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7) ABSTRACT

Apparatus configured to detect congenital heart discase
(CHD) in newborns may comprise a body with a cavity
configured to receive a hand or foot of a newborn. Sensor
pairs of the apparatus may be configured scan such that the
best signals can be selected, which can accommodate for
movements of the newborn and/or facilitate impartialness as
to which body part is inserted in the apparatus. Positions of
the sensor pairs may be adjusted to ensure contact with the
newborn’s skin. A disposable cover may protect the new-
born’s skin from contacting the apparatus. The apparatus

Int. Cl. may include a pressure device so that CHD threshold values
A61B 5/1455 (2006.01) can be adjusted for different altitudes. The apparatus may
A61B 5/00 (2006.01) integrate with electronic medical record (EMR) systems.
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APPARATUS, SYSTEMS, AND METHODS
FOR DETECTING CONGENITAL HEART
DISEASE IN NEWBORNS

RELATED APPLICATIONS

[0001] This Application is a Continuation Application of
U.S. Ser. No. 14/515,820, filed Oct. 16, 2014, which claims
the benefit of priority of Application Ser. No. 61/893,804,
filed Oct. 21, 2013. The subject matter of each are incorpo-
rated herein by reference in entirety.

FIELD OF THE DISCLOSURE

[0002] This disclosure relates to apparatus, systems, and
methods for detecting congenital heart disease (CHD) in
newborns using pulse oximetry.

BACKGROUND

[0003] Pulse oximetry can be used to measure the arterial
oxygen saturation of hemoglobin (SpO2) and pulse rate of a
patient. Measurement of these characteristics is generally
accomplished by use of a non-invasive electro-optical sensor
which scatters red and infrared lights through an arterially
perfused portion of the patient’s tissue. The sensor then
detects the differential amounts of red and infrared light that
are photoelectrically absorbed by the tissue. Stated other-
wise, the sensor detects the amount of red and infrared light
that passes through the patient’s tissue. The differential
amounts absorbed are then used to calculate SpO2.

[0004] Pulse oximetry is commonly used as a monitoring
device in emergency departments, intensive care units,
observational units, and operating rooms. Most pulse oxi-
meter probes are designed for prolonged and continuous
monitoring of a patient’s SpO2 and pulse rate. These probes
are generally shaped as a clip for a finger or toe.

[0005] Congenital heart disease (CHD) affects 8 per 1,000
newborns and is one of the most common and serious types
of birth defects. If diagnosed early, CHD can be managed
with palliation or successful surgical repair for the majority
of CHD-affected newborns. However, a missed or delayed
diagnosis can be life threatening or result in long-term
morbidities for CHD-affected newborns. Current clinical
practice for detecting CHD in newborns relies on a clinician
performing a physical examination before the child’s dis-
charge from the nursery. However, a significant number of
newborns with CHD are missed by physical examination.
[0006] In recent years, health care professionals have
found pulse oximetry an important screening tool to aid
clinical examination for detecting some severe forms of
CHD. In a 2007 survey of 1,086 pediatric cardiologists, the
majority of respondents supported a mandate for universal
screening by pulse oximetry before newborn discharge. In
2009, the American Heart Association and American Acad-
emy of Pediatrics jointly issued a scientific statement rec-
ommending routine pulse oximetry screening on the foot of
asymptomatic newborns after 24 hours of life, but before
hospital discharge. In 2011, the Secretary of Health and
Human Services approved the addition of screening new-
borns for critical CHD by pulse oximetry to the Recom-
mended Uniform Screening Panel.

[0007] The most commonly used pulse oximetry sensors
require attachment to the fingers or toes of a patient by some
sort of clip. For adults and older children, clip-type pulse
oximetry sensors are typically not a problem. The fingers
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and toes of a newborn, however, are much too small for the
clip-type pulse oximetry sensors that are commonly used on
older children and adults to fit properly. Conventional
approaches to fitting a clip-type pulse oximetry sensor on a
newborn’s finger/toe or hand/foot includes securing the
sensor in place with adhesives or Velcro. Sensors secured
with adhesives or Velcro, however, are generally single-use
and therefore add substantial expenses to the universal
screening of all newborns at hospital discharge. Moreover,
securing pulse oximetry sensors on newborns in such a
manner takes a considerable amount of time, which adds
difficulty to the bigger picture of screening a large number
of newborns. Furthermore, sensors that are secured to new-
borns with adhesives or Velcro are prone to motion artifacts
and signal interferences from ambient light, both of which
are unwanted in newborn screenings given that accurate and
reliable results are needed to diagnose CHD-affected new-
borns.

SUMMARY

[0008] One aspect of the disclosure relates to apparatus
configured to detect congenital heart disease (CHD) in
newborns. The apparatus may comprise a body, sensor pairs,
and a pressure device. The body may comprise a cavity
configured to receive a portion of a hand or a foot of a
newborn. The cavity may substantially encompass the por-
tion of the newborn’s hand or foot when the portion the
newborn’s hand or foot is received by the cavity. The sensor
pairs may include a first sensor pair. Individual ones of the
sensor pairs may be configured to provide detection signals
conveying information associated with oxygen saturation.
The first sensor pair may include a first light emitter and a
corresponding first light detector disposed at opposing loca-
tions in the cavity of the body such that, when the portion of
the newborn’s hand or foot is inside the cavity, light from the
first light emitter that passes through the newborn’s hand or
foot is detected by the first light detector. The pressure
device may be configured to provide a pressure signal
conveying information associated with an ambient air pres-
sure in an environment surrounding the apparatus.

[0009] Another aspect of the disclosure relates to appara-
tus configured to detect CHD in newborns. The apparatus
may comprise a body, sensor pairs, and one or more pro-
cessors configured to execute computer program modules.
The body may comprise a cavity configured to receive a
portion of a hand or a foot of a newborn. The cavity may
substantially encompass the portion of the newborn’s hand
or foot when the portion the newborn’s hand or foot is
received by the cavity. The sensor pairs may include a first
sensor pair. Individual ones of the sensor pairs may be
configured to provide detection signals conveying informa-
tion associated with oxygen saturation. The first sensor pair
may include a first light emitter and a corresponding first
light detector disposed at opposing locations in the cavity of
the body such that, when the portion of the newborn’s hand
or foot is inside the cavity, light from the first light emitter
that passes through the newborn’s hand or foot is detected by
the first light detector. The computer program modules may
comprise an oxygen saturation determination module, a
CHD determination module, and an electronic medical
record (EMR) interface module. The oxygen saturation
determination module may be configured to determine a
saturation value indicative of oxygen saturation of the
newborn based on one or more detection signals provided by
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the sensor pairs. The CHD determination module may be
configured to determine a presence of CHD in the newborn
responsive to the saturation value breaching a threshold
saturation value. The EMR interface module may be con-
figured to access an EMR associated with the newborn.

[0010] Yet another aspect of the disclosure relates to
apparatus configured to detect CHD in newborns. The
apparatus may comprise a body, sensor pairs, and one or
more processors configured to execute computer program
modules. The body may comprise a cavity configured to
receive a portion of a hand or a foot of a newborn. The cavity
may substantially encompass the portion of the newborn’s
hand or foot when the portion the newborn’s hand or foot is
received by the cavity. The sensor pairs may include a first
sensor pair. Individual ones of the sensor pairs may be
configured to provide detection signals conveying informa-
tion associated with oxygen saturation. The first sensor pair
may include a first light emitter and a corresponding first
light detector disposed at opposing locations in the cavity of
the body such that, when the portion of the newborn’s hand
or foot is inside the cavity, light from the first light emitter
that passes through the newborn’s hand or foot is detected by
the first light detector. The computer program modules may
comprise a sensor selection module, an oxygen saturation
determination module, and a CHD determination module.
The sensor selection module may be configured to select a
subset of the detection signals provided by the sensor pairs
based on a determination of which body part of the newborn
is received by the cavity. The body part may be a portion of
one of a left foot, a right foot, a left hand, or a right hand.
The oxygen saturation determination module may be con-
figured to determine a saturation value indicative of oxygen
saturation of the newborn based on the selected subset of the
detection signals. The CHD determination module may be
configured to determine a presence of CHD in the newborn
responsive to the saturation value breaching a threshold
saturation value.

[0011] Still another aspect of the disclosure relates to
apparatus configured to detect CHD in newborns. The
apparatus may comprise a body, sensor pairs, and a sensor
positioning device. The body may comprise a cavity con-
figured to receive a portion of a hand or a foot of a newborn.
The cavity may substantially encompass the portion of the
newborn’s hand or foot when the portion the newborn’s
hand or foot is received by the cavity. The sensor pairs may
include a first sensor pair. Individual ones of the sensor pairs
may be configured to provide detection signals conveying
information associated with oxygen saturation. The first
sensor pair may include a first light emitter and a corre-
sponding first light detector disposed at opposing locations
in the cavity of the body such that, when the portion of the
newborn’s hand or foot is inside the cavity, light from the
first light emitter that passes through the newborn’s hand or
foot is detected by the first light detector. The sensor
positioning device may be configured to reposition indi-
vidual ones of the two or more sensor pairs responsive to the
portion of the newborn’s hand or foot being received by the
cavity. Repositioning the first sensor pair may include mov-
ing one or both of the first light emitter or the first light
detector such that one or both of the first light emitter or the
first light detector contact skin of the portion of the new-
born’s hand or foot.

[0012] Even another aspect of the disclosure relates to
apparatus configured to detect CHD in newborns. The
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apparatus may comprise a body, sensor pairs, and a dispos-
able cover. The body may comprise a cavity configured to
receive a portion of a hand or a foot of a newborn. The cavity
may substantially encompass the portion of the newborn’s
hand or foot when the portion the newborn’s hand or foot is
received by the cavity. The sensor pairs may include a first
sensor pair. Individual ones of the sensor pairs may be
configured to provide detection signals conveying informa-
tion associated with oxygen saturation. The first sensor pair
may include a first light emitter and a corresponding first
light detector disposed at opposing locations in the cavity of
the body such that, when the portion of the newborn’s hand
or foot is inside the cavity, light from the first light emitter
that passes through the newborn’s hand or foot is detected by
the first light detector. The disposable cover may be con-
figured to line the cavity to protect skin on the portion of the
newborn’s hand or foot that is received by the cavity. The
disposable cover may include transparent portions and
opaque portions. The transparent portions may be config-
ured to allow light to pass between individual sensor pairs.
The opaque portions may be configured to block light from
passing between adjacent sensor pairs.

[0013] These and other features, and characteristics of the
present technology, as well as the methods of operation and
functions of the related elements of structure and the com-
bination of parts and economies of manufacture, will
become more apparent upon consideration of the following
description and the appended claims with reference to the
accompanying drawings, all of which form a part of this
specification, wherein like reference numerals designate
corresponding parts in the various figures. It is to be
expressly understood, however, that the drawings are for the
purpose of illustration and description only and are not
intended as a definition of the limits of the invention. As
used in the specification and in the claims, the singular form
of “a”, “an”, and “the” include plural referents unless the
context clearly dictates otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 illustrates a system configured for detecting
CHD in newborns, in accordance with one or more imple-
mentations.

[0015] FIG. 2 illustrates an exemplary implementation of
apparatus configured to detect or facilitate detection of CHD
in newborns.

[0016] FIG. 3 illustrates the arterial blood supply of the
right hand.

[0017] FIG. 4 illustrates the arterial blood supply of the
left foot.

[0018] FIG. 5 illustrates the positions of emitters and
detectors inside the apparatus illustrated in FIG. 2, in
accordance with one or more implementations.

[0019] FIG. 6 illustrates the under surface of the apparatus
of FIG. 2 with a portion of a newborn’s right hand inserted
into the apparatus, in accordance with one or more imple-
mentations.

[0020] FIG. 7 illustrates the under surface of the apparatus
of FIG. 2 with a portion of a newborn’s left foot inserted into
the apparatus, in accordance with one or more implemen-
tations.

[0021] FIG. 8 illustrates the under surface of the apparatus
of FIG. 2 with a portion of a newborn’s right foot inserted
into the apparatus, in accordance with one or more imple-
mentations.
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[0022] FIG. 9 illustrates a longitudinal sectional view of
the apparatus of FIG. 2, in accordance with one or more
implementations.

[0023] FIG. 10 illustrates a top side view illustration of a
cover that can be positioned within the apparatus of FIG. 1,
in accordance with one or more implementations.

[0024] FIG. 11 illustrates a method for detecting CHD in
newborns, in accordance with one or more implementations.

DETAILED DESCRIPTION

[0025] FIG. 1 illustrates a system 100 configured for
detecting CHD in newborns, in accordance with one or more
implementations. A newborn as used herein is only minutes,
hours, days, or up to one month old. In some implementa-
tions, system 100 may include apparatus 102. The apparatus
102 may be configured to communicate with one or more
client computing platforms 104, one or more servers 106,
one or more portable digital devices 108, and/or other
components of system 100 according to a peer-to-peer
architecture, a client/server architecture, and/or other archi-
tectures. According to some implementations, users may
access system 100 via client computing platform(s) 104,
server(s) 106, and/or portable digital device(s) 108.

[0026] The apparatus 102 may be configured to detect or
facilitate detection of CHD in newborns. The apparatus 102
may comprise a body comprising a cavity configured to
receive a portion of a hand or a foot of a newborn. The cavity
may substantially encompass the portion of the newborn’s
hand or foot when the portion the newborn’s hand or foot is
received by the cavity. The cavity may have a fixed size
and/or a fixed shape. The cavity may be formed of a rigid
material or a semi-rigid material.

[0027] FIG. 2 illustrates an exemplary implementation of
an apparatus 5, which may be the same as or similar to
apparatus 102. In this implementation, apparatus 5 includes
a tubular body defined by body 16, which may be the same
as or similar to body 110. Body 16, as shown, has an open
front end. The tubular body defines hollow space, volume, or
chamber 10 sized to accommodate at least a portion of a
newborn’s left hand 6 (fingers first), right hand 7 (fingers
first), left foot 8 (toes first), or right foot 9 (toes first) for
signal acquisition.

[0028] In the implementation shown in FIG. 2, case 16 of
apparatus 5 has a closed back end opposite the open front
end of case 16. As illustrated, in one implementation, the
closed back end has a dome shape. It is appreciated that
other shapes are possible (e.g., flat, pyramidal, etc.). In some
implementations, the back end may be open or partially
open. It is further appreciated that, although case 16 of
apparatus 5 is shown having a tubular shape, other shapes
are possible (e.g., rectangular, etc.), so long as a portion of
a newborn’s hand or foot can fit inside.

[0029] Turning back to FIG. 1, apparatus 102 may com-
prise two or more sensor pairs 112, a pressure device 114, a
user interface 116, a sensor positioning device 118, and/or
other components. Individual ones of the sensor pairs 112
may be configured to provide detection signals conveying
information associated with oxygen saturation. A given
sensor pair may include a light emitter and a corresponding
light detector. The light emitter and the light detector of a
given sensor pair may be disposed at opposing locations in
the cavity of body 100 such that, when the portion of the
newborn’s hand or foot is inside the cavity, light from the
light emitter that passes through the newborn’s hand or foot
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is detected by the light detector. According to various
implementations, a given light emitter may be configured to
provide light at a single wavelength, two or more discrete
wavelengths (e.g., red light such as 660 nanometers (nm)
and a light with infrared wavelength such as 940 nm), a
range of wavelengths, and/or other wavelengths. In some
implementations, light provided by a given light emitter may
be modulated or continuous.

[0030] FIG. 3 is an anatomical illustration of the arterial
blood supply of the right hand. The three major arteries in
the hand are princeps pollicis artery 91 in the thumb, palmar
arteries 92 in the center of the palm, and ulnar artery 95 in
the medial aspect of the palm. Palmar arteries 92 include the
superficial 93 and deep 94 palmar arteries that traverse the
center of the palm. Those of skill in the art will understand
that the anatomical illustration of the arterial blood supply of
the left hand is a mirror image of FIG. 3.

[0031] FIG. 4 is an anatomical illustration of the arterial
blood supply of the left foot. The two major arteries to the
foot are anterior tibial artery 51 and posterior tibial artery 52.
Anterior tibial artery 51 branches to dorsalis pedis artery 53
which courses through the dorsal side of the foot to the first
toe. Posterior tibial artery 52 courses through the ventral side
of the foot and becomes plantar arch artery 54. Those of skill
in the art will understand that the anatomical illustration of
the arterial blood supply of the right foot is a mirror image
of FIG. 4.

[0032] FIG. 5 is an illustration of sensor positions of
apparatus 5, in accordance with one or more implementa-
tions. Each sensor has two positions, one for the emitter and
one for the detector. That is, as a pair, a light emitter and
corresponding light detector, in combination, comprise a
single sensor pair. In one implementation, individual emit-
ter/detector pairs are disposed on opposite sides of chamber
10 such that for a given emitter/detector pair the emitter is
disposed to chamber 10 across from and opposite to where
the corresponding detector is coupled to chamber 10. FIG. 5
is a view from an underside surface of apparatus 5 and
illustrates an implementation in which light detectors and
light emitters are connected to the bottom and top of
chamber 10, respectively. In an underside view of this
implementation, the emitters are normally blocked from
view by the detectors because the emitters are directly above
the detectors. However, to aid in illustrating the implemen-
tation, each light emitter is offset from its corresponding
light detector and represented by a circle with dashed lines.
The detectors are represented by circles with solid lines. In
one implementation, as illustrated in FIG. 5, apparatus 5
includes six sensors, or six emitter/detector pairs, namely
87/97, 88/98, 89/99, 21/31, 22/32, and 23/33. Each light
emitter and corresponding light detector can be connected to
a chamber 10 wall of apparatus 5 such that light can be
emitted and detected in chamber 10. In one implementation,
three emitter/detector pairs are for a hand, namely 87/97,
88/98, and 89/99, and three emitter/detector pairs are for a
foot, namely 21/31, 22/32, and 23/33. Those of skill in the
art will appreciate that there can be more or less than six
pairs of light emitters and detectors. For example, in one
implementation, the three pairs of emitters/detectors for the
foot can be omitted. In another implementation, the three
pairs of emitters/detectors for the hand can be omitted. It is
appreciated that more combinations are possible, depending
on the application. In one implementation, the light detectors
are connected to the bottom of chamber 10 and the light
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emitters are connected to the top of chamber 10. For
example, in one implementation, a detector of a first sensor
is positioned in chamber 10 to detect or receive light passed
through a portion of a hand or a foot and detector of a second
sensor is positioned in chamber 10 to detect or receive light
passed through a portion of the other of the hand or the foot
such that the first sensor and the second sensor are together
positioned to separately pass light through and to detect or
receive the light that passed through each of a hand and a
foot from a corresponding respective sensor emitter. In other
words, in such a two sensor implementation, apparatus 5 can
separately perform measurements on a hand and a foot.

[0033] FIG. 6 is a view from the underside surface of
apparatus 5 with a portion of right hand 7 inserted into
chamber 10. In this implementation, detectors 97, 98 and 99
are shown to contact the palmar surface of right hand 7 in
anatomical locations where there are arterial pulses. Emit-
ters 87, 88 and 89 are not visible from this perspective. FIG.
7 is a view from the underside surface of apparatus 5 with
a portion of left foot 8 inserted into chamber 10. In this
implementation, detectors 32 and 33 are shown to contact
the ventral surface of left foot 8 in anatomical locations
where there are arterial pulses. Detector 31 does not detect
an arterial pulse when a newborn’s left foot is inserted.
Emitters 21, 22 and 23 are not visible from this perspective.
FIG. 8 is a view from the underside surface of apparatus 5
with a portion of right foot 9 inserted into chamber 10. In
this implementation, detectors 31 and 32 are shown to
contact the ventral surface of right foot 9 in anatomical
locations where there are arterial pulses. Detector 33 does
not detect an arterial pulse when a newborn’s right foot is
inserted. Emitters 21, 22 and 23 are not visible from this
perspective. It is appreciated that apparatus 5 can also
accommodate a newborn’s left hand.

[0034] In one implementation, referring to FIGS. 6-8,
emitter/detector pair 21/31 are separately connected to case
16 and positioned inside chamber 10 to detect pulse signals
from dorsalis pedis artery 53 of the first toe when a new-
born’s right foot is placed inside chamber 10 of apparatus 5
(FIG. 8). Emitter/detector pair 23/33 are separately con-
nected to case 16 and positioned inside chamber 10 to detect
pulse signals from dorsalis pedis artery 53 of the first toe
when a newborn’s left foot is placed inside chamber 10 of
apparatus 5 (FIG. 7). Emitter/detector pair 22/32 are sepa-
rately connected to case 16 and positioned inside chamber
10 to detect pulse signals from plantar arch artery 54 of the
foot when either a newborn’s right or left foot is placed
inside chamber 10 (FIGS. 7-8). Emitter/detector pair 87/97
are separately connected to case 16 and positioned inside
chamber 10 to detect pulse signals from princeps pollicis
artery 91 of the thumb when a newborn’s right hand is
placed inside chamber 10 of apparatus 5 (FIG. 7). Emitter/
detector pair 88/98 are separately connected to case 16 and
positioned inside chamber 10 to detect pulse signals from
palmar arteries 92 of the hand when a newborn’s right hand
is placed inside chamber 10 of apparatus 5 (FIG. 6). Emitter/
detector pair 89/99 are separately connected to case 16 and
positioned inside chamber 10 to detect pulse signals from
ulnar artery 95 of the hand when a newborn’s right hand is
placed inside chamber 10 of apparatus 5 (FIG. 6). It is
appreciated that apparatus 5 can also accommodate a new-
born’s left hand.

[0035] FIG. 9illustrates of a longitudinal sectional view of
apparatus 5, in accordance with one or more implementa-

Apr. 26,2018

tions. In one implementation, light emitters are located on
the top side of chamber 10 (as viewed), and the paired
receivers are located on the bottom side directly opposite the
paired emitters. For simplicity, FIG. 10 illustrates one emit-
ter/detector pair 22/32 for a foot and one emitter/detector
pair 87/97 for a hand. It is appreciated that the implemen-
tation illustrated is only exemplary and that more than two
emitter/detector pairs is possible.

[0036] Returning to FIG. 1, pressure device 114 may be
configured to provide a pressure signal conveying informa-
tion associated with an ambient air pressure in an environ-
ment surrounding apparatus 102. The pressure device 114
may include a barometer, an altimeter, and/or other devices
configured to facilitate determining ambient air pressure.
[0037] The user interface 116 may be configured to facili-
tate interactions between apparatus 102 and a user. Such
interactions may include providing information to and
receiving information from the user. Examples of interface
devices suitable for inclusion in user interface 108 may
include a keypad, buttons, switches, a keyboard, knobs,
levers, a display screen, a touch screen, speakers, a micro-
phone, an indicator light, an audible alarm, a printer, and/or
other user interfaces. The information provided by user
interface 116 may include SpO, (oxygen saturation), heart
rate, arterial pulse waveforms, representations of normal
SpO, range relative to measured values, user instructions,
quality and strength of the pulse signals, the presence of
CHD, and/or other information.

[0038] In some implementations, user interface 116 may
include a barcode scanner configured to scan a barcode. The
barcode may include a matrix barcode (e.g., a QR code), a
two-dimensional barcode, a linear barcode, and/or other
optically scannable graphical code. The barcode may be
associated with the newborn. For example, the barcode may
be disposed on wristband worn by the newborn, an ankle
band worn by the newborn, and/or a printed medical chart.
The barcode may associated with an identity of the newborn,
a medical record of the newborn, an electronic medical
record (EMR) of the newborn, and/or other information
associated with the newborn. The user interface 116 may
include other scanners. For example, user interface 116 may
include an identification band scanner configured to scan an
identification band worn by the newborn. In some imple-
mentations, the identification band scanner may include a
radio-frequency 1identification device scanner. In some
implementations, user interface 116 may include a plurality
of separate interfaces.

[0039] It is to be understood that other communication
techniques, either hard-wired or wireless, are contemplated
by the present disclosure as user interface 116. For example,
the present disclosure contemplates that user interface 116
may be integrated with a removable storage interface. In this
example, information may be loaded into system 100 from
removable storage (e.g., a smart card, a flash drive, a
removable disk, etc.) that enables the user(s) to customize
the implementation of system 100. Other exemplary input
devices and techniques adapted for use with system 100 as
user interface 116 include, but are not limited to, an RS-232
port, RF link, an IR link, modem (telephone, cable, and/or
other). In short, any technique for communicating informa-
tion with system 100 is contemplated by the present disclo-
sure as user interface 108.

[0040] The sensor positioning device 118 may be config-
ured to reposition individual ones of the two or more sensor
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pairs 112. A given sensor pair 112 may be repositioned
responsive to the portion of the newborn’s hand or foot
being received by the cavity of body 110. Repositioning a
given sensor pair may include moving one or both of the
light emitter or the light detector of the given sensor pair
such that one or both of the light emitter or the light detector
contact skin on the portion of the newborn’s hand or foot
that is within the cavity. In some implementations, one or
both of the light emitter or the light detector of a given
sensor pair may be moved along an axis that passes through
both the light emitter and the light detector. Lateral align-
ment between the light emitter and the light detector of a
given sensor pair may be maintained after being adjusted
such that, after moving one or both of the light emitter or the
light detector, light from the light emitter that passes through
the newborn’s hand or foot within the cavity is detected by
the light detector. The sensor positioning device 118 may
include one or more of a spring. a cushion, a motor, and/or
other devices configured to reposition one or both of the
light emitter or the light detector of a given sensor pair.

[0041] Turning again to FIG. 9, in one implementation,
each emitter and detector is connected to an interior wall of
chamber 10 with sensor positioning device 101, which may
be the same as or similar to sensor positioning device 118 in
FIG. 1. The sensor positioning device 101 can adjust, permit
adjustment of, or prevent adjustment of, the physical loca-
tion of emitters and detectors within chamber 10 of appa-
ratus 5. That is, in one implementation, each emitter and
each detector is adjustably projectable within chamber 10 of
apparatus 5. The sensor positioning device 101 help to
optimize apparatus 5 performance by improving or main-
taining sensor alignment, sensor position, and signal acqui-
sition. In one implementation, the position of each emitter
and detector can be adjusted, altered, or maintained so that
contact with a newborn extremity is improved, sustained, or
otherwise optimized. Sensor positions can be maintained,
for example, when good contact is made with a newborn’s
hand or foot prior to adjustment. In such a case, apparatus 5
can prevent adjustment to help sustain, or preserve, the
contact that is made with the newborn’s extremity. In
another implementation, the position of each emitter and
detector can be changed such that their proximity to a
newborn extremity is improved, maintained, or otherwise
optimized. For example, in cases where one or more sensors
do not make contact with a newborn’s hand or foot, the
sensor can be adjusted toward the hand or foot to acquire
better signal quality, even if such adjustment does not result
in contact with the newborn’s hand or foot. It is appreciated
that sensor positions can be optimized, or adjusted, by
moving sensors toward and away from a newborn’s hand or
foot.

[0042] Not having sufficient contact with a newborn’s
hand or foot makes pulse oximeter screening take longer and
it decreases the resulting signal quality. The sensor position-
ing device 101 help to ameliorate the problems that arise
when sensors make poor contact with a newborn’s hand or
foot by improving, maintaining, or otherwise optimizing
apparatus 5 sensor positions. However, it is appreciated that
too much sensor contact with a newborn’s hand or foot can
cause problems as well, just as too little contact can. Too
much contact can cause a newborn discomfort and unduly
stress the sensors. Thus, sensor positioning device 101 can
also be used to help ensure newborn comfort during the
screening process and to help reduce the mechanical stress
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placed on the sensors so that the lifespan of apparatus 5 and
apparatus 5 components, including the sensors and approxi-
mating mechanisms, are prolonged, and if not prolonged, at
least not diminished.

[0043] The sensor positioning device 101 can be a spring,
a motorized arm, a cushion, or any elastic or inelastic
mechanism, composed of one or more parts, that can adjust
the position of the emitter or detector. Tt is appreciated that
adjustment can be accomplished automatically, manually, or
in some combination thereof. Regardless, in one implemen-
tation, adjustment can be accomplished in relation to the
attachment point of sensor positioning device 101 to a wall
of chamber 10. The sensor positioning device 101 can adjust
a sensor in a variety of ways. For example, sensor adjust-
ment can include a combination of translational and rota-
tional movement. In one implementation, translational
movement can include movement perpendicular to and
movement lateral to the attachment point of sensor position-
ing device 101. Perpendicular movement can include com-
pression toward and extension from a wall of chamber 10.
Lateral movement can include planar movement perpen-
dicular to the plane in which compression or extension
occurs. In one implementation, rotational movement can
include changing the angle of a sensor in relation to a wall
of chamber 10. For example, a sensor angle can be changed
such that the sensor surface is parallel with, or becomes
more parallel with, the anatomical surface that it makes
contact with. In other words, in one implementation, each
emitter and detector can have six degrees of freedom. That
is, in one implementation, sensor movement can include
translational movement along traditional X, Y, and 7 axes,
or along other similar axes, and rotational movement about
those traditional axes, or about those other similar axes.
Those of skill in the art will understand that five or less
degrees of freedom is possible as well.

[0044] In addition, in one implementation, sensor posi-
tioning device 101 can have limited adjustment capability.
That is, the range of movement of each sensor can be limited
or constrained by restricting the amount of adjustment that
is permitted. For example, in one implementation, transla-
tional movement can be limited to one centimeter, measured
from a neutral position, along any one of a traditional X, Y,
or 7 axis, or plane. In another implementation, rotational
movement can, for example, be limited to ten degrees,
measured from a neutral position, about any one of a
traditional X, Y, or 7 axis. Limiting the range of sensor
movement by limiting the range of possible adjustment
helps to ensure that each emitter/detector is sufficiently
aligned with their respective detector and emitter to properly
pass light through a newborn extremity and acquire good
signal quality.

[0045] Moreover, the position of the sensors can be
adjusted collectively (i.e., all adjustments for the different
sensors are equivalent), individually (i.e., all adjustments for
the different sensors are unique), or in some combination
thereof. For example, in an implementation where sensor
positioning device 101 for each emitter/receiver is a spring
that is adjusted manually (e.g., a compression spring),
placement of a newborn’s hand or foot against the emitter or
receiver is sufficient to impart translational sensor move-
ment (e.g., move an emitter, a receiver, or both closer to a
wall of chamber 10). In such an implementation, each sensor
adjustment is unique. That is, each spring is compressed a
different amount depending on the amount of mechanical
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force a newborn’s hand or foot applies against each spring
when inserted into chamber 10. In another implementation,
movement of each emitter and detector can be synchronized
in the lateral direction but not necessarily in the perpendicu-
lar direction. In another implementation, the approximating
mechanism used for each individual sensor can vary (e.g., a
spring can be used for the emitter/detector pair 22/32 and a
gel cushion can be used for the emitter/detector pair 88/98).

[0046] The sensor positioning device 101 can have one or
more neutral, or home, positions. For example, in one
implementation, apparatus 5 can include preset home posi-
tions for small, medium, and large newborn feet and hands.
In such an implementation, a user can select a hand or foot
size (e.g., large) prior to inserting the hand or foot into
chamber 10. For example, if a user selects a large foot size,
the sensors of apparatus 5 can, in one implementation,
automatically move toward the walls of chamber 10 to help
accommodate the larger foot. Once a foot is inserted after the
sensors self-adjust, the sensors can further adjust, as previ-
ously discussed, to improve or maintain sensor alignment,
sensor position, and signal acquisition. In another imple-
mentation, the sensors can adjust or continue to adjust as the
foot is inserted. Preselecting a hand or foot size can save
time by preventing the need to insert a hand or foot into
chamber 10 multiple times for a single screening in an effort
to acquire good signal quality. Preselecting a hand or a foot
can also reduce wear and tear on the sensors because it can
reduce the number of times a newborn extremity is inserted
into chamber 10 and it can prevent large hands or feet from
exerting too much mechanical force on the sensors.

[0047] In one implementation, sensor positioning device
101 can include locking mechanisms that lock the sensors
and corresponding adjustment mechanisms into place. In
one implementation, sensors can be locked into position
when device 5 screening measurements are initiated. In
another implementation, sensors can be locked into position
before a hand or foot is inserted. In yet another implemen-
tation, sensors can be locked into place after sensor posi-
tioning device 101 adjust the sensor positions but before
screening measurements are initiated. It is appreciated that
other locking timeframes are possible. A benefit of locking
sensors in place during the pulse oximeter screening is that
it can prevent or reduce motion artifacts. Other benefits are
also appreciated.

[0048] Turning again to FIG. 1, some implementations of
system 100 may include a disposable cover 120. The dis-
posable cover 120 may be configured to line the cavity of
apparatus 102 to protect skin on the portion of the newborn’s
hand or foot that is received by the cavity. The disposable
cover 120 may include transparent portions and opaque
portions. The transparent portions may be configured to
allow light to pass between individual sensor pairs 112. The
opaque portions may be configured to block light from
passing between adjacent sensor pairs 112. In some imple-
mentations, an applicator (not depicted) may be configured
to position disposable cover 120 within the cavity of appa-
ratus 102 such that a given transparent portion of disposable
cover 120 is aligned with a given sensor pair 112. The
disposable cover may be configured to be held in position
within the cavity by one or more of static cling, a gel, an
adhesive, a hook-and-loop fastener, a snap fastener, a clip,
and/or other techniques for temporarily securing disposable
cover 120. The disposable cover 120 may comprise a rigid
or semi-rigid ring that corresponds to an opening of the
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cavity. Such a ring may aid in securing disposable cover
within the cavity. In some implementations, disposable
cover 120 may conform to an internal shape of the cavity.
[0049] FIG. 10 illustrates an exemplary implementation of
a disposable cover 70, which may be the same as or similar
to disposable cover 120 in FIG. 1. The disposable cover 70
may be shaped to fit within the interior of device 5 (in
chamber 10) before placing a newborn’s foot or hand into
chamber 10. The disposable cover 70 may be made of a thin
polyurethane membrane and shaped to fit the interior of the
device. According to various implementations, the mem-
brane can be uniformly translucent or translucent in the
twelve locations that correspond to the locations of the six
pairs of light emitters 21, 22, 23, 87, 88, 89 and their
respective receivers 31, 32, 33, 97, 98, 99 of the device. FIG.
10 shows six translucent locations 71, 72, 73, 74, 75, 76 that
correspond to the six emitters 21, 22, 23, 87, 88, 89. The six
translucent locations that correspond to the six receivers 31,
32, 33, 97, 98, 99 are not visible from this perspective. By
using a design where only the twelve locations of the
membrane are translucent, there is a reduction in potential
“noise” and the chance of optical detector saturation from
ambient lights. It can also minimize light scattering from the
interior of the unit from emitters in one channel to the
receiver of another channel. As shown in FIG. 10, in one
embodiment, disposable cover 70 includes plastic ring 77 at
the end opening of disposable cover 70 to provide a shape
of the cover similar to a shape of chamber 10 of device 5.
An applicator can be used for easy placement of disposable
cover 70 into device 5. The disposable cover 70 can be
impermeable to microorganisms and pre-sterilized to protect
against infection. Adhesives do not need to be applied to the
side of the membrane that makes contact with the skin to
avoid irritation because the cover is composed of material
(e.g., polyurethane) that does not irritate the skin. Polyure-
thane material such as Tegaderm® (3M) has been used
extensively in newborns with very low rate of skin irritation
or allergy.

[0050] Referring again to FIG. 1, apparatus 102 may be
configured to execute one or more computer program mod-
ules. The computer program modules may include one or
more of an oxygen saturation determination module 122, a
CHD determination module 124, a pressure determination
module 126, a threshold adjustment module 128, an EMR
interface module 130, a sensor selection module 132, a
sensor positioning module 134, and/or other modules.
[0051] The oxygen saturation determination module 122
may be configured to determine a saturation value indicative
of oxygen saturation of the newborn. The saturation value
may be determined based on one or more detection signals
provided by sensor pairs 112.

[0052] The CHD determination module 124 may be con-
figured to determine a presence of CHD in the newborn.
Such a determination may be made responsive to the satu-
ration value breaching a threshold saturation value. Accord-
ing to some implementations, at or near sea level, a screen
result would be considered a pass (i.e., a negative screen for
CHD) for any screening with an oxygen saturation measure
that is greater than or equal to ninety-five percent in either
extremity with an absolute difference in oxygen saturation
between the upper and lower extremity less than or equal to
three percent. A screen result may be considered a fail (i.e.,
a positive screen for CHD) if (1) any oxygen saturation
measure is less than ninety percent, (2) oxygen saturation is
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less than ninety-five percent in both extremities on three
measures, each separated by one hour, or (3) there is a
greater than three percent absolute difference in oxygen
saturation between the right hand and foot on three mea-
sures, each separated by one hour. The algorithm for pass or
fail of CHD screening can be adjusted as new guidelines for
CHD screening from Centers for Disease Control and Pre-
vention (CDC) become available. The pass/fail CHD screen-
ing algorithm can vary in a number of ways. For example,
the SpO, percentage cutoffs used in the algorithm can be
dynamic rather than static thresholds. Dynamic means that
the percentage cutoff is not preset, or if it is preset, that it can
be changed either automatically or manually.

[0053] The pressure determination module 126 may be
configured to determine the ambient air pressure, or baro-
metric pressure, in the environment surrounding the appa-
ratus. The ambient air pressure may be determined based on
the pressure signal provided by pressure device 114. In some
implementations, the ambient air pressure may be deter-
mined at prior to each use of apparatus 102, on a weekly
basis, on an annual basis, and/or according to some other
timing scheme. In some implementations, the ambient air
pressure may be determined only occasionally such as prior
to the first use of apparatus 102, during calibration of
apparatus 102, when apparatus 102 is moved to a different
location (e.g., a different city, state, country, etc.), and/or at
other times.

[0054] The threshold adjustment module 128 may be
configured to adjust the threshold saturation value. The
threshold saturation value may be adjusted based on the
ambient air pressure and/or geo-location information to
reduce a probability of false positives attributable to high-
altitude environments. Normal SpO, percentage, like baro-
metric pressure, decreases as elevation increases. In some
implementations, threshold adjustment module 128 may be
configured to adjust the threshold saturation value down-
ward for ambient air pressures that are lower than atmo-
spheric pressure at sea level. For example, a threshold
saturation value of 95% oxygen saturation may be appro-
priate at sea level, while a threshold saturation value of 93%
oxygen saturation may be more appropriate in Denver where
the ambient air pressure is lower than at sea level. In some
implementations, the threshold saturation value adjustment
may be customized such as by adjustment by a user. In some
implementations, ambient air pressure can be measured
automatically before every screening or at other intervals
such as preset, but modifiable, timeframes. In some imple-
mentations, ambient air pressure may be determined respon-
sive to a user instruction being provided to apparatus 102
(e.g., a user can initiate a pressure calibration sequernce).

[0055] The EMR interface module 130 may be configured
to access and/or manage an electronic medical record
(EMR) associated with newborns. An EMR may include an
electronic health record (EHR), an electronic patient record
(EPR), and/or other medical or health records that are
electronically stored and accessed. The EMR may comprise
a systematic collection of electronic health information
about individual newborns in digital format. The EMR may
be capable of being shared across different health care
settings. In some implementations, this sharing can occur by
way of network-connected, enterprise-wide information sys-
tems, and/or other information networks or exchanges. The
EMR may include a range of information including demo-
graphics, medical history, medication and allergies, immu-
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nization status, CHD screening results, laboratory test
results, radiology images, vital signs, personal statistics
(e.g., weight), billing information, and/or other information.
[0056] The EMR interface module 130 may be configured
to store information associated with oxygen saturation of the
newborn in the EMR associated with the newborn. The
EMR interface module 130 may be configured to transfer
screening results to an EMR system in real time or near-real
time. The EMR interface module 130 may be configured to
storing screening results of several newborns at apparatus
102, and send those results to an EMR system in a batch, on
demand, automatically, when connected to an EMR system
via wireline or wirelessly, according to a custom schedule,
and/or at other times and/or frequencies.

[0057] In some implementations, EMR interface module
130 may be configured to provide one or more alerts directed
to one or more caregivers. Such an alert may be realized as
a local alarm (e.g., an alarm at or near apparatus 102), a text
message, an email message, an alert provided via a portable
digital device (e.g., pager or cellular phone), and/or other
alerts. An alert may be provided responsive to a critical
reading obtained by apparatus 102. For example, EMR
interface module 130 may be configured to effectuate pro-
vision of an alert directed to a healthcare provider respon-
sive to a positive determination of a presence of CHD in the
newborn. The EMR interface module 130 may be configured
to provide a recommendation responsive to a failed screen-
ing. The recommendation may convey that a rescreen should
be performed according to established guidelines. Such
guidelines may be set forth by the Centers for Disease
Control, the American Academy of Pediatrics, hospital
guidelines, guidelines established by a specific doctor or
other healthcare provider, and/or other organizations or
individuals.

[0058] The sensor selection module 132 may be config-
ured to select a subset of the detection signals provided by
sensor pairs 112 based on which body part of the newborn
is received by the cavity (e.g., a portion of a left foot, a right
foot, a left hand, or a right hand). In order to determine the
subset, sensor pairs 112 may be configured to perform scans
simultaneously, to perform scans cyclically one sensor pair
112 at a time, and/or according to another scheme. The
detection signals from sensor pairs 112 may be compared,
and the best signals (e.g., strongest and most uniform) may
be included in the subset. Responsive to the newborn’s foot
or hand moving, and thereby losing the sensor position, the
sensor pairs 112 may automatically resume scanning so that
the best detection signals can again be determined.

[0059] The sensor positioning module 134 may be con-
figured to control the sensor positioning device 118 to
reposition individual ones of the two or more sensor pairs
112 responsive to the portion of the newborn’s hand or foot
being received by the cavity. As discussed above, reposi-
tioning a given sensor pair 112 may include moving one or
both of the light emitter or the light detector of the given
sensor pair 112 such that one or both of the first light emitter
or the first light detector contact skin of the portion of the
newborn’s hand or foot.

[0060] In some implementations, apparatus 102, client
computing platform(s) 104, server(s) 106, portable digital
device(s) 108, and/or external resources 136 may be opera-
tively linked via one or more electronic communication
links. For example, such electronic communication links
may be established, at least in part, via a network such as the
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Internet and/or other networks. It will be appreciated that
this is not intended to be limiting, and that the scope of this
disclosure includes implementations in which apparatus
102, client computing platform(s) 104, server(s) 106, por-
table digital device(s) 108, and/or external resources 136
may be operatively linked via some other communication
media.

[0061] A given client computing platform 104 may
include one or more processors configured to execute com-
puter program modules (e.g., modules 122, 124, 126, 128,
130, 132, 134, and/or other modules). The computer pro-
gram modules may be configured to enable an expert or user
associated with the given client computing platform 104 to
interface with system 100 and/or external resources 136,
and/or provide other functionality attributed herein to client
computing platform(s) 104. By way of non-limiting
example, the given client computing platform 104 may
include one or more of a desktop computer, a laptop com-
puter, a handheld computer, a tablet computing platform, a
NetBook, a Smartphone, and/or other computing platforms.
[0062] A given server 106 may include one or more
processors configured to execute computer program mod-
ules (e.g., modules 122, 124, 126, 128, 130, 132, 134, and/or
other modules). The computer program modules may be
configured to enable an expert to interface with system 100
and/or external resources 136, and/or provide other func-
tionality attributed herein to server(s) 106.

[0063] A given portable digital device 108 may include
one or more processors configured to execute computer
program modules (e.g., modules 122, 124, 126, 128, 130,
132, 134, and/or other modules). The computer program
modules may be configured to enable an expert or user
associated with the given client computing platform 104 to
interface with system 100 and/or external resources 136,
and/or provide other functionality attributed herein to por-
table digital device(s) 108. By way of non-limiting example,
the given portable digital device 108 may include one or
more of a pager, a cellular phone, and/or other portable
digital devices.

[0064] External resources 136 may include sources of
information, hosts and/or providers of EMR outside of
system 100, external entities participating with system 100,
and/or other resources. In some implementations, some or
all of the functionality attributed herein to external resources
136 may be provided by resources included in system 100.
[0065] The apparatus 102 may include electronic storage
138, one or more processors 140, and/or other components.
The apparatus 102 may include communication lines, or
ports to enable the exchange of information with a network
and/or other computing platforms or devices. Illustration of
apparatus 102 in FIG. 1 is not intended to be limiting. The
apparatus 102 may include a plurality of hardware, software,
and/or firmware components operating together to provide
the functionality attributed herein to apparatus 102. For
example, apparatus 102 may be implemented by a cloud of
computing platforms operating together as apparatus 102.
[0066] Electronic storage 138 may comprise non-transi-
tory storage media that electronically stores information.
The electronic storage media of electronic storage 138 may
include one or both of system storage that is provided
integrally (i.e., substantially non-removable) with apparatus
102 and/or removable storage that is removably connectable
to apparatus 102 via, for example, a port (e.g., a USB port,
a firewire port, etc.) or a drive (e.g., a disk drive, etc.).
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Electronic storage 138 may include one or more of optically
readable storage media (e.g., optical disks, etc.), magneti-
cally readable storage media (e.g., magnetic tape, magnetic
hard drive, floppy drive, etc.), electrical charge-based stor-
age media (e.g., EEPROM, RAM, etc.), solid-state storage
media (e.g., flash drive, etc.), and/or other electronically
readable storage media. Electronic storage 138 may include
one or mote virtual storage resources (e.g., cloud storage, a
virtual private network, and/or other virtual storage
resources). Electronic storage 138 may store software algo-
rithms, information determined by processor(s) 140, infor-
mation received from client computing platform(s) 104,
information received from server(s) 106, information
received from portable digital device(s) 108, and/or other
information that enables apparatus 102 to function as
described herein.

[0067] The processor(s) 140 is configured to provide
information processing capabilities in apparatus 102. As
such, processor(s) 140 may include one or more of a digital
processor, an analog processor, a digital circuit designed to
process information, an analog circuit designed to process
information, a state machine, and/or other mechanisms for
electronically processing information. Although processor
(s) 140 is shown in FIG. 1 as a single entity, this is for
illustrative purposes only. In some implementations, proces-
sor(s) 140 may include a plurality of processing units. These
processing units may be physically located within the same
device, or processor(s) 140 may represent processing func-
tionality of a plurality of devices operating in coordination.
The processor(s) 140 may be configured to execute modules
122, 124, 126, 128, 130, 132, 134, and/or other modules.
The processor(s) 140 may be configured to execute modules
122, 124, 126, 128, 130, 132, 134, and/or other modules by
software; hardware; firmware; some combination of soft-
ware, hardware, and/or firmware; and/or other mechanisms
for configuring processing capabilities on processor(s) 140.
As used herein, the term “module” may refer to any com-
ponent or set of components that perform the functionality
attributed to the module. This may include one or more
physical processors during execution of processor readable
instructions, the processor readable instructions, circuitry,
hardware, storage media, and/or any other components.

[0068] It should be appreciated that although modules
122, 124,126, 128, 130, 132, and 134 are illustrated in FIG.
1 as being implemented within a single processing unit, in
implementations in which processor(s) 140 includes mul-
tiple processing units, one or more of modules 122, 124,
126, 128, 130, 132, and/or 134 may be implemented
remotely from the other modules. The description of the
functionality provided by the different modules 122, 124,
126, 128, 130, 132, and/or 134 described below is for
illustrative purposes, and is not intended to be limiting, as
any of modules 122, 124, 126, 128, 130, 132, and/or 134
may provide more or less functionality than is described. For
example, one or more of modules 122, 124, 126, 128, 130,
132, and/or 134 may be eliminated, and some or all of its
functionality may be provided by other ones of modules 122,
124, 126, 128, 130, 132, and/or 134. As another example,
processor(s) 140 may be configured to execute one or more
additional modules that may perform some or all of the
functionality attributed below to one of modules 122, 124,
126, 128, 130, 132, and/or 134.

[0069] FIG. 11 illustrates a method 1100 for detecting
CHD in newborns, in accordance with one or more imple-
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mentations. The operations of method 1100 presented below
are intended to be illustrative. In some implementations,
method 1100 may be accomplished with one or more
additional operations not described, and/or without one or
more of the operations discussed. Additionally, the order in
which the operations of method 1100 are illustrated in FIG.
11 and described below is not intended to be limiting.
[0070] In some implementations, some or all of method
1100 may be implemented in one or more processing
devices (e.g., a digital processor, an analog processor, a
digital circuit designed to process information, an analog
circuit designed to process information, a state machine,
and/or other mechanisms for electronically processing infor-
mation). The one or more processing devices may include
one or more devices executing some or all of the operations
of method 1100 in response to instructions stored electroni-
cally on an electronic storage medium. The one or more
processing devices may include one or more devices con-
figured through hardware, firmware, and/or software to be
specifically designed for execution of one or more of the
operations of method 1100.

[0071] At an operation 1102, the ambient air pressure in
the environment surrounding an apparatus (e.g., apparatus
102) may be determined based on the pressure signal
provided by a pressure device (e.g., pressure device 114).
Operation 1102 may be performed by one or more proces-
sors configured to execute a pressure determination module
that is the same as or similar to pressure determination
module 126, in accordance with one or more implementa-
tions.

[0072] At an operation 1104, a sensor positioning device
(e.g., sensor positioning device 118) may be controlled to
reposition individual ones of the two or more sensor pairs
responsive to the portion of the newborn’s hand or foot
being received by the cavity. Repositioning a given sensor
pair may include moving one or both of the light emitter or
the light detector of the given sensor pair such that one or
both of the first light emitter or the first light detector contact
skin of the portion of the newborn’s hand or foot. Operation
1104 may be performed by one or more processors config-
ured to execute a sensor positioning module that is the same
as or similar to sensor positioning module 134, in accor-
dance with one or more implementations.

[0073] At an operation 1106, the threshold saturation
value may be adjusted based on the ambient air pressure to
reduce a probability of false positives attributable to high-
altitude environments. Operation 1106 may be performed by
one or more processors configured to execute a threshold
adjustment module that is the same as or similar to threshold
adjustment module 128, in accordance with one or more
implementations.

[0074] At an operation 1108, a subset of the detection
signals provided by the sensor pairs may be selected based
on which body part of the newborn is received by the cavity.
The body part may be a portion of one of a left foot, a right
foot, a left hand, or a right hand. Operation 1108 may be
performed by one or more processors configured to execute
a sensor selection module that is the same as or similar to
sensor selection module 132, in accordance with one or
more implementations.

[0075] At an operation 1110, a saturation value indicative
of oxygen saturation of the newborn may be determined
based on one or more detection signals provided by two or
more sensor pairs (e.g., sensor pairs 112). Operation 1110
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may be performed by one or more processors configured to
execute an oxygen saturation determination module that is
the same as or similar to oxygen saturation determination
module 122, in accordance with one or more implementa-
tions.

[0076] At an operation 1112, a presence of CHD in the
newborn may be determined responsive to the saturation
value breaching a threshold saturation value. Operation 1112
may be performed by one or more processors configured to
execute a CHD determination module that is the same as or
similar to CHD determination module 124, in accordance
with one or more implementations.

[0077] At an operation 1114, an electronic medical record
associated with the newborn may be accessed. Operation
1114 may be performed by one or more processors config-
ured to execute an EMR interface module that is the same as
or similar to EMR interface module 130, in accordance with
one or more implementations.

[0078] At an operation 1116, a recommendation may be
provided responsive to the screening. For example, a rec-
ommendation may be provided responsive to a failed screen-
ing. The recommendation may convey that a rescreen should
be performed according to established guidelines. Such
guidelines may be set forth by the Centers for Disease
Control, the American Academy of Pediatrics, hospital
guidelines, guidelines established by a specific doctor or
other healthcare provider, and/or other organizations or
individuals. Examples of other recommendations may
include an indication that the screening was passed and that
no rescreen is necessary, that the screening was failed and
that an echocardiogram is recommended, and/or other rec-
ommendations. Operation 1116 may be performed by one or
more processors configured to execute an EMR interface
module that is the same as or similar to EMR interface
module 130, in accordance with one or more implementa-
tions.

[0079] Although the present technology has been
described in detail for the purpose of illustration based on
what is currently considered to be the most practical and
preferred implementations, it is to be understood that such
detail is solely for that purpose and that the technology is not
limited to the disclosed implementations, but, on the con-
trary, is intended to cover modifications and equivalent
arrangements that are within the spirit and scope of the
appended claims. For example, it is to be understood that the
present technology contemplates that, to the extent possible,
one or more features of any implementation can be com-
bined with one or more features of any other implementa-
tion.

What is claimed is:

1. Apparatus configured to detect congenital heart disease

(CHD) in newborns, the apparatus comprising:

a body comprising a cavity configured to receive a portion
of a hand or a foot of a newborn, the cavity substan-
tially encompassing the portion of the newborn’s hand
or foot when the portion the newborn’s hand or foot is
received by the cavity;

sensor pairs including a first sensor pair, individual ones
of the sensor pairs being configured to provide detec-
tion signals conveying information associated with
oxygen saturation, the first sensor pair including a first
light emitter and a corresponding first light detector
disposed at opposing locations in the cavity of the body
such that, when the portion of the newborn’s hand or
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foot is inside the cavity, light from the first light emitter
that passes through the newborn’s hand or foot is
detected by the first light detector; and

a pressure device configured to provide a pressure signal
conveying information associated with an ambient air
pressure in an environment surrounding the apparatus.

2. The apparatus of claim 1, further comprising one or
more processors configured to execute computer program
modules, the computer program modules comprising:

an oxygen saturation determination module configured to
determine a saturation value indicative of oxygen satu-
ration of the newborn based on one or more detection
signals provided by the sensor pairs;

a CHD determination module configured to determine a
presence of CHD in the newborn responsive to the
saturation value breaching a threshold saturation value;

a pressure determination module configured to determine
the ambient air pressure in the environment surround-
ing the apparatus based on the pressure signal provided
by the pressure device; and

a threshold adjustment module configured to adjust the
threshold saturation value based on the ambient air
pressure to reduce a probability of false positives
attributable to high-altitude environments.

3. The apparatus of claim 1, wherein the threshold adjust-
ment module is configured to adjust the threshold saturation
value downward for ambient air pressures that are lower
than atmospheric pressure at sea level.

4. Apparatus configured to detect CHD in newborns, the
apparatus comprising:

abody comprising a cavity configured to receive a portion
of a hand or a foot of a newborn, the cavity substan-
tially encompassing the portion of the newborn’s hand
or foot when the portion the newborn’s hand or foot is
received by the cavity;

sensor pairs including a first sensor pair, individual ones
of the sensor pairs being configured to provide detec-
tion signals conveying information associated with
oxygen saturation, the first sensor pair including a first
light emitter and a corresponding first light detector
disposed at opposing locations in the cavity of the body
such that, when the portion of the newborn’s hand or
foot 1s inside the cavity, light from the first light emitter
that passes through the newborn’s hand or foot is
detected by the first light detector; and

one or more processors configured to execute computer
program modules, the computer program modules
comprising:
an oxygen saturation determination module configured

to determine a saturation value indicative of oxygen
saturation of the newborn based on one or more
detection signals provided by the sensor pairs;

a CHD determination module configured to determine
a presence of CHD in the newborn responsive to the
saturation value breaching a threshold saturation
value; and

an electronic medical record (EMR) interface module
configured to access an EMR associated with the
newborn.

5. The apparatus of claim 4, wherein the EMR interface
module is further configured to provide a recommendation
responsive to a failed screening, the recommendation con-
veying that a rescreen should be performed according to
established guidelines.
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6. The apparatus of claim 5, wherein the guidelines are set
forth by the Centers for Disease Control and/or the Ameri-
can Academy of Pediatrics.

7. The apparatus of claim 4, wherein the EMR interface
module is further configured to effectuate provision of an
alert directed to a healthcare provider response to a positive
determination of a presence of CHD in the newborn.

8. The apparatus of claim 4, wherein the EMR interface
module is further configured to store information associated
with oxygen saturation of the newborn in the EMR associ-
ated with the newborn.

9. The apparatus of claim 4, further comprising a user
interface configured to receive information associated with
the newborn.

10. The apparatus of claim 9, wherein the user interface
includes a keypad configured to receive information from a
caregiver.

11. The apparatus of claim 9, wherein the user interface
includes a barcode scanner configured to scan a barcode
associated with the newborn.

12. The apparatus of claim 11, wherein the barcode is
disposed on wristband worn by the newborn, an ankle band
worn by the newborn, or a printed medical chart.

13. The apparatus of claim 9, wherein the user interface
includes an identification band scanner configured to scan an
identification band worn by the newborn.

14. The apparatus of claim 13, wherein the identification
band comprises a radio-frequency identification device.

15. Apparatus configured to detect CHD in newborns, the
apparatus comprising:

a body comprising a cavity configured to receive a portion
of a hand or a foot of a newborn, the cavity substan-
tially encompassing the portion of the newborn’s hand
or foot when the portion the newborn’s hand or foot is
received by the cavity;

sensor pairs including a first sensor pair, individual ones
of the sensor pairs being configured to provide detec-
tion signals conveying information associated with
oxygen saturation, the first sensor pair including a first
light emitter and a corresponding first light detector
disposed at opposing locations in the cavity of the body
such that, when the portion of the newborn’s hand or
foot 1s inside the cavity, light from the first light emitter
that passes through the newborn’s hand or foot is
detected by the first light detector; and

one or more processors configured to execute computer
program modules, the computer program modules
comprising:

a sensor selection module configured to select a subset
of the detection signals provided by the sensor pairs
based on a determination of which body part of the
newborn is received by the cavity, the body part
being a portion of one of a left foot, a right foot, a left
hand, or a right hand;

an oxygen saturation determination module configured
to determine a saturation value indicative of oxygen
saturation of the newborn based on the selected
subset of the detection signals; and

a CHD determination module configured to determine
a presence of CHD in the newborn responsive to the
saturation value breaching a threshold saturation
value,

16. The apparatus of claim 15, wherein the sensor pairs
are configured to perform scans simultaneously.
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17. The apparatus of claim 15, wherein the sensor pairs
are configured to perform scans cyclically one sensor pair at
a time.

18. Apparatus configured to detect CHD in newborns, the
apparatus comprising:

abody comprising a cavity configured to receive a portion
of a hand or a foot of a newborn, the cavity substan-
tially encompassing the portion of the newborn’s hand
or foot when the portion the newborn’s hand or foot is
received by the cavity;

sensor pairs including a first sensor pair, individual ones
of the sensor pairs being configured to provide detec-
tion signals conveying information associated with
oxygen saturation, the first sensor pair including a first
light emitter and a corresponding first light detector
disposed at opposing locations in the cavity of the body
such that, when the portion of the newborn’s hand or
foot is inside the cavity, light from the first light emitter
that passes through the newborn’s hand or foot is
detected by the first light detector; and

a sensor positioning device configured to reposition indi-
vidual ones of the two or more sensor pairs responsive
to the portion of the newborn’s hand or foot being
received by the cavity, wherein repositioning the first
sensor pair includes moving one or both of the first light
emitter or the first light detector such that one or both
of the first light emitter or the first light detector contact
skin of the portion of the newborn’s hand or foot.

19. The apparatus of claim 18, wherein moving one or
both of the first light emitter or the first light detector
includes moving one or both of the first light emitter or the
first light detector along an axis that passes through both the
first light emitter and the first light detector.

20. The apparatus of claim 18, wherein moving one or
both of the first light emitter or the first light detector
includes maintaining lateral alignment between the first light
emitter and the first light detector such that, after moving
one or both of the first light emitter or the first light detector,
light from the first light emitter that passes through the
newborn’s hand or foot is detected by the first light detector.

21. The apparatus of claim 18, wherein the sensor posi-
tioning device includes one or more of a spring, a cushion,
or a motor configured to reposition the first light emitter or
the first light detector.

22. The apparatus of claim 18, further comprising one or
more processors configured to execute computer program
modules, the computer program modules comprising:

a sensor positioning module configured to control the
sensor positioning device to reposition individual ones
of the two or more sensor pairs responsive to the
portion of the newborn’s hand or foot being received by
the cavity, wherein repositioning the first sensor pair
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includes moving one or both of the first light emitter or
the first light detector such that one or both of the first
light emitter or the first light detector contact skin of the
portion of the newborn’s hand or foot.

23. The apparatus of claim 22, wherein the computer
program modules further comprise:

an oxygen saturation determination module configured to
determine a saturation value indicative of oxygen satu-
ration of the newborn based on one or more detection
signals provided by the sensor pairs; and

a CHD determination module configured to determine a
presence of CHD in the newborn responsive to the
saturation value breaching a threshold saturation value.

24. Apparatus configured to detect CHD in newborns, the
apparatus comprising:

a body comprising a cavity configured to receive a portion
of a hand or a foot of a newborn, the cavity substan-
tially encompassing the portion of the newborn’s hand
or foot when the portion the newborn’s hand or foot is
received by the cavity;

sensor pairs including a first sensor pair, individual ones
of the sensor pairs being configured to provide detec-
tion signals conveying information associated with
oxygen saturation, the first sensor pair including a first
light emitter and a corresponding first light detector
disposed at opposing locations in the cavity of the body
such that, when the portion of the newborn’s hand or
foot 1s inside the cavity, light from the first light emitter
that passes through the newborn’s hand or foot is
detected by the first light detector; and

a disposable cover configured to line the cavity to protect
skin on the portion of the newborn’s hand or foot that
is received by the cavity, the disposable cover including
transparent portions and opaque portions, the transpar-
ent portions being configured to allow light to pass
between individual sensor pairs, the opaque portions
being configured to block light from passing between
adjacent sensor pairs.

25. The apparatus of claim 24, further comprising an
applicator configured to position the disposable cover within
the cavity such that a given transparent portion of the
disposable cover is aligned with a given sensor pair.

26. The apparatus of claim 24, wherein the disposable
cover is configured to be held in position within the cavity
by one or more of static cling, a gel, an adhesive, a
hook-and-loop fastener, a snap fastener, or a clip.

27. The apparatus of claim 24, wherein the disposable
cover comprises a rigid or semi-rigid ring that corresponds
to an opening of the cavity.

28. The apparatus of claim 24, wherein the disposable
cover conforms to a shape of the cavity.
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