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ANALYSIS OF SKIN COLORATION

CLAIM OF PRIORITY

[0001] This application claims priority under 35 U.S.C.
§119(e) to U.S. Provisional Application Ser. No. 61/836,803,
filed on Jun. 19,2013, the entire contents of which are hereby
incorporated by reference.

TECHNICAL FIELD

[0002] This document relates to computer-based systems
and techniques for analyzing skin coloration using spectral
imaging techniques to determine a medical condition of an
individual. This document further relates to providing feed-
back to a rescuer or other medical professional based on the
colorimetric properties of the patient’s skin.

BACKGROUND

[0003] Various mechanisms are used by EMTs, rescuers,
and medical professionals to evaluate the degree of illness of
avictim or patient. One such mechanism is the modified early
warning score (MEWS). MEWS is based on data derived
from four physiological readings (systolic blood pressure,
heart rate, respiratory rate, and body temperature) and one
observation such as level of consciousness or a score based on
the alert, voice, pain, unresponsive (AVPU) scale. The result-
ing observations are compared to a normal range to generate
a single composite score. In addition, often medical profes-
sionals have a sense or intuition about when a patient will
crash and code. For example, an experienced nurse or medical
professional may be able to assess a patient’s condition based
on coloration of the patient.

SUMMARY

[0004] During treatment of a patient or victim preventing
delay in intervention or treatment as conditions change can
greatly increase the success of the treatment. However, it can
be difficult to identify patients who are in danger of deterio-
ration. Skin color (e.g., based on spectral reflectance) can
provide an important indicator of physiological state. Sys-
tems and methods described herein collect, monitor, and ana-
lyze reflectance/absorption data to determine changes in a
patient’s condition. The information gathered from the spec-
tral reflectance or absorption data can be used to signal when
a patient is experiencing decreased blood circulation (e.g., is
about to crash), decreased liver function, and/or other condi-
tions for which a medical professional should likely inter-
vene.

[0005] Incertain aspects, a computer-implemented method
includes obtaining color information based on an intensity of
light reflected primarily from the epidermis and dermal papil-
lae of an individual’s skin, analyzing the color information to
determine the colorimetric properties of the individual’s skin,
generating, from the analysis of the colorimetric properties of
the skin, a metric that provides data indicative of a medical
status of the individual, and providing, for display to a user, a
visual summary including the metric.

[0006] Embodiments can include one or more of the fol-
lowing.
[0007] The colorimetric properties can include coordinates

in a color space.

[0008] The color space can be a color space selected from
the group consisting of a Lab color space, a L*a*b* color
space, and a XYZ color space.
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[0009] The color space can be a color space having higher
dimensionality than three and having associated stimulus
functions.

[0010] The color space can be a quadrastimulus color
space.

[0011] The color space can be a pentastimulus color space.
[0012] The stimulus functions can include stimulus func-

tions configured to enhance detection of an underlying physi-
ologic state.

[0013] Theunderlying physiologic state can include detec-
tion of NAD and NADH.

[0014] Obtaining the color information can include obtain-
ing the color information from a device included in a wear-
able device comprising a lifevest or holter-like monitoring
product.

[0015] The method can also include sensing one or more
parameters including one or more of blood pressure, end tidal
carbon dioxide (EtC02), and blood oxygen saturation (Sp02),
wherein generating the metric comprises generating the met-
ric based on the analyzed colorimetric properties and the one
or more sensed parameters.

[0016] The method can also include obtaining baseline
colorimetric properties based on an intensity of light radiation
reflected from the individual’s skin.

[0017] Analyzing the colorimetric properties can include
comparing the obtained colorimetric properties with the
obtained baseline colorimetric properties to determine an
amount of change between the obtained colorimetric propet-
ties and the baseline colorimetric properties, comparing the
amount of change between the obtained colorimetric propet-
ties and the baseline colorimetric properties to a threshold,
and alerting the user when the amount of change exceeds the
threshold.

[0018] The method can also include updating the baseline
colorimetric properties upon determining that the change
between the obtained colorimetric properties and the baseline
colorimetric properties exceeds the threshold.

[0019] Themethod canalso include calculating a risk score
that provides a measure of the risk of an impending acute
medical event IAME).

[0020] Themethod canalso include calculating a risk score
that provides a measure of the risk of one or more of a cardiac
arrest, syncopal episode, traumatic arrest due to such causes
as internal bleeding, blunt force trauma, various causes of
hypovolemia and heart attack.

[0021] The method can also include providing a warning
based on the risk score exceeding an established threshold.
[0022] Obtaining the color information can include obtain-
ing baseline colorimetric properties based on an intensity of
light radiation reflected from the individual’s skin, applying a
stimulus configured to produce a change in the colorimetric
properties of the individual’s skin, and obtaining one or more
additional measurements of the colorimetric properties at
times selected to capture changes in the colorimetric propet-
ties of the individual’s skin based on the applied stimulus.
[0023] Analyzing the colorimetric properties can include
comparing the obtained colorimetric properties with the
obtained baseline colorimetric properties to determine an
amount of change between the obtained colorimetric proper-
ties and the baseline colorimetric properties in response to the
applied stimulus.

[0024] Applying the stimulus can include applying a pres-
sure to the individual’s skin.
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[0025] Applying the pressure to the individual’s skin can
include applying the pressure using an air filled bladder that
presses against the skin then releases.

[0026] Applying the stimulus can include providing an
audio stimulus.

[0027] Applying the stimulus can include stimulating skin
with electricity.

[0028] Applying the stimulus can include applying a stimu-
lus configured to generate a pain sensation.

[0029] Applying the stimulus can include providing audio
signal or voice generated signal configured to elicit a
response.

[0030] Obtaining the colorimetric properties can include
obtaining the colorimetric properties via a camera in a por-
table telephone.

[0031] The color information can be a spectra.

[0032] The spectra can be an absorption spectra for wave-
lengths between 500 and 600 nm.

[0033] The spectra can be a reflectance spectra for wave-
lengths between 500 and 600 nm.

[0034] The color information can be luminance informa-
tion for each of multiple colors.

[0035] The color information can be luminance informa-
tion for red, green and blue components collected by a charge-
coupled device (CCD).

[0036] In some aspects, a system for determining informa-
tion about a patient status based on colorimetric properties of
the individual’s skin includes a colorimeter configured to
obtain a color information based on an intensity of light
reflected primarily from the epidermis and dermal papillae of
an individual’s skin, a processor configured to analyze the
color information to determine the colorimetric properties of
the individual’s skin and generate, from the analysis of the
colorimetric properties of the skin, a metric that provides data
indicative of a medical status of the individual, and a display
device configured to display a visual summary including the
metric.

[0037] Embodiments can include one or more of the fol-
lowing.
[0038] The colorimetric properties can include coordinates

in a color space.

[0039] The color space can be a color space selected from
the group consisting of a Lab color space, a L*a*b* color
space, and a XYZ color space.

[0040] The color space can be a color space having higher
dimensionality than three and having associated stimulus
functions.

[0041] The color space can be a quadrastimulus color
space.

[0042] The color space can be a pentastimulus color space.
[0043] The stimulus functions can include stimulus func-

tions configured to enhance detection of an underlying physi-
ologic state.

[0044] Theunderlying physiologic state can be detection of
NAD and NADH.

[0045] The colorimeter can be disposed within in a wear-
able device like lifevest or holter-like monitoring product
[0046] The system can also include one or more sensors
configured to measure one or more parameters including one
or more of blood pressure, end tidal carbon dioxide (EtC02),
and blood oxygen saturation (Sp02), wherein the processor is
further configured to generate the metric based on the ana-
lyzed colorimetric properties and the one or more sensed
parameters.
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[0047] The processor can be further configured to cause the
colorimeter to obtain a baseline colorimetric properties based
on an intensity of light radiation reflected from the individu-
al’s skin.

[0048] The processor can be further configured to analyze
the colorimetric properties by comparing the obtained colo-
rimetric properties with the obtained baseline colorimetric
properties to determine an amount of change between the
obtained colorimetric properties and the baseline colorimet-
ric properties, comparing the amount of change between the
obtained colorimetric properties and the baseline colorimet-
ric properties to a threshold, and alerting the user when the
amount of change exceeds the threshold.

[0049] The processor can be further configured to update
the baseline colorimetric properties upon determining that the
change between the obtained colorimetric propetrties and the
baseline colorimetric properties exceeds the threshold.
[0050] The processor can be further configured to calculate
arisk score that provides a measure of the risk of an impend-
ing acute medical event (IAME).

[0051] The processor can be further configured to calculate
arisk score that provides a measure of the risk of one or more
of a cardiac arrest, syncopal episode, traumatic arrest due to
such causes as internal bleeding, blunt force trauma, various
causes of hypovolemia and heart attack.

[0052] Theprocessor can be further configured to providea
warning based on the risk score exceeding an established
threshold.

[0053] The processor can be further configured to obtain
the color information by obtaining baseline colorimetric
properties based on an intensity of light radiation reflected
from the individual’s skin, applying a stimulus configured to
produce a change in the colorimetric properties of the indi-
vidual’s skin, and obtaining one or more additional measure-
ments of the colorimetric properties at times selected to cap-
ture changes in the colorimetric properties of the individual’s
skin based on the applied stimulus.

[0054] The processor can be further configured to analyze
the colorimetric properties by comparing the obtained colo-
rimetric properties with the obtained baseline colorimetric
properties to determine an amount of change between the
obtained colorimetric properties and the baseline colorimet-
ric properties in response to the applied stimulus.

[0055] The colorimeter can be a camera in a portable tele-
phone.
[0056] The color information can include an absorption

spectra for wavelengths between 500 and 600 nm.
[0057] The color information can include a reflectance
spectra for wavelengths between 500 and 600 nm.
[0058] The details of one or more embodiments are set
forth in the accompanying drawings and the description
below. Other features and advantages will be apparent from
the description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS

[0059] FIG. 1 shows an exemplary diagram of the skin.
[0060] FIG. 2 shows anexemplary diagram of various com-
ponents of the skin.

[0061] FIG. 3a-c shows an exemplary diagram of the epi-
dermis and dermis.

[0062] FIG. 4 shows a system for monitoring skin color of
a patient based on reflectance or spectra.

[0063] FIG. 5 shows exemplary graphs of skin pigment
variation across race and ethnicities.
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[0064] FIG. 6 shows an exemplary diagram of the L*a*b*
color space.

[0065] FIG. 7 is a graph of exemplary spectral absorbance
data.

[0066] FIG. 8 is a graph of exemplary spectral reflectance
data.

[0067] FIG.9isa diagram of a colorimeter during analysis
of skin.

[0068] FIG. 10 is a flow chart of a process for providing

feedback to amedical professional based on skin colorimetric
information.

[0069] FIG. 11 is a flow chart of a process for generating a
metric based on colorimetric information and other measure-
ments.

[0070] FIG. 12 is a flow chart of a process for calculating a
responsiveness metric based on measured colorimetric data.

[0071] FIG. 13 shows an exemplary system for monitoring
a patient.

[0072] FIG. 14A shows a gurney that includes a colorim-
eter.

[0073] FIG. 14B shows an ambulance that includes a colo-
rimeter.

[0074] FIG. 15 shows a colorimeter in the form of a por-

table device.

DETAILED DESCRIPTION

[0075] This description discusses examples of implemen-
tations that may be employed in capturing and analyzing
color information such as spectral reflectance or absorption
data from a patient or victim and generating colorimetric data
and other color-descriptive metrics, trending data, and/or
alerts based on the analyzed spectral reflectance or absorption
data. The spectral reflectance or absorption data provides an
indicator of skin color, which can be an important indicator of
physiological status.

[0076] Skin color or skin pallor differs from other known
non-invasive, spectrographic analyses of tissue such as pulse
oximetry (e.g., pulse oximetry systems such as those avail-
able from Masimo) or near-infrared spectroscopy (e.g., near-
infrared spectroscopy systems such as those available from
Reflectance Technology, Westford, Mass.) in that skin color
or pallor primarily analyzes the reflected spectrum from the
very outermost layers of the skin in the stratum corneum,
epidermis layer 10 and papillary layer 12, as opposed to
oximetry or other known spectrographic tissue analysis
which analyzes either the light reflected, transmitted or scat-
tered from the reticular dermal 14, subcutaneous 16 or skel-
etal muscle layers of the body as shown in FIG. 1.

[0077] Referring now to FIG. 2, skin color is composed of
three primary components:

[0078] Structural elements—A static color resulting from
the stratum corneum layer 20 composed of dead skin cells and
other material, as well as hair, arrector pili muscles for hairs
that connect in the papillae as well as the cell materials them-
selves of the skin cells.

[0079] Pigmentation—A very slowly changing color (on
the order of 24 hours, such as with tanning) resulting prima-
rily from skin pigmentation due to various forms of melanin:
Phoemelanin which gives a yellow-red color to skin, Eumela-
nin—gives a black-brown color to skin, and also by carotene
which interacts with eumelanin in Asian populations. Pig-
mentation is generally localized in the stratum spinosum 22
and is due to melanocytes and melanosomes.
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[0080] Pallor—A more rapidly changing cause (on the
order of seconds, minutes or hours), pallor may be due to
physiologic-related conditions like jaundice, which cause a
build-up and subsequent diffusion into the epidermis of spec-
tral-modifying chemicals like bilirubin (in the case of biliru-
bin, a yellowish hue). Pallor may also be due to the effect of
oxygen and other metabolites on the spectrum of the capil-
laries in the dermal papillae that invaginate the inner surface
of the epidermis 30 (FIG. 3).

[0081] Optical absorption in blood is due primarily to
hemoglobin which includes both oxyhemoglobin 226 and
deoxyhemoglobin 224 (FIG. 9), which have slightly different
absorption spectra. Deoxyhemoglobin has absorption
maxima at around 430 nm, 555 nm, and 760 nm, while oxy-
hemoglobin has an absorption minima around 680 nm.
Hemoglobin is found in the capillary microvascular network
of the dermis, typically 50£500 um below the skin surface,
e.g., inlayer 222. This wavelength dependence of the absorp-
tion is the reason for the red color of blood. Another class of
compounds that accounts for much of the absorption in the
skin is melanin 220. Since human skin is characterized by
variable concentration in melanin 220, analysis of spectral
absorption or reflectance data in order to determine a patient’s
medical condition includes factoring out the contribution of
melanin 220 to the absorption. In one example, this can be
done by analyzing particular ranges of wavelengths and/or by
analyzing changes or shifts in the measured spectral absorp-
tion or reflectance data.

[0082] This invention uses skin pallor, as opposed to con-
ventional vascular spectrum like pulse oximetry, as a diag-
nostic for patient health and progression of patient health.
[0083] In treatment of the patient or victim, pallor is an
important factor in medical diagnosis and in determining
whether the patient’s condition is improving or deteriorating.
The capillaries contained in the dermal papillae are the most
sensitive to changes in the patient’s status, as they are the
smallest vessels and the first to vasoconstrict or dilate with
any alteration of the patient’s underlying physiologic status.
Diagnostic measures employing spectrographic analysis of
light from the capillaries contained in the dermal papillae will
thus provide clinicians with an earlier warning than existing
methods of a patient’s impending degradation in physiologic
status. For example, when oxygen saturation in the blood
decreases, a shift in color from red to blue will be observed, or
when liver function is decreasing due to jaundice, a shift in
color toward yellow will be observed. When the capillaries
contained in the dermal papillae constrict, the skin pallor will
grow progressively more pale. Thus, quantitative colorimet-
ric information about how the spectral and colorimetric prop-
erties of the patient’s skin change over time can be used as
predictors of patient status and/or condition. In some
examples, this quantitative information can be used as a pre-
dictor for cardiac arrest.

[0084] FIG. 4 shows a system for analyzing the medical
condition of a victim or patient 102. The system includes a
colorimeter 108 or other device capable of measuring the
color of the skin predominantly of the surface and the near-
surface layers down to, and including, the dermal papillae.
The colorimeter 108 is configured to obtain a spectra based on
an intensity of light reflected primarily from the epidermis
and dermal papillae of an individual’s skin.

[0085] The colorimeter 108 may take the form of a spec-
trophotometer which generates spectral reflectance/absor-
bance data, for instance a light source with a optical spectrum
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extraction element like a diffraction grating and a distributed
photon detection element such as a charge-coupled device
(CCD) known to those skilled in the art. The spectrophotom-
eter provides a quantitative measurement of the reflection or
absorption properties of a material as a function of wave-
length. Thelight source is affixed to the surface of the skin and
the angle of incidence is adjusted to provide the majority of
the illumination in the outermost layers of the skin—the
dermal papillae and the epidermis. In one embodiment, the
light source is collimated and provided at an angle of inci-
dence ofbetween about 30 degrees and about 60 degrees (e.g.,
about forty-five degrees). The optical spectrum extraction
element may also be positioned such that the optical path is at
a different incidence angle from that of the light source in
order to minimize the effect of surface reflections.

[0086] The sensing element of the colorimeter may take the
form of a wavelength selection optical element such as a
liquid crystal tunable filter (LCTF) or acousto-optical tunable
filter (AOTF), known to those skilled in the art of color
sensing. The colorimeter 108 may also take the form of a light
source and a camera, using a lens and CCD such as that found
in any commercial digital camera or smart phone such as an
iPhone (Apple Computers). In such embodiments, the color
information from the CCD includes luminance information
for each of multiple colors (e.g., red, green and blue) collected
at pixels in the CCD. The colorimeter may be a device such as
the Konica-Minolta Model CM-700d (Japan). The software
used for analysis of the color may incorporate an algorithm
that measures skin pigmentation separately from blood using
an index such as the melanin index, as well as the erythema
index—the redness of the skin separated from that of mela-
nin, known to those skilled in the art. If the colorimeter takes
the form of a light source, lens and image CCD like on an
iPhone, the colorimetric data be in the form of the three data
pixel elements used in commercial CMOS color imaging
sensors and averaged for some specified region of the image
generated.

[0087] While FIG. 4 shows the sensor positioned on a
patient’s cheek, in some examples, the sensor may be posi-
tioned on the palm of the patient’s hand where skin pigmen-
tation differences are minimal across a wide variety of test
subjects (see FIG. 5 which shows exemplary reflectance ver-
sus wavelength graphs for multiple, different races/ethnici-
ties at different locations on the individual. As seen in FIG. 5,
the reflectance is most similar across the different races/
ethnicities for measurements taken on the palm). The palm,
positioned on the periphery, will also be more sensitive to
vasoconstriction and thus to changes in the patient’s under-
lying physiologic status.

[0088] As shown in FIG. 9, the colorimeter 200 may be
composed of skin-attachable element containing the broad-
band light source 204, such as a “white” LED, a optical sensor
206 and drive electronics located in a band-attached elec-
tronic housing attached around the patient’s wrist and a fiber
optic element for transmitting the light reflected from the skin
under the skin-attachable element back to the sensor electron-
ics located in the band-attached housing. Itis understood that
“band attached” can mean attaching to the patient’s body via
cloth, adhesive or any other mechanical means. It may also be
attached at the wrist, forearm, elbow, or anywhere else on the
arm.

[0089] Theband attached electronics may process the light
to produce the spectrographic information as well as any
other colorimetric information, it may also just transmit the
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raw sensor data or spectrographic information back to amore
central processing element that may either be located on the
patient’s body such as a LifeVest wearable defibrillator
(ZOLL Medical, Pittsburgh Pa.) or the X-Series defibrillator
(ZOLL Medical, Chelmsford Mass.) located on a crash cart or
bedside to the patient. The data may also be transmitted by
wire connection to the Lifevest. The data may also be trans-
mitted back to a portable computing device like an iPhone or
iPad or other computing device. The data may also be trans-
mitted wirelessly to a wireless router and server on a wireless
network such as a hospital data system, for instance transmit-
ting the data back to a central station monitoring system. The
data may also be transmitted back via a cellular connection to
a server or to a physician or other health care provider.
[0090] In some examples, the device may contain a tem-
perature sensor or more than one temperature sensor. For
instance, it can be desirable to calibrate out the effects of skin
temperature on vasodilation. Two temperature probes 207,
209 may be provided: the first temperature probe 207 is
located within the housing at a location to place the probe
against the surface of the skin and the second temperature
probe 209 is located on the outside of the sensor (e.g., on the
outer-surface of the housing) and measures air temperature.
Since there is wide variation in the effects of temperature on
vasodilation in the various regions of the body where the
probe may be placed, ideally the effects of temperature can be
calibrated with each patient in advance.

[0091] As opposed to devices like pulse oximeters, where
the wavelengths of light emitted by light source 204 and
detected by sensor 206 are configured to detect the presence
or absence of blood within the skin disposed proximate to the
sensor 206, with the current device, the light emitted is a
broad spectrum, AKA “white light” so that the color of the
skin can be properly measured. For example, the light emitted
by light source 204 and detected by sensor 206 can span at
least 200 nm of wavelengths (e.g., at least 200 nm, at least 300
nm, at least 350 nm, at least 500 nm). In one particular
example, the light emitted by light source 204 and detected by
sensor 206 include wavelengths from about 380 nm to about
780 nm. This range can be extended outside of the visible
region, for instance to include wavelengths down to 240 nm to
measure effects of NAD and/or to wavelengths as long as
1000 nm. In some additional examples, the light emitted by
light source 204 and detected by sensor 206 can include a
smaller range of wavelengths from about 450 nm to 700 nm.
[0092] The colorimeter may incorporate algorithms for
converting the spectrographic information to color scale
information. There are various color scales used for describ-
ing the color of objects. They are often 3-dimensional scales
that decompose the color into, for example, attributes of hue,
lightness, and saturation. Examples of such 3-dimensional
scales include the XYZ, Munsell and Lab color spaces.
[0093] In general, a Lab color space is a color-opponent
space with dimension L for lightness and a and b for the
color-opponent dimensions, based on nonlinearly com-
pressed CIE XYZ color space coordinates. Lightness (some-
times called value or tone) is a property of a color, or a
dimension ofa color space, that reflects the subjective bright-
ness perception of a color along a lightness-darkness axis.
[0094] Various Lab-type color spaces include the Hunter
1948 L, a, b color space which includes the dimensions of L,
a, and b. and the CIE 1976 (L*, a*, b*) color space (or
CIELAB). The difference between Hunter and CIE color
coordinates is that the CIE coordinates are based on a cube
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root transformation of the color data, while the Hunter coor-
dinates are based on a square root transformation.

[0095] Both spaces are derived from the “master” space
CIE 1931 XYZ color space, which can predict which spectral
power distributions will be perceived as the same color (see
metametism), but which is not particularly perceptually uni-
form. Both “Lab” color spaces provide a space which can be
computed via simple formulas from the XYZ space, but is
more perceptually uniform than XYZ. Both Lab spaces are
relative to the white point of the XYZ data they were con-
verted from. Lab values do not define absolute colors unless
the white point is also specified (or assumed to follow a
standard such as the CIE standard illuminant D50).

[0096] The lightness correlate in CIELAB is calculated
using the cube root of the relative luminance.

The L*a*b* color space includes all perceivable colors which
means that its gamut exceeds those of the RGB and CMYK
color models. It is believed that the L *a*b*-model can pro-
vide device independence, e.g., the colors are defined inde-
pendent of their nature of creation or the device they are
displayed on. Further information about the Lab color space
can be found, for example, at http://en.wikipedia.org/wiki/
Lab_color_space.

[0097] In the L*a*b* color space, L* indicates lightness
and a* and b* are the chromaticity coordinates. FIG. 6 (from
“Precise Color Communication”, pg 11, Konica Minolta bro-
chure 2003, downloaded from http://www2 konicaminolta.
ew/eu/Measuring/pec/en/index.html) shows the a*, b* chro-
maticity diagram. Inthis diagram, the a* and b* indicate color
directions: +a* is the red direction, —a* is the green direction,
+b* is the yellow direction, and -b* is the blue direction. The
center is achromatic; as the a* and b* values increase and the
point moves out from the center, the saturation of the color
increases. In some embodiments, the light source and sensor
may also emit/detect wavelengths not in the visible portion of
the spectrum. For instance, both NAD* and NADH strongly
absorb ultraviolet light because of the adenine. For example,
as shown in FIG. 7, peak absorption of NAD+ is at a wave-
length of 259 nanometers (nm), with an extinction coefficient
of 16,900 M-1 cm-1. NADH also absorbs at higher wave-
lengths, with a second peak in UV absorption at 339 nm with
an extinction coefficient of 6,220 M-1 cm-1. This difference
in the ultraviolet absorption spectra between the oxidized and
reduced forms of the coenzymes at higher wavelengths
enables measurement of the conversion of one to another in
enzyme assays based on a measurement of the amount of UV
absorption at 340 nm using a spectrophotometer. In the Lab
color space, the spectral range is from 380 nm to 780 nm. This
range can be extended outside of the visible region, for
instance to include wavelengths down to 240 nm to measure
effects of NAD, or to wavelengths as long as 1000 nm to look
at near infrared optical effects. Adjustments to the color
matching functions would be made to sense this broader
spectral range and maintain a tri-stimulus measure. A new
color space can be created to account for the broader wave-
length range. The color space may still be a tri-stimulus space,
such as the CIE color-matching functions modified for the
broader spectral range, by just changing the maximum and
minimum wavelengths, or there might be additional color-
matching functions such as the functions shown in FIG. 7 to
distinguish between the oxidized and reduced forms of NAD
resulting in a penta-stimulus or other higher-dimensional
color space.
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[0098] Information such as reflectance or absorbance spec-
trum or color scale values and graphs (RAS/CSVG) is dis-
played on a user interface 110 (See FIG. 1). Reflectance or
absorbance spectrum (RAS) such as that shown in FIG. 7 are
not well suited to measuring the paleness or relative paleness
or pallor of the skin, and in fact, the pallor of a patient’s skin
may change radically, becoming much more pale and indi-
cating an impending serious medical condition, but the blood
oxygenation of the patient’s skin may have changed very
little. In this case, the relative levels of Hb and Hb0, will
remain nearly constant while the spectra of these two com-
ponents diminishes relative to the overall spectra of the other
element of the skin. Therefore, it is believed to be advanta-
geous to measure the shifts in color of the patient’s skin using
color scales other than standard plotting spectrographs with
amplitudes plotted as function of frequency such as in FI1G. 8
(FIG. 8 shows absorption curves for oxygenated (HbO2) and
deoxygenated blood (Hb)).

[0099] As noted above, it is believed that the L*a*b* scale
described above provides an easier measure of pallor. Lower
values of a* and b* indicate decreasing saturation and
increasing values of L* indicate increasing lightness.

[0100] Considering the color of the skin to lie on the a*-b*
plot of FIG. 6, the change in pallor can be calculated by a
processor as the vector difference between the current skin
color and a previously measured color. In some particular
embodiments, the change in pallor can be estimated from the
equation:

AP=[(@* )P40 %] 2 [la* )P+ (0%, )] 2,

[0101] Where “AP”, the Pallor index, is the change in mag-
nitude of the vectors from (a*;,b*)) to (a*,,b*,). These are
considered radial vectors generated by the two points in the
Lab color space and the origin of the a-b plot, which is grey,
i.e. without color. The Pallor index may also be configured to
only use the a* values.

[0102] The display can include a graph 112 that includes
reflectance versus wavelength data 114 or color scale values,
erythema index, color scale graphs or pallor index. In the
example of FIG. 1, the computing device is in the form of a
touchscreen tablet that includes a graphical display by which
to report information to the emergency medical technician,
and may have an input mechanism such as a keyboard or a
touchscreen by which the emergency medical technician may
enter data into the system. In addition, or alternatively, the
system may provide verbal instructions to the medical pro-
fessional, such as by telling the medical professional whether
the patient’s condition is improving or deteriorating.

[0103] Thedisplay can also include a trend plot of the time
course of the patient’s skin color, as plotted on, for instance,
the Lab scale. The trend plot may also be a plot of any single
measure of the color plotted individually or with other color-
related data elements, such as Pallor index.

[0104] The data generated by the colorimeter 108 can be
used during a diagnosis because the light reflected from the
target tissue can yield diagnostic information based on the
composition and structure of the tissue.

[0105] The colorimeter 108 is shown in a deployed state
and is connected to the victim 102. The colorimeter 108
serves as a patient monitor by analyzing colorimetric infor-
mation such as shifts in coloration of the patient 102. For
example, as shown here, colorimeter 108 has been applied to
the bare cheek of the victim 102 and has been connected to the
tablet computer, so that information can be relayed to the
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medical professional. In general, the colorimeter 108 can be
applied to various locations on the victim’s skin, such as the
victim’s face, forehead, lips, ear, and/or the back or palm of
the patient’s hand. As mentioned previously, at least some
portion of the colorimeter 108 may be affixed to the hand,
wrist, arm or shoulder of the patient, the patient affixed por-
tion containing the light source and light sensing spectro-
graphic element.

[0106] FIG. 9 shows a colorimeter 200 in contact with a
surface 201 of a patient’s skin. The colorimeter 200 includes
a housing 202 that contains a light source 204 and a sensor
206. In some examples, the light source 204 can be a light
emitting diode (LED) and the sensor 206 can include a dif-
fraction grating placed in front of the CMOS sensor where
each pixel in the CMOS sensor detects a range of the light
spectrum emitted by the light emitting diode. The housing
202 is configured to prohibit light from external light sources,
such as ambient light, from entering the sensor 206. As such,
the light measured by sensor 206 is reflected light originating
from the light source 204.

[0107] During use, the colorimeter 200 is placed in contact
with a patient skin 201 such that ambient light does not enter
the housing 202 of the colorimeter. Then light 208 is emitted
from the light source 204 and directed toward the patient’s
skin201. A portion of the light is absorbed by the melanin 220
in the epidermis 218 and additional portions of the light are
absorbed by the oxyhemoglobin 226 and deoxyhemoglobin
224 and layer 222. Light that is not absorbed (e.g., the
reflected light 222) impinges upon the surface of the sensor
206. Thus, sensor 206 collects spectral reflectance/absor-
bance information which can be used to determine colorimet-
ric information used to assess status of the patient. For
example, a computing device such as a processor can receive
the reflectance/absorbance information and determine the
colorimetric information based on the Lab or L*a*b* scales
described herein.

[0108] FIG. 8 shows agraph 300 of exemplary spectral data
of reflectance versus wavelength for multiple different levels
of blood content within the skin. In graph 300, the lines each
represent a different amount of blood in the skin with the
blood content decreasing from the bottom lines to the top.
Oxyhemoglobin is the main contributor to adsorption of light
by blood and thus an indicator of the level of blood perfusion.
Oxyhemoglobin exhibits absorption maxima at 415 nm, 540
nm and 576 nm. Thus, the oxygenated hemoglobin in the
blood vessels is responsible for a “W” pattern in the reflec-
tance spectrum (e.g., as seen in region 302). Changes in the
spectral reflectance of human skin can be measured to deter-
mine increases in reflectance which result from a decrease in
the amount of blood circulating in the underlying tissue and/
or decreases in reflectance which result from an increase in
the amount of blood circulating in the underlying tissue.
[0109] When the amount of blood circulating in the tissue
falls below a threshold level, a loss of the characteristic ‘W’
shape (e.g., in the region of about 525-575 nm) occurs
because of a decrease in the amount of hemoglobin present
which absorbs light strongly over this region. From the color
space perspective, this change in the spectrographic charac-
teristics represents a shift in the color coordinates from a more
reddish hue to one closer to the color of the underlying tissue
in the epidermal layer.

[0110] FIG. 10 shows a flowchart for providing informa-
tion gathered from spectral reflectance or absorptiondatato a
medical professional.
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[0111] The process begins with a medical professional or
other user placing the colorimeter proximate to the patient’s
skin (402). For example, the colorimeter can be included in an
adhesive patch, which is applied to the patient’s skin. In
another example the colorimeter can be included in a head-
band or other wearable unit configured to maintain contact of
the colorimeter with the patient’s skin. In other examples, the
colorimeter can be placed at another predefined location rela-
tive to the patient.

[0112] After placing the colorimeter proximate to the
patient’s skin, the system measures and stores color informa-
tion such as a baseline reflectance or absorbance spectrum or
luminance information collected by a charge-coupled device
(404) as well as the color scale location in the n-dimensional
color space such as Lab. The stored reflectance or absorbance
color information such as the spectrum or color scale values
and graphs (RAS/CSVG) or luminance information from the
CCD device includes measured values for a predefined range
of wavelengths as well as the color space coordinates. The
baseline reflectance or absorbance color information such as
the spectrum and color space coordinates can be used as a
comparison point to determine whether later collected spectra
and coordinates exhibit a change. Such a change may be
indicative of a change in blood perfusion or other patient
status such as decreased liver function. In general, the infor-
mation and measurements described herein can be stored on
any memory or computer readable medium including volatile
and/or non-volatile memory units such as a floppy disk
device, a hard disk device, an optical disk device, or a tape
device, a flash memory or other similar solid state memory
device, or an array of devices, including devices in a storage
area network or other configurations. Subsequent to measur-
ing the baseline reflectance or absorbance color information
such as the spectrum and color space coordinates, one or more
additional measurements of color information such as
another absorbance or reflectance spectrum and color space
coordinates or luminance information are measured and
stored (406). The system then calculates a difference between
the measured color information and the stored baseline color
information. For example, the system can calculate a differ-
ence between the measured spectrum and color space coor-
dinates and the previously collected baseline spectrum and
color space coordinates (408). Differences in the measured
RAS/CSVG and the baseline RAS/CSVG are compared to
stored threshold values (410) and the system determines
whether the measured change exceeds the threshold (412).
The system can calculate indices of skin color such as the
Erythema index or Pallor index from the color space values.
Baseline values can be calculated for these indices and com-
pared to ongoing measures of those indices. The stored
threshold values provide a triggering mechanism to alert a
user of a change in the measured quantity that may be medi-
cally significant. The threshold can be based on a percentage
change in the measured signals such as a 10% or 20% change.
Viewing the spectral data as a delta from the baseline signal
filters out the absorption due to melanin, such that the change
in absorption due to increased or decreased blood in the
dermal papillae is observed.

[0113] Ifthe measured change does not exceed the thresh-
old, the system provides data for visual summary of the spec-
tral information to the user (414), and returns to measuring
and storing a new colorinformation such as a new spectrum at
the appropriate time (406). For example, the system can auto-
matically collect a new RAS/CSVG at predefined intervals
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such as every five minutes. The system may also look at
absolute values of either the color space values or such indices
as the Pallor or Erythmea index and set alert or alarm thresh-
olds based on the absolute values of indices such as these.
[0114] The system may also combine multiple skin color
measures to calculate a statistical measure of the risk of an
impending acute medical event (IAME) such as a cardiac
arrest, syncopal episode, traumatic arrest due to such causes
as internal bleeding, blunt force trauma, various causes of
hypovolemia and heart attack. This combination may take the
form of a logistic regression analysis.

[0115] The model for simple linear regression is:
Y=a+b*X
[0116] wherey is the dependent variable, x is the indepen-

dent variable, and b is the regression parameter (the intercept
and the slope of the line of best fit). The model for multiple
linear regression is:

Y=a+b *X 45, %X+ . . . +b2X]

[0117] Thecoeflicients, b,, for each input parameter, X,, are
calculated using statistical methods such as the general linear
model to provide a best estimate of the probability of defibril-
lation success, Y. The variable, Y, may also represent the
probability of any therapeutic intervention other than the
TAME, for instance chest compressions, ventilations or a
metabolic treatment such as epinephrine or other vasopressor
or hemodynamic support agent. The General Linear Model
(GLM) can estimate and test any univariate or multivariate
general linear model, including those for multiple regression,
analysis of variance or covariance, and other procedures such
as discriminant analysis and principal components. With the
general linear model, randomized block designs, incomplete
block designs, fractional factorial designs, Latin square
designs, split plot designs, crossover designs, nesting, can be
explored. The model is:

Y=XB+e

[0118] whereY isa vector ormatrix of dependent variables,
X is a vector or matrix of independent variables, B is a vector
or matrix of regression coefficients, and e is a vector or matrix
of random errors.

[0119] In multivariate models, Y is a matrix of continuous
measures. The X matrix can be either continuous or categori-
cal dummy variables, according to the type of model. For
discriminant analysis, X is a matrix of dummy variables, as in
analysis of variance. For principal components analysis, X is
aconstant (a single column of *1°s). For canonical correlation,
X is usually a matrix of continuous right-hand variables (and
Y is the matrix of left-hand variables).

[0120] For some multivariate models, it may be easier to
use ANOVA, which can handle models with multiple depen-
dent variables and zero, one, or more categorical independent
variables (that is, only the constant is present in the former).
ANOVA automatically generates interaction terms for the
design factor.

[0121] After the parameters of a model have been esti-
mated, they can be tested by any general linear hypothesis of
the following form:

ABC'=D
[0122] where A is a matrix of linear weights on coefficients

across the independent variables (the rows of B), Cis a matrix
of linear weights on the coefficients across dependent vari-
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ables (the columns of B), B is the matrix of regression coef-
ficients or effects, and D is a null hypothesis matrix (usually
a null matrix).

[0123] The coefficients, b,, are calculated using skin color
or other measured physiological data collected from a statis-
tically varied population of samples to provide a robust data-
base for accurate model generation.

[0124] Regression may also be performed using the logistic
fanction:

1
Y= 100[1 e e ]

[0125] A state transition matrix can be developed using a
Markov model and the threshold adjusted as well as different
weighting coefficients applied based on the Markov model
estimation. In particular, the sequence of medical interven-
tions and patient reactions to treatments is modelled as a
hidden

[0126] Markov model (HMM), defined as a variant of a
finite state machine having a set of states, Q, an output alpha-
bet, O, transition probabilities, A, output probabilities, B, and
initial state probabilities, IT. The current state is not observ-
able. Instead, each state produces an output with a certain
probability (B). Usually the states, Q, and outputs, O, are
understood, so an HMM is said to be a triple, A=(A, B, II).
Each value of output alphabet, O, can be given a unique
threshold and coefficient set.

[0127] A={a,~P(q,att+1Ig,att)}, where P(alb) is the con-
ditional probability of a given b, t=1 is time, and ¢,€Q. Infor-
mally, A s the probability that the next state is q, given that the
current state is q;.

B={by=P(0;1q;)}, where 0;£0.

[0128] Informally, B is the probability that the output is o,
given that the current state is g,.

O={p=P(q;at t=1}}.

[0129] The Forward-Backward and Baum-Welch algo-
rithms are performed on a database to build the HMM. The
estimated trajectory,i*_1,...,1*_t+1, using algorithms such
as these predicts the next likely event, based on the previous
sequence.

[0130] If the measured change exceeds the threshold, the
system provides datato generate an alert that can be presented
to the user (416). Exemplary alerts can include visual alerts,
audio alerts, or other indicators used to alert a medical pro-
fessional to the change in the patient’s status. The system also
provides data for visual summary of the spectral information
to the user (418). For example, the information can be dis-
played on a display device. A continuous or near-continuous
risk score of impeding [AME, using such methods as logistic
regression may also be presented to uset.

[0131] Afteralerting the medical professional to the change
in the measured color information such as a spectrum relative
to the baseline RAS/CSVG, the system determines whether to
update the baseline RAS/CSVG used for future analysis
(420). In some situations it may be beneficial to update the
baseline RAS/CSVG when the measured values for the
patient are trending over time, e.g., the patient condition is
improving or worsening. For example, if the patient’s condi-
tion has deteriorated, continuing to measure against an origi-
nal baseline may provide less useful information to a medical
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professional about the current change in the patient’s status
than could be provided if the baseline was updated. If the
system determines to update the baseline, the system stores
the current measured RAS/CSVG as the new baseline RAS/
CSVG (422) and returns to measuring and storing a new
RAS/CSVG (406).

[0132] Insome examples, it can be beneficial to generate a
metric which combines measurements of the skin color with
an acuity score based on factors such as heart rate, blood
pressure, respiration rate, and/or mental responsiveness. In
one particular example, a modified early warning score
(MEWS) can be combined with a skin color measurement in
order to generate a warning score that is based in part on
colorimetric properties of the individual’s skin. In some
examples, the calculated score can be derived from physi-
ological readings such as systolic blood pressure, heart rate,
respiratory rate, body temperature and the information about
skin color. In one particular example, the observation, or
alertness score from the in MEWS scoring can be replaced by
a measurement of colorimetric properties of the individual’s
skin.

[0133] FIG. 11 shows a flowchart of an exemplary process
for calculating a metric based on both RAS/CSVG informa-
tion and one or more additional measured parameters. The
system receives RAS/CSVG information such as RAS/
CSVG and/or changes between a current RAS/CSVG and
prior/baseline RAS/CSVG (502). The system also receives
measurements including one or more of heart rate, blood
pressure, ventilation rate, ECG measurements, compression
rate, SpO,, and/or CO, (504). Using both the RAS/CSVG
information and the one or more additional the measured
parameters, the system calculates a metric indicative of over-
all patient status (506). The system provides data for visual
summary of the trend in the patient based on the calculated
metric (508). For example, the system can generate a display
that includes a time-based progression of the calculated met-
ric.

[0134] Responsiveness is another indicator of patient sta-
tus. Various scales can be used to assess the responsiveness of
a patient. One example is the AVPU scale (an acronym from
“alert, voice, pain, unresponsive”), which is a system by
which a health care professional can measure and record a
patient’s responsiveness, indicating their level of conscious-
ness. Another example is the Glasgow Coma Scale, which
assesses a patient response in three measures—Eyes, Voice
and Motor skills. Systems and methods herein can be used to
supplement and/or replace such subjective scales with an
objective responsiveness indicator that is based on skin col-
oration. [t is believed that, certain stimuli can generate blush-
ing or other flushing of the face as an involuntary response to
the stimuli. These short-term changes of colorimetric skin
properties based on the emotional response of the person can
be indicative of the responsiveness level of a patient. Thus,
RAS/CSVG information gathered by a colorimeter can be
used as an objective measurement of responsiveness.

[0135] The stimulus may take the form of pressure, such as
an air filled bladder that presses against the skin then releases
the pressure to look at the changes in skin color. The sensor
mightincorporate a pressure sensor so that the user is required
to press against the adhesive sensor with their hands or fingers
and based on the measured pressures, the system automati-
cally measures the RAS/CSVG at maximal pressure and the
again at multiple time points after the release of pressure. In
one example, the system takes RAS/CSVG readings at
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approximately 100 millisecond intervals for a period of
approximately 10 seconds to look at the time course of the
response of the vasculature. Both absolute change in skin
color is measured as well as the dynamic properties of the skin
color change. Dynamic skin color changes may take the form
of rise time (e.g. time from pressure release to 90% of skin
color changes), skin color change (%) at 1 second and 3
seconds, etc.

[0136] FIG. 12 shows a flowchart for calculating a metric of
responsiveness based on measured RAS/CSVG data. The
process begins by generating and storing a baseline spectral
reflectance or absorption measurement (602). Subsequent to
generating the baseline measurement, the system generates a
stimulus that is designed to stimulate a response in a patient
(604). For example, an audio input with standard questions
that are designed to embarrass or generate another response in
the patient can be provided. In another example, a pressure
can be applied to the skin. Upon providing the stimulus, the
system measures and stores another spectral measurement
during the time which the stimulus is applied (606). If the
patient is responsive, this stimulus is expected result in a
coloration change based on the increased blood flow associ-
ated with the emotional response. In order to determine
whether the stimuli had the desired effect, the system calcu-
lates a difference between the measured RAS/CSVG infor-
mation in the baseline RAS/CSVG (608), and uses this infor-
mation to calculate a metric indicative of responsiveness
(610). Thus, when the patient does not show the ability to
have color modulation in response to the question or stimuli
designed to induce the emotional response a medical profes-
sional or other caregiver can be notified.

[0137] The colorimeters described herein can be incorpo-
rated into various types of systems. In some examples, the
colorimeters can be used as independent, stand-alone
devices. In other examples, the colorimeters can be incorpo-
rated into patient management systems such as defibrillators,
or other portable devices, and/or incorporated into an ambu-
lance, incorporated into a hospital room or other treatment
location.

[0138] In one particular example, FIG. 13 shows a system
700 for responding to an emergency medical condition of a
victim 702. In general, system 700 includes various portable
devices for monitoring on-site care given to a victim 702 of an
emergency situation. The various devices may be provided by
emergency medical technicians who arrive at the scene and
who provide care for the victim 702, such as emergency
medical technician 714. In this example, the emergency
medical technician 714 has deployed several devices and is
providing care to the victim 702 including a colorimeter 708.
The emergency medical technician 714 in this example is
interacting with a computing device in the form of a touch-
screen tablet 716. The tablet 716 may include a graphical
display by which to report information to the emergency
medical technician 714, including information derived from
photo spectrometer 708. A portable defibrillator 712 is shown
in a deployed state and is connected to the victim 702. In
addition to providing defibrillation, the defibrillator 712 may
serve as a patient monitor via a variety of sensors or sensor
packages. For example, as shown here, electrodes 707 have
been applied to the bare chest of the victim 702 and have been
connected to the defibrillator 712, so that electrical shocking
pulses may be provided to the electrodes in an effort to defib-
rillate the victim 702, and electrocardiogram (ECG) signals
may be read from the victim 702. The defibrillator 712 may
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provide feedback in a conventional and known manner to a
rescuer, such as emergency medical technician 714.

[0139] The defibrillator 712 may communicate through a
short range wireless data connection with the tablet 716. The
defibrillator 712 can provide to the tablet 716 status informa-
tion, such as information received through the electrode
assembly 707, including ECG information for the victim 702.
Also, the defibrillator 712 can send information about the
performance of chest compressions, such as depth and rate
information for the chest compressions. The tablet 716 can
also receive RAS/CSVG data from the colorimeter 708 and/
or ventilation data from an airflow sensor 706 provided with
a ventilation bag 704. The tablet 716 may display such infor-
mation (and also other information, such as information from
the defibrillator regarding ETCO2 and SPO2) graphically for
the emergency medical technician 714. Information provided
to the rescuer can be based in part on the RAS/CSVG data
collected by colorimeter 708.

[0140] A central server system 720 may communicate with
the tablet 716 or other devices at the rescue scene over a
wireless network and a network 718, which may include
portions of the Internet (where data may be appropriately
encrypted to protect privacy). The central server system 720
may be part of a larger system for a healthcare organization in
which medical records are kept for various patients in the
system. Information about the patient 702 may then be asso-
ciated with an identification number or other identifier, and
stored by the central server system 720 for later access. Other
users may then access the data in the central server system
720. For example, as shown here, an emergency room physi-
cian 722 is operating his or her own tablet 724 that commu-
nicates wirelessly, such as over a cellular data network. As
such, the physician 722 may review the data from central
server system 720. In this manner, the system 700 permits
various portable electronic devices to communicate with each
other so as to coordinate care that is provided to a victim 702.
In addition, the system 700 allows the technician 714 and
others to see raw real-time data and derived real-time or
historical data about a rescue attempt.

[0141] In another example, as shown in FIG. 14A, a colo-
rimeter 806, such as the colorimeters described herein can be
attached to a hospital gurney 802 (e.g., a narrow bed on a
wheeled frame which may be adjustable in height), such as
the type of gurneys that are collapsible for use in ambulances.
The gurney 802 can have a rod 804 extending from the frame
of the gurney that supports a colorimeter 806. The colorimeter
806 can be positioned such that an image of a patient’s head
can be gathered by the colorimeter 812.

[0142] In another example, as shown in FIG. 14B, a colo-
rimeter 812, such as the colorimeters described herein can be
attached to an ambulance 810. For example, the colorimeter
812 can be attached to a roof of the ambulance and positioned
such that an image of the patient’s head can be gathered from
the colorimeter 806.

[0143] Asnotedabove, various types of colorimeters can be
used to gather the RAS/CSVG data in order to determine
patient condition based on skin coloring. Such colorimeters
can range from specially designed colorimeters such as those
used to measure bilirubin levels, to arrangements that include
alight source and a sensor and rely on external processing, to
cameras such as those incorporated into many portable
devices such as those included in portable telephones (e.g.,
smart phones such as the iPhone). One such example of a
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portable device functioning as a colorimeter and used to
gather reflectance or absorption spectra is shown in FIG. 9.
[0144] FIG. 15 shows the front (left) and back (right) sides
of a portable telephone 902 that includes a user interface
displaying a collected RAS/CSVG 908, a status indicator
904, and a capture/recapture button 906. When a user selects
capture/recapture button 906, the portable telephone 902 acti-
vates a light source 912 of the device. For example, the
portable telephone 902 can activate the flash for the camera of
the portable device 902. While the flash has been activated,
the portable device 902 captures an image of the patient’s skin
using a camera 910. Thus, the portable telephone 902 can
generate the reflectance/absorption data as described herein.
The RAS/CSVG data collected by camera 910 can be ana-
lyzed using a processor of the portable telephone 902 to
provide feedback to the operator of the telephone.
[0145] Various implementations of the systems and tech-
niques described here can be realized in digital electronic
circuitry, integrated circuitry, specially designed ASICs (ap-
plication specific integrated circuits), computer hardware,
firmware, software, and/or combinations thereof. These vari-
ous implementations can include implementation in one or
more computer programs that are executable and/or interpret-
able on a programmable system including at least one pro-
grammable processor, which may be special or general pur-
pose, coupled to receive data and instructions from, and to
transmit data and instructions to, a storage system, at least one
input device, and at least one output device.
[0146] These computer programs (also known as pro-
grams, software, software applications or code) include
machine instructions for a programmable processor, and can
be implemented in a high-level procedural and/or object-
oriented programming language, and/or in assembly/ma-
chine language. As used herein, the terms “machine-readable
medium” “computer-readable medium” refers to any com-
puter program product, apparatus and/or device (e.g., mag-
netic discs, optical disks, memory, Programmable Logic
Devices (PLDs)) used to provide machine instructions and/or
data to a programmable processor, including a machine-read-
able medium that receives machine instructions as a machine-
readable signal. The term “machine-readable signal” refers to
any signal used to provide machine instructions and/or data to
a programmable processor.
[0147] Inaddition, the logic flows depicted in the figures do
not require the particular order shown, or sequential order, to
achieve desirable results. In addition, other steps may be
provided, or steps may be eliminated, from the described
flows, and other components may be added to, or removed
from, the described systems. Accordingly, other embodi-
ments are within the scope of the following claims.
What is claimed is:
1. A computer-implemented method comprising
obtaining color information based on an intensity of light
reflected primarily from the epidermis and dermal papil-
lae of an individual’s skin;
analyzing the color information to determine the colori-
metric properties of the individual’s skin;
generating, from the analysis of the colorimetric properties
of the skin, a metric that provides data indicative of a
medical status of the individual; and
providing, for display to auser, a visual summary including
the metric.
2. The method of claim 1, wherein the colorimetric prop-
erties comprise coordinates in a color space.
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3. The method of claim 2, wherein the color space com-
prises a color space selected from the group consisting of a
Lab color space, a L*a*b* color space, and a XYZ color
space.

4. The method of claim 2, wherein the color space com-
prises a color space having higher dimensionality than three
and having associated stimulus functions.

5. The method of claim 4, wherein the color space com-
prises a quadrastimulus color space.

6. The method of claim 4, wherein the color space com-
prises a pentastimulus color space.

7. The method of claim 4, wherein the stimulus functions
comprise stimulus functions configured to enhance detection
of an underlying physiologic state.

8. The method of claim 7, wherein the underlying physi-
ologic state comprises detection of NAD and NADH.

9. The method of claim 1, wherein obtaining the color
information comprises obtaining the color information from a
device included in a wearable device comprising a lifevest or
holter-like monitoring product.

10. The method of claim 1, further comprising sensing one
or more parameters including one or more of blood pressure,
end tidal carbon dioxide (EtC02), and blood oxygen satura-
tion (Sp02), wherein generating the metric comprises genet-
ating the metric based on the analyzed colorimetric properties
and the one or more sensed parameters.

11. The method of claim 1, further comprising:

obtaining baseline colorimetric properties based on an

intensity of light radiation reflected from the individu-
al’s skin.
12. The method of claim 11, wherein analyzing the colo-
rimetric properties comprises:
comparing the obtained colorimetric properties with the
obtained baseline colorimetric properties to determine
an amount of change between the obtained colorimetric
properties and the baseline colorimetric properties;

comparing the amount of change between the obtained
colorimetric properties and the baseline colorimetric
properties to a threshold; and

alerting the user when the amount of change exceeds the

threshold.

13. The method of claim 12, further comprising:

updating the baseline colorimetric properties upon deter-

mining that the change between the obtained colorimet-
ric properties and the baseline colorimetric properties
exceeds the threshold.

14. The method of claim 1, further comprising calculating
arisk score that provides a measure of the risk of an impend-
ing acute medical event (IAME).

15. The method of claim 1, further comprising calculating
arisk score that provides a measure of the risk of one or more
of a cardiac arrest, syncopal episode, traumatic arrest due to
such causes as internal bleeding, blunt force trauma, various
causes of hypovolemia and heart attack.

16. The method of claim 14, further comprising providing
a warning based on the risk score exceeding an established
threshold.

17. The method of claim 1, wherein obtaining the color
information comprises:

obtaining baseline colorimetric properties based on an

intensity of light radiation reflected from the individu-
al’s skin;

applying a stimulus configured to produce a change in the

colorimetric properties of the individual’s skin; and
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obtaining one or more additional measurements of the
colorimetric properties at times selected to capture
changes inthe colorimetric properties of the individual’s
skin based on the applied stimulus.

18. The method of claim 17, wherein analyzing the colo-

rimetric properties comprises:

comparing the obtained colorimetric properties with the
obtained baseline colorimetric properties to determine
an amount of change between the obtained colorimetric
properties and the baseline colorimetric properties in
response to the applied stimulus.

19. The method of claim 17, wherein applying the stimulus

comprises applying a pressure to the individual’s skin.

20. The method of claim 17, wherein applying the pressure
to the individual’s skin comprises applying the pressure using
an air filled bladder that presses against the skin then releases.

21. The method of claim 17, wherein applying the stimulus
comprises providing an audio stimulus.

22. The method of claim 17, wherein applying the stimulus
comprises stimulating skin with electricity.

23. The method of claim 17, wherein applying the stimulus
comprises applying a stimulus configured to generate a pain
sensation.

24. The method of claim 17, wherein applying the stimulus
comprises providing audio signal or voice generated signal
configured to elicit a response.

25. The method of claim 1, wherein obtaining the colori-
metric properties comprises obtaining the colorimetric prop-
erties via a camera in a portable telephone.

26. The method of claim 1, wherein the color information
comprises a spectra.

27. The method of claim 26, wherein the spectra comprises
an absorption spectra for wavelengths between 500 and 600
nm.

28. The method of claim 26, wherein the spectra comprises
a reflectance spectra for wavelengths between 500 and 600
nm.

29. The method of claim 1, wherein the color information
comprises luminance information for each of multiple colors.

30. The method of claim 1, wherein the color information
comprises luminance information for red, green and blue
components collected by a charge-coupled device (CCD).

31. A system for determining information about a patient
status based on colorimetric properties of the individual’s
skin, the system comprising:

a colorimeter configured to obtain a color information
based on an intensity of light reflected primarily from
the epidermis and dermal papillae of an individual’s
skin;

a processor configured to:

analyze the color information to determine the colorimetric
properties of the individual’s skin;

generate, from the analysis of the colorimetric properties of
the skin, a metric that provides data indicative of a medi-
cal status of the individual; and

a display device configured to display a visual summary
including the metric.

32. The system of claim 31 wherein the colorimetric prop-

erties comprise coordinates in a color space.

33. The system of claim 32, wherein the color space com-
prises a color space selected from the group consisting of a
Lab color space, a L*a*b* color space, and a XYZ color
space.
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34. The system of claim 32, wherein the color space com-
prises a color space having higher dimensionality than three
and having associated stimulus functions.

35. The system of claim 34, wherein the color space com-
prises a quadrastimulus color space.

36. The system of claim 34, wherein the color space com-
prises a pentastimulus color space.

37. The system of claim 34, wherein the stimulus functions
comprises stimulus functions configured to enhance detec-
tion of an underlying physiologic state.

38. The system of claim 37, wherein the underlying physi-
ologic state comprises detection of NAD and NADH.

39. The system of claim 31, wherein the colorimeter is
disposed within in a wearable device like lifevest or holter-
like monitoring product

40. The system of claim 31, further comprising one or more
sensors configured to measure one or more parameters
including one or more of blood pressure, end tidal carbon
dioxide (EtC02), and blood oxygen saturation (Sp02),
wherein the processor is further configured to generate the
metric based on the analyzed colorimetric properties and the
one or more sensed parameters.

41. The system of claim 31, wherein the processor is fur-
ther configured to cause the colorimeter to obtain a baseline
colorimetric properties based on an intensity of light radiation
reflected from the individual’s skin.

42. The system of claim 41, wherein the processor is fur-
ther configured to analyze the colorimetric properties by:
comparing the obtained colorimetric properties with the
obtained baseline colorimetric properties to determine an
amount of change between the obtained colorimetric proper-
ties and the baseline colorimetric properties;

comparing the amount of change between the obtained

colorimetric properties and the baseline colorimetric
properties to a threshold; and

alerting the user when the amount of change exceeds the

threshold.

43. The system of claim 42, wherein the processor is fur-
ther configured to update the baseline colorimetric properties
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upon determining that the change between the obtained colo-
rimetric properties and the baseline colorimetric properties
exceeds the threshold.

44. The system of claim 31, wherein the processor is fur-
ther configured to calculate a risk score that provides a mea-
sure of the risk of an impending acute medical event (IAME).

45. The system of claim 31, wherein the processor is fur-
ther configured to calculate a risk score that provides a mea-
sure of the risk of one or more of a cardiac arrest, syncopal
episode, traumatic arrest due to such causes as internal bleed-
ing, blunt force trauma, various causes of hypovolemia and
heart attack.

46. The system of claim 44, wherein the processor is fur-
ther configured to provide a warning based on the risk score
exceeding an established threshold.

47. The system of claim 31, wherein the processor is fur-
ther configured to obtain the color information by:

obtaining baseline colorimetric properties based on an

intensity of light radiation reflected from the individu-
al’s skin;
applying a stimulus configured to produce a change in the
colorimetric properties of the individual’s skin; and

obtaining one or more additional measurements of the
colorimetric properties at times selected to capture
changes inthe colorimetric properties of the individual’s
skin based on the applied stimulus.

48. The system of claim 31, wherein the processor is fur-
ther configured to analyze the colorimetric properties by:

comparing the obtained colorimetric properties with the

obtained baseline colorimetric properties to determine
an amount of change between the obtained colorimetric
properties and the baseline colorimetric properties in
response to the applied stimulus.

49. The system of claim 31, wherein the colorimeter com-
prises a camera in a portable telephone.

50. The system of claim 31, wherein the color information
comprises a an absorption spectra for wavelengths between
500 and 600 nm.

51. The system of claim 31, color information comprises a
reflectance spectra for wavelengths between 500 and 600 nm.
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