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(57)  Aninfant warming apparatus for supporting an
infant (26) upon an infant bed (15). The apparatus has
a sensor (38) that is affixed to the skin of the infant to
detect one or more physiological functions of the infant.
A transmitter is located within the enclosure of the sen-
sor and which transmit the information detected by the
physiological sensor to a receiver (36) that is located on
the infant care apparatus and which can then convert
that information into a recognizable or usable medium.
An alternative embodiment includes the transmitter lo-
cated proximate to the infant within an infant scale (39)
located beneath the infant. The sensor is hardwired to
the transmitter in the infant scale and signals relating to
weight and/or a condition of the infant are transmitted
by wireless telemetry to a monitor or other display de-
vice to display that information to the caregiver.
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Description
Background

[0001] The presentinvention relates to a patient care
apparatus and, more particularly, to a wireless commu-
nication system that transmits information relating to an
infant to a receiver affixed to or integrated within an in-
fant care apparatus.

[0002] In the care of newborn infants, there are vari-
ous types of apparatus that provide heat to an infant and
such apparatus can include infant incubators, infant
warmers and combinations of the two. In such appara-
tus, there is normally provided, an infant platform on
which the infant is positioned so as to receive the care
and that infant platform is a generally planar surface lo-
cated so as to underlie the infant.

[0003] In the case of an infant warmer, there are also
normally provided side guards that extend upwardly sur-
rounding the periphery of the infant platform in order to
protect the infant and to retain that infant on the infant
platform. With an infant incubator, the infant platform is
generally surrounded by an enclosure that provides a
controlled atmosphere for the infant including control of
the heat and humidity within the protective enclosure.
[0004] Aninfant warmer is shown and described in U.
S. Patent No. 5,474,517 of Falk et al as prior art to that
patent; a infant incubator is shown and described in U.
S. Patent 4,936,824 of Mackin et al and a combination
apparatus that combines the functions of both an infant
warmer and an infant incubator is shown and described
in U.S. Patent 6,224,539 of Jones et al.

[0005] A commonality involved inthe providing of care
to an infant using any of such apparatus is that there are
normally present, a number of monitors that determine
certain physiological or physical conditions of the infant
and those monitors receive the necessary information
from the infant by means of sensors that are actually
affixed to or are located proximate to the infant. Specif-
ically, such sensors that are normally affixed to the infant
include an infant skin temperature sensor that monitors
the surface temperature of the skin of the infant and also
a standard three lead ECG sensor that senses ECG of
the infant as well as respiratory effort by thoracic imped-
ance.

[0006] With the infant, therefore, both sensors com-
pete for space on the skin of the infant and both sensors
currently have hard wires that connect the sensors to a
monitor that displays the particular sensed condition. In
addition, of course, there are other sensors that may or
may not be actually affixed to the infant but are in close
proximity thereto and can include sensors providing in-
formation to SPO, monitors, EEG monitors, security
system devices and even a scale to ascertain the weight
of the infant.

[0007] Obviously, one of the difficulties in having one
or more sensors proximate to or affixed to the infant rais-
es issues relating to the access to the infant since the
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caregiver needs, at times, to have full access to the in-
fant and is often hampered by the presence of wires,
tubes and the like that are attached to the infant and
which make full and unfettered access to the infant
somewhat difficult. In addition, the infant may be moved
on the infant platform or rolled over by the caregiver dur-
ing the process of caring for the infant or carrying out
some intervention on the infant and, again, the presence
of wires leading to sensors affixed to the infant creates
problems.

[0008] With the vast myriad of wires, there is also the
possibility that one or more of the wires may inadvert-
ently become disconnected and may go unnoticed or, if
noticed, require the caregiver to reattach that sensor,
thereby causing a disruption to the infant who is already
at a time of great stress.

[0009] It would therefore be advantageous to have a
system in place that operates with an infant care appa-
ratus that transmits signals from various infant probes
and sensors or other information gathering devices, that
must be in close proximity to the infant or attached to
thatinfant, by some wireless telemetry means to a visual
display or other information providing device that is af-
fixed to or is integrated into the infant care apparatus.

Summary of the Invention

[0010] Accordingly, the presentinvention relates to an
infant care apparatus, such as an infant warmer that has
a wireless transmitting system that can transmit signals
representative of data or information relative to the in-
fant being cared for in the apparatus to some recognition
receiver or monitor that can recognize and use that in-
formation in a useful manner for the caregiver.

[0011] As will be seen, the presentinvention is shown
and described herein with respect to an infant care ap-
paratus wherein an infant is provided with heat to assist
in the well being of that infant, however, the present in-
vention is also applicable to other types of patient care
apparatus where a patient is undergoing some type of
therapy or treatment by the apparatus and where one
or more sensors are used to assess the state of the pa-
tient.

[0012] In any event, the infant care apparatus of the
present invention has a base with an infant platform on
which the infant is positioned and, with the foregoing ex-
planation as to other types of patient apparatus, there
are certain types of infant care apparatus that are pre-
ferred for use with the invention, that is, an infant incu-
bator where the infant is basically enclosed within a pro-
tective environment with controlled heat and humidity,
aninfant warmer where the infant is lying in a more open
environment and heated by an overhead radiant heater
or a combination of the two apparatus, where the appa-
ratus itself can be converted between a status where it
functions as an infant warmer and a status where it func-
tions as an infant incubator.

[0013] With the infant apparatus of the present inven-
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tion, therefore, there are one or more sensors that are
generally affixed to the infant and which are used to ob-
tain information and data concerning the status of the
infant. The sensor or sensors produce an electrical sig-
nal that is transmitted by means of a wireless transmit-
ting system to a receiving apparatus. That information
can then be channeled by the receiving apparatus for a
variety of uses, including sending the information to a
monitor affixed to or integral with the infant apparatus
where there is a visual display of the particular sensed
condition of the infant.

[0014] In one embodiment, the standard three lead
ECG sensor is combined with a temperature sensor,
such as a thermistor, so that only one sensor need be
affixed to the infant and yet provide information as to
both functions. That sensor also includes the transmitter
to send that combined information on to the receiving
apparatus that is physically located on the infant care
apparatus. The receiving apparatus can, in turn, send
that information on to a visual display to be seen by the
caregiver and/or to other various uses and functions.
[0015] With that combined sensor, the single sensor
can, therefore, transmit thermal data to the control sys-
tem of the heater for the infant care apparatus so that
the information relating to the infant skin temperature
can be used in a heating algorithm, as is conventional,
to control the power to the heater. In addition, the same
combined sensor can be used to transmit ECG informa-
tion and data as well as transmit respiration impedance
data to a multi-parameter monitor.

[0016] Thus, transmission of the electronic signals
from the sensor or sensors is carried out by means of a
transmitter located in the sensor itself as a part thereof
such that there are no hard wires that carry signals from
the various sensors to the receiving apparatus mounted
on or incorporated into the infant care apparatus and,
accordingly, the infant is more accessible and the vast
myriad of wires associated with the infant care appara-
tus are eliminated. Due to the relatively short distance
over which the wireless transmission takes place, the
transmitter can be a low power device and miniaturized
so as to be incorporated into the sensor itself.

[0017] As an alternative embodiment, the transmitter
may be located in some area that is proximate to the
infant, that is, the transmitter can be located directly be-
neath the infant and may be hardwired to the sensor or
sensors that are affixed to the infant. By such arrange-
ment, the transmitter can thereby receive signals from
the sensor or sensor by the hard wires and thereafter
transmit those signals via wireless telemetry to the re-
ceiving apparatus that is located on the infant care ap-
paratus.

[0018] That transmitter can, therefore, be separately
mounted within the infant care apparatus or may be in-
corporated into a further piece of equipment, such as
the infant scale, so that the transmitter can not only send
the signals from sensors on or proximate to the infant
but can also receive and transmit the signals represent-
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ative of the weight of the infant to the receiving appara-
tus that can provide those signals to a visual display so
that the weight of the infant is displayed on a visual mon-
itor to the caregiver as well as the infant conditions de-
termined by the sensor(s).

[0019] With either embodiment, the receiving appara-
tus located on the infant care apparatus that receives
the wireless signals can also be associated with a fur-
ther transmitter so that those signals that originate from
a sensor affixed to or proximate to the infant can be re-
transmitted to some central file or location where that
information can be retained to maintain a current source
of information relating to the infant under care in the in-
fant care apparatus.

[0020] These and other features and advantages of
the presentinvention will become more readily apparent
during the following detailed description taken in con-
junction with the drawings herein.

Brief Description of the Drawings
[0021]

FIG. 1 of a perspective view of an infant warming
apparatus having a wireless communication system
in accordance with the present invention;

FIG. 2 is a block diagram of the components used
in carrying out the present invention, and

FIG. 3 is a block diagram illustrating an alternative
embodiment of the present invention.

Detailed Description of the Invention

[0022] Referring now to Fig. 1, there is shown a per-
spective view illustrating the present invention and
showing an infant care apparatus 10 constructed in ac-
cordance with the presentinvention. Although the inven-
tion is shown and described specifically in relation to an
infant care apparatus such as a infant warmer, it will be
seen that the present invention can be applicable to oth-
er types of patient care apparatus, including other types
of infant care apparatus, and still carry out the purposes
of the present invention.

[0023] In Fig. 1, therefore, the infant care apparatus
10includes a canopy 12 shown in its upper position. The
infant care apparatus 10 illustrated can function both as
an incubator when the canopy 12 is in a lower position
and an infant warmer when the canopy 12 is in its upper
position as shown in Fig. 1.

[0024] The apparatus itself can be of the type that is
shown and described in U.S. Patent 6,231,499 of Jones
entitled LIFT MECHANISM FOR INFANT CARE APPA-
RATUS CANOPY and U.S. Patent 6,585,636 of Jones
et al and entitted HEATER DOOR MECHANISM FOR
INFANT WARMING APPARATUS, and the disclosures
of those U.S. Patents are hereby incorporated herein by
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reference in their entirety.

[0025] As shown, the infant care apparatus 10 in-
cludes an infant platform 14 that underlies and supports
an infant resting on an infant bed 15. As is also seen, a
plurality of walls 16 are provided to contain the infant
safely within the infant care apparatus 10 and are locat-
ed at all of the four sides of the infant platform 14. The
walls 16 are preferable constructed of transparent plas-
tic material and, as will be explained, cooperate with oth-
er components in order to provide an incubator function
to the infant care apparatus 10 when the infant care ap-
paratus 10 is functioning as an incubator.

[0026] The infant platform 14 is mounted to a move-
able vertical base member 18 which, in the preferred
embodiment, is movably affixed to a stationary vertical
base member 20, which, in turn, is mounted to a base
22 having wheels 24 for ready movement of the infant
care apparatus 10.

[0027] The vertical movable base member 18 is pref-
erably mounted so that the user can adjust the height of
the infant platform 14 by raising and lowering the mov-
able vertical member 18 as desired, thus the infant plat-
form 14 can be adjusted to the preferred height by the
user. As further standard features, the walls may have
hand holes (not shown) to afford access to the infant 26
when in the incubator configuration and which generally
have doors 28 that can be opened to obtain access to
the infant 26 and, of course, closed when the particular
intervention has been completed to preserve the de-
sired environment surrounding the infant.

[0028] Another convenient feature includes a drawer
30 to retain supplies or other devices needed to carry
out some operation on the infant and which is normally
located beneath the infant platform 14. Other features
include the maneuverability of the walls 16 that are piv-
otally mounted at their bases to the infant platform 14
such that the doors can be swung outwardly and down-
wardly and, as a further alternative, can be easily fully
removed from the infant platform 14. As such, therefore,
when the canopy 12 of the infant warming apparatus 10
is in its upper position as shown in Fig 1, the walls 16
can be dropped downwardly or removed altogether so
that the attending personnel can have unlimited access
to an infant resting on the infant platform 14 to perform
interventions on that infant.

[0029] Further structural components of the infant
warming apparatus 10 include stationary frame mem-
bers 32 that are affixed to the base member 18 and, as
shown, there are two vertical stationary frame members
32 in the preferred embodiment although there may be
only one or there may be further numbers of such mem-
bers. Two vertical movable frame members 34 are mov-
ably fitted into the stationary frame members 32 and
which can be moved upwardly and downwardly by the
user in converting the infant care apparatus 10 between
its function as an incubator and its function as an infant
warmer.

[0030] A control module 36 is conveniently positioned
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intermediate the stationary frame members 32 and may
include displays of various monitored parameters as
well as include the various controls for operation of the
functions of the infant warming apparatus 10.

[0031] As may now be seen in general, in the opera-
tion of the infant warming apparatus 10, the canopy 12,
in the preferred embodiment, houses a radiant heater
37. The canopy 12 can be moved between its upper po-
sition, as shown in Figure 1, wherein the infant care ap-
paratus acts as an infant warmer and a lower position
wherein the infant care apparatus acts as an infant in-
cubator where the infant 26 is provided with warm air
and controlled humidity in the normal functioning of an
incubator.

[0032] As also canbe seenin Fig. 1 there is a sensor
38 that is affixed to the skin of the infant 26 to obtain
data and information and to transmit the data and infor-
mation via a wireless means to the infant care apparatus
10 where that data and information is received and in-
terpreted as will later be explained. As such, the sensor
38 includes a transmitter and there is a receiver located
on the infant care apparatus 10 which may be located
in the control module 36 as will be later explained.
[0033] As a further embodiment, there is also shown
an infant scale 39 that is, as is conventional, located be-
neath the infant. The infant scale 39 is, of course used
to weigh the infant resting on the infant bed 15 and the
infant scale 39 itself can be constructed and used as
shown and described in U.S. Patent 5,376,761, issued
December 27, 1994 of Christopher Dykes and entitled
"In Bed Infant Scale".

[0034] InFig. 1, there can be seen hard wires 41 that
extend from the sensor 38 to the infant scale 39 so as
to transmit signals from the sensor 38 to a transmitter
(not shown) that can be located proximate to the infant
26 and, as one possible location, the transmitter can ac-
tually be incorporated into the infant scale 39 itself. Ac-
cordingly, the transmitter can be used to transmit signals
from the sensor 38 that are received by the hard wires
41 to a receiver that is located in the control module 36
where the information from the signals can be displayed
to the caregiver or sent to a further location.

[0035] Inaddition, the signals that are provided by the
infant scale 39 indicative of the weight of the infant 26
can also be sent via the wireless telemetry to the receiv-
er in the control module 36 so that the same transmitter
can be used both to provide visual information as to the
weight of the infant 26 to the caregiver at the control
module 36 as well as transmit whatever infant condition
is being sensed by the sensor 38.

[0036] Turning now to Fig. 2, taken along with Fig. 1,
there is shown a block diagram of the various compo-
nents used with one embodiment of the present inven-
tion. As can be seen, the sensor 38 comprises an en-
closure 40 and which is adapted to be affixed to the skin
of an infant. Thus, there may be a contact side 42 that
is actually affixed in contact with the skin of the infant
and an outer side 44 that may be covered with a heat
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reflecting foil 46 to protect the sensor 38 from the effects
of heat from, for example, the radiant heater 37 that is
maintaining the infant 26 at a desired temperature. A
hydrogel, not shown, is normally used to provide a pa-
tient interface between the contact side 42 and the skin
of the infant.

[0037] Also contained within the enclosure 40 is a
three lead ECG sensing element 48 that reads the ECG
of the infant and sends the electronic signal containing
that information to a transmitter 50 within the enclosure
40. Additionally, there is a temperature sensing element
52, such as a thermistor, within the enclosure 40 and
which senses the skin temperature of the infant and
sends an electronic signal with that information to the
transmitter 50.

[0038] Assuch, the sensor 38 contains the ECG sens-
ing element 48 and the temperature sensing element
52, both of which gather the respective information from
the infant and send the information to the transmitter 50
which transmits the information by wireless means via
the antenna 54 to the receiving apparatus 56 that is lo-
cated on the infant care apparatus 10 and, preferably,
within the control module 36.

[0039] Since the signals traveling through the wire-
less communication system from the transmitter 50 to
the receiving apparatus 56 only travel a relatively short
distance, that is, from the sensor 38 affixed to the infant
to the receiving apparatus 56 that is attached to or inte-
grated into the infant care apparatus 10, the power of
the transmitter can be extremely small. In effect, the
transmitter can be a consumable device with a fixed life
internal power source. The communication protocol can
be a number of existing protocols, including Bluetooth,
WiFi or a custom protocol.

[0040] The transmitter 50 and receiving apparatus 56
can be coded to a specific frequency so that the receiv-
ing apparatus 56 is able to discern that the information
has been received with respect to a particular infant and
not from another infant in the vicinity so that it is assured
that only the correct information is inputted to the receiv-
ing apparatus 56. The security of the information is im-
portant inasmuch as, in one embodiment, the skin tem-
perature of the infant is used to control the power to the
heater used to heat the infant.

[0041] As shown, the sensor 38 includes ECG sens-
ing and temperature sensing, however, there may be
other sensing elements that act in conjunction with a
transmitter to transmit the information relating to the in-
fant by wireless telemetry to the receiving apparatus 56
located on the infant care apparatus 10. For example,
the infant's weight may be sensed by the scale located
underneath the infant bed 15 to transmit information re-
garding the weight of the infant via the present wireless
system to a visual read out viewable by the caregiver
and located on the infant care apparatus 10.

[0042] In the event the sensor 38 monitors the vital
signs of an infant, those signals can also be sent by
means of the present wireless system to a vital signs
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monitor mounted to or incorporated into the infant care
apparatus 10. Other information relating to the infant
that may be sensed by a sensor and transmitted by the
present wireless system can include blood pressure,
blood gas or may include an internal hospital security
system that would alert the hospital in the event the in-
fant were moved to a location outside of a defined se-
cure location.

[0043] Thereceiving apparatus 56 is illustrated in Fig.
2 as being within a single block for illustration purposes
only, since any one or more of the components to be
described with respect to the receiving apparatus 56
may be located in separate areas of the infant care ap-
paratus 10, however, it is convenient for all of the com-
ponents making up the receiving apparatus to be locat-
ed in the control module 36.

[0044] Thus, the receiving apparatus 56 comprises a
receiver 58 that receives the electronic signals from the
transmitter 50 by means of antenna 60 and therefore
receives the information sensed in the infant 26 by the
sensor 38. That information is processed by a CPU 62
and thereafter may be sent to a monitor display 64 so
that the information can be visually perceived by the car-
egiver and/or stored in memory 66 for later use such as
for trending. As a further alternative embodiment, the
information can be communicated to a further re-trans-
mitter 68 and then transmitted, through the antenna 70
to a central station within a hospital where that data and
information can be collected and stored and/or visually
monitored.

[0045] As a still further alternative embodiment, the
information that is transmitted from the sensor 38 to the
receiving apparatus 56 can be used by the CPU 62 as
an input into a controller of the heating algorithm such
that the intensity of the output of the heater 37 is varied
depending upon the skin temperature of the infant 26
much the same as in the prior art but using the wireless
telemetry of the present invention to eliminate the prior
hard wires that were heretofore necessary to send the
signal indicative of the infant skin temperature to the
controller of the infant care apparatus 10.

[0046] Turning finally to Fig. 3, there is shown a block
diagram of an embodiment of the present invention
where there is an infant scale 39 that is located beneath
the infant bed 15 on which the infant 26 rests. As such,
the infant scale 39 can measure the weight of the infant
26 resting on that infant bed 15. There is a transmitter
72 that is located proximate to the infant bed 15, and the
infant 26, preferably beneath the infant bed 15 within
platform 14, that can receive signals from the sensor 38
affixed to the infant 26 by means of hard wires 41.
[0047] As shown, one location of the transmitter 72 is
actually incorporated into the infant scale 39 such that
the transmitter 72 can transmit, by means of the antenna
74, signals that are received from the sensor 38 repre-
senting some condition of the infant 26, and/or signals
from the infant scale 39 by wireless telemetry. Certainly
one advantage of the embodiment where the transmitter
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72 is proximate to the infant platform 14 but not incor-
porated into the sensor 38 is that there is sufficient pow-
er available to the transmitter 72 and it need not be bat-
tery operated but can operate off the power available in
the infant care apparatus 10 or the infant scale 39 and
the transmitter 72 can thus be a more powerful trans-
mitter carrying a further distance.

[0048] Thereceiving apparatus with the Fig. 3 embod-
iment can be the same as is used in the Fig. 2 embod-
iment. Therefore, in this embodiment, the caregiver can
be provided with information as to the weight of the in-
fant by some visual display located at or near the control
module 36 of Fig. 1 as well as one or more conditions
sensed in the infant 26.

[0049] Those skilled in the art will readily recognize
numerous adaptations and modifications which can be
made to the infant care apparatus of the present inven-
tion which will result in an improved telemetry system
for an infant care apparatus, yet all of which will fall with-
in the scope and spirit of the present invention as de-
fined in the following claims. Accordingly, the invention
is to be limited only by the following claims and their
equivalents.

Claims

1. A patient care apparatus, e.g. an infant apparatus
for treating an infant, said patient care apparatus
comprising a base having a patient platform that is
adapted to have a patient positioned on it, at least
one patient sensor adapted to be affixed to or locat-
ed in close proximity to a patient to sense data re-
lated to the patient and to produce signals repre-
sentative of that data, a wireless transmitter located
in close proximity to a patient and adapted to re-
ceive the signals from the at least one patient sen-
sor and to transmit those signals by a wireless
means, a receiver affixed to said patient care appa-
ratus adapted to receive the signals from said trans-
mitter and to convert said signals into a form recog-
nizable by a caregiver as indicative of the sensed
data of a patient.

2. The patient care apparatus as defined in claim 1
wherein said at least one patient sensor comprises
an enclosure and said wireless transmitter is locat-
ed within said enclosure.

3. The patient care apparatus as defined in claim 1
wherein said at least one sensor comprises at least
one sensing element adapted to detect at least one
of ECG, SPO,, patient weight, patient temperature,
EEG and a security system signal, and preferably
a plurality of sensing elements are provided that are
adapted to sense at least two physiological proper-
ties of an infant.
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4. The patient care apparatus as defined in claim 3
wherein said at least one sensing element compris-
es an enclosure having one side thereof adapted to
contact the skin of an infant and said enclosure con-
tains an EKG sensing element and a temperature
sensing element.

5. The patient care apparatus as defined in claim 1
wherein the form recognizable by a caregiver is a
visual display which is optionally integrated into, or
affixed to, the infant apparatus.

6. The patient care apparatus as defined in claim 1
wherein said receiver is connected to a secondary
transmitter for further transmitting the signals re-
ceived from said transmitter to a remote receiver.

7. Asensorfor sensing atleast one physiological char-
acteristic of a patient, said sensor comprising an en-
closure, said enclosure containing at least one
sensing element for sensing the at least one phys-
iological characteristic, e.g. a temperature sensing
element and an ECG sensing element, and a trans-
mitter for transmitting by wireless means informa-
tion detected by said at least one sensing element
to a remote location and wherein optionally said
sensor has a contacting surface adapted to be af-
fixed to the skin of a patient, and/or said sensor has
a reflecting foil to protect said sensor from the ef-
fects of heat, and/or said sensor includes a low pow-
er transmitter having a power source having a lim-
ited life.

8. A method of an infant warming apparatus, said
method comprising the steps of:

providing an infant warming apparatus having
a heater and a housing having a visual display;
providing a sensor that is adapted to be affixed
to the skin of an infant positioned within the in-
fant warming apparatus, e.g. a sensor adapted
to detect ECG and skin temperature of infant;
using the sensor to detect at least one physio-
logical property of the infant; and

transmitting the information detected by the
sensor by a wireless system to the visual dis-
play located on the infant warming apparatus
to provide that information to a caregiver,

the method optionally further comprising the
step of using the skin temperature detected by
the sensor to control the amount of heat emitted
by the heater.

9. Apatient care apparatus, e.g. an infant warming ap-
paratus, said patient care apparatus comprising a
base having a patient bed that is adapted to have a
patient positioned on it, a scale located beneath the
patient bed to measure the weight of a patient rest-
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ing on the patient bed, at least one patient sensor
adapted to be affixed to or located in close proximity
to a patient to sense data related to the patient and
to produce signals representative of that data, a
wireless transmitter located in close proximity to a
patient and adapted to receive the signals from the
atleast one patient sensor and to transmit those sig-
nals by a wireless means, a receiver affixed to said
patient care apparatus adapted to receive the sig-
nals from said transmitter and to convert said sig-
nals into a form recognizable by a caregiver as in-
dicative of the sensed data of a patient, said wire-
less transmitter optionally being located in said
scale.

The patient care apparatus as defined in claim 9
wherein said at least one patient sensor transmits
signals to said transmitter by means of hard wires.
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