and
optionally may do so through the telemedicine module 1824
of the MNS 1710/1810.

[0136] Referring again to FIG. 19, at block 1902, the
telemedicine process 1900 displays instructions for using a
non-invasive sensor. The instructions may be displayed in
the form of a graphical user interface on a patient device
which, as discussed above, may be a dedicated patient
monitor or any electronic device. The instructions for using
the non-invasive sensor can specify any of the following:
how to open the sensor out of its packaging, how to place the
sensor on the patient’s body, how long to keep the sensor
there, how to take a measurement, and so forth. Once the
sensor is attached, the patient may indicate such in the user
interface to inform the telemedicine module that the sensor
is ready to take a measurement.

[0137] At block 1904, the telemedicine process 1900
measures the physiological parameter using the sensor. For
example. software stored in the patient monitor or electronic
device can access physiological signals output by the sensor
and can process those physiological signals to calculate the
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physiological parameter or a plurality of physiological
parameters. For example, the pulse oximeter 300 of FIG. 3
can receive optical signals from the sensor 304, which is an
example of a sensor that can be used in the process 1900.
The pulse oximeter 300 may include a signal processor 326
as well as other circuitry that can facilitate processing the
signals received to calculate parameters of the patient.
[0138] Some examples of physiological parameters that
may be calculated include oxygen saturation, pulse rate,
perfusion index, pleth variability index (PVI), respiration
rate, electrocardiogram parameters (ECG), electroencepha-
lography parameters (EEG), blood pressure, temperature, as
well as any other parameters described elsewhere herein.
This list is not inclusive, as other physiological parameters
may be measured and other types of non-invasive sensors
may be used. Furthermore, in some embodiments, invasive
or minimally invasive sensors may be used such as a
finger-prick glucose sensor.

[0139] At block 1906, the process 1900 determines
whether to obtain a reading from another sensor, and if so,
loops back to block 1902. Otherwise, the process 1900
continues on to block 1908. For instance, if the process 1900
first displays instructions for using an optical sensor and
then determines that a blood pressure measurement should
be taken, the process 1900 loops back from block 1906 to
block 1902. There, the process 1900 outputs instructions for
using the blood pressure sensor and may then obtain the
measurement from the blood pressure sensor in block 1904.
The process 1900 may similarly loop back through blocks
1902 and 1904 to obtain temperature measurements and/or
other measurements. In some embodiments, a single mea-
surement is obtained, or a single non-invasive sensor is used
from which multiple measurements may be obtained.
[0140] Although not shown, the process 1900 may also
output the parameters calculated based on the measurements
received or physiological signals received for display on the
patient device or electronic device. Some examples of
displays corresponding to the process 1900 are described
below with respect to FIGS. 20 through 27. In other embodi-
ments, the process 1900 sends the parameters directly to a
clinician without showing them to a patient (instead, the
process 1900 may output an indication such as “measure-
ment done” or the like).

[0141] At block 1908, the process 1900 outputs a list of
available clinicians. The list can include a list of local or
remote doctors or clinicians. While in one sense, all clini-
cians may be remote to the patient in the sense that the
patient device communicates with the clinicians over the
network, local clinicians can be geographically closer to the
patient than remote clinicians. The list of available clinicians
may be generated based on publicly available information or
information obtained from an insurance carrier of the patient
such that the list of clinicians may include clinicians that are
in a plan provided by the patient’s insurer. Or alternatively,
the list can include any clinicians who have signed up or
otherwise opted to participate in a telemedicine program.
The list may also include solely clinicians available to
consult that moment, rather than all clinicians. The list may
further include wait times for consulting with a particular
clinician.

[0142] At block 1910, the process 1900 receives a user
selection of a clinician from the list, and at block 1912,
transmits the physiological parameter measurement or mea-
surements to the clinician over a network (which may
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include the Internet). The transmission of the physiological
parameter measurement or measurements to the clinician
may be in the form of a message split into a plurality of
packets sent over a network that implements any of the
currently available network protocols today, such as the
TCP/IP protocol. The parameters may be transmitted from
the patient device through the MNS 1710/1810 described
above and then provided to the clinician device. Alterna-
tively, the parameter measurements may be provided
directly from the patient device to the clinician device over
the network.

[0143] At block 1914, the process 1900 initiates a tele-
medicine session with a clinician via audio and/or video.
This can be a one-way or a two-way video session where the
clinician and the patient see video of each other using
currently available video communications protocols. The
patient device may access video from the clinician and vice
versa by way of accessing the telemedicine module 1824
described above. In this session, the clinician may have
access to the physiological parameters measured previously.
The clinician may use his or her professional skills to
analyze the measured parameters. The clinician can talk with
the patient about the measured parameters and about symp-
toms the patient is having in order to arrive at a diagnosis
and optionally provide a prescription for the patient.
[0144] As described above, the telemedicine software
installed on the clinician’s device can enable the clinician to
communicate with telemedicine software installed on the
patient’s device. The telemedicine software may be a dedi-
cated application, such as a mobile application, or may be a
web application accessible by a browser (or may be a
combination dedicated and web application). During the
initiation of the telemedicine session at block 1910, the
telemedicine software on the patient’s device may commu-
nicate a request to initiate a telemedicine session to the
telemedicine software on the clinician’s device. At the
clinician’s device, the telemedicine software may receive
this communication and notify the clinician (e.g., audibly
and/or visually) that the patient wishes to communicate with
the clinician.

[0145] The telemedicine software may provide the clini-
cian with the option (e.g., via a user interface) to accept or
decline to communicate with the patient. In the event that the
clinician uses the telemedicine software to decline the
telemedicine session, the software may provide the clinician
with an option to refer the patient to another clinician. If the
clinician declines, for example, by selecting a user interface
control from a user interface that provides the ability to do
s0, a decline message may be sent back from the clinician
device to the patient device. If a decline message is received
at the patient device, the telemedicine software at the patient
device may output the decline message via a user interface.
[0146] However, in the depicted embodiment, at block
1916, the clinician provides a diagnosis and prescription,
which are received at the patient device. The diagnosis may
be received in the form of a message, and the prescription
may be received in the form of a message. In addition, in
some embodiments the prescription is sent directly from the
clinician device to a pharmacy, where it may be filled and
picked up or mail ordered to the patient. This prescription
message, or any of the messages described herein, may also
be communicated through the MNS 1710/1810.

[0147] Turning to FIGS. 20-27, example user interfaces
2000-2700 are shown that may be output on the patient
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device described above with respect to FIG. 19. These
figures depict many example features described above with
respect to FIG. 19. For example, FIGS. 20, 21, 22, 23, and
24 provide various instructions to patients for obtaining
measurements from non-invasive sensors. FIG. 25 depicts
an optional user interface for selecting a doctor with whom
to have a telemedicine session. FIG. 26 depicts a user
interface of that telemedicine session. FIG. 27 depicts the
result of the example telemedicine session, which is that a
prescription has been sent to the user’s pharmacy.

[0148] Each of the user interfaces shown includes one or
more user interface controls that can be selected by a user,
for example, using a browser or other application software
(such as a mobile application). Thus, each of the user
interfaces shown may be output for presentation by elec-
tronic hardware as graphical user interfaces, which may
optionally include a browser or any other application soft-
ware installed thereon that outputs the user interfaces. The
user interface controls shown are merely illustrative
examples and can be varied in other embodiments. For
instance, any of the user interface controls shown may be
substituted with other types of user interface controls that
provide the same or similar functionality. Some examples of
user interface controls that may be used include buttons,
dropdown boxes, select boxes, text boxes or text fields,
checkboxes, radio buttons, toggles, breadcrumbs (e.g., iden-
tifying a page or interface that is displayed), sliders, search
fields, pagination controls, tags, icons, tooltips, progress
bars, notifications, message boxes, image carousels, modal
windows (such as pop-ups), date and/or time pickers, accor-
dions (e.g., a vertically stacked list with show/hide func-
tionality), and the like. Additional user interface controls not
listed here may be used. Further, user interface controls may
be combined or divided into other sets of user interface
controls such that similar functionality or the same func-
tionality may be provided with very different looking user
interfaces. Moreover, each of the user interface controls may
be selected by a user using one or more input options, such
as a mouse, touch screen input (e.g., finger or pen), game
controller, or keyboard input, among other user interface
input options. Although each of these user interfaces are
shown implemented in a mobile device, the user interfaces
or similar user interfaces can be output by any computing
device, examples of which are described above.

[0149] In the depicted embodiment, each of the user
interfaces shown is in the form of a tablet or phone display
but may be implemented as different sized screens if used
with a different type of patient device such as a dedicated
patient monitor. The size may or may not be changed if used
with a dedicated patient monitor. Each of the screens shown
is a touchscreen in the depicted embodiment and therefore
receives input from user touch, performing actions corre-
sponding to those inputs. Touchscreens are optional, and
other forms of input may be used in addition to or instead of
a touchscreen.

[0150] Turning specifically to FIG. 20, an example user
interface 2000 depicts instructions for a patient to place an
optical sensor on the patient’s finger to obtain measurements
for pulse rate and respiration rate, among possibly other
parameters. On the interface 2000, an image 2010 is shown
of an optical sensor placed on an example hand. In this
depiction, the optical sensor has a wire coming out of the
sensor or cable coming out of the sensor that, although not
shown, would connect to the patient device. Although not
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shown, the user interface may include instructions for con-
necting the sensor to the patient device in sone implemen-
tations. For example, by swiping to the right on the user
interface 2000 such instructions may be shown to the user.
[0151] The patient device may automatically detect when
the sensor has been connected to the patient and connected
to the monitor. In another embodiment, the user interface
2000 can include a user interface control (such as a button)
that a user can select (e.g., press) to indicate that the user has
placed the sensor in the indicated location, thereby inform-
ing the patient device to begin monitoring using that sensor.
Once the user interface control is selected, the patient device
may begin monitoring the output of the sensor and calcu-
lating one or more physiological parameters based on the
sensor output.

[0152] Turning to FIG. 21, a display is shown of user
interface 2100 that includes example measurements 2110 of
physiological parameters that were obtained using the non-
invasive optical sensor shown in FIG. 20. Four measure-
ments 2110 of physiological parameters are shown. These
parameters including SpO,, or oxygen saturation, PR or
pulse rate, Pl or perfusion index, and RR,, or respiratory rate
as determined from the photoplethysmograph (derived from
optical sensor output). An indication that the measurement
has been completed is also shown. In this embodiment, the
measurement is a spot-check measurement. In other embodi-
ments, the device may perform continuous measurements.
An example user interface control 2120 in the form of a
button is shown, which a user can select to move on to the
next step. The next steps may include initiating a telemedi-
cine session with a clinician to discuss the measured param-
eters, or prior to doing so, the next steps can include
measuring additional parameters. This latter embodiment is
shown in the following figures.

[0153] Upon selection of the user interface control 2120,
a user interface such as the user interface 2200 of FIG. 22
may be output to the user. This user interface 2200 includes
instructions for using a temperature sensor. A user interface
control 2220 provides buttons that allow a user to select an
oral or under-arm administration of a temperature sensor.
Selection of one or the other of these two controls 2220 may
cause the user interface 2200 to output different instructions
for the use of the temperature sensor, whether oral or under
the arm. The interface 2200 includes an image 2210 of a
patient placing a temperature probe in the patient’s mouth.
Swipe indicators 2232 and 2234 show how the user can
move backwards or forwards from one display to another,
with different instructions on different displays.

[0154] The temperature sensor used may be one that is
specifically provided for use with the patient monitor or may
be a generic temperature sensor in other embodiments. The
sensor may be wireless or wired and may communicate
temperature measurements directly to the patient device. In
another embodiment, the patient device outputs another user
interface (not shown) that includes a text box that the patient
can use to input the temperature reading into manually.
[0155] Turning to FIG. 23A, another user interface 2300 is
shown that includes an image 2310 with instructions to
attach a blood pressure cuff to a patient and text indicating
that the patient should wrap the pressure cuff around the arm
and press the start button 2320 when ready. Pressing this
button 2320 shown can cause the cuff to inflate and can
cause a pressure sensor embedded in the cuff to take a blood
pressure measurement. The telemedicine software in the
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patient device can receive the blood pressure measurement
through a wired or wireless connection with the cuff. FIG.
23B depicts a similar user interface 2350, which depicts a
version of the user interface 2300 after the button 2320 has
been depressed. The user interface 2350 depicts a similar
button 2322, which when depressed, stops the cuff inflation
and causes the cuff to deflate. This button 2322 can act as a
safety feature should a patient experience pain when inflat-
ing the cuff. If the patient does not select the button 2322, the
cuff may inflate and deflate normally, once the measurement
is completed.

[0156] Turning to FIG. 24, a user interface 2400 is shown
depicting results 2410 of the various measurements taken,
including pulse and respiration results, temperature results,
and blood pressure results. Example indicators 2412 and
2414 are shown, indicating the estimated severity of differ-
ent measurements. The indicator 2412 is a caution indicator
that indicates that a measurement—in this case tempera-
ture—is out of normal healthy range. The indicator 2414 is
an alarming indicator which indicates cause for greater
concern than the caution indicator because the measured
value—in this case blood pressure—is farther out of range
than would be the case for the caution indicator. These
indicators can help a patient quickly determine which of the
measured parameters are in poor condition and can help a
clinician quickly identify areas for concern. In some
embodiments, the caution and alarming indicators are omit-
ted. Further, in addition to showing a list of several mea-
surements in a single display, in some embodiments, indi-
vidual measurements are displayed to a user after each
measurement is taken (such as displaying a temperature
measurement after taking a temperature measurement, pulse
rate after taking a pulse rate measurement, and so on). These
individual measurements may be displayed instead of or in
addition to displaying the set of several measurements such
as is shown in FIG. 24.

[0157] A user interface control 2420 in the form of a
button provides the patient with the opportunity to view a list
of clinicians. Selecting this control can cause a user interface
2500 shown in FIG. 25 or the like to be displayed. The user
interface 2500 includes a list 2510 of available clinicians
along with icons 2520 that the patient can select to request
a telemedicine session with a clinician. A text box 2502
enables a user to search for a clinician by name, and a button
2530 can be selected to cause the telemedicine software to
choose a clinician automatically for the patient. Selection of
this button 2530 in one embodiment selects a clinician who
is currently available and/or is in closer local proximity to
the patient relative to at least some other clinicians.

[0158] FIG. 26A shows an example user interface 2600
where, after a selection of a clinician in FI1G. 25, a patient is
now having a telemedicine session with the selected clini-
cian. The interface 2600 includes a video display 2610 of the
clinician with an (optional) inset video display 2620 of the
patient. These videos may be obtained from cameras avail-
able in the patient device and the clinician device or from a
separate camera. A button 2630 provides an option for the
patient to hang up or end the video call. In the lower half of
the user interface 2600, physiological parameter measure-
ments 2410 obtained in the previous figures are displayed
for viewing by the patient and clinician.

[0159] The clinician may have a substantially similar
display as that shown or a different display than the patient.
For instance, the clinician’s display may include a larger
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view of the patient and an inset view of the clinician. The
clinician’s user interface may also provide the clinician with
access to an electronic medical record of the patient to view
historical data obtained from the patient.

[0160] FIG. 26B shows an example user interface 2650
with a message 2660 indicating that the doctor has ended the
call and that a “next” button 2662 should be selected to
receive a prescription. User selection of this button 2662 can
cause the telemedicine system to place an order for a
prescription (specified by the doctor) at the patient’s current
pharmacy (details of which may be stored with the tele-
medicine system) or at another pharmacy (see, e.g., FIG.
27B). FIG. 26C shows another example user interface 2670
that, like the interface 2650, indicates that a doctor has ended
the call with the patient with a message 2664. In this
example, the message 2664 indicates that no prescription
was necessary. Accordingly, a “complete” button 2666 may
be selected by a user to complete the telemedicine session
without a prescription order.

[0161] Turning to FIG. 27A, a finished user interface 2700
is shown that explains that the telemedicine session of FIG.
26 has completed. Further, the user interface 2700 explains
that a prescription has been sent to the patient’s current
pharmacy. A user interface control 2710 in the form of a
button enables the patient to complete the process. A user
interface control 2720 can be selected by the patient to email
a copy of the diagnosis and prescription to the patient. FIGS.
27B and 27C depict alternate embodiments of user inter-
faces 2750, 2770 that can be used to order a prescription and
complete the telemedicine process, respectively. In FIG.
27B, a map 2752 is shown along with a list 2760 of
pharmacies associated with the map 2752. A user may select
one of the pharmacies from the list 2760 or from the map
2752 to have the doctor’s prescription sent to that pharmacy.
In one embodiment, not shown, the user interface 2750 can
provide the user with functionality to search for nearby
pharmacies, a specific pharmacy, or pharmacies near a
certain address. Selecting a “next” button 2762 after select-
ing the pharmacy causes, in one embodiment, the user
interface 2770 of FIG. 27C to be shown. The user interface
2770 informs the user that the prescription has been sent to
the user’s selected pharmacy and provides a button 2780
that, when selected, completes the telemedicine process.
[0162] In still other embodiments, the telemedicine system
described may be implemented in a kiosk at or near a
pharmacy. In such an embodiment, instead of the prescrip-
tion being sent to the user’s current pharmacy or a pharmacy
of his or her choosing, the telemedicine system can send the
prescription to the pharmacy at or near the kiosk. Of course,
the kiosk may give the user the option to send the prescrip-
tion to another pharmacy in other embodiments. For
instance, the telemedicine system may output a user inter-
face that includes a button (or the like) that says “send
prescription here,” as well as optionally another button (or
the like) that says “choose pharmacy.”

[0163] In certain embodiments, the telemedicine software
at the clinician device can alert the clinician that one or more
of the measurements should be re-run. As discussed above,
the signal quality of some measurements may be low in
certain circumstances. The telemedicine software at the
patient device can convey signal quality data to the clinician
device, or can convey an indication that the signal quality is
low and thus, a measurement should be re-taken. The
clinician can ask the patient to re-run one or more measure-
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ments to obtain better data. In another embodiment, the
telemedicine software at the patient device can automati-
cally analyze signal quality data and alert the patient to
re-take one or more measurements.

Additional Telemedicine Embodiments

[0164] As described above, the telemedicine software
installed in the patient device can provide a user with
instructions for using a noninvasive sensor or sensors. In
some embodiments, these instructions may be in the form of
video, rather than (or in addition to) in the form of images
and text as described above. The telemedicine software may
include storage videos describing various aspects of how to
use one or more noninvasive sensors. The storage videos can
include videos instructing a user had to set up a sensor, how
to take a reading with the sensor, and what to do if a sensor
error occurs. Such error handling videos may be automati-
cally activated if monitoring software in the patient device
detects an error condition with the sensor.

[0165] Forexample, if a sensor probe is misaligned on the
patient or falls off of the patient, the patient monitoring
software in the patient device can detect this probe mis-
alignment or probe off condition. Any suitable algorithm for
detecting probe misalighment or probe off conditions may
be used, as are currently available in the art. The patient
monitoring software can notify the telemedicine software of
this error condition. In response, the telemedicine software
can output a message on the display of the patient device.
The message may be a text message, an image, or a video
instructing the patient how to address the error, such as how
to properly position the sensor.

[0166] Images or videos used by the telemedicine software
may be stored in different versions to match the age, gender,
and/or ethnicity of the patient to promote patient comfort
with the telemedicine software. For example, male, female,
child, adult, senior, and different ethnic varieties of videos or
images may be included. Likewise, text of the software
output to the user may be presented in any number of
different languages, which may be user-selectable.

[0167] As a result of the text, images, or video output by
the telemedicine software, the telemedicine software can
give the user sufficient information to take the necessary
steps at home or away from the hospital to obtain accurate
measurements to send to a doctor for review.

[0168] The information sent from the telemedicine soft-
ware in the patient device may be provided to the doctor
either live or off-line. In other words, the live telemedicine
session described above is optional, and in another embodi-
ment, the measurements obtained from the telemedicine
module may be sent over a network to a clinician, who may
review the measurements at a separate time and message the
patient regarding the clinician’s diagnosis instead of doing a
live video session. In one embodiment that employs this
off-line feature, the telemedicine software may also output
one or more text input fields (such as text boxes) they give
the patient the ability to describe symptoms that are both-
ering the patient so as to enable the clinician to make a
better-informed diagnosis. Just as in the live telemedicine
session embodiments described above, the clinician can
transmit, from the clinician device, a prescription to the
patient’s pharmacy and/or directly to the patient.

[0169] Moreover, in one embodiment, the telemedicine
software on the patient device can include audio or video
recording functionality that records a patient’s description of
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his or her condition. The telemedicine software can store this
audio or video and transmit it to the clinician device, so that
the clinician can review it asynchronously, e.g., at a different
time instead of live.

Additional CCHD Embodiments

[0170] FIG. 28 depicts an embodiment of a CCHD screen-
ing recommendation process 2800. Like the process 1900
described above, the process 2800 may be implemented by
any of the patient devices or electronic devices described
herein, including by devices described below respect to FIG.
29. The CCHD screening recommendation process 2800 can
advantageously determine whether a patient is a candidate
for CCHD screening or rescreening. For instance, although
a patient may have been screened for CCHD already, the
CCHD condition may have been missed, and the patient’s
physiological measurements may deteriorate.

[0171] The process 2800 can monitor physiological
parameter values, including any of the parameters discussed
herein, and determine whether those parameter values indi-
cate that CCHD rescreening would be desirable. If screening
was not previously performed, the process 2800 may have a
similar effect in recommending screening based on mea-
sured physiological parameter values.

[0172] At block 2802, where a process 2800 receives and
processes a non-invasive sensor signal to measure a physi-
ological parameter. Any physiological parameter discussed
herein may be used, such as oxygen saturation. At block
2804, based on a value of the parameter, the process 2800
determines whether to recommend CCHD screening or
rescreening. If not, the process 2800 loops back to block
2802, where the patient device continues to monitor physi-
ological signals obtained from the non-invasive sensor.
[0173] However, if screening of CCHD is recommended,
then the process 2800 moves on to block 2806, where the
process 2800 notifies one or more clinicians that CCHD
screening is recommended. If a clinician then instructs
CCHD screening to be performed at block 2808, then at
block 2810 CCHD screening is performed using any of the
methods described herein. Otherwise, the process 2800
loops back to block 2802, where the patient’s physiological
parameters continue to be measured.

[0174] The process 2800 can be used in the context of a
computing environment 2900 shown in FIG. 29. The com-
puting environment 2900 of FIG. 29 includes a patient
monitor 300 in communication with a gateway 2910, which
is in communication with an EMR 2920. The EMR 2920 is
in communication with a hospital system 2930, which is in
communication with a nurse’s station system 2940.

[0175] The patient device 300 is an example representa-
tion of any of the patient devices discussed herein. The
gateway 2910 may be a server or appliance that collects data
from multiple patient monitors and forwards that data to the
EMR 2920. The EMR 2920 is an example electronic medi-
cal record database that stores patient medical data. The
hospital system 2930 may be a server or set of servers in
communication with the nurse’s station system 2940 as well
as in communication with other nurse’s station systems
throughout the hospital. The hospital system 2930 may
manage electronic scheduling for clinicians as well as pag-
ing or other features. The gateway 2910 and the hospital
system 2930 may be part of the same system in one
embodiment. Although not shown, the various devices and
systems shown can communicate across a network.
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[0176] The patient device 300 can be in communication
with one or more non-invasive sensors coupled to a patient
(not shown). The patient device 300 can be used for con-
tinuous or spot check monitoring of one or more physiologi-
cal parameters. The patient device 300 may include hard-
ware and software that processes physioclogical signals
received from the one or more non-invasive sensors to
determine whether the patient is a candidate for a CCHD
screening or rescreening, as set forth in the process 2800.
[0177] Commonly, many infants are screened for CCHD
initially about 24 hours after birth. While many infants may
pass the test, at some point in time later, an infant’s condition
may deteriorate, indicating that the infant should be
rescreened. Thus, the patient device 300 can look for such
conditions. One example of such a condition is when the
infant’s oxygen saturation level drops below a certain value,
for example 95%. With reference again to the process 2800
of FIG. 28 at block 2804, if the value of oxygen saturation
is too low (e.g., below a threshold), then the patient device
300 shown in FIG. 29 may recommend that CCHD screen-
ing or rescreening be performed for the patient.

[0178] This recommendation may be provided to clini-
cians in one or more ways. As shown, a recommendation
2902 to rescreen for CCHD can be displayed on the patient
device 300. In addition, the patient monitor 300 can com-
municate a recommendation to rescreen to the hospital
system 2930 across the network so that clinicians not close
to the patient monitor can be informed. The recommendation
can also be provided directly to clinician devices (see, e.g,,
FIG. 18) over the network.

[0179] The recommendation provided to the hospital sys-
tem 2930 can pass through the gateway 2910 to the EMR
2920 to the hospital system 2930, or directly from the
gateway 2910 to the hospital system 2930. The hospital
system 2930, upon receipt of the recommendation, which
can forward this recommendation on to the nurse’s station
system 2940. The nurse’s station system 2940 receives the
recommendation from the hospital system 2930 and may
output the recommendation on a display 2942. The display
2942 includes data 2946 corresponding to a plurality of
patients as well as detailed data 2948 corresponding to a
specific patient. The screening recommendation 2944 cor-
responds to the detailed data 2948 for the particular patient
in this embodiment.

[0180] The recommendation 2944 may be in the form of
a popup or other user interface control, and it may be
selectable such as by a mouse or a touch input. Selection of
the recommendation 2944 may cause the display 2942 to
show data that went into the screening recommendation,
such as the oxygen saturation, pulse rate, profusion index or
respiratory rate value or values that caused the patient device
300 to recommend CCHD screening. By supplying these
values along with the recommendation, the patient device
300 can enable a nurse at the nurse’s station system 2940 to
evaluate whether or not to perform CCHD screening or
rescreening.

[0181] The nurse or other clinician may determine the
CCHD screening is warranted and send a notification from
the nurse’s station system 2940 to the patient device 300
and/or to a clinician device or devices over the network (not
shown) to enable one or more clinicians to participate in
CCHD screening or rescreening.

[0182] Alternatively, the hospital system 2930 can auto-
matically schedule a rescreening in response to receiving the
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rescreening recommendation from the patient device 300.
The hospital system 2930 can communicate the scheduled
rescreening to the nurse’s station system 2940, which can
output the scheduled rescreening on the display 2942.
[0183] FIG. 30 depicts an example user interface 3000 for
displaying a screening history of past CCHD screening
results. The user interface 3000 may be generated by any of
the patient devices or nurse’s station systems described
herein. The user interface 300 includes a plurality of entries
3010 of screening results. Each of these entries 3010 rep-
resents values obtained from CCHD screening performed
previously. A user is notified to the right of the entry 3010
that some of the entries have not been sent to the EMR. Next
to these entries 3010 a button 3020 is provided to send the
entry to the EMR so that the data such as parameter values,
time, date, etc. would be sent to the EMR for this particular
patient. One of the entries 3010 includes an indication 3030
that the screening results have been sent to the EMR.
[0184] By providing the user interface 3000, the patient
device or nurse’s station system can advantageously provide
control over what data is sent to the EMR. Some screening
results may be poor results, for example, due to movement
or crying of the patient. Thus, it may be undesirable to store
the resulting screening data in the EMR, whereas other
results may represent more valid results that may be desir-
able to store in the EMR.

[0185] FIG. 31 depicts an example alternative user inter-
face 3100 to the user interface 3000. In the user interface
3100, indicators 3120 indicate that data has been sent to the
emr and that a save of that data to the emr is pending. An
indicator 3030 indicates that one set of data has been saved
to the emr. In this embodiment, all screening data is sent to
the emr, and the user interface 3100 simply shows which
data has been sent and which is in the process of being sent.
This display may be modified in many ways while keeping
the core concept of notifying a clinician that some data has
been saved in the emr while other data has not yet been
saved in the emr. For instance, instead of displaying the top
three entries 3010, the user interface could simply display an
indication that recent screening results are being saved in the
emr, or have been saved, or the like.

Terminology

[0186] Conditional language used herein, such as, among
others, “can,” “could,” “might,” “may,” “e.g.,” and the like,
unless specifically stated otherwise, or otherwise understood
within the context as used, is generally intended to convey
that certain embodiments include, while other embodiments
do not include, certain features, elements and/or states.
Thus, such conditional language is not generally intended to
imply that features, elements and/or states are in any way
required for one or more embodiments or that one or more
embodiments necessarily include logic for deciding, with or
without author input or prompting, whether these features,
elements and/or states are included or are to be performed in
any particular embodiment.

[0187] While certain embodiments of the inventions dis-
closed herein have been described, these embodiments have
been presented by way of example only, and are not intended
to limit the scope of the inventions disclosed herein. Indeed,
the novel methods and systems described herein can be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
methods and systems described herein can be made without
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departing from the spirit of the inventions disclosed herein.
The claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of certain of the inventions disclosed herein.

1. (canceled)

2. A system for noninvasively measuring a physiological
parameter of a patient to facilitate a diagnosis, the system
comprising:

an electronic device comprising a display, a wireless

transceiver, a memory device comprising processor-
executable instruction stored thereon, and a hardware
processor in communication with the display, wireless
transceiver, and the memory;

the hardware processor programmed to execute the pro-

cessor-executable instructions stored in the memory so

as to:

display, on the display, instructions to obtain a first
measurement by positioning a first noninvasive sen-
sor at a first measurement site on a patient;

receive, from the noninvasive sensor, first signals
responsive to a first physiological characteristic of
the patient;

calculate a first measured physiological parameter
responsive to the first signals;

display, on the display, instructions to obtain a second
measurement by positioning a second noninvasive
sensor at a second measurement site on the patient;

receive, from the second noninvasive sensor, second
signals responsive to a second physiological charac-
teristic of the patient;

calculate a second measured physiological parameter
of the patient responsive to the second signals;

display, on the display, the first and second measured
physiological parameters;

transmit, with the wireless transceiver, the first and
second measured parameters over a network to a
clinician; and

initiate, with the wireless transceiver, a telemedicine
session with the clinician over the network to obtain
a diagnosis based on the first and second measured
parameters.

3. The system of claim 2, wherein the first measured
parameter is oxygen saturation and the second measured
parameter is blood pressure.

4. The system of claim 2, wherein the wireless transceiver
is configured to receive an instruction to re-run one or both
of the first and second measurements.

5. The system of claim 2, wherein the hardware processor
is further configured to output a selection of clinicians,
receive a selection of one of the clinicians from the patient,
and initiate a communication session with the clinician.

6. The system of claim 2, wherein the telemedicine
session comprises a video of the clinician.

7. The system of claim 2, wherein the hardware processor
is further configured to receive an indication of a prescrip-
tion.

8. The system of claim 2, wherein the hardware processor
is further configured to instruct the patient to take a tem-
perature reading.

9. The system of claim 2, wherein the hardware processor
is further configured to instruct the patient to perform the
first measurement again due to low signal confidence in the
first measurement.
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10. A system for noninvasively measuring a physiological
parameter of a patient to facilitate a diagnosis, the system
comprising:

an electronic device in communication with a noninvasive

sensor coupled with a patient, the electronic device
configured to drive light sources of the noninvasive
sensor and to receive output signals from the noninva-
sive sensor, said electronic device comprising a hard-
ware processor configured to:
process the output signals from the noninvasive sensor
to measure a physiological parameter associated
with the patient;
determine, based on a level of the physiological param-
eter, that critical congenital heart defect (CCHD)
screening is recommended,
transmit a notification that the CCHD screening is
recommended; and
subsequent to said transmission of the notification, and
in response to receipt of an indication that CCHD
screening is to be performed:
display, on a display of the electronic device, instruc-
tions to position the noninvasive sensor at a first
measurement site on the patient;
obtain, with the noninvasive sensor, first physiologi-
cal data from the first measurement site;
display, on the display of the electronic device,
instructions to position the noninvasive sensor at a
second measurement site on the patient;
obtain, with the noninvasive sensor, second physi-
ological data from the second measurement site;
process said first physiological data and said second
physiological data; and
output a difference between said first physiological
data and said second physiological data, the dif-
ference used to determine the existence of a
CCHD.

11. The system of claim 10, wherein the hardware pro-
cessor is further configured to determine, based on the level
of the physiological parameter, that critical congenital heart
defect (CCHD) screening is recommended by determining
that oxygen saturation is below a threshold level.

12. The system of claim 10, wherein the first physiologi-
cal data comprises a first window of physiological data, and
wherein the second physiological data comprises a second
window of physiological data, wherein the first window and
the second window are non-overlapping in time.

13. The system of claim 12, wherein the hardware pro-
cessor is further configured to process said first physiologi-
cal data and said second physiological data by:

calculating a plurality of first physiological parameter

values corresponding to the first window;
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calculating a plurality of second physiological parameter
values corresponding to the second window;

determining first confidence values corresponding to the
first physiological parameter values;

determining second confidence values corresponding to

the second physiological parameter values;

selecting a first selected physiological parameter value

from the first physiological parameter values, the first
selected physiological parameter value having a high-
est value of the first confidence values;
selecting a second selected physiological parameter value
from the second physiological parameter values, the
second selected physiological parameter value having a
highest value of the second confidence values; and

calculating the difference between the first selected physi-
ological parameter value and the second selected physi-
ological parameter value.

14. The system of claim 13, wherein the hardware pro-
cessor is further configured to output an indication that the
first and second selected physiological parameter values
were selected to calculate the difference.

15. The system of claim 14, wherein the hardware pro-
cessor is further configured to output an indication that the
first and second selected physiological parameter values
were selected to calculate the difference due to the first and
second selected physiological parameter values having the
highest values of the first and second confidence values.

16. The system of claim 10, wherein the hardware pro-
cessor is further configured to display, on the display, a
configuration option that enables a clinician to specify a
recommended period of time between CCHD screenings.

17. The system of claim 10, wherein the hardware pro-
cessor is further configured to perform one or both of the
following: display an indication recommending the CCHD
screening, or transmit, over a network, an indication recom-
mending the CCHD screening.

18. The system of claim 17, wherein the hardware pro-
cessor is further configured to display the first and second
physiological parameter values, together with a third physi-
ological parameter value, used in determining to recommend
the CCHD screening.

19. The system of claim 10, wherein the hardware pro-
cessor is further configured to display, on the display,
whether results of the CCHD screening were sent to an
electronic medical record.

20. The system of claim 19, wherein the hardware pro-
cessor is further configured to display, on the display, an
option to send the results of the CCHD screening to the
electronic medical record.

* #* * #* #®



LR EH(F)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

KRN

IPCHRS

CPCH%E=

L5

SAERGERE

BEGF)

NI TR AEBEFRIZEBESAFWAEHA - RSP ER
ARERBRNEZEN - IS NEESH, £ KHRARS , N
ENSBATREON , flance e XM OMEREAYIZS M

B 3L A TRE A

US20170340293A1

US15/681256

BEREROARLE

Masimo’2 &]

MasimoZs &]

AL ALI AMMAR
MUHSIN BILAL
LNDORF KEITH

AL-ALI, AMMAR
MUHSIN, BILAL
LNDORF, KEITH

patsnap

AFF ()R 2017-11-30

RiEHR 2017-08-18

AG61B5/00 A61B5/0295 A61B5/1455 A61B5/0205 A61B5/02 A61B5/024 A61B5/08

A61B2503/04 A61B5/7275 A61B5/7278 A61B5/6825 A61B5/6829 A61B5/684 A61B5/7221 A61B5
/7282 A61B5/743 A61B5/0205 A61B5/024 A61B5/0295 A61B5/0816 A61B5/14552 A61B5/02028
AB61B5/14551 G16H40/67 G16H50/20 G16H80/00

61/703132 2012-09-19 US
61/583143 2012-01-04 US

Espacenet USPTO

ATTACH SENSOR TO
RIGHT HAND



https://share-analytics.zhihuiya.com/view/db0762b6-6333-4490-83d1-2c3916bbd73f
https://worldwide.espacenet.com/patent/search/family/060420467/publication/US2017340293A1?q=US2017340293A1
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=%2220170340293%22.PGNR.&OS=DN/20170340293&RS=DN/20170340293

