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(57) ABSTRACT
Embodiments of systems and methods for an integrated
phototherapy system that can include integrating a bili light,
radiometer, and transcutaneous bilirubin sensor are dis-
closed. In some embodiments, the integrated phototherapy
system has a control system that can receive and send data
and automate features of the phototherapy system. Data that
can be input by a healthcare provider and/or measured by the
system can include treatment time, distance between the
patient and the bili light, intensity level, irradiance level,
bilirubin level, temperature, and the light intensity or irra-
diance of other light sources or pieces of equipment. The
phototherapy system can be compatible with any electronic
healthcare records system, and measured data can aggre-
gated and uploaded to such a system.
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INTEGRATED PHOTOTHERAPY
APPARATUS AND METHODS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part of, and
claims priority to and the benefit of, co-pending PCT Patent
Appln. No. PCT/US2016/059559, filed Oct. 28, 2016, which
claims priority to U.S. Provisional Application Ser. No.
62/248,173, filed Oct. 29, 2015.

BACKGROUND

Field of Invention

[0002] This disclosure relates generally to phototherapy
and, more particularly, to systems, devices, and methods for
administering phototherapy with a light source, radiometer,
and a transcutaneous bilirubin reader.

Description of Related Art

[0003] Phototherapy is a method of treating various ail-
ments with exposure to light. Efficacy of treatment depends
on a variety of factors, including, for example, the wave-
length of light used, the distance between the patient and the
light source, the amount of time the patient is exposed to the
light, and the irradiance of the light. Phototherapy can be
used to treat physical ailments, such as skin conditions,
mental and psychological conditions, or physiological con-
ditions, such as hyperbilirubinemia.

SUMMARY

[0004] Embodiments of systems and methods for an inte-
grated phototherapy system are disclosed. For example, an
embodiment of such a system can include integrating a bili
light, radiometer, and transcutaneous bilirubin reader in a
manner that allows greater and more efficient care capabili-
ties for providing care to patients. In some embodiments, the
integrated phototherapy system has a control system that can
receive and send data and automate features of the photo-
therapy system. Data that can be input by a healthcare
provider and/or measured by the system, for example, can
include treatment time, distance between the patient and the
bili light, intensity level, desired or optimum irradiance
level, a total up time for the light source (i.e., the total
amount of time the light or lights have been in use, and/or
bilirubin level. As described herein, automated features, for
example, can include an automatic shutoff feature, automatic
sensing and notification of patient or bili light position,
and/or automatic adjustment of bili light intensity.

[0005] In some embodiments, administration of photo-
therapy to an infant with jaundice includes exposing the
infant to blue light (e.g., light having substantial spectral
power between 420 nm and 470 nm) from a bili light that has
one or more than one overhead light and/or one or more than
one light embedded in a blanket. In embodiments, the
wavelength does not necessarily have to be in the 420 nm to
470 nm range. Other wavelengths, which will correspond to
other colors, can be used according to various embodiments.
Other light sources can be used in various embodiments.
[0006] For example, one or more lights can be embedded
in a mat on which the infant can lie. In embodiments, lights
from multiple sources can be used. For example, a mat can
be used and a blanket with one or more embedded lights can
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be placed over the infant or an overhead light can be placed
to direct light at the infant. In certain embodiments, a
phototherapy system for treatment of newborn jaundice
includes a bili light, radiometer, and a transcutaneous bili-
rubin reader. A radiometer is an instrument used to measure
the irradiance of the light received by a patient. When a
patient is underneath phototherapy lights, the radiometer is
placed at the patient’s level where he/she is receiving the
most light to ensure that the light irradiance that is needed
for treatment is actually reaching the patient.

[0007] In current phototherapy systems, the light source,
radiometer, and transcutaneous bilirubin reader are separate
pieces of equipment with each having only one function.
This separation of the pieces of equipment creates a number
of challenges and limitations, including increased risk of
infections, increased risk of workplace hazards and acci-
dents, decreased efficiency of hospital staff, increased length
of treatment times, longer hospital stays, and increased costs
for hospitals and patients’ families.

[0008] For example, there is often less than one radiom-
eter per phototherapy patient, necessitating the sharing of
one piece of equipment among multiple patients. In some
instances, one radiometer may be shared among over 80
NICU patients. Likewise, most facilities have only one
transcutaneous bilirubin reader, which also requires sharing.
Sharing equipment with multiple patients, especially infants,
increases the risk of transporting germs. Even though the
equipment is cleaned after each use, there is still the chance
of human error.

[0009] Also, obtaining a shared radiometer can decrease
efficiency and productivity of hospital staff’ and increase the
risk of workplace hazards. In some instances, the radiometer
is kept in a locked cabinet that requires the entry of a
username and password to open the cabinet, and requires
logging the radiometer out under a patient’s name. This
process can be very time consuming. Further, the American
Academy of Pediatrics imposes strict guidelines on the light
irradiance a patient should receive to achieve optimal
therapy, and nurses are required to check and document the
light intensity reading twice a day.

[0010] When multiple patients are receiving phototherapy,
for example, nurses can experience difficulties and expend
much time searching for and obtaining radiometers in the
limited time they have in their busy days. In some instances,
the nurse has few opportunities to carefully leave the bed-
side of his/her patients to obtain the radiometer, and if the
radiometer is being used for other patients, then the nurse
will have to delay and expend much time in obtaining the
radiometer. These efforts decrease nurses’ productivity,
decreases the time nurses’ are able to spend with their
patients, and increase the risks for workplace hazards and
accidents.

[0011] Further, having a separate radiometer, transcutane-
ous bilirubin reader, and phototherapy light may also pro-
long patient treatment times and, consequently, hospital
stays and hospital and patient costs. When a radiometer
cannot be readily accessed for a patient, the patient may fail
to achieve optimal therapy for a period of up to a day. For
example, if nurses work twelve-hour shifts and one nurse is
able to check the light intensity/irradiance early in his/her
shift, but the following nurse is not able to check the light
intensity/irradiance until the end of his/her shift, then the
patient’s light irradiance levels remain unmonitored for the
vast majority of a day. For that amount of time the light
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intensity/irradiance is unknown and may not be achieving
optimal therapy. The more time the patient receives sub-
optimal therapy, the longer time the patient spends under the
phototherapy lights.

[0012] In embodiments described herein, the light source,
radiometer, and bilirubin reader are integrated with the
phototherapy apparatus.

[0013] In one embodiment, a method for administering
phototherapy to treat newborn jaundice in a patient using a
phototherapy system comprises: positioning the patient to
receive phototherapy from a bili light, which can include an
overhead light source, blanket, mat, or any other light
source; determining an initial distance between the patient
and the bili light; determining a desired level of bilirubin in
the patient; inputting the initial distance and the desired level
of bilirubin into a user interface of the phototherapy system;
delivering phototherapy light to a patient; and measuring
irradiance with a radiometer, the radiometer being integrated
with the phototherapy apparatus. The phototherapy light can
be set to delivery phototherapy at a desired initial range, for
instance 30 to 50 microwatts, or any other range selected by
the user. The user can also set a floor or ceiling for
irradiance. For example, the user can set a floor of 30
microwatts so that irradiance never falls below that amount.
A notification can be generated if irradiance does fall below
that amount or feedback to the light source can automati-
cally adjust the light to increase irradiance. Likewise, a
ceiling can be set such that by the same principle the light
is automatically dimmed or a notification is generated if too
high an irradiance is detected. As described in more detail
below, a potentiometer can be used to increase or decrease
irradiance, automatically or responsive to user input.
[0014] In one feature, a transcutaneous bilirubin sensor is
attached to the patient. The transcutaneous bilirubin sensor
is integrated with the phototherapy apparatus as well. The
sensor can be used to monitor the bilirubin level of the
patient before, during, and/or after phototherapy treatment.
The transcutaneous bilirubin sensor can be set to continu-
ously or intermittently provide readings. For example, the
sensor can be set to provide data every hour, two hours, or
any other time increment selected by a user. This data can be
displayed in a number of ways. For example, it can be
automatically uploaded and displayed with the patient’s
electronic healthcare records. This way, the data can be
monitored from a separate computing device. The bilirubin
reader can also send data to the radiometer, where it can be
displayed on the radiometer’s display. In embodiments, data
from the transcutaneous bilirubin reader can be displayed on
a display of the light source. In embodiments, the transcu-
taneous bilirubin sensor can further include a temperature
sensor to provide the patient’s temperature. In embodiments,
the transcutaneous bilirubin sensor can further provide an
indication of the distance between the patient and the light
source.

[0015] In another feature, a therapy completed signal or
notification is received from the user interface; and, if the
phototherapy system has an automatic shutoff option
enabled, the bili light is confirmed to be off, otherwise, the
bili light is shut off.

[0016] In another feature, a check distance signal is
received from the user interface; a second distance between
the patient and the bili light is determined; the initial
distance is compared to the second distance; and, if the
second distance is greater than the first distance, the patient
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or the bili light is repositioned so that the patient and the bili
light are closer together, otherwise, the patient or the bili
light is repositioned so that the patient and the bili light are
farther apart.

[0017] In another feature, a low irradiance signal is
received from the user interface; and a potentiometer is
adjusted to increase intensity of the bili light.

[0018] In another feature, a low irradiance signal is
received from the user interface, for example based on the
preset value input by the user; and the patient or the bili light
is repositioned so that the patient and the bili light are closer
together. In another embodiment, a computer-implemented
method for administering phototherapy to treat newborn
jaundice in a patient using a phototherapy system comprises:
generating an interactive user interface; receiving a shutoff
input relating to an automatic shutoff option via the inter-
active user interface, wherein the shutoff'input is either an on
input or an off input; receiving a desired level of irradiance
for the patient via the interactive user interface; turning on
a bili light via a bili light controller; and receiving a
measured irradiance level from a radiometer, the radiometer
being integrated with the phototherapy system, and the
transcutaneous bilirubin reader being integrated with the
phototherapy system as well. Data from the bilirubin reader
can further be displayed via the interactive user interface.
[0019] In one feature, a desired level of bilirubin in the
patient is received via the interactive user interface; a
measured bilirubin level is received from a transcutaneous
bilirubin sensor; the measured bilirubin level is compared to
the desired bilirubin level; and if the measured bilirubin
level is less than or equal to the desired bilirubin level: a
therapy completed signal is generated, and if the shutoff
input is an on input, the bili light is shut off.

[0020] In another feature, an initial distance between the
patient and the bili light is received via the interactive user
interface; an intensity of the bili light is received from the
bili light controller; a second distance between the patient
and the bili light is calculated, based at least in part on the
intensity of the bili light and the measured irradiance level;
and if the calculated second distance is different from the
initial distance, a check distance signal is generated. In
another feature, a potentiometer is adjusted via a potenti-
ometer controller to increase the intensity of the bili light if
the second distance is greater than the initial distance;
otherwise, a potentiometer is adjusted via a potentiometer
controller to decrease the intensity of the bili light. This
adjustment process can be fully automated via the feedback
provided from the radiometer and the bilirubin reader, or this
process can be manual and fully controlled by a user. In
embodiments, the automated process can be overwritten by
a user.

[0021] In another feature, the measured irradiance level is
compared to the desired irradiance level, and if the measured
irradiance level is different from the desired irradiance level,
a check light signal is generated. In another feature, a
potentiometer is adjusted via a potentiometer controller to
increase the intensity of the bili light if the measured
irradiance level is less than the desired irradiance level;
otherwise, a potentiometer is adjusted via a potentiometer
controller to decrease the intensity of the bili light.

[0022] In another embodiment, a phototherapy apparatus
comprises: a bili light integrated with the apparatus, wherein
the bili light is configured to deliver phototherapy to a
patient; a radiometer integrated with the apparatus, wherein
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the radiometer is configured to measure irradiance; a con-
troller electrically connected to the bili light and to the
radiometer, wherein the controller is configured to: receive
measured irradiance values from the radiometer, receive an
intensity level setting from the bili light, send signals to the
bili light to turn on the bili light, and send signals to the bili
light to shut off the bili light. The controller can further be
configured to receive values indicating bilirubin levels form
a transcutaneous bilirubin reader, which is also integrated
with the phototherapy apparatus. This can further result in
sending signals to the bili light to increase or decrease
intensity levels or start and stop phototherapy altogether. In
embodiments, the transcutaneous bilirubin sensor that is
placed on the patient’s skin can wirelessly communicate
with other aspects of the phototherapy system. For example,
a transcutaneous bilirubin sensor patch on the patient’s skin
can send bilirubin levels to the light source or radiometer for
display on their respective display screens.

[0023] In one feature, the radiometer is integrated with the
phototherapy apparatus via a fixed connection. In another
feature, the radiometer is integrated with the phototherapy
apparatus via an extendible cord. In another feature, the
radiometer is integrated with the phototherapy apparatus via
a wireless communication path or via any other communi-
cations means, such as Bluetooth, USB, or other electrical or
electromechanical connectors.

[0024] In another feature, a potentiometer is integrated
with the apparatus, wherein the potentiometer is configured
to adjust the intensity level setting of the bili light; and the
controller is further electrically connected to the potentiom-
eter and configured to send signals to the potentiometer to
adjust the intensity level setting of the bili light. As noted,
the potentiometer can be configured to automatically adjust
intensity levels based on feedback from the radiometer
and/or the transcutaneous bilirubin reader.

[0025] In another feature, a digital display is configured to
display the measured light irradiance, and display a time
period that the bili light has been in operation. For example,
the total treatment time for a specific patient can be dis-
played, as well as the total time the phototherapy system
itself has been and used. The digital display can further
display the current date and time, when therapy was started
and stopped, patient temperature, bilirubin levels from the
bilirubin sensor, all input settings e.g. irradiance values or
range of values, intensity readings, and additional data. Total
therapy time can also be calculated, for example by noting
the start of therapy and keeping track of total off times,
which can then be subtracted from the time elapsed since the
start of therapy.

[0026] In another feature, a first logical memory address is
configured to store a target irradiance level; a second logical
memory address is configured to store a measured irradiance
value; and the controller is further configured to send a
check light signal when the measured irradiance value drops
below the target irradiance level.

[0027] In another feature, a bilirubin sensor is integrated
with the apparatus, wherein the bilirubin sensor is config-
ured to measure bilirubin level of the patient. In another
feature, a first logical memory address is configured to store
a target bilirubin level; a second logical memory address is
configured to store a measured bilirubin level; and the
controller is further configured to send a therapy complete
signal when the measured bilirubin level is less than or equal
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to the target bilirubin level. In another feature, the therapy
complete signal is sent to the bili light and shuts off the bili
light.

[0028] In another feature, a first logical memory address is
configured to store an initial distance between the patient
and the bili light; a second logical memory address is
configured to store the intensity level setting of the bili light;
a third logical memory address is configured to store a
measured irradiance value; and the controller is further
configured to calculate a second distance between the patient
and the bili light based at least in part on the intensity level
setting of the bili light and the measured irradiance value,
and to send a check distance signal if the calculated second
distance is different from the initial distance.

[0029] In another feature, a timer is configured to record
an elapsed phototherapy time period. In embodiments, the
initial start time can be logged, and the timer can keep track
of every time phototherapy is stopped. The total time off can
be subtracted from the time since therapy initially began to
provide an overall total of actual therapy time. In another
feature, a memory is configured to store a target photo-
therapy time period; and the controller is further configured
to send a time complete signal when the elapsed photo-
therapy time period reaches the target phototherapy time
period. In another feature, the time complete signal is sent to
the bili light and shuts off the bili light, if the automated
shutoff option is enabled. In embodiments, a notification can
be sent and a user can manually shut off the bili light if
desired. In embodiments, a combination of automated and
manual control can be provided, for the shutoff feature or
any other feature. For example, an automated shutoff can be
initiated, but this can be overwritten manually by a user.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Some embodiments are depicted in the accompa-
nying drawings for illustrative purposes, and should in no
way be interpreted as limiting the scope of the inventions
described herein. In addition, various features of different
disclosed embodiments can be combined to form additional
embodiments, which are part of this disclosure. Any feature
or structure can be removed or omitted. Throughout the
drawings, reference numbers may be reused to indicate
correspondence between reference elements.

[0031] FIG. 1 is a flow chart illustrating a method for
administering phototherapy according to embodiments;

[0032] FIG. 2 is a flow chart illustrating a method for
administering phototherapy according to embodiments;

[0033] FIG. 3 is a representation of an integrated photo-
therapy apparatus according to embodiments;

[0034] FIG. 4 is a representation of a radiometer according
to embodiments;

[0035] FIG. 5 is a representation of a transcutaneous
bilirubin reader according to embodiments;

[0036] FIG. 6 is a representation of a sensor or a transcu-
taneous bilirubin reader, including a substantially opaque
covering, according to certain embodiment of the present
technology; and

[0037] FIG. 7 is a representation of a radiometer entering
a docking station of a phototherapy apparatus according to
embodiments.



US 2018/0243583 Al

DETAILED DESCRIPTION

[0038] Although certain embodiments and examples are
disclosed herein, inventive subject matter extends beyond
the examples in the specifically disclosed embodiments to
other alternative embodiments and/or uses, and to modifi-
cations and equivalents thereof. Thus, the scope of the
claims appended hereto is not limited by any of the particu-
lar embodiments described below. For example, in any
method or process disclosed herein, the acts or operations of
the method or process may be performed in any suitable
sequence and are not necessarily limited to any particular
disclosed sequence. Various operations may be described as
multiple discrete operations in turn, in a manner that may be
helpful in understanding certain embodiments; however, the
order of description should not be construed to imply that
these operations are order dependent, unless specifically
stated. Additionally, the structures, systems, and/or devices
described herein may be embodied as integrated components
or as separate components, if not specifically defined in a
certain manner. For purposes of comparing various embodi-
ments, certain aspects and advantages of these embodiments
are described. Not necessarily all such aspects or advantages
are achieved by any particular embodiment. Thus, for
example, various embodiments may be carried out in a
manner that achieves or optimizes one advantage or group of
advantages as taught herein without necessarily achieving
other aspects or advantages as may also be taught or
suggested herein.

[0039] FIG. 1 is a flow chart illustrating a method a
method for administering phototherapy to treat newborn
jaundice in a patient using a phototherapy system. In step
101, a patient is positioned to receive phototherapy from a
bili light. In step 102, an initial distance between the patient
and the bili light is determined. In step 103, a desired level
of bilirubin in the patient is determined. In step 104, the
initial distance and the desired level of bilirubin are input
into a user interface of the phototherapy system. In step 105,
phototherapy light is delivered to a patient. In step 106,
irradiance is measured with a radiometer, where the radi-
ometer is integrated with the phototherapy apparatus. That
is, the radiometer can be physically placed within a dock in
the phototherapy apparatus, as described more thoroughly
with respect to FIG. 6 below. In step 107, bilirubin level and
temperature can be measured with a transcutaneous bilirubin
reader/sensor, the transcutaneous bilirubin reader being inte-
grated with the phototherapy system. At step 108, a deter-
mination can be made if irradiance is within a preset range.
If so, phototherapy can continue being provided 110 accord-
ing to the current settings. If not, phototherapy can be
adjusted, automatically in certain embodiments, via a poten-
tiometer to provide phototherapy within preset irradiance
levels 109.

[0040] FIG. 2 is a flow chart illustrating a computer-
implemented method for administering phototherapy to treat
newborn jaundice in a patient using a phototherapy system.
In step 201, an interactive user interface is displayed on, e.g.,
a display screen associated with the phototherapy system. In
some embodiments, the display screen comprises a display
that is integrated with the phototherapy system. That is, the
display can be integrated with the light source, but the same
data can be displayed or mirrored at separate computing
devices or stations. In certain embodiments, the display
screen is a mobile device display, wherein the mobile device
is carried by a nurse, physician, or other healthcare provider.
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In step 202, a shutoff input relating to an automatic shutoff
option is received via the interactive user interface. The
shutoff input can be either an on input or an off input. In step
203, a desired level of irradiance for the patient is received
via the interactive user interface. In step 204, a bili light is
turned on via a bili light controller. In step 205, a measured
irradiance level is received from a radiometer, the radiom-
eter being integrated with the phototherapy system. In step
206, bilirubin level and temperature can be measured with a
transcutaneous bilirubin reader/sensor, the transcutaneous
bilirubin reader being integrated with the phototherapy
system. At step 207, a determination can be made if irradi-
ance is within a preset range. If so, phototherapy can
continue being provided 209 according to the current set-
tings. If not, phototherapy can be adjusted, automatically in
certain embodiments, via a potentiometer to provide photo-
therapy within preset irradiance levels 208.

[0041] FIG. 3 is a representation of an integrated photo-
therapy apparatus. The light source 302 is integrated with
the phototherapy apparatus 301, and the radiometer 303 is
integrated with the phototherapy apparatus. The transcuta-
neous bilirubin reader 304 can further be integrated with the
phototherapy apparatus 301. In some embodiments the light
source is overhead of the patient. In embodiments, the
phototherapy apparatus can include a dedicated display 306.

[0042] In some embodiments the light source is in a
blanket. The light source can have the capability of deliv-
ering single, double, or triple phototherapy. For example, in
embodiments, the light source can be an overhead light that
includes multiple sets of lights, wherein each set itself
includes one or more lights. Thus, in embodiments, the light
source can include a tray of three sets of lights, and
phototherapy settings can include the optional use of one,
two, or all three sets of lights, which respectively can be
denoted as single, double, and triple phototherapy. The light
source can also have the capability of delivering different
light spectrum wavelengths and/or ranges of wavelengths. In
some embodiments the light source is one or more light
emitting diodes. Although the radiometer and transcutane-
ous bilirubin reader are integrated with the phototherapy
apparatus, in embodiments the radiometer and transcutane-
ous bilirubin reader can be used with other light sources that
do not have their own associated integrated equipment. For
example, a radiometer or bilirubin sensor can be used to
provide data from a patient that is exposed to light from a
standalone light source. A toggle switch, program buttons, a
scannable code, or other means can be used to indicate to the
control unit that the bilirubin reader and radiometer are
providing data from a second light source, which could even
be associated with a separate patient. The user will be able
to specify that the second light source is being provided and
that, for example, the readings are coming from a different
light source and/or patient.

[0043] FIG. 41isa representation of an example radiometer
that is integrated with the phototherapy device. The radi-
ometer 401 has a stretchable cord 402 to allow for needed
extension, a digital display 403, user interface elements,
such as, for example, buttons 404, and sensor 405. The
stretchable cord 402 can be replaced, in embodiments, with
aretractable cable, which would also allow for data transfer.
In embodiments, the radiometer sensor 405 could wirelessly
transmit data to the radiometer 401, such that there is no
physical connection between the radiometer sensor 405 and
the radiometer 401. If wireless, the radiometer sensor 405
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can be stored in the radiometer 401 when not in use. It can
also be magnetically attached, or integrated with the light
source. A notification can be provided if the wireless radi-
ometer sensor is not returned to the radiometer after a certain
time period, or if the wireless radiometer sensor is too far
away from the radiometer. The radiometer 401 can be
configured to collect data continuously or intermittently. If
collection is intermittent, the user can specify the intervals
of data collection.

[0044] In some embodiments, the radiometer 401 is con-
nected to the phototherapy apparatus, and the radiometer
sensor 405 is integrated with the phototherapy apparatus via
an extendible or stretchable cord 402. In some embodiments
the radiometer is integrated with the phototherapy apparatus
via an extendible or stretchable cord. In some embodiments,
the radiometer can be built-in or fixed to the phototherapy
apparatus. In some embodiments, the radiometer can be
miniaturized. The radiometer can measure irradiance of light
from different wavelengths of the light spectrum, which can
correspond to different colors of light. The radiometer can
also measure irradiance from different types of light sources,
such as mats, blankets or overhead lights, and can switch
between light sources, such as with a toggle switch as
described more thoroughly above.

[0045] The digital display 403 can display date and time,
date and time therapy started. type of therapy (e.g., single,
double, or triple), running total of current therapy, start new
treatment feature (initial set-up and choose settings/therapy),
end of treatment feature (displays the settings/therapy used,
start date/time through end date/time and total hours/length
of treatment), re-set feature to clear settings and put unit
away or begin new therapy/treatment, light intensity/irradi-
ance readings, the wavelength range of the light, total
microwatts delivered, microwatts delivered for different
wavelength ranges. running total of current therapy times for
different wavelength ranges, total number of hours product
has been in use, for example using a sensor within or under
the light tray (to track the life of the lights and how many
hours are left before the lights need replacement per manu-
facturer recommendations), and/or date last calibrated (to
track and maintain equipment per manufacturer recommen-
dations). In embodiments, all componerts will be capable of
being removed, reset, calibrated, and serviced independently
of one another.

[0046] While the display is illustrated as integrated with
the radiometer, the skilled artisan will appreciate that the
display can be separate from the radiometer while remaining
a component of the phototherapy apparatus. In some
embodiments, the radiometer has a memory system and a
display system that will be able to display the last few light
irradiance readings, light wavelength ranges, total
microwatts delivered, microwatts delivered for different
wavelength ranges, date and time, the total number of hours
the product has been in use (to track the life of the lights and
how many hours are left before the lights need replacement
per manufacturer recommendations), and/or the total num-
ber of hours the product has been in use per patient/treatment
(to track length/hours of treatment used). The radiometer can
also measure and display readings from other light sources
or phototherapy equipment, and can keep track of the
equipment and data associated with individual patients. In
some embodiments, the radiometer will function similar the
odometer of a car where it will keep track of your total
mileage on your car as well as miles per “trip”—the radi-
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ometer will keep track of total hours the product has been in
use per patient as well as hours per treatment.

[0047] In some embodiments, the radiometer has user
interface elements, such as, for example, buttons 404,
capacitive touch sensors, switches, touchscreen controls,
and/or a communications interface for receiving user input
from a personal mobile device, another electronic device,
and/or a separate control panel. In some embodiments, the
radiometer has three user interface elements. For example,
in some embodiments, a button can be pressed to reset the
display for the number of hours per treatment, for example,
for the initiation of a new treatment. This is similar to the
odometer analogy of pressing a button to start the mileage at
zero to measure the distance of a particular trip so that the
total miles it takes for that trip will be known at the
completion of the trip, and the button can be pressed again
to reset it back to zero and start a new trip. In some
embodiments, a button can be pressed to reset the display for
the number of hours per patient, for example for the initia-
tion of a new patient. The interactive user interface will also
allow a user to view all current and past settings on demand.
[0048] In some embodiments one or more buttons change
the settings of the radiometer and/or the light source. In
some embodiments the buttons cause the display to show
different types of data. In some embodiments the buttons
cause the retrieval of different types of data.

[0049] In some embodiments, the phototherapy apparatus
has a potentiometer. Through the push of a button, one can
adjust the light intensity/irradiance to increase light inten-
sity, decrease light intensity, or have it set for the standard
manufacturer setting. This potentiometer can be analogous
to a light dimmer switch in a house that allows one to
achieve the exact amount of light desired, and it can be fully
automated or manual.

[0050] In some embodiments, the radiometer can have a
blinking “low” notification, when light irradiance is mea-
sured, if the optimal light irradiance is not being achieved
(for example, less than 30 microwatts/cm?). This notification
can allow for the appropriate intervention, for example,
adjusting the light to be closer to the patient, increasing the
potentiometer to deliver more intensity/irradiance, or having
the unit inspected by clinical engineering.

[0051] In some embodiments, the radiometer can have a
backup battery system. In some embodiments, the radiom-
eter can have an electrical connection or prongs to connect
directly with the phototherapy light or to the associated
control unit. The connection can be through any means, such
as USB, Bluetooth, or electrical cable, to name a few
examples.

[0052] FIG. 5 shows a transcutaneous bilirubin reader 501
with a sensor/probe 502, according to some embodiments. In
some embodiments the skin around the sensor/probe 502,
and in some cases the probe itself, is covered by a light
opaque adhesive covering 503 (shown in FIG. 6), such as an
appropriate sticker, to protect the area of skin from receiving
light. The transcutaneous bilirubin reader can detect current
bilirubin level, temperature, and the distance between the
patient and the light source. In some embodiments, the
transcutaneous bilirubin reader is integrated with a sensor
that can detect distance from the bili light. In embodiments,
the sensor/probe 502 is placed on a patient in a location that
receives a minimal amount of direct light from the light
source. The location can include the patient’s side or an area
near the patient’s armpit. In embodiments, the sensor/probe
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502 is attached to the patient’s skin via an adhesive, such as
an opaque sticker. An opaque sticker or other opaque cov-
ering 503 over the sensor/probe 502 and surrounding skin
prevents light from reaching the area of the skin from which
the sensor/probe 502 draws readings. That way, the sensor/
probe 502 can read bilirubin levels from the patient’s
non-exposed skin. The opaque sticker can be removed and
replaced as needed with the light turned off, though the
underlying probe does not necessarily need to be replaced.
In embodiments, a plug 504 on the transcutaneous bilirubin
sensor 501 can be used to integrate the transcutaneous
bilirubin sensor with the phototherapy apparatus.

[0053] FIG. 7 illustrates the integration of a radiometer
602 with a phototherapy apparatus 606. In embodiments, the
phototherapy apparatus 606 includes a docking station 604
to receiver the radiometer 602. In embodiments, the docking
station 604 is configured to hold the radiometer 602 with a
“cup and cup holder” fit. In embodiments, the docking
station 604 and radiometer 602 can include one or more
connections to hold the radiometer 602 in place. For
example, the docking station 604 can hold the radiometer
602 such that in the absence of connections, the radiometer
602 would fall. For instance, the connections can comprise
corresponding magnets that hold a surface of the radiometer
602 against a surface of the docking station 604. In embodi-
ments, the connections, such as magnets, can be used along
with the cup holder embodiment, such that the connections
reinforce the position of the radiometer 602 in the docking
station 604. In embodiments, the one or more connections
can include a universal serial bus (USB) connection. Like-
wise, the transcutaneous bilirubin reader 612 can be con-
nected to the phototherapy apparatus 606 through any num-
ber of means, including for example those means discussed
with respect to the connection between the radiometer 602
and the phototherapy apparatus 606.

[0054] For example, FIG. 7 illustrates an embodiment in
which the docking station 604 includes a USB plug 608 and
the radiometer 602 includes a USB receptacle 610. The
radiometer 602 can be placed into the docking station 604
such that the USB receptacle 610 on the radiometer 602
receives the USB plug 608 in the docking station 604. The
USB connection can allow for power and data transfer
between the phototherapy apparatus 606 and its control unit
or system and the radiometer 602, which can allow for data
from all sources to be uploaded to the electronic healthcare
records system. For instance, the radiometer 602 can be
charged via the USB connection and also relay irradiance
data to the control system of the phototherapy apparatus 606.
[0055] Other connections can be used to achieve these
tasks in various embodiments. For example, other standard
electrical connectors can be used for power or data transfer
or custom connectors can be implemented. In embodiments,
wireless charging can be achieved when the radiometer 602
is placed in the docking station 604. Likewise, data can be
wirelessly transmitted from the radiometer 602. Mechanical
connectors can be used in various embodiments. For
example, the docking station 604 can comprise a bracket that
holds the radiometer 602 in place.

[0056] In some embodiments, the phototherapy apparatus
has a memory chip/system for storing values in logical
memory addresses. Stored values can include patient data,
phototherapy prescription information, current bilirubin
level, target bilirubin level, bili light intensity level, current
irradiance, target irradiance, other values relevant to photo-
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therapy treatment, and/or a combination of values. In
embodiments, the phototherapy apparatus 606 can include a
dedicated display 614 for displaying these and other values.
The dedicated display 614 can further allow for user input to
control the phototherapy apparatus 606 and/or its various
components.

[0057] In some embodiments, the apparatus has a control
system. The control system can be built into the light source
housing or can be positioned separately, for instance in a
separate computing device. The control system can be
configured with automatic features. Upon initiation of pho-
totherapy, the user can input data such as distance of patient
from light, intensity level, irradiance level, light spectrum
wavelengths, total microwatts delivered, microwatts deliv-
ered for different wavelength ranges, and/or desired biliru-
bin levels to be achieved (based, for example, on gestational
age and/or physician orders).

[0058] In some embodiments, the control system is con-
figured to utilize a feedback system with the radiometer
and/or transcutaneous bilirubin reader. The radiometer and/
or transcutaneous bilirubin reader (including the bilirubin
sensor and the sensor that can detect distance from the bili
light) can send data regarding irradiance, bilirubin levels,
and/or distance the patient is away from the light to the
control system. The control system can automatically initi-
ate a signal and/or notification and specify “check distance”
on a display screen if the distance from patient has changed
from the desired/set distance that was input (for example, if
a component of the apparatus gets knocked out of place,
etc.). If the light irradiance reaching the patient falls below
a desired number, the control system can automatically
adjust the potentiometer to increase the light intensity/
irradiance to the necessary level to achieve the desired
number. The control system can accept an input of a desired
range for the irradiance (for example, 30-50 microwatts/
em?), and the control system can decrease the potentiometer
to function within the desired range.

[0059] In some embodiments, the control system can,
based on feedback from the feedback system, send a
“therapy completed” signal and/or notification once the
desired/set bilirubin levels and/or phototherapy treatment
time are achieved. Such a feature can prevent unnecessary
treatment time. In some embodiments, the control system
can automatically shut off the phototherapy lights and/or the
apparatus. For example, when the “therapy completed”
notification is triggered, the lights will shut off (and the
shut-off time can be stored) but the “therapy completed”
notification will continue until addressed by the healthcare
provider or nurse. In some embodiments, the automatic shut
off is an option that can be selected. For example, there can
be orders from a physician to select the automatic shut-off
option and additional orders for the healthcare provider or
nurse to draw any follow-up lab work.

[0060] Any one of these features of a control system (e.g,,
notification or automatic adjustment), can be implemented
alone, manually, or in combination.

[0061] In some embodiments, the apparatus can be fully
automated and programmed/formatted to any electronic
healthcare records software, whether via cable/cord, remote
or wireless/bluetooth connection. From this, data can be
automatically “pulled in” directly to the patients charting/
documentation. That is, all gathered data can be aggregated
and compiled for use with any electronic healthcare records
software. Such data can include the unit number used,
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therapy used/settings, duration (start/stop times as well as
total running therapy time), light intensity readings, etc. In
embodiments, the phototherapy apparatus can be in com-
munication with a scanner, for example via the electronic
healthcare records system. The scanner can scan a patient’s
wristband or chart to retrieve data associated with the
patient, and the scanner can scan the phototherapy unit and
associated equipment to upload data from these sources as
well. This can associate, for example, a particular light
source with a particular patient. In embodiments, this data
can be used by the control system of the phototherapy
apparatus to automatically set up an initial treatment regi-
men. In embodiments, the pairings of particular photo-
therapy apparatuses with particular patients can be logged,
such that a returning patient can be matched to the same
phototherapy apparatus previously used, which may be
helpful given possible variations between pieces of equip-
ment.

[0062] In some embodiments, the apparatus has a timer.
The timer can detect and keep track (e.g., date/time/dura-
tion) of every time the phototherapy lights are turned off
during treatment (to let the parent hold or feed infant, to
change protective eyewear, to start IV, etc.) and then
resumed, and automatically pulls that data into documenta-
tion/charting, where a nurse can then document comments.
The control system can automatically subtract these “off”
times from the running total of the treatment time so that a
“true number” of how long the lights have actually been on
the patient is tracked.

[0063] In some embodiments, all components (including
the phototherapy light, unit, radiometer, bilirubin reader,
and/or timer) can be removed, reset, calibrated and serviced
independently. In some embodiments, each phototherapy
unit has a unit number assigned to all components.

[0064] In general, the word “module,” as used herein, is
used in its broad and ordinary sense and refers, for example,
to logic embodied in hardware or firmware, or to a collection
of software instructions, possibly having entry and exit
points, written in a programming language, such as, for
example, Java, C or C++. A software module may be
compiled and linked into an executable program, installed in
a dynamic link library, or may be written in an interpreted
programming language such as, for example, BASIC, Per],
or Python. It will be appreciated that software modules may
be callable from other modules or from themselves, and/or
may be invoked in response to detected events or interrupts.
Software instructions may be embedded in firmware, such as
an EPROM. It will be further appreciated that hardware
modules may be comprised of connected logic units, such as
gates and flip-flops, and/or may be comprised of program-
mable units, such as programmable gate arrays, application-
specific circuits, or hardware processors. The modules
described herein are preferably implemented as software
modules, but may be represented in hardware or firmware.
Generally, the modules described herein refer to logical
modules that may be combined with other modules or
divided into sub-modules despite their physical organization
or storage.

[0065] The various illustrative logical blocks, modules,
data structures, algorithms, equations, and processes
described herein may be implemented as electronic hard-
ware, computer software, or combinations of both. To
clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules,
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and states have been described above generally in terms of
their functionality. However, while the various modules are
illustrated separately, they may share some or all of the same
underlying logic or code. Certain of the logical blocks,
modules, and processes described herein may instead be
implemented monolithically.

[0066] The various illustrative logical blocks, modules,
data structures, and processes described herein may be
implemented or performed by a machine, such as a com-
puter, a processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a filed pro-
grammable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to per-
form the functions described herein. A processor may be a
microprocessor, a controller, a microcontroller, a state
machine, combinations of the same, or the like. A processor
may also be implemented as a combination of computing
devices—for example, a combination of a DSP and a micro-
processor, a plurality of microprocessors or processor cores,
one or more graphics or stream processors, one or more
microprocessors in conjunction with a DSP, or any other
such configuration.

[0067] The blocks or states of the processes described
herein may be embodied directly in hardware or firmware,
in a software module executed by a hardware processor, or
in a combination of the two. For example, each of the
processes described above may also be embodied in, and
fully automated by, software modules executed by one or
more machines such as computers or computer processors.
A module may reside in a non-transitory computer-readable
storage medium such as RAM memory, flash memory, ROM
memory, EPROM memory, EEPROM memory, registers, a
hard disk, a removable disk, an optical storage disk, memory
capable of storing firmware, or any other form of computer-
readable storage medium. An exemplary computer-readable
storage medium can be coupled to a processor such that the
processor can read information from, and write information
to, the computer readable storage medium. In the alternative,
the computer-readable storage medium may be integral to
the processor. The processor and the computer-readable
storage medium may reside in an ASIC. Hardware compo-
nents may communicate with other components via wired or
wireless communication networks such as, e.g., the Internet,
a wide area network, a local area network, or some other
type of network.

[0068] Depending on the embodiment, certain acts,
events, or functions of any of the processes or algorithms
described herein can be performed in a different sequence,
may be added, merged, or left out altogether. Thus, in certain
embodiments, not all described acts or events are necessary
for the practice of the processes. Moreover, in certain
embodiments, acts or events may be performed concur-
rently, e.g., through multi-threaded processing, interrupt
processing, or via multiple processors or processor cores,
rather than sequentially.

[0069] Conditional language used herein, such as, among
others, “can,” “could,” “might,” “may,” “e.g.,” and the like,
unless specifically stated otherwise, or otherwise understood
within the context as used, is intended in its ordinary sense
and is generally intended to convey that certain embodi-
ments include, while other embodiments do not include,
certain features, elements and/or steps. Thus, such condi-
tional language is not generally intended to imply that
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features, elements and/or steps are in any way required for
one or more embodiments or that one or more embodiments
necessarily include logic for deciding, with or without
author input or prompting, whether these features, elements
and/or steps are included or are to be performed in any
particular embodiment. The terms “comprising.” “includ-
ing,” “having,” and the like are synonymous, are used in
their ordinary sense, and are used inclusively, in an open-
ended fashion, and do not exclude additional elements,
features, acts, operations, and so forth. Also, the term “or”
is used in its inclusive sense (and not in its exclusive sense)
so that when used, for example, to connect a list of elements,
the term “or” means one, some, or all of the elements in the
list. Conjunctive language such as the phrase “at least one of
X, Y and Z,” unless specifically stated otherwise, is under-
stood with the context as used in general to convey that an
item, term, element, etc. may be either X, Y or Z. Thus, such
conjunctive language is not generally intended to imply that
certain embodiments require at least one of X, at least one
of Y and at least one of Z to each be present.

[0070] It should be appreciated that in the above descrip-
tion of embodiments, various features are sometimes
grouped together in a single embodiment, figure, or descrip-
tion thereof for the purpose of streamlining the disclosure
and aiding in the understanding of one or more of'the various
inventive aspects. This method of disclosure, however, is not
to be interpreted as reflecting an intention that any claim
require more features than are expressly recited in that
claim. Moreover, any components, features, or steps illus-
trated and/or described in a particular embodiment herein
can be applied to or used with any other embodiment(s).
Further, no component, feature, step, or group of compo-
nents, features, or steps are necessary or indispensable for
each embodiment. Thus, it is intended that the scope of the
inventions herein disclosed and claimed below should not be
limited by the particular embodiments described above, but
should be determined only by a fair reading of the claims
that follow.

What is claimed is:

1. A bilirubin reader for use in a phototherapy system,
comprising:

a sensor for placement adjacent the skin of a patient that

measures one or more parameters in the patient;

a substantially opaque covering positioned over skin of
the patient adjacent the sensor to reduce or eliminate
exposure of the sensor to light.

2. The bilirubin reader of claim 1, wherein the photo-
therapy system includes a processor, and wherein the sensor
monitors the one or more parameters continuously and
transmits data associated with the one or more parameters to
the processor.

3. The bilirubin reader of claim 1, wherein the photo-
therapy system includes a processor, and wherein the sensor
monitors the one or more parameters intermittently and
transmits data associated with the one or more parameters to
the processor.

4. The bilirubin reader of claim 3, wherein the sensor
monitors the one or more parameters hourly.
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5. The bilirubin reader of claim 3, wherein the sensor
monitors the one or more parameters every two hours.

6. The bilirubin reader of claim 1, wherein the one or more
parameters is selected from a group consisting of bilirubin
levels, temperature, and irradiance.

7. The bilirubin reader of claim 1, wherein the sensor
identifies and transmits data associated with the distance
between the patient and a light source.

8. The bilirubin reader of claim 2, wherein the sensor
transmits data to the processor wirelessly.

9. The bilirubin reader of claim 1, wherein the opaque
covering adheres to the skin of the patient to maintain the
position of the sensor relative to the patient.

10. The bilirubin reader of claim 1, wherein the opaque
covering is removable and replaceable independent of the
Sensor.

11. A method of monitoring a patient using a phototherapy
system, the method comprising the steps of:

a) attaching a sensor to the patient to monitor one or more

parameters of the patient;

b) covering the skin of the patient adjacent the sensor with
a substantially opaque covering to reduce or eliminate
exposure of the sensor to a light source;

¢) collecting and transmitting data associated with the one
or more parameters to a processor.

12. The method of claim 11, further comprising display-

ing the data on a graphical user interface.

13. The method of claim 11, wherein step b) further
comprises adhering the substantially opaque covering to the
patient to help maintain the position of the sensor relative to
the patient.

14. The method of claim 11, wherein step c¢) further
comprises collecting and transmitting data associated with at
least one of bilirubin levels, temperature, or irradiance.

15. The method of claim 11, wherein step ¢) further
comprises transmitting the data to the processor wirelessly.

16. The method of claim 11, further comprising replacing
the substantially opaque covering without removing the
sensor from the patient.

17. An integrated phototherapy system comprising;

a light source to transmit light to a patient;

a processor to receive data associated with predetermined

patient parameters;

a sensor for placement adjacent the skin of the patient to
collect data associated with the predetermined patient
parameter and transmit the data to the processor; and

a substantially opaque covering to reduce or eliminate
exposure of the skin of the patient to light.

18. The system of claim 17, wherein the sensor continu-

ously collects and transmits the data.

19. The system of claim 17, wherein the substantially
opaque covering is removable and replaceable while the
sensor remains adjacent the skin of the patient.

20. The system of claim 17, wherein the sensor transmits
the data to the processor wirelessly.
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