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SKIN PERFUSION MONITORING DEVICE
CROSS-REFERENCE

[0001] This application claims the benefit of U.S. Provisional Application No. 61/912,124, filed

December 5, 2013, which application is incorporated herein by reference in its entirety.
FIELD OF THE INVENTION

[0002] The field of the invention generally relates to the use of an applied force or another
external perturbation, such as temperature change in the measurement of cutaneous blood,
including dermal capillary, displacement and reperfusion for use in the detection of skin cancer

and other mammalian disease states.
BACKGROUND OF THE INVENTION

[0003] Assessment of skin capillary blood refill rate has been used for determination of health
status, primarily for use as an index of whole body shock or whole body dehydration. Typically,
such assessment involves determining the refill time of capillaries located in the skin following
the transitory removal of blood via an applied force. Although useful as a general assessment of
capillary health and vascular system function, non-invasive devices measuring tissue perfusion
parameters have not been shown useful for determining or diagnosing skin disease or other

pathological states in subjects.
SUMMARY OF THE INVENTION

[0004] The disclosures described herein generally relates to a method and device for the
dynamic measurement of skin blood flow parameters (e.g., capillary blood flow parameters)
useful in the determination of skin disease states such as skin cancers. An exemplary form of a
device comprises an approximately cylindrical inner member and an approximately cylindrical
outer member generally arranged about a common axis. Sensors incorporated within the inner
member are used, for example, for measurements pertaining to the presence of blood within the
region of skin against which the device is positioned, for example, by hand.

[0005] In brief, the outer member is configured to form contiguous contact with the skin surface,
with the inner member configured to move relative to the outer member. In one embodiment, the
device is a hand held device, wherein the outer member is held in contact with the skin surface
by a user’s hand. Movement of the inner member relative to the outer member allows the inner
member upon movement to provide transitory pressure to a portion of the skin surface. This
transitory pressure is intended to result in the removal and reperfusion of blood through the skin

capillaries so affected by the transitory pressure, which may be monitored by one or more
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sensors of the device. In one embodiment, the device further comprises one or more sensors that
may, in some instances, be contained within the inner member and may, in some instances, be
photonic in nature, wherein the one or more sensors are configured for the determination of
dynamic blood perfusion parameters within the skin capillary bed during one or more aspects
associated with the process of skin blood perfusion associated with the actions of the inner
member. In one non-limiting example, the device is configured to be held and positioned on
the body by hand.

[0006] In a preferred embodiment, the overall shape of the device is that of wand or pen where
the outer member also provides a means for being held to the skin surface by a clinician
performing the assessment. Other means, such as straps, Velcro, belts or a layer of medical
adhesive that immobilize the device with respect to the skin surface, are also readily conceivable.
Contained within the device, either in the outer or inner member, depending on the overall
configuration, are necessary power sources, e.g., battery, switches, mechanical force actuators or
springs to transiently move the inner member, and electronic circuitry and sensors configured
for obtaining capillary blood measurements. In certain instances, one or more functions, e.g.,
data analysis circuitry, power, data display, photonic light sources and sensors, and other
components and devices, may be located in a separate portion of the device connected to the
inner and outer member portion by means of electrical wires and/or fiber optics.

[0007] Data and analysis from the device may be displayed on a small screen located on the
outside of the outer aspect of the outer member in a preferred embodiment. In other
embodiments, such data may be transmitted either wirelessly or via electrical connection to
adjacent data receiving devices for display, storage and further analysis.

[0008] Provided herein, in one aspect, is a method to detect a change in blood microcirculation,
the method comprising (a) reversibly applying an external force locally to a skin region for a
duration of time suitable to alter blood perfusion in the skin region; (b) using one or more
photonic excitation sources and one or more detectors to measure one or more blood flow
parameters in response to the external force, before, during and/or after application of said
external force; (c) analyzing and quantifying the one or more blood flow parameters; and (d)
comparing the one or more blood flow parameters to a data set to determine the absence or
presence of a disease state. In some embodiments, the one or more photonic excitation sources
and one or more detectors to measure one or more blood flow parameters in response to the
external force, are used before the application of the external force. In some embodiments, the
one or more photonic excitation sources and one or more detectors to measure one or more
blood flow parameters in response to the external force, are used during the application of the

external force. In some embodiments, the one or more photonic excitation sources and one or
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more detectors to measure one or more blood flow parameters in response to the external force,
are used after the application of the external force. In some embodiments, the one or more
photonic excitation sources and one or more detectors to measure one or more blood flow
parameters in response to the external force, are used before and during the application of the
external force. In some embodiments, the one or more photonic excitation sources and one or
more detectors to measure one or more blood flow parameters in response to the external force,
are used before and after the application of the external force. In some embodiments, the one or
more photonic excitation sources and one or more detectors to measure one or more blood flow
parameters in response to the external force, are used during and after the application of the
external force. In some embodiments, the one or more photonic excitation sources and one or
more detectors to measure one or more blood flow parameters in response to the external force,
are used before, during and after the application of the external force. In one embodiment, the
data set comprises measured blood flow parameters of at least one skin region in response to an
external force, wherein at least one skin region is a reference skin region. A reference skin
region includes a skin region having or not having a disease state. In one embodiment, the
disease state is cancer. An exemplary cancer is skin cancer. Skin cancer includes stages 0, 1, 2, 3
and 4 of skin cancer. In one embodiment, the method to detect a change in blood
microcirculation is performed on both an area of skin of an individual suspected of having a
disease, e.g., melanoma, and an area of skin of the same individual which is known to not have
the disease, e.g., the reference or control skin region. In another embodiment, a reference region
is a region of skin of another individual, wherein the reference region has or does not have a
disease state.

[0009] Provided herein, in one aspect, is a device for measuring blood microcirculation, the
device comprising (a) a means to provide an external force to a skin region, wherein the external
force is sufficient in pressure and duration to alter blood perfusion in the skin region; and (b) a
sensor comprising a photonic excitation source and a photonic detector, wherein the sensor is
configured to measure one or more blood flow parameters prior to, during, and/or after
application of an external force to the skin region. In one embodiment, the photonic detector
measures an applied photonic energy absorption by a component of blood. In one embodiment,
the photonic detector is an imaging detector. In one embodiment, photonic energy is delivered to
and collected from one or more areas of the skin region using optical fibers. In one embodiment,
photonic energy is delivered to an area of the skin region from the photonic excitation source. In
another embodiment, photonic energy is detected from an area of the skin region with the

photonic detector. In one embodiment, the sensor comprises a plurality of photonic detectors,
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wherein each photonic detector is located at a different distance from the photonic excitation
source than another photonic detector.

[0010] In one aspect, provided herein is a device for measuring blood microcirculation, the
device comprising a means to provide an external force to a skin region, wherein the external
force is sufficient in pressure and duration to alter blood perfusion in the skin region; and a
sensor comprising a photonic excitation source and a photonic detector, wherein the sensor is
configured to measure one or more blood flow parameters prior to, during, and/or after
application of an external force to the skin region.

[0011] The photonic detector measures an applied photonic energy absorption by a component
of blood. In one embodiment, the photonic detector is an imaging detector. A photonic energy
can be delivered to and collected from one or more areas of the skin region using optical fibers.
[0012] In another embodiment, the sensor comprises a plurality of photonic detectors, wherein
cach receiver for a photonic detector is located at different distances from the emission location
of the photonic excitation source of the sensor.

[0013] In one aspect, a means to provide an external force to a skin region comprises an inner
member configured to move relative to an outer member, allowing for the application of variable
pressure to the skin region.

[0014] In another aspect, a device is configured to measure one or more blood flow parameters
of an area of the skin region, wherein the area is equivalent to or greater than 0.100 mm in
diameter.

[0015] A device can be configured to measure one or more blood flow parameters of an area of
the skin region, wherein the area is between about 1 mm and about 5 mm in diameter.

[0016] A device can also be configured to measure one or more blood flow parameters of an
arca of the skin region, wherein the area is between about 1 mm and about 30 mm in diameter, 5
mm and about 30 mm in diameter, between about 5 mm and about 25 mm in diameter, between
about 5 mm and about 20 mm in diameter, between about 5 mm and about 15 mm in diameter or
between about 5 mm and about 10 mm in diameter, between about 10 mm and about 20 mm in
diameter, between about 1 mm and about 10 mm in diameter, between about 1 mm and about 20
mm in diameter or between about 10 mm and about 30 mm in diameter.

[0017] A photonic excitation source can emit light at wavelengths below 400 nm, between 400
nm and 450 nm, between 450 nm and 500 nm, between 500 nm and 550 nm, between 550 nm
and 600 nm, between 600 nm and 650 nm, between 650 nm and 700 nm, or above 700 nm.
[0018] In one aspect, the inner member comprises a convex, concave or non-planar surface for

exerting pressure on the skin.
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[0019] Also provided herein is a method to detect a change in blood microcirculation,
comprising: reversibly applying an external force locally to one or more skin regions for a
duration of time sufficient to alter blood perfusion in the skin region; providing one or more
photonic excitation sources and one or more photonic detectors to measure one or more blood
flow parameters in response to the external force before, during and/or after application of said
external force; analyzing and quantifying the one or more measured blood flow parameters from
said one or more regions of the skin; assessing said blood flow parameters to identify blood flow;
and comparing the blood flow to one or more other assessments to determine the presence of a
disease state. In some embodiments, the one or more photonic excitation sources and one or
more detectors to measure one or more blood flow parameters in response to the external force,
are used before the application of the external force. In some embodiments, the one or more
photonic excitation sources and one or more detectors to measure one or more blood flow
parameters in response to the external force, are used during the application of the external force.
In some embodiments, the one or more photonic excitation sources and one or more detectors to
measure one or more blood flow parameters in response to the external force, are used after the
application of the external force. In some embodiments, the one or more photonic excitation
sources and one or more detectors to measure one or more blood flow parameters in response to
the external force, are used before and during the application of the external force. In some
embodiments, the one or more photonic excitation sources and one or more detectors to measure
one or more blood flow parameters in response to the external force, are used before and after
the application of the external force. In some embodiments, the one or more photonic excitation
sources and one or more detectors to measure one or more blood flow parameters in response to
the external force, are used during and after the application of the external force. In some
embodiments, the one or more photonic excitation sources and one or more detectors to measure
one or more blood flow parameters in response to the external force, are used before, during and
after the application of the external force.

[0020] In one aspect, the disease state is cancer. Cancer, in some instances can be skin cancer
that is benign or malignant. In other instances, the cancer is metastatic.

[0021] In another aspect, the disease state is hypercholesterolemia, Alzheimer disease, carpal
tunnel syndrome, schizophrenia, hypertension, renal disease, type 2 diabetes, peripheral vascular
disease, atherosclerotic coronary artery disease, heart failure, systemic sclerosis, obesity,
primary aging, sleep apnea, neonatal & adult sepsis, wound healing, or a combination thereof.
[0022] In the methods described herein, the one or more other assessments can comprise blood

flow parameters measured in response to an external force applied to a skin region or regions.



WO 2015/085240 PCT/US2014/068909
In one embodiment, the skin region comprises a lesion suspicious for cancer. In some instances,
the reference skin region does not have cancer.
[0023] In such methods, the blood flow parameters are analyzed and quantified.
[0024] Analyzing the one or more measured blood flow parameters comprises utilizing multi
exponential decay and rise functions; and life time distributions.
[0025] Assessing blood flow parameters relative to one or more other assessments can comprise
comparing signal lifetimes and lifetime distributions obtained from the skin region with a
reference skin region.
[0026] Analyzing the one or more measured blood flow parameters can comprise determining
temporal relationships and correlations between signals acquired from a plurality of photonic
detectors, where each receiver for a photonic detector is located at a different distance from the
emission of the photonic excitation source.
[0027] Analyzing the one or more measured blood flow parameters can comprise determining
temporal relationships and correlations between signals acquired from a plurality of photonic
detectors at different wavelengths emitted from the photonic excitation source.
[0028] In such methods, the one or more blood flow parameters can provide a pressure-induced
hemodynamic profile of the skin region, wherein pressure-induced vasodilation is determined
from the shape of the pressure-induced hemodynamic profile, and wherein the pressure-induced
vasodilation is indicative of the presence of the disease state.
[0029] The methods can further comprise performing hemodynamic analyses on a plurality of
skin region locations, wherein the hemodynamic analysis of each location is compared to
another location to determine or compare disease status.
[0030] Also provided herein is a method to detect changes in blood microcirculation,
comprising: reversibly altering the temperature of one or more skin regions for a duration of
time; using one or more photonic excitation sources and one or more photonic detectors to
measure one or more blood flow parameters in response to the temperature alteration before,
during and/or after alteration of the temperature of the one or more skin regions; analyzing and
quantifying the one or more measured blood flow parameters from the one or more areas of the
skin; and assessing said blood flow parameters to identify blood flow, and comparing the blood
flow to one or more other assessments to determine the presence of a disease state. In some
embodiments, the one or more photonic excitation sources and one or more detectors to measure
one or more blood flow parameters in response to the external force, are used before the
application of the external force. In some embodiments, the one or more photonic excitation
sources and one or more detectors to measure one or more blood flow parameters in response to

the external force, are used during the application of the external force. In some embodiments,
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the one or more photonic excitation sources and one or more detectors to measure one or more
blood flow parameters in response to the external force, are used after the application of the
external force. In some embodiments, the one or more photonic excitation sources and one or
more detectors to measure one or more blood flow parameters in response to the external force,
are used before and during the application of the external force. In some embodiments, the one
or more photonic excitation sources and one or more detectors to measure one or more blood
flow parameters in response to the external force, are used before and after the application of the
external force. In some embodiments, the one or more photonic excitation sources and one or
more detectors to measure one or more blood flow parameters in response to the external force,
are used during and after the application of the external force. In some embodiments, the one or
more photonic excitation sources and one or more detectors to measure one or more blood flow
parameters in response to the external force, are used before, during and after the application of
the external force.
[0031] Analyzing the one or more measured blood flow parameters can comprise quantifying
amplitudes, temporal gradients and temporal shapes of hemodynamic profiles.
[0032] In one aspect, the disease state is cancer. Cancer, in some instances can be skin cancer
that is benign or malignant. In other instances, the cancer is metastatic.
[0033] In another aspect, the disease state is hypercholesterolemia, Alzheimer disease, carpal
tunnel syndrome, schizophrenia, hypertension, renal disease, type 2 diabetes, peripheral vascular
disease, atherosclerotic coronary artery disease, heart failure, systemic sclerosis, obesity,

primary aging, sleep apnea, neonatal & adult sepsis, wound healing, or a combination thereof.
BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The novel features of the invention are set forth with particularity in the appended claims.
A better understanding of the features and advantages of the present invention will be obtained
by reference to the following detailed description that sets forth illustrative embodiments, in
which the principles of the invention are utilized, and the accompanying drawings of which:
[0035] Figure 1 is illustrative of an embodiment of a skin perfusion monitoring device.

[0036] Figure 2 is illustrative of an embodiment of a skin perfusion monitoring device depicting
inner and outer members.

[0037] Figures 3A-B are illustrative of one configuration of an outer member of a skin perfusion
monitoring device. Figure 3A is a cross sectional view where the disposable component 304 is
configured to seat or guide the attachment of outer member component 301 through its bowl like
structure. Figure 3B is an end-on view; the structure of disposable component 304 has an

opening enabling the inner member 302 to traverse through the outer member components and
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thereby contact the desired skin region (not shown) in order to accomplish blood removal and
blood flow measurements.

[0038] Figures 4A-B are illustrative of a configuration of an outer member of a skin perfusion
monitoring device having a handle. Figure 4A: movement of slide button 403 in direction of
arrow 420 will cause pin 414 to move down track 409 thereby causing spring 404 to move inner
member downward in direction indicated by arrow 421, a translational motion. Distance of
movement of inner member 401 into the skin and tissue 408 may be attributable to the strength
(force) exerted by spring 404 and the relative stiffness or resistance to compression offered by
skin and tissue 408. The result of such translational motion is shown in Figure 4B. To return
the inner member back to the initial state and to enable the tissue to decompress, slide button
403 may then be moved in the direction shown by arrow 416 in Figure 4B.

[0039] Figure 5 is illustrative of one configuration of an inner member of a skin perfusion
monitoring device.

[0040] Figure 6 exemplifies sensor elements of an inner member of a skin perfusion monitoring
device.

[0041] Figures 7A-B are illustrative of a sensor of the inner member of a skin perfusion
monitoring device, wherein the sensor comprises a plurality of detectors and one light source.
An example of the convex shape of the inner member structure is shown in Figure 7A. Figure
7B illustrates this point by presenting an array of photodetection elements 703 spaced about a
single photonic source 702.

[0042] Figure 8 is illustrative of a sensor of the inner member of a skin perfusion monitoring
device, wherein the sensor has an imaging capability.

[0043] Figure 9 is an exemplary illustration of electronic circuitry elements enabling operation
of a skin perfusion monitoring device.

[0044] Figure 10 exemplifies representative data obtained using a skin perfusion monitoring
device as described herein.

[0045] Figures 11A-C exemplify representative data from (Figure 11A) normal skin; (Figure
11B) a benign nevus, i.e., a mole; and (Figure 11C) a confirmed basal cell carcinoma, BCC
using a skin perfusion monitoring device.

[0046] Figures 12A-D are illustrative of pressure-induced hemodynamics with wavelength of
light emitted from a skin perfusion monitoring device. Figures 12 A-D illustrate that signal
dynamics are dependent on the wavelength of light used. Figure 12C shows that, in general, both
signal rise and recovery dynamics is slower at shorter interrogation wavelength (405 nm) as

compared to dynamics at 590 nm (Figure 12A, Figure 12B) or 660 nm (Figure 12D).
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[0047] Figure 13 provides results from a clinical study on human subjects illustrating
differences in one pressure-induced hemodynamic parameter (a refill time constant) in normal
tissue, benign moles and skin cancers measured using a skin perfusion monitoring device.
[0048] Figure 14 is illustrative of exemplary data obtained using a skin perfusion monitoring

device under temperature perturbation.

DETAILED DESCRIPTION OF THE INVENTION
[0049] Provided herein, in various aspects, are methods and devices for mechanical
displacement of blood from a desired skin region followed by the reperfusion of blood into this
region.
[0050] Skin microcirculation has been considered an accessible and potentially representative
vascular bed to evaluate and understand the mechanisms of microvascular function and
dysfunction. Vascular dysfunction (including impaired endothelium-dependent vasodilation)
induced by different pathologies is evident in the cutaneous circulation. It has been suggested
that the skin microcirculation may mirror generalized systemic vascular dysfunction in
magnitude and underlying mechanisms. Furthermore, minimally invasive skin-specific
methodologies using laser systems make the cutaneous circulation a useful translational model
for investigating mechanisms of skin physiology and skin pathophysiology induced either by
skin disease itself or by other diseases such as vascular, rheumatologic, and pneumologic
diseases. To date, the skin has been used as a circulation model to investigate vascular
mechanisms in a variety of diseased states, including hypercholesterolemia, Alzheimer disease,
carpal tunnel syndrome, schizophrenia, hypertension, renal disease, type 2 diabetes, peripheral
vascular disease, atherosclerotic coronary artery disease, heart failure, systemic sclerosis,
obesity, primary aging, sleep apnea, neonatal & adult sepsis, wound healing, or a combination
thereof.
[0051] Prior devices described suffer from the absence of adequate reference (control) signal
making them sensitive to the type of tissue, physiological state and environmental parameters
(e.g., temperature) which introduces significant error due to biological variability and requires
complicated calibration and parameterization procedures. Examples include one such device as
described by Howell (US Patent No. 3,698,382) wherein a platform system provides varying
pneumatic pressure to a housing that is placed upon the skin. Within the housing are optical
sensors intended to enable the determination of blood refill rates. As pneumatic pressure is
varied, an assessment of capillary refill rate is then made using the optical sensors present within
the device. Alternatively, Shani and Shavit (US Patent No. 6,685,635) describe a system having

an external housing through which pressure is applied resulting in removal of blood from the
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depressed body region. As pressure is transitorily applied to the external housing, capillary
blood refill is assessed using sensors located within the structure of housing. They also report
the use of a temperature sensor to improve determination of skin capillary state and overall
physiological status. A somewhat different approach is described by Messerges and Hutchinson
(US Patent No. 8,082,017) which combines pulse oximetry with capillary refill time assessment.
This device is designed to be placed upon the end of a patient’s appendage, e.g., a finger or a toe.
When affixed to the patient, one member of the device is located on one side of the appendage
and a second member is located on the opposing side of the appendage. Pressure resulting in
blood loss is then accomplished by an actuator located in one hinge resulting in both members
compressing the intervening tissues.

[0052] None of these devices are specifically constructed as to enable a local determination of
skin (capillary) blood perfusion enabling the definition of cancerous from non-cancerous skin
tissue. That is, cancerous or precancerous lesions are often of the dimension of a few millimeters
or less. Moreover, the described devices do not have a suitable shape to enable efficient
displacement of blood from the arca of interest.

[0053] The methods and devices disclosed herein overcome the shortcomings of the prior
devices which is capable of determining with high spatial resolution of cutaneous blood,
including relative capillary, displacement and refill rates over closely spaced area of skin, e.g.,
within a mole or suspect cancer growth as compared to an adjacent skin surface must be
constructed towards this aim and dimensioned accordingly.

[0054] In some embodiments, displacement of blood results from a transitory pressure applied
to the skin by one or more solid structures of a device, such as a device described herein,
pressing on the skin region. In one embodiment, the device comprises an inner member and an
outer member. In another embodiment, the structure utilized for pressure application is the inner
membrane of the device. Reperfusion of blood into the skin region results upon the cessation of
transitory pressure, due to the release of the compressive force. In an exemplary embodiment,
the device utilized for pressure application comprises one or more sensors. The one or more
sensors located, in some instances, within the structure utilized for pressure application (in some
instances, an inner member) provide measurements of skin blood flow at one or more instances
during performance of blood perfusion events (for example, no pressure, pressure, cessation of
pressure). Data from such measurements can be employed for the determination of one or more
parameters of blood flow dynamics (generally referred to as hemodynamics). Hemodynamic
parameters, in various embodiments, correlate to a disease state. In one embodiment, the disease
state relates to the physiology of the individual at the site of measurement, e.g., a skin cancer

lesion. In another embodiment, a hemodynamic parameter is reflective of the health of an
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individual as a whole, e.g., cardiovascular status. In another embodiment, a hemodynamic
parameter is reflective of the health of an individual with respect to, for example,
hypercholesterolemia, Alzheimer disease, carpal tunnel syndrome, schizophrenia, hypertension,
renal disease, type 2 diabetes, peripheral vascular disease, atherosclerotic coronary artery
disease, heart failure, systemic sclerosis, obesity, primary aging, sleep apnea, neonatal & adult
sepsis, wound healing, or a combination thereof.

[0055] Definitions

[0056] A malignant cancer is a cancer that has undergone characteristic anaplasia with loss of
differentiation, increased rate of growth, invasion of surrounding tissue, and is capable of
metastasis.

[0057] Metastatic cancer is a cancer at one or more sites in the body other than the site of origin
of the original (primary) cancer from which the metastatic cancer is derived.

[0058] A tumor that does not metastasize is referred to as “benign”.

[0059] There are several types of cancer that start in the skin. The most common types are basal
cell carcinoma and squamous cell carcinoma, which are non-melanoma skin cancers. Actinic
keratosis is a skin condition that sometimes develops into squamous cell carcinoma.
Non-melanoma skin cancers rarely spread to other parts of the body. Melanoma is more likely to
invade nearby tissues and spread to other parts of the body.

[0060] A melanoma is a malignant tumor of melanocytes which are found predominantly in skin
but also in the bowel and the eye (uveal melanoma). It is one of the rarer types of skin cancer but
causes the majority of skin cancer related deaths. Malignant melanoma is a serious type of skin
cancer caused by uncontrolled growth of pigment cells, called melanocytes. Melanomas also
include, but are not limited to, a choroidea melanoma, malignant melanomas, cutancous
melanomas and intraocular melanomas.

[0061] Melanoma may be divided into the following types: Lentigo maligna, Lentigo maligna
melanoma, superficially spreading melanoma, acral lentiginous melanoma, mucosal melanoma,
nodular melanoma, polypoid melanoma, desmoplastic melanoma, amelanotic melanoma,
soft-tissue melanoma, and uveal melanoma. Melanoma stages are as follows:

[0062] Stage 0 — melanoma in situ (Clark Level I).

[0063] Stage I/Il — invasive melanoma: T1a: less than 1.00 mm primary, without ulceration,
Clark Level II-1II; T1b: less than 1.00 mm primary, with ulceration or Clark Level IV-V; and
T2a: 1.00-2.00 mm primary, without ulceration.

[0064] Stage I — High Risk Melanoma: T2b: 1.00-2.00 mm primary, with ulceration; T3a:
2.00-4.00 mm primary, without ulceration; T3b: 2.00-4.00 mm primary, with ulceration; T4a:
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4.00 mm or greater primary without ulceration; and T4b: 4.00 mm or greater primary with
ulceration.

[0065] Stage III — Regional Metastasis: N1: single positive lymph node; N2: 2-3 positive lymph
nodes or regional skin/in-transit metastasis; and N3: 4 positive lymph nodes or lymph node and
regional skin/in transit metastases.

[0066] Stage IV — Distant Metastasis: M1a: Distant Skin Metastasis, Normal LDH; M1b: Lung
Metastasis, Normal LDH; and M1c: Other Distant Metastasis OR Any Distant Metastasis with
Elevated LDH.

[0067] In one embodiment, the methods described herein identify a melanoma or a likelihood,
or risk of melanoma.

[0068] Additional steps or variations in the general method, such as the use of stepwise or
incremental pressure, series of rapid pressures and releases, series of measurements, etc., may be
employed within the overall scope of the devices and methods disclosed herein. Accordingly,
the scope of the present disclosure is not limited to those series of steps or actions presented and
exemplified here.

[0069] Figure 1 presents an illustration of an exemplary blood perfusion device, 100. As shown,
device 100 has inner member 101 enclosed substantially within a first component 102. The first
component 102 is associated with a support component 104 and a base component 105.
Collectively, components 102, 104 and 105 comprise the outer member of device 100 and are
presented to generally indicate that an outer member of a device may be comprised of multiple
components having a variety of functions. For example, the outer membrane component 102 is
uscful as a guide for inner member 101. As another example, outer membrane component 105 is
useful to orient the device for positioning on a specific region of a skin surface 107. As another
example, outer member component 104 is useful as a support, enabling the device to house
electronics (not shown) and/or photonic sources (not shown) useful for device operation.

[0070] Also shown in Figure 1 is wire 109 extending from outer member component 104. Wire
109 is shown to generally illustrate the functions that may be usefully present in such structures
in various embodiments associated by having one or more external connections between device
and one or more additional structures, efc. For example, wire 109 may represent an electrical
power cord enabling the supply of power to device electrical components. Alternatively, the
wire may represent a fiber optic cable transferring photonic energies to and from device 100 to
an external unit having photonic energy sources and/or photonic energy receivers with
associated electronics enabling signal analysis and processing. A third possibility is that wire

109 represents a data transference means, e.g., USB cable, between device 100 and a separate
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unit, e.g., a laptop computer or cell phone, enabling data analysis, device operational commands,
and display of processed results.

[0071] Returning to inner member 101, inner member 101 may be configured to enable
measurements of skin blood flow through one or more sensors (not shown) located in inner
member 101 at component end 108, wherein 108 is a point of contact with a skin surface 107.
Also contained within inner member 101 may be additional electronics, etc. to support the
measurement of skin properties through one or more sensors located in end 108, and electrical
wires, photonic guides and/or other forms of contacts enabling transference of power, data
and/or photonic information between inner member 101 and outer member components 102 and
104.

[0072] Also shown in this general illustration is a spring 106 and a mounting ring 103 on inner
member 101 that are presented to generally indicate the need to provide a means of exerting a
small force on the skin surface 107 through the movement of inner member 101 towards and
against the skin surface, as indicated by arrow 110. The purpose of this small force is to
maintain the contact of the inner ring with the skin through all phases of measurement. Action of
the spring 106 located between and in contact with inner member 101 and with mounting ring
103 results in a depressive force on the skin 107 through the pressure of the contact by end 108.
The spring constant of spring 106 is chosen to be small enough so that the depression of the skin
surface does not result in a forcing of blood from skin capillaries located in the immediate
vicinity of this applied force.

[0073] To enable application of force to the inner member, the component 102 may contain any
means of applying the force to the inner member, i.e., an actuator or force transducer, for
example: an electromagnet (solenoid), a linear motor, or pneumatic or hydraulic control. To be
usefully applied, in an exemplary feature of the device, an opposing force resulting from the
contact of inner member end 108 against the skin 107 is resisted by the structure and positioning
of components of the outer member, collectively 105, 104 and 102. In one embodiment, it is
desired that the applied force results in a depression of the skin surface (and associated removal
of blood) rather than a lifting of the device or portions thereof from the skin; accordingly, the
structures and operation of devices described herein are, in many instances, configured to enable
this function. In this instance, device 100 may be held against skin surface by placement of one
or more fingers on the outer top surface of outer member component 105, thereby through the
strength of the hand enabling the depressive force exerted by inner member 102 to be
successfully accomplished. In an exemplary device, the end of the inner member 108 is not
subject to motion artifacts after the pressure to the inner member is released. Therefore the end

of the inner member 108, containing sensing elements may be permanently attached to the inner
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member 101 or it may not be attached permanently. For example, 108 could be a component
shown in Figure 7 comprising light sources and detectors. As another example, 108 could be a
component shown in Figure 5; in this case the inner member 101 would apply force to feature
108 and then be retracted from 108, leaving 108 attached to the skin by means of adhesive
forces. In the case 108 is not permanently attached to inner member 101, it could be connected
by additional cables to enable electronics needed for feature 108 operation.

[0074] Figure 2 provides an illustration of an embodiment of a device as provided herein. As
shown, device 200 has an outer member 205 that substantially encloses inner member 210,
except for an end opening generally indicated by arrow 222. A blood flow sensor head 215 is
positioned at the end of inner member 210. Positioned between outer member 205 and inner
member 210 is an actuator (e.g., a solenoid) 225 and a spring 230, enabling controlled
piston-like movement of inner member 210 within outer member 205. Actuator 225 and spring
230 are intended to provide both extensive force (actuator 225) and retractive force (spring 230)
to enable operation of the device, for example, inner member 210 exerts a depressive force on a
skin region as the outer member 205 is positioned against the skin by hand. It should be noted
that spring 230 is so configured as to enable retraction of the extended inner member while
allowing continuous contact between the skin and the inner member.

[0075] In alternate embodiments, the outer member 220 may be affixed to skin, e.g., with use of
a medical adhesive, or with belts, Velcro or straps to constrain its position and orientation with
respect to skin surface. In certain instances, the structure affixing the outer member to the skin
may itself be a portion of the device, e.g., as a separable disposable structure having an adhesive.
[0076] In yet other alternate embodiments, a plurality of inner members 210, sensor heads 215
and/or sensors located within sensor head 215 may be incorporated within device 200 in order to
provide a plurality of measurements at one time.

[0077] Sensor head 215 at the end of inner member 210 is configured with one or more sensors
(not shown) to enable measurement of skin physiological parameters when end opening 222 of
device 200 is positioned against the skin. In correct use, device end opening surfaces 220 and
221 are positioned to be substantially in contact with the skin in order to enable pressure
variation to be applied to the immediate skin area and measurements of skin blood perfusion to
be obtained while doing so. Sensor signals so obtained are conveyed between electronics 240
and sensor head 215 by connector 235.

[0078] Also shown within device 200 are operating switch 245, battery 255 and display 250 to
enable operation of device 200. Battery 255 may be replaceable, rechargeable, or in certain
instances, power to device 200 may be supplied by an external power source, e.g., electrical

outlet connected to the device.
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[0079] Not shown in Figure 2 are necessary electrical and connections (e.g., optical connections)
between the various components of the device 200 to enable their functionality. It will be readily
appreciated that such electrical connections as well as electronic circuitry contained within
electronics 240 are well understood by those skilled in the art of electronic circuitry.
[0080] It may be readily appreciated that the control of mechanical motions and photonic signal
delivery and acquisition may be accomplished in a variety of ways and are not constrained to the
examples and device component configurations presented here.

Device Operation
[0081] In an exemplary mode of operation, a device of the present disclosure, for example, such
as one illustrated in Figure 2, is first positioned on a region of mammalian skin wherein the area
to be measured is in contact with end surface 221 of inner member 210. At least a portion of the
corresponding end surface 220 of outer member 205 thereby is also caused to come into contact
with skin surface. In addition, inner member 210 is so constructed to aid in the shielding of
photonic sensors contained in sensor head 215 from stray or non-intended energy sources, e.g.,
stray light.
[0082] The operator of the device then activates the device using switch 245. Activation results
in electrical power being supplied from battery 255 to electronics 240 and other components,
e.g., actuator 225 and display 250, as directed by electronics 240. Upon activation, inner
member 210 is mechanically moved in an outward direction relative to outer member 205, e.g.,
by actuator 225. In various embodiments, the force utilized to move inner member 210 may be
by means other than an actuator, e.g., clectromagnet, electroactive polymers, or pneumatic
pressure supplied by an external source, manual means, efc., and the scope of the present
disclosure is not constrained to any one means of applying a translational force to inner member
210.
[0083] The translational motion of inner member 210, while outer member 205 remains
positioned in substantial contact with the skin at surface 220, results in mechanical force being
applied to the immediate skin surface. As a result, skin vasculature in the immediate area is
compressed, resulting in an outflow of blood from the compressed region. It is readily
understood that sensor head 215 is advantageously positioned at the end of inner member 210 to
perform measurements upon local skin blood flow throughout this process.
[0084] In many implementations, it is a desired feature that the structure or mode of operation of
the inner member may be such that blood removal from the compressed skin region is facilitated.
This may include the shape of the surface that contacts the skin being, e.g., convex rather than
planar such that blood is progressively moved from the region as more of the inner member

contacts the skin. Examples of the convex shape of the inner member structure are shown in
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Figure 2, Figure 5, Figure 7A and Figure 8. For example, Figure 2 shows the rounded end 221 of
inner member 210.

[0085] In an alternative embodiment, the device or inner member may be applied at an angle to
the general plane of the skin and then shifted to an orientation generally at right angles to the
skin during the application of pressure. Additional means or inner membrane shapes facilitating
blood removal are conceivable and the scope of the present disclosure is not limited to these
examples.

[0086] As alternate applications, the structure or mode of operation of the inner member can be
chosen to increase the amount of blood in the compressed region. This may include having a
shape of the surface of the inner member in contact with skin that is concave such that blood is
trapped by the edges and progressively pushed toward the center of the compressed area where
the sensing area is located.

[0087] After transitioning a certain distance, movement by inner member 210 relative to outer
member 205 ceases. This distance may be a predetermined distance, e.g., a predetermined
distance relative to outer member 205. The travel of inner member of this predetermined
distance may be governed by a variety of means, e.g., through actions of actuator 225 under the
control of one or more sensors able to discern distance travelled or electronic timing present
within electronics 240.

[0088] In alternate embodiments, the distance traversed by inner member 210 may be governed
by one or more sensors able to discern one or more physiological parameters associated with the
desired outcome of motion, e.g., the partial or complete removal of blood or increase in the
amount of blood in the skin region under compression and thereby facilitate automated operation
of the device. Examples of such sensors include pressure transducers so positioned within device
200 or on the device 200 surface as to sense the pressure applied by inner member 210 to skin
surface. Such sensors may be present on the inner member 210, outer member 205 or both, the
scope is not constrained to any one location. The scope of the present disclosure is not
constrained to any one form or method of determining distance traversed.

[0089] Such distance sensors may also include those sensors utilized for making determinations
of the blood present in the compressed region. That is, by a determination of change in amount
of blood (e.g., blood removal), a feedback signal from said blood sensors to electronics may then
be used to govern the means used to move inner member 210, e.g., control the actuator 225.
[0090] In addition, pressure sensors located on the outer member in contact with the skin surface
may be utilized to ensure that outer member 205 remains in substantial contact with skin surface

but is not applying by itself an undesired level of pressure to the local skin area. Readings from
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such sensors may be sent to display 250 to enable the individual using the device to more
appropriately position the device on the skin surface.

[0091] Upon ceasing movement, inner member 210 may remain stationary relative to outer
member 205 and thereby hindering local blood flow in the compressed region for either a short
duration, e.g., < 1 second, or longer. Longer durations may advantageously enable the
establishment of a plurality of measurements to which either prior or subsequent measurements
may be compared.

[0092] After the desired time period has passed, the force applied to the inner member 210 is
turned off resulting in the inner member being rapidly retracted back into outer member 205. In
preferred embodiments, this retraction may be the result of cessation of actuator activation and
resulting from tissue-compression force pushing the inner member 210 back towards original
position with a spring 230 useful in maintaining the surface of inner member 221 to remain in
effectively continuous contact with the skin. In alternate embodiments, other methods for
retracting inner member 210 may be employed, e.g., vacuum or manual, and the scope is not
constrained to any one means of moving inner member 210 back within outer member 205.
[0093] In one embodiment, after returning the inner member 210 to the original position relative
to outer member 205, blood measurements utilizing sensors located in sensor head 215 may
continue for either a predetermined or arbitrary length of time. In another embodiment, during
and after returning the inner member 210 to the original position relative to outer member 205,
blood measurements utilizing sensors located in sensor head 215 may continue for either a
predetermined or arbitrary length of time. The methods and devices provided herein are not
constrained to any one measurement period.

[0094] 1t is a desired feature that the rate of travel and distances traversed by inner member 210
relative to outer member 205, upon release of the applied force, does not exceed the elasticity
present in the measured skin region and thereby cause an interruption in the measured skin
signals. In such instances, wherein the rate of travel and distances are congruent with the
rebound elasticity of the compressed skin region, sensor head 215 and its end surface 221
remain in substantial contact with the skin surface throughout these motions.

[0095] In certain instances, the entire device may be pressed against the skin, e.g., pressure
applied outer member 205 also resulting in local blood loss in the skin area in substantial contact
with outer member 205. In such instances, useful data may be obtained by examining the
relative effect of inner member 210 further locally compressing the skin region in a reversible
fashion.

[0096] Alternatively, when an external force to apply pressure using outer member 205 is

employed, the inner member 210 may be configured or commanded to not move in relationship
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to the outer unit. Such a result may be obtained by an electronic command instructing the inner
member not to move.
[0097] In related embodiments, the device may be effectively constructed as a single unit
whereby the inner member and outer member form effectively a single contiguous structure. In
such embodiments, needed force (e.g., pressure) for blood removal may be applied through a
separate mechanism, e.g., mechanical (by hand), hydraulic or pneumatic mechanisms applied to
entire structure 200. In yet still other embodiments, in a device having an effectively solid
structure, the device can be securely fixed to the skin region and the user transiently applies
pressure by hand for sensing purposes.
[0098] In alternate or additional embodiments, a device comprises a plurality of inner
members and at least one outer member. In such configurations, a plurality of skin surfaces may
be measured in effectively a simultaneous fashion. Such plural forms of the device may be
advantageously employed where a suspect lesion is measured during the same measurement
period as a non-suspect (control) skin area is measured, without the extended time period
required by sequential measurements.
[0099] In yet other configurations of the device, the outer member may have at least one
element separable from the inner member.
[00100] In such embodiments, the outer member may be comprised of one or more separate
components, e.g., an adhesive strip having one or more alignment marks to aid in positioning of
the inner member and a separate ring or guiding structure to enable the placement of the inner
member in a position in accordance with the adhesive strip alignment marks. In yet other
embodiments, the outer member may have a conformable portion or separable component, e.g.,
sponge or soft rubber, element that contacts the skin to promote both good contact of the device
with the skin and to provide comfort to the user. Additional forms and types of the structure of
the outer members are readily conceivable and therefore the scope of this disclosure is not
restricted to the examples and configurations presented herein.
[00101] It will be readily appreciated that one or more measurements concerning the presence
of blood in the measured region may be made at various points in the measurement cycle. In
preferred embodiments, such measurements are made in an effectively continuous fashion, e.g.,
once every 10 milliseconds, such that a contiguous data set describing local blood removal and
reperfusion is obtained enabling detailed characterization of the blood flow dynamics. Data from
one or more measurements may then be analyzed to ascertain the likelihood or presence of a
disease state.

[00102] Exemplary elements of a blood perfusion device are described in greater detail below.

18



WO 2015/085240 PCT/US2014/068909
Outer Member

[00103] Provided herein, in various aspects, is a blood perfusion device comprising an outer
member and an inner member, wherein the device is configured to measure at least one blood
flow parameter from a skin region. A primary function of the outer member is to serve as a
guide or support to enable the proper positioning and operation of the inner member. As such, in
one embodiment, the outer member has at least one surface region in substantial contact with a
region of skin proximal to the skin area to be depressed by the inner member and at least one
surface portion able to contact at least a portion of the inner member. In an additional
embodiment, the outer member, once positioned against the skin region as a first step in the
measurement process, is intended to be relatively stationary during the remaining steps of the
measurement process, e.g., remain immobile against the skin, thereby aiding in the guiding of
the inner member during its motions relative to the removal and reperfusion of blood from the
measured region. Upon completion of the measurement process, the outer member may be then
removed or lifted from the skin surface. This removal may also be coincident with the removal
of the inner member, dependent on the exact configuration of the device.

[00104] In structure, an exemplary form of the outer member is one that (a) is at least partially
conical or cylindrical in overall shape, wherein the inner member is enclosed circumferentially,
at least in part, by the outer member and (b) has a surface that may contact the inner member at
least at one location via one or more contact points. In many embodiments, such contact points
enable the guiding of the inner member to a specific skin location for the application of pressure.
In such embodiments, the outer member may have an opening through which the inner member
may pass to cause the pressure necessary for blood removal from the skin region.

[00105] In other embodiments, the outer member may have a shape other than cylindrical or
conical, e.g., rectangular or C shaped, or even have a shape whereby the inner member is not
substantially encircled by the outer member, e.g., the outer member is configured as a linear rail
or guide that is configured to serve as a guide to the inner member during inner member
operation.

[00106] In these and other embodiments, the outer member may be comprised of separable
components. For example, at least a portion of one component of the outer member may be a
ring or similar conical structure in contact with the inner member. A separate component of the
outer member may be in the form of a transparent tape. In this embodiment, the tape may serve
as an interface between the skin and the other components of the device, e.g., the other portions
of the outer member and the inner member.

[00107] In arelated or additional embodiment, the outer member has a separable component

that has both a guiding function as well as an adhesive function. Figure 3 presents an example of
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one such embodiment. Figure 3 presents a section of a device 300 having an outer member
component 301 in contact with inner member 302 and disposable outer member component 304.
Disposable component 304 has adhesive 305 to facilitate the positioning and adhesion of device
300 to the skin in a desired location. As shown in Figure 3A, a cross sectional view, the
disposable component 304 is configured to seat or guide the attachment of outer member
component 301 through its bowl like structure. As shown in Figure 3B, an end-on view, the
structure of disposable component 304 has an opening enabling the inner member 302 to
traverse through the outer member components and thereby contact the desired skin region (not
shown) in order to accomplish blood removal and blood flow measurements.

[00108] In such instances as those illustrated in Figure 3, a separable component may be
constructed as a disposable component such that it may be employed on a single use basis. A
desirable feature of such embodiments is that the disposable component may be positioned onto
the skin in advance of the attachment to this disposable component by the other portions of the
outer member by the operator.

[00109] One requirement for such separable components, e.g., a tape, collar or other disposable
component, is that it be so constructed as to enable the operation of the inner member, e.g., the
application of pressure to the skin by the inner member and/or the measurement of blood within
the skin by one or more sensors located within the inner member. In those instances wherein a
separable component, such as a tape, intervenes between the skin surface and a device
component such as an inner member having motion and/or sensing capabilities, in many
embodiments, it is desired that the separable component be relatively thin (e.g., less than 0.2 mm
in thickness) and conformable or stretchable to the movements and applied pressures by the
device component (e.g., inner member) as well as able to pass signals employed in measurement
(e.g., the separable component is effectively transparent to the wavelengths of light utilized for
photonic measurements). In one embodiment, separable component 304 is made of a flexible
material that can easily compress to conform to a convex probe head shape of a device
component (e.g., outer member).

[00110] In certain instances, an outer member is constructed to be affixed to the skin and then
disposed of after use. In one embodiment, this disposable outer member may also contain one or
more blood sensors, e.g., photonic sources and/or photonic receivers. In such instances, the inner
member may serve as a mechanical means enabling pressure application for blood displacement
and/or reperfusion from the measured region. For embodiments such as these, sensors may be
fabricated or positioned within a tape or other separable component using one or more methods
of construction, such as printed electronics, whereby the circuitry elements and sensors are

effectively printed into the structure of the separable component, e.g., the tape.
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[00111] The outer member, in various embodiments, is configured to enable the positioning of
the device by hand on the intended region of the skin of an individual for blood perfusion
measurement. Accordingly, all or a portion of the outer member may be constructed in the form
of a handle or similar structure enabling its manual placement and operation. For example, a
device with the outer member in the shape of a pen or rod-like structure generally sized between
about 7 centimeters and about 15 centimeters in length and from about 1 centimeter to about 4
centimeters in approximate diameter would enable clasping of the outer member of the device
by hand for use in positioning and device operation. It would be understood that alternate sizes
and holding arrangements are conceivable and the dimensions of the device are not restricted to
those described here.

[00112] Alternatively or additionally, the outer member may be constructed with differing
functional sections. That is, a portion of the outer member may be configured to be held by a
hand, while a separate portion of the outer member is configured to interact (e.g., as a guide
and/or as an anchoring point for forces to be applied) with the inner member. For example, an
outer member having a handle extending at roughly a 90° angle to a roughly conical portion of
the outer member, wherein the outer member interacts with the inner member, is illustrated in
Figure 4.

[00113] As shown in Figure 4, device 400 has outer member components 402 and 405 and an
inner member 401. Not shown are sensors, electronics, power, efc. needed for device operation.
However, one can readily envisage the ability to put such elements within this device by one
skilled in the art of medical device construction. Outward motion of inner member 401 relative
to outer member 402 is achieved through means of spring 404 contacting outer member 402 at
base structure point 410 and contact notch structure 422 on inner member 401. Governing the
outer motion is slide button 403 connecting to structure 415 that contains pin 414 in track 409
located in the outer member 402.

[00114] As shown in Figure 4A, movement of slide button 403 in direction of arrow 420 will
cause pin 414 to move down track 409 thereby causing spring 404 to move inner member
downward in direction indicated by arrow 421, a translational motion.

[00115] Distance of movement of inner member 401 into the skin and tissue 408 may be
attributable to the strength (force) exerted by spring 404 and the relative stiffness or resistance to
compression offered by skin and tissue 408. The result of such translational motion is shown in
Figure 4B. To return the inner member back to the initial state and to enable the tissue to
decompress, slide button 403 may then be moved in the direction shown by arrow 416 in Figure
4B. Such movement will result in structure 415 moving pin 414 upwards against spring 404,

thereby removing the downward force of spring 404 on inner member 401. The release of this
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downward force will enable the skin and tissue 408 to push back against inner member 401 in
the direction of arrow 417.

[00116] In various instances, it may be desirable to facilitate this return motion shown by arrow
417. In particular, such facilitation may enable various masses of inner member 401 to be
employed without deleteriously affecting measurements, e.g., having too great a mass of inner
member 401 to allow skin and tissue to decompress readily. To achieve this return motion,
structures such as spring 407 may be employed. As shown, spring 407 extends between outer
member 402 and inner member contact point 406. Upon outward motion of inner member 401,
spring 407 compresses. If the strength of spring of 407 is selected to be lesser than the strength
of spring 404, then net movement outward will occur, until skin and tissue resistance stops this
outward movement. Upon removal of the downward force of spring 404, e.g., by actions of slide
button 403 in the direction of arrow 416, spring 417 will aid the skin and tissue 408 in the
movement of inner member back into the device 400.

[00117] In various embodiments, the point(s) or elements of contact between the inner member
and outer member function to facilitate the movement of the inner member relative to the outer
member. Such a function may be in addition to the point of contact serving as a guide for the
inner member. To enable the relative motion of the inner member, the point(s) of contact may be
configured in a variety of forms, e.g., in the form of a gear, an electrical element within a
solenoid-type arrangement between the inner and outer member, a mechanical spring attachment
point, a seal enabling the use of pneumatic pressures, or various combinations of these or other
methods of power or force transference.

[00118] In many embodiments, the outer member is intended to be positioned and held against
the skin at a desired body location. Upon device activation and through the relatively stationary
positioning of the outer member (as held by hand or adhesive), the activation of the translational
mechanism thereby enables the motion of the solid inner member to apply pressure to the skin.
This pressure depresses the skin and tissues in the contact region and results in the forced
removal of blood from the immediate skin region due to this applied pressure. It is desirable in
most instances that the applied pressure exceeds the filling pressures typically provided by the
blood vasculature to the skin capillary and arteriole networks such that blood is prevented from
flowing into these capillary beds and is also forced from them into the surrounding venous
System.

[00119] In various embodiments, the forces applied by and/or distances traversed by the inner
member may be such that deeper capillary and vascular systems are affected, e.g., resulting in

blood flow being prevented to or forced from these vascular structures. In such instances,
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additional measured data may be obtained from deeper tissue regions useful for the diagnoses of
a disease state, e.g., the degree of skin tumor invasiveness into a deeper tissue structure.

[00120] In other or additional embodiments, the force to enable the translational motion of the
inner member relative to the outer member is supplied by hand and point(s) of contact serve
purely to guide the translational motion of the inner member. That is, one hand may hold the
outer member in position against the skin while a second hand applies force to the inner member
causing the inner member to move. In such instances, the inner member or structures associated
with the inner member may project through more than one opening in the outer member, e.g.,
one opening for the point of contact with the skin and one opening for contact with a hand or
other external force applying structure.

[00121] In still other embodiments, the outer and inner members are immobilized relative to
cach other such that force applied to the outer member results in pressure being applied to the
skin by the inner member. In such instances, the outer member may be structurally indistinct
from the inner member, i.e., the inner member is distinguished by the presence of one or more
sensors and the outer member has one or more circuitry elements needed for data measurement
and display, wherein both the inner and outer members are housed within the same overall shell
or covering.

[00122] In various embodiments, the outer member and/or inner member may also contain
components or structures enabling the transference of data, processed data, power and/or sensor
(photonic) energy to and/or from a unit separate from the device. For example, the outer member
or inner member may be configured for attachment to a USB cable enabling transference of
measured data with a separate unit, e.g., a cell phone, for control/operation instructions, signals,
additional data processing and display of results. In an alternate example, the outer unit may
be configured for attachment to a fiber optic cable, enabling the transference of photonic energy
to and from the outer member and then to the inner member and/or sensors. In still another
example, the outer member or inner member may be configured as a tube enabling the
transference of pneumatic power from an external pump to the outer member, thereby supplying
a source of pneumatic force useful for the application of pressure by the inner member against
the skin. In still other instances, the pneumatic pressure source may be in the form of a cartridge
located in the outer member and pressures applied onto the inner member are governed through
the use of various valves and seals.

[00123] In additional or other embodiments, the outer member or inner member may comprise
one or more controls and/or display or alerts. Examples of these may include one or more on/off
switches or buttons for initiating and/or operating the device, one or more indicator lights

indicating the operational status of the device, one or more audible alerts indicating the status of
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the device or instructional activities to be performed, one or more small displays configured to
display operational status, data and/or the results of data process, and any combination thereof.
[00124] The outer member may be constructed of a variety of materials, e.g., plastics, rubbers,
metals. The outer member may have electronic circuitry, batteries, lights, displays, etc. The
exact composition of outer member materials is dependent on the nature of the device
embodiment and functional needs. Creating such constructions are well known to those skilled
in the art of medical device construction.

Inner Member
[00125] Provided herein, in various aspects, is a blood perfusion device comprising an outer
member and an inner member, wherein the device is configured to measure at least one blood
flow parameter from a skin region. In various embodiments, a primary function of the inner
member is to mechanically exert pressure onto a desired skin or tissue region resulting in the
forcing of blood from capillaries in the immediate vicinity of this applied pressure, i.e., a
blanching of the skin caused by pressure. In exemplary embodiments, this mechanical
transmission of pressure is accomplished by the movement of an effectively solid or rigid
surface against the skin or tissue region, wherein the surface is associated with at least a portion
of the inner member. In preferred embodiments, such pressures are those sufficient to result in a
cessation of flow into the capillary bed and/or associated arterioles, and are generally assumed to
be in the vicinity of 4 kPa, or in general, in excess of the internal pressure associated with
capillary flow, e.g. approximately 4 kPa or 32 mm Hg. In alternate embodiments, the applied
pressure may be greater, lesser or varying, in order to execute the desired removal and
subsequent reperfusion of blood in the measured region. In one embodiment, the pressure is
from about 1 kPa to about 400 kPa, from about 2 kPa to about 400 kPa, from about 3 kPa to
about 400 kPa, from about 80 kPa to about 400 kPa, from about 5 kPa to about 400 kPa, from
about 4 kPa to about 400 kPa, from about 4 kPa to about 400 kPa, from about 1 kPa to about 350
kPa, from about 1 kPa to about 300 kPa, from about 1 kPa to about 250 kPa, from about 1 kPa to
about 200 kPa, from about 1 kPa to about 150 kPa, from about 1 kPa to about 100 kPa, from
about 1 kPa to about 50 kPa, from about 2 kPa to about 100 kPa, from about 3 kPa to about 75
kPa, or from about 3 kPa to about 50 kPa.
[00126] In general terms, application of pressure via the motion of the inner member against
the skin results in depression of the skin and underlying tissue. In part, the distance or depth of
the depressed region is dependent upon the compliance or stiffness of the tissues underlying the
immediate skin region. For example, a skin region having a bone or bone-like structure
immediately beneath will exhibit greater resistance (after an initial depression of a few microns

to millimeters) than a skin region overlaying soft tissues such as an abdominal region having an

24



WO 2015/085240 PCT/US2014/068909
excess of subcutancous fat.  Accordingly, the present methods and devices disclosed herein are
not restricted to any one distance of movement, and may range from fractions of a millimeter to
several millimeters or centimeters, dependent on the device embodiment and the skin region
examined.

[00127] In order to accomplish said desired pressures and movements of the inner member, it is
a desirable feature of various device embodiments that the inner member be constructed, at least
in part, in the form of a solid structure enabling the transference of applied power and motion
from the outer member to the skin region via the inner member. Such inner member structures
may include, but are not limited to, structures in the form of rods, closed cylinders, spheres,
inflate-able bags (pneumatic or hydraulic), electroactive polymers configured for translation
clongation, or structures comprised of substances capable of phase transitions which upon
conversion, e.g., from liquid to solid, result in a change in the overall dimensions of the
structure.

[00128] Overall, the region of skin to be compressed is desired to be of a dimension suitable for
the measurement of cutaneous blood flow (e.g., skin capillary blood flow) during a process
described herein (e.g., applied and/or removed pressure to the region) by the sensor
methodology employed. Accordingly, the dimensions of the skin contact region (and
corresponding inner member surface) are, in various embodiments, preferably greater than that
represented by a single capillary, i.e. 6-8 microns in cross section. In many embodiments, a
desired function of the device, in part, is the ability to distinguish between normal capillary
networks and those associated with cancerous tissues, wherein the dimensions of the contact
region are therefore more preferably greater than that of a single capillary. Accordingly, in
many embodiments, the dimensions of the skin contact region and of the corresponding surface
of the inner member are at least 0.1 mm?2 in area.

[00129] In exemplary embodiments, the shape of the inner member that contacts and
compresses the skin region (or contacts a portion of an outer member, e.g., a tape, intervening
between the inner member and the skin region) is configured to facilitate the movement of blood
from the compressed skin region. The present inventors have discovered that the movement of
blood from the skin is facilitated by the use of a rounded (convex) surface to apply pressure to
the skin, as opposed to a stiff, planar surface that tends to pool blood within the region of
applied pressure; moreover we have demonstrated that using flat or concave surface to apply
pressure to the skin tends to lead to the accumulation of the blood within the region of applied
pressure. In alternate embodiments and for the diagnosis of different disease states, it may be

advantageous to use a concave inner membrane and/or sensor surface.
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[00130] Accordingly, in exemplary embodiments, the shape of the inner member surface is
configured to facilitate the movement of blood from the approximate center of the skin contact
region to the periphery as translational motion is applied. For example, the inner member
surface has, e.g., a convex shape such as spherical or parabolic surface and is of sufficient
rigidity to enable effective pressure to be applied. In various embodiments, this movement of
blood from the region may be further facilitated by a slight rocking motion or inclination of the
inner member during compression.

[00131] In an additional embodiment, the inner member serves as a support or structure
housing one or more sensors which enable the determination of blood flow in a measured region
of skin. In an exemplary embodiment, such sensors comprise at least one source of photonic
energy, to be applied to the skin region, and at least one means, e.g., waveguide, fiber optics,
etc., of receiving one or more photonic energies from the skin region. A non-limiting example
of such an arrangement is shown in Figure 5.

[00132] Figure 5 illustrates a section of an exemplary inner member 501, having rounded tip
506. Within inner member 501 is fiber optic 502 providing photonic energies to a skin tissue
region 507 located within larger skin tissue region 505. Photonic energies so delivered may
scatter and be absorbed in region 507. A portion of these energies may in turn encounter return
fiber optics 503, conveying these photonic signals to one or more photodetectors located
elsewhere in the device, as shown by arrows directed upward. The controlled movement of
inner member section 501 in the direction of arrow 504 results in the measurement of a blood
flow parameter from tissue region 507 during the conditions associated with tissue compression
and the forcing of blood from this region.

[00133] One may readily envisage embodiments where a plurality of photonic energy sources
and/or photonic energy signal receivers (photodetectors) are utilized to better inspect larger skin
regions and/or comparatively assess under the same measurement cycle various discrete skin
arcas within a larger site of measurement. For example, if a desired function of the device is to
delineate the margins of a tumor, then by use of an array of sources and detectors, e.g.,
employing multiple fiber optic cables with multiple sources and photodetectors, one might
effectively image the boundary or signals associated with the transition of capillary types
associated with cancerous tissue versus normal tissue.

[00134] In order to accomplish the desired functions of the inner member, the inner member
may be composed of a variety of materials and components. For example, materials such as
plastics, rubbers, metals such as stainless steel, aluminum, brass, may be employed in various
combinations in order to configure the inner member according to the requirements of that

embodiment of the device.

26



WO 2015/085240 PCT/US2014/068909

[00135] In alternate or additional embodiments of the device, the inner member can be used
alone without the outer member. In such a case the inner member would preferably be a short,
round or square part, for example as the part 701 depicted in Figure 7. In one embodiment, the
surface of 701 in contact with the skin comprises an adhesive coating or an adhesive consumable
part which would maintain the surface 701 in the contact with the skin throughout a
measurement of a blood flow parameter. The pressure would be applied manually by, e.g.,
pressing by the hand onto the upper surface of the 701.  Such configuration is advantageous as
it reduces contributions from motion artifacts after the force is released.

Sensors
[00136] Provided herein, in various aspects, is a blood perfusion device configured to measure
at least one blood flow parameter from a skin region using one or more sensors. In various
embodiments, the sensor comprises an energy source or transmitter, such as a photonic
excitation source. In various embodiments, the sensor comprises an energy receiver or detector,
such as a photonic energy signal receiver or photodetector. In some embodiments, the sensor is
a component of an inner member of the device. In other or additional embodiments, the sensor
is a component of an outer member of the device. In some embodiments, the device comprises
a plurality of energy sources. In other or additional embodiments, the device comprises a
plurality of energy receivers or detectors. A principal element of the device of the present
methods and devices disclosed herein is the incorporation of at least one sensor intended for the
measurement of a blood flow parameter, including, but not limited to, blood volume and
perfusion rates in the measured body region, e.g., the skin capillary blood vessels. In general,
such sensors may utilize the transference of one or more energies to and from the body region
where such energies are chosen based upon their interaction with one or more aspects of
biological tissues appropriate for the determination of skin capillary blood perfusion.
[00137] Generally, such energies are preferably supplied to the immediate body region by a
transmitter located in or on the device. Following interaction with one or more body tissues,
structures and/or chemical components, a portion of the non-absorbed energy may then be
radiated back from the body region to be received by a receiver on the device. The resultant
data may then be analyzed for signals associated with one or more components of blood, e.g.,
hemoglobin, or blood vessels, associated with capillary blood perfusion.
[00138] In preferred forms of the methods and devices disclosed herein, such energies are
photonic in nature, e.g., signals at one or more visible wavelengths that are absorbed, in part, by
chromophores contained within the hemoglobin of blood. In order to supply such photonic
energies, a source such as a light emitting diode is typically employed. Such sources

advantageously provide light centered about a single frequency, e.g., 590 nm = 20 nm or 420 nm
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+ 20 nm, which may be selected for its sensitivity to one or more blood components and/or
insensitivity to other biological structures or chemical compounds within the skin or to enable
measurement at various depths in the tissue (see below).

[00139] Such ranges of light may be obtained by use of one or more filters within the light path
from the light source to the detector, e.g., as a band pass filter position in front of the
photodetector, or photonic detector, element of the device. Such positioning may also
advantageously limit the introduction of unwanted light to the photodetector where such light
arises from a source other than that of the device, e.g., light at other wavelengths arising from
light sources present elsewhere, such as a room light. In addition, the use of filters assists in
assuring that intended photonic energies are measured, e.g., filters that only enable polarized
light to pass may be employed within various embodiments of the device.

[00140] It should be understood that a variety of chromophores are present within biological
tissues including blood and accordingly, the scope of the present methods and devices disclosed
herein is not restricted to any one wavelength or wavelengths for the determination of blood
presence within the measured region. Likewise, a plurality of photonic energies, i.e., different
wavelengths, may be employed to enable more detailed analysis of the capillary blood perfusion.
In certain instances, such different wavelengths may be selected to enable various depths of
measurement, i.e., certain frequencies penetrating to deeper tissue regions than others, to enable
a three dimensional interpretation of capillary perfusion and density.

[00141] In alternate embodiments, sensing at different wavelengths can be used to implement
ratiometric detection to facilitate separation of contributions from light scattering by the tissue
and absorption by the blood and to suppress motion artifacts. Sensing employing different
wavelengths may utilize common or differing structures for the delivery of photonic signals to
the skin surface, e.g. multiple LEDs utilizing a common fiber optic for delivery of differing
photonic signals of differing wavelengths. In addition, the various light sources may be rapidly
turned on and off such that signals from one wavelength do not interfere with those of another
during the course of a measurement cycle.

[00142] In addition, photonic energies responsive to blood components other than those in the
visible wavelengths may also be employed. Such energies may include near infrared,
mid-range infrared or ultraviolet.

[00143] In certain instances, photonic energies may interact with tissue structures or
components not directly present within the blood, e.g., melanins within the skin cells themselves
that may provide indirect indices of blood volume/vessel arrangement and/or tissue structure

associated with a disecase state.
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[00144] To provide the necessary photonic energy, alternate means other than light emitting
diodes are readily conceivable.  Such alternate sources may include vertical cavity
semiconductor lasers, liquid crystals, incandescent bulbs, organic light emitting diodes or
halogen lamps. Accordingly, the present invention is not restricted to any one form or type of
photonic source. In alternate embodiments, an ambient light may be used with a desired
detection wavelength selected using appropriate optical filter in front of the photonic detector.
[00145] In exemplary embodiments, photonic energy is delivered to a sensor head located at the
end region of an inner member by one or more photonic sources. An example of such an
embodiment is shown in Figure 6, which presents sensor elements of a device provided herein.
As shown, the end of inner member 610 contains sensor head 611, which is a structure
employed to mount one or more sensing elements within the inner member. Photonic energy is
conveyed to lens 616 by fiber optic cable 635. Photonic energy may then be received through
lens 615 and conveyed back to a photodetector or other forms of light sensitive structures
located elsewhere through fiber optic cable 625. The structure of inner member 610 is
enclosed, in part, by outer member 605. Surfaces generally indicated by surfaces 620 and 621
are regions intended to contact skin surface at least in part during operation of the device. It
should be understood that within the scope of the present methods and devices disclosed herein,
sensor head 611 may not be configured as a separable element distinct from inner member 610.
[00146] In this embodiment, lens 616 and 615 may serve to collect and orient photonic energies
between the device and the skin surface. Such lenses may be constructed as separate
components or be constructed from a larger structure, e.g., by polishing the end of an optic fiber
used to transfer photonic energy. In addition, the lens (or other photonic lens or guide) may be
configured in or angled in relationship to the surface to optimize signal transmission into body
tissue.

[00147] Another example may be shown by Figure 2, wherein photonic energy is delivered to a
sensor head 215 by one or more sources located within the electronic component 240 whereby
the photonic energy is transmitted to the sensor head via one or more fiber optic cables,
represented by connector 235.  In other embodiments, the photonic source is located within
sensor head 215 and connector 235 serves to supply electrical signals governing the activation of
the photonic source. It should be understood that within the scope of the present methods and
devices disclosed herein, sensor head 215 may not be configured as a separable element distinct
from inner member 210, e.g., a single structure may comprise both functionalities.

[00148] In this embodiment, one or more lenses may be employed to collect and orient the
emission of photonic energy from the device into the energies between the device and the skin

surface. Such lenses may be constructed as separate components or be constructed from a
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means for conveying the photonic energy to the surface of the sensor head, e.g., by polishing the
end a fiber optic. In addition, the angle of the lens, fiber optic (or other photonic lens or guide)
may be configured in, or angled in, relationship to the surface 221 to optimize signal
transmission into body tissue.

[00149] To receive photonic energies after being transmitted into the body tissue, one or more
detectors responsive to photonic energy are employed in preferred embodiments of the present
methods and devices disclosed herein.  Such detectors typically are comprised of one or more
semiconductor devices, e.g., photodiodes, wherein the photonic energy is converted to an
electrical signal.  Other forms of detectors are conceivable, e.g., photomultipliers, and the
scope of the methods and devices disclosed herein are not constrained to any one type of
photonic energy detector.

[00150] In preferred embodiments, one or more photodetectors are located within device
electronic circuitry. In such instances, the received photonic energies are transmitted through a
fiber optic cable or a fiber optic bundle and connector to the appropriate electronic circuitry and
components. Accordingly, in some embodiments, the device may be comprised of a plurality
of optical fibers to enable both emission and reception of photonic energy, with various fibers
constrained to either emission or reception.

[00151] In alternative embodiments, one or more photodetectors may be positioned within the
sensor head. In such instances, a connector may serve to convey an electrical signal from the
sensor head to electronic circuitry.

[00152] As with the emission of photonic energy, in one embodiment, one or more lenses may
be employed within the sensor head to orient the received photonic signal to enable subsequent
detection and signal analysis. Such lenses may be separate components or a portion of a
component, e.g., a polished end of an optical fiber. In addition, the angle of the fiber optic (or
other photonic lens or guide) may be configured in relationship to the surface to optimize signal
reception from the body tissue.

[00153] In preferred embodiments, the sensor head photonic emission source at the surface of
the sensor head is positioned in general proximity to where a receiver of the photonic signal is
located. In preferred embodiments, an emitter/receiver pair is located in close proximity to
cach other and effectively flush with the surface of a sensor head, as shown in Figure 6. The
spacing between emitter and receiver is preferably such that the photonic signal propagates in
large part through the adjacent skin and tissue and, in one embodiment, is confined primarily to
the skin.

[00154] In preferred embodiments, the solid elements comprising the components where light

is emitted from the sensor head and resultant signals are received, e.g., the lens, are effectively
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flush with the surface of the sensor head such that an effectively planar surface over the entire
surface is achieved.

[00155] In alternate embodiments, one or both of the components may be slightly recessed or
slightly extruded relative to the surface sensor head. Such arrangements may lessen the
likelihood of immediate transfer of photonic signal from emitter to receiver thereby reducing
available signal from the body or enhance blood displacement upon application of pressure.
[00156] In other alternate embodiments, both signal emitters and receivers are located at the
distance from the skin surface providing means to perform measurements of photonic energy
reflected from skin; furthermore in the reflectance configuration the use of photonic energy at
different wavelengths is desired, thereby providing means for ratiometric determination of
time-dependent changes in an effective skin color in response to mechanical or
temperature-induced perturbation of skin surface. Skin color changes are one of the indices
sensitive to changes in skin capillary density and blood flow.

[00157] In general an opaque or material that does not result in significant transference of
photonic energies or fluoresce in response to photonic energies employed is desired to comprise
the structural aspects of the sensor head, i.e., device components not including those through
which photonic signals are intended to travel. Likewise, other aspects of the device, e.g.,
sections of the outer member and sections of the inner member are generally preferred not to be
constructed of materials that transmit photonic energies in the utilized frequencies nor fluoresce
in the utilized frequencies, if these sections of these components may be within the photonic
path or otherwise interact with the photonic signals.

[00158] In other embodiments, the photonic source(s) and photodetector(s) may be located at or
in near proximity to a device surface that is intended to contact a skin region for measurement.
An illustrative example of one such embodiment is shown in Figure 7. Panel A of Figure 7
presents a cross section image of a plurality of photodetectors 703 in near proximity to a
photonic source 702. Note that photodetectors 703 and photonic source 702 are at the surface
of an inner member 701 and are intended to interact with skin and tissue 705. Not shown are
electrical elements, e.g., wires, providing power and signal data between the photodetectors and
photonic source and controlling circuitry located elsewhere.

[00159] Arrangements of photonic signal emitters and receivers may include other forms than
pairs, e.g., a plurality of receivers to a single emitter or the converse. In other instances,
varying numbers and arrangements of receivers and emitters may be employed in a pairwise or
non-pairwise fashion or organization. Such arrangements may serve to increase the sensitivity of
the device and thereby enable a reduced power of photonic energy to be employed, which in turn

may further restrict the measured region to the skin vasculature rather than deeper tissues.
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Figure 7B illustrates this point by presenting an array of photodetection elements 703 spaced
about a single photonic source 702. Alternatively, arrays of emitters and receivers (or sources
and detectors) may be employed. These arrays may serve to provide a two dimensional map of
a skin region blood flow. In such instances, various spatial combinations of emitters and
receivers may be employed sequentially to provide insight into overall blood vessel arrangement,
density and depth and enable simultancous measurement-based comparison of a lesion area and
a healthy surrounding tissue. In other embodiments, various types and spacing of emitters and
receivers may be employed to facilitate the use of one or more wavelengths of photonic energies,
effectively simultancously, for enabling the examination of overall blood vessel arrangement,
density and depth.

[00160] In yet another embodiment, multi-element photodetectors such as those employed in
electronic cameras, e.g., charge coupled devices (CCDs), may be employed as a component of a
photonic energy sensor. In such instances, a larger area may be simultaneously measured
without the need for multiple fiber optic lines or multiple photodiodes. An example of this
form of embodiment is presented in Figure 8. Figure 8 presents the portion of an inner member
801 that contacts skin and tissue 805 at inner member surface 807. In this instance, photonic
energy is supplied to the skin and tissue region 809 via optic fiber 802 in the direction of the
solid arrow. Upon scattering in the tissue of the body region 809, the transmitted light
indicated by dashed arrows 808, is collected through the surface of inner member 807 and
relayed through lens 803 onto CCD 810. In this example, the composition of structure 806
comprising at least a portion of inner member 801 is effectively transparent, allowing photonic
energy 808 to transit from skin region 809 to CCD 810.

[00161] The scope of the present methods and devices disclosed herein is not restricted to the
use of photonic energies for the determination of amount of blood, blood capillary density,
perfusion rate or volume, and blood flow dynamics, either directly or indirectly, in the measured
region. Examples of other such energies include, but are not limited to: electromagnetic (radio
wave) energy in gigahertz or terahertz frequencies, or ultrasonic energies.

[00162] In still other embodiments, sensors that respond to tissue properties, e.g., pressure,
motion or temperature, may be employed to help in the determination of blood volume or flow
in the measured region. For example, a suitably constructed pressure sensor or transducer may
be employed to detect minute movements of the skin associated with pulsatile blood flow
through the measured region. Upon the application of pressure resulting in significant loss of
blood perfusion through the region, the variation in pressure would be anticipated to diminish

significantly.
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[00163] In yet other embodiments, one or more sensors, e.g., pressure and/or motion/distance,
may be employed to aid in the conducting of the measurement cycle. For example, an
individual employing the device may manually apply pressure to the inner member in order to
displace the blood in the measured skin region. A pressure sensor may then be located on the
device in such a location that determination of the pressure of the inner member upon the skin is
sensed. Such a sensor may then provide an alert when a predetermined pressure of the inner
member on the skin is obtained. Such alerts may be in the form of an indicator light positioned
on the device visible to the user or as an audible noise, e.g., a beep. The user, in response to
the alert, may then maintain the applied pressure at that level for a desired period of time.
[00164] In arelated fashion, such a pressure sensor may be part of an automated measurement
cycle whereby the automated depression of the inner member on the skin is regulated in part by
the use of one or more pressure sensors positioned such that pressure of the inner member
against the skin is detected.

[00165] In a somewhat similar fashion, a sensor sensing the relative displacement of the inner
member relative to the outer member may be employed to aid in the measurement process.
That is, the distance traversed by the inner member relative to the outer member once the outer
member is positioned against the skin may serve to aid in the operation of the device.

[00166] Signals associated with temperature may serve as additional metrics regarding the
physiological status of the measured region. For example, it is well known that blood flow to
the skin surface may be significantly lessened by cold temperatures due to vasoconstriction.
Conversely, blood flow to the skin may be significantly enhanced in those scenarios where the
body or regions of the body are attempting to shed heat, i.e. skin vasodilation. In such
instances, the use of a temperature sensor, e.g., a thermocouple, positioned on the sensor head to
contact the skin may provide data useful in the analysis by enabling corrective terms to be
employed. A second temperature sensor positioned elsewhere may also be employed to
provide additional useful temperature data, e.g., ambient air temperature, which may be
employed in the subsequent data analysis.

[00167] In a somewhat different use of temperature, the area to be measured may be
intentionally chilled and the recovery of blood perfusion to the region monitored with a device
of the present methods and devices disclosed herein.  In such instances, the body’s
vasoconstriction actions serve to limit blood flow to the immediate region. Accordingly, in
such embodiments, a device of the present methods and devices disclosed herein may simply
monitor the immediate region as the region warms up and blood re-perfuses the region without
movement of the inner member.  Alternatively, in such embodiments, the inner member and

outer member may be constructed as a single unified structure, one in which the inner member is
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incapable of differential movement with respect to outer member. To chill the skin region, a
component such as a Peltier thermoelectric cooler may be incorporated into the device, in
particular into one or more areas of the device intended to contact the skin.  Alternatively,
external cooling means, e.g., an ice cube held against the skin, may be employed.
[00168] Similarly, heating the measurement region can also provide additional information
disease status in the region of interest. Various means, e.g., heating elements, may be
employed to heat the skin region. Similarly, cycling the temperature in conjunction with the
measurement can also provide additional information about disease status in the region of
interest.
[00169] Additional sensors may be included in the device or components of the device, e.g.,
adhesive tape having one or more sensors incorporated or added, to aid in the operation of the
device and/or determination of skin region physiological status. These sensors include but are
not limited to: biochemical sensors, e.g., for secreted biomolecules indicative of a disease state,
pressure sensors, temperature sensors, pH or ionic sensors, electrical e.g., capacitive sensors, and
position or motion sensors, e.g., that aid in a more effective mapping of the boundary of a
suspected skin lesion.
[00170] In yet other embodiments, video and/or audio sensors may be employed to facilitate
device placement and correct alignment on a skin region, e.g., a suspected lesion, or to provide
additional information regarding blood and/or discase status. For example, use of a video
sensor, e.g., a small camera attachment, may help assist the orientation of the device on the
patient or enable the automatic recording of the lesion image in one or more wavelengths of
light. Such images, e.g., the overall color or heterogeneity of appearance may assist in the
diagnoses of a discase state. Likewise the use of one or more highly sensitive audio pickups or
microphones located on or near the device surface in contact with the body may enable
additional information regarding blood flow to the general area being measured.
[00171] In various embodiments of the present methods and devices disclosed herein, one or
more sensors and sensor types may be employed within a device to provide data, enabling the
assessment of blood within the measured region.
[00172] A number of sensors are conceivable and accordingly, the nature and type of sensors
that may be employed within the scope of this disclosure are not limited to those examples and
embodiments presented here.

Electronics
[00173] In various aspects, in order to enable the functions of the devices provided herein, one
or more electronic components are utilized. In exemplary embodiments, a device comprises an

inner member and an outer member, wherein the device is configured to measure one or more
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signals indicative of blood perfusion. In general, these electrical components may govern the
automated movement of the inner member relative to the outer member or skin surface, the
activation of one or more sensors useful for the determination of blood flow at one or more time
points, the analysis and display of results, and any combination thereof.

[00174] A representative illustration of electronic circuitry elements enabling such
functionalities is presented in Figure 9.  As shown in Figure 9, contained within electronic
circuit 901 is a processing unit 910 having memory. Also present in circuit 901 are other
components, e.g., components for digital signal acquisition 908 such as multiplex switch, analog
to digital converter, and amplifiers; and components to generate signals 909, e.g., power
regulators, relays and digital to analog converters. Such components are typically employed
for supplying regulated power to one or more sensors, receiving data from such sensors, as well
as the control of electrically operated elements.

[00175] Sensors and electrical elements that may be employed by circuitry 901 are generally
indicated by the group delineated by box 902 and include, without limitation, photonic sensors
903, pressure and temperature sensors 904, photonic sources 906 and a force transducer 907.
[00176] In addition to sensors and electrical elements, circuitry 901 may also have additional
inputs and outputs, including, but not limited to, power input 913 (e.g., battery), on/off switch
912 governing overall operation of the device, user controls 905 enabling staged operation of the
device, and display or alert 911 for conveying device status and/or measurement data and results
via visual and/or audible means.

[00177] It will be readily understood that the exact nature and arrangement of circuitry
elements will be particular to that embodiment of the device and the example presented here is
solely to illustrate the forms and types of circuitry elements enabling the control and operation
of a typical device embodiment. Additional components, sensors, actuators, etc. may all
involve various permutations of the components and elements presented here and accordingly
the scope of the present disclosure is not restricted to that presented in this example.

[00178] Likewise, one skilled in the art of electronics will readily appreciate that various
elements of the electronic circuitry can be located in various components of the device in order
to better enable the overall functionality of the device. For example, certain electronic circuitry
elements associated with the control of device operations may be located in the outer member
whereas initial signal processing may be located in the inner member. In yet other
embodiments, a portion of the data analysis and display may be located in a unit in wired or
wireless contact with either the inner or outer member. The exact nature of the placement of

electronic elements is therefore governed by the form and requirements of the device
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embodiment and therefore, the scope of the disclosure is not restricted to any one method or
structure for the arrangement of electronic elements.

Data Analysis
[00179] In various aspects, data obtained by a device of the present disclosure enables a
description of one or more parameters associated with blood flow and/or quantity in the
measured region (e.g., skin region). Exemplary parameters include, without limitation, the
dimensionality of vasculature, vascularization density, flow resistance, ability of cutancous
blood vessels to vasodilate or vasoconstrict in the measured region, and any combination thereof.
Such parameters are useful in the determination of a disease state such as skin cancer when the
parameters are compared to normal, non-malignant skin. Furthermore, in various embodiments,
it is a desired feature of the present methods and devices disclosed herein that the data obtained
by a device of the present disclosure enables a description of the dimensionality and/or quantity
of capillary blood vessels in the measured skin region through the measurement of blood
capillary perfusion and other related parameters. Such indices are useful in the determination
of a disease state, such as cancerous or precancerous states, e.g., a melanoma, as compared to
normal, non-malignant skin. That is, it is well known that skin cancers often have a denser
capillary network or larger dimensioned vasculature relative to those present in non-cancerous
skin or common nevi. For example it has been shown that mean vascular counts in cutancous
malignant melanoma are up to ~ 324 % higher than in common acquired nevi. Moreover a
gradual rise in vascularity with tumor progression was observed offering a basis for early
detection and for monitoring efficacy of treatment.
[00180] Accordingly, assessment of the rate and amplitude by which blood reperfuses a skin
region may serve as useful tool in discriminating between a cancerous, atypical and
non-cancerous state.
[00181] Induction of angiogenesis generally provides a supply of nutrients and oxygen for
malignant tissue growth, invasion, and metastasis. In order for a tumor cell to survive, it cannot
be more than a few hundred micrometers from the nearest blood vessel. Blood vessel structural
abnormalities have been shown to reveal underlying disease very early during the onset of
disease; for example, after arrival of only 60 to 80 of tumor cells to an in vivo host tissue it starts
to exhibit atypical changes in vasculature and that these changes extend beyond tumor margins.
Skin cancers have a denser capillary network or larger dimensioned vasculature relative to those
present in non-cancerous skin or common nevi.
[00182] For example, mean vascular counts (MVC) in cutancous malignant melanoma are up to
~ 324 % higher than in common acquired nevi and ~ 500% higher than in normal skin. Similar

increases in MVC may occur in BCC and SCC tumors. Moreover a gradual rise in vascularity
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with tumor progression offers a basis for early detection, for monitoring efficacy of treatment
and prognostic value. Neovascularization in melanoma correlates with poor prognosis, mortality,
and elevated rate of relapse. Measurements of passive blood perfusion using high-resolution
laser Doppler perfusion imaging exhibit significantly elevated blood flow in primary melanoma
tumors as compared to dysplastic melanocytic nevi (2.2x) and normal skin (3.6x); increase blood
flow occurs in BCC tumors. Thus, one useful parameter that may be determined within the
scope of the present disclosure is a relatively higher amount of blood being present in a suspect
region, e.g., the tumor as compared to adjacent normal skin. Therefore, blood volume represents
a target parameter that can potentially be used for diagnostic purpose at one or multiple
time-points.

[00183] Blood flow rate in a tumor is proportional to (a) pressure difference between arterial
and venous side and (b) inversely proportional to viscous and geometric resistance of a vascular
network. Pressures on the arterial side of tumor and normal tissue are equal, however pressures
in more dominant venular vessels of the tumor are significantly lower than in the normal tissue.
Moreover many sold tumors have highly elevated interstitial fluid pressure (IFP) which is
attributed to leaky capillaries, increased resistance to interstitial fluid flow, and impaired
lymphatic drainage. IFP in combination with lower venular pressure has been implicated in
being responsible for the vessel collapse, the flow stasis and reversal in tumor vasculature.
[00184] Vascular resistance to blood flow in cutaneous cancers is higher by one to two orders
of magnitude than in surrounding normal tissues; this increase is due to various factors such as
changes in diameter of blood vessels, disorder in the geometry of the vascular network and
increased tortuosity of the vessels. Tumor tissues are known to develop vascular networks with
major geometrical abnormalities such as heterogeneous vessel distribution, a lack of vessel
hierarchy, increased intervessel distances, arterial to venous shunts, excessive branching, and
blind vascular ends. Geometrical flow resistance of tumors is nonlinear function to applied
pressure. The flow resistance is significantly higher at lower perfusion pressure and then
asymptotically decreases to a constant value at higher pressures; such non-linear flow
dependence in tumors is in contrast to a constant flow resistance of normal tissues and has been
attributed to viscoelasticity of tumor vessels and to cellular pressure exerted by the surrounding
tumor cells. Thus, relative changes in a blood flow rate and overall temporal dynamics of blood
flow through tumor vasculature as compared to normal vasculature may represent second set of
kinetic parameters that can be used for diagnostic purpose.

[00185] Another aspect of microcirculation relevant to this project is pressure-induced
vasodilation (PIV). Locally applied mechanical pressure induces localized cutancous

vasodilation in the human skin. In contrast newly developed tumor vessels typically lack smooth

37



WO 2015/085240 PCT/US2014/068909
muscle cells and are less likely to respond to physical or chemical stimuli; i.e. their ability to
actively vasodilate is impaired. Accordingly, impaired PIV represents additional parameter that
may be exploited for diagnostic purposes.

[00186] Additional blood flow parameters or characteristics may forthcoming that also aid in
distinguishing between normal skin and underlying tissue and a disease state, e.g., cancer.
Accordingly, the scope of parameters that may be determined using the method and devices of
the present methods and devices disclosed herein are not limited to those examples presented
here.

[00187] An example of representative data obtained using a device of the present methods and
devices disclosed herein and derivation of measured parameters from this data is presented in
Figure 10, taken from a normal (non-disease) skin region. As shown, the data curve
representing the log intensity of received (transmitted) photonic energy remains relatively flat
(non-rising) until approximately 25 seconds. At this time, pressure is applied and the signal
rises due to the loss of absorbing chromophores, e.g., blood, from the measured region. Note that
instead of signal rising, a decrease can also be observed if the shape of the inner member in
contact with skin is flat or concave due to pooling of the blood in the compressed area.

[00188] The dynamics of pressure-induced signal increase exhibits fast and slow rise
components. One component may be attributed in part to the removal from the immediate region
of chromophores present within the blood. These chromophores absorb, at least in part, the
applied photonic energy. When the chromophores in blood, e.g., hemoglobin, are absent, i.e.,
removed by the pressure, more of the applied signal is therefore transmitted via scattering
through the skin tissue. The other component altered by compression is the scattering path of the
photonic signal which is changed due to dimensional changes in the cells and extracellular space
and redistribution of interstitial fluid under compression; the present inventors have shown that
the contribution of such scattering component is significantly smaller than that caused by blood
removal so that the signal is dominated by pressure-induced hemodynamics.

[00189] Upon release of pressure, at approximately 60 seconds, the tissue rapidly decompresses
(typically within several seconds), resulting in an influx of blood back into the local vessels.
This influx results in a decrease over time of measured signal to levels approximating the initial,
pre-compression state. The relaxation of the signal back to the approximate baseline level is
characterized by fast and slow decay components. In one possible interpretation the
decompression may be thought of as having two major components, one being the relatively
immediate expansion of tissue back to original dimension and the second being the relatively

slower refilling of the local blood vessels from which the blood was removed. In another
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possible interpretation the faster and slower components are dues to refill of larger and smaller
vessels, respectively.

[00190] In this instance, the absolute level of the signal returns to a level lower than the initial
state then over time returns to the initial baseline level, e.g., at approximately 110 seconds. As
shown in Figure 10, this reduction below baseline levels is attributed to pressure induced
vasodilation (PIV) which over time, diminishes back to initial conditions.

[00191] In various instances, one or more attributes of a signal obtained from a measured
region during the course of these manipulations may not precisely match the pattern of the signal
described here. For example, the baseline itself may drift or change over a period of time. In
such instances, these variations may be accounted for mathematically to enable direct
comparison to other signals obtained elsewhere. Alternatively, these variations may in
themselves prove of diagnostic value and therefore be employed in the analysis for
determination of a disease state being present. The scope of the present methods and devices
disclosed herein therefore is not restricted to data or measured values having the precise shape,
forms and magnitudes of those data examples presented here.

[00192] A variety of mathematical tools and approaches may be employed for the analysis of
these data. For example, the data obtained following the cessation of pressure may be treated
as the sum of one, two or more exponential curves. Ultilizing standard mathematical
approaches, e.g., least squares fitting, to arrive at mathematical solutions for the parameters of
the curves, values such as estimated lifetimes (t1, t2) and signal amplitudes (A, B) may be
determined that describe the rate of signal decrease in each curve and amplitudes of decay and
rise components such as those shown in Figure 10. In this instance, the rate of relaxation of the
signal back to its lowest point so determined is represented by the term t1.

[00193] The absolute magnitude of the signal rise from baseline may be defined by parameters
Ay — By and may be considered to approximately represent the absolute volume of
chromophores (blood) displaced from the measured region.

[00194] Alternative analysis includes using the maximum entropy method to obtain a
distribution of lifetimes (and corresponding decay rates) without any assumptions about the
functional form of such distribution. Such lifetime distribution provides a more realistic model
for the blood flow analysis in tissues containing a number of blood vessels with different
diameters and densities.

[00195] In yet another general analysis approach the amplitudes, temporal gradients and
temporal shapes of the hemodynamic profiles for skin cancer diagnosis can be quantified.
[00196] Other parameters, e.g., maximal signal amplitude, may be determined using additional

mathematical techniques such as signal averaging, efc. In related embodiments, other body
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parameters such as heart rate may be determined through analysis of the signal data, e.g.,
analysis of pulsatile repetitive patterns within data set following reperfusion.

[00197] The analysis of temporal relationships and correlations between signals from multiple
detectors sampling photonic energies at different distances from the light source and at different
wavelengths can be used to determine both the lateral and vertical spatial velocities of capillary
refill which provides another parameter to selectively characterize flow of blood preferentially
along parallel or vertical directions to skin surface.

[00198] Once determined, one or more of these parameters may be utilized to assess the
likelihood of a disease state in the immediate skin region. Such determinations may be
accomplished in a variety of ways. For example, measurements from a suspected skin area
may be compared to those of an adjacent area presumed to be healthy or in a non-disease state.
If the measures differ by more than a specified amount, then a disease state or probability of a
disease state being present may be assigned.

[00199] Alternatively, parameters derived from measurements of a suspected skin area may be
compared against tabulated values or algorithms obtained through clinical studies examining
multiple individuals and lesions. Such comparisons might be performed either electronically or
manually. If the values differ by more than a specified amount, then a disease state or
probability of a disease state such as melanoma within the measured skin area may be then
arrived at.

[00200] Alternatively, the present methods and devices disclosed herein can be used for
monitoring of suspected area of skin for treatment efficacy assessment.

[00201] The scope of the present methods and devices disclosed herein is not constrained to
any one form or method of data analysis or determination of probability of disease state.
[00202] Figure 11 presents data from normal skin (Figure 11A); a benign nevus, i.e., a mole,
(Figure 11B); and a confirmed basal cell carcinoma, BCC, (Figure 11C).  All three present the
same general profile. That is, the signals generally exhibit a steady baseline value in the
absence of pressure. However, upon the application of pressure, the signals rise and
asymptotically approach a maximum plateau in each instance. Then, upon the cessation of
pressure, the signal rapidly decreases back to approximately baseline levels. Closer inspection
reveals differences between these graphs, however. For instance, it may be noted that in Panel C,
the BCC has minimal or no reduction of signal below that of baseline values, an observation
attributable to an inhibited or reduced PIV response in the cancerous tissue. Through use of
various forms of mathematical analyses, the present methods and devices disclosed herein

enables determination of disease states in skin regions.
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[00203] In an alternate example, consider a scenario using a device as disclosed herein whereby
blood is forced out of a skin region, then allowed to perfuse back in, all the while being
monitored using an photonic energy, e.g., 405 nm, 590 nm or 660 nm light source where
excitation and detection areas on the skin are within 1 mm distance.

[00204] Figures 12 A-D illustrates that signal dynamics are dependent on the wavelength of
light used. For example Figure 12C shows that, in general, both signal rise and recovery
dynamics is slower at shorter interrogation wavelength (405 nm) as compared to dynamics at
590 nm (Figure 12A, Figure 12B) or 660 nm (Figure 12D). This may be attributable in part to
significantly reduced light penetration depths at shorter wavelengths , thereby light at these
wavelengths probing dynamics mainly in the capillaries near skin surface. It is a desired feature
of the methods and devices disclosed herein to use different wavelengths of light to probe and
enable characterization of vascularity at different depths in the tissue.

[00205] In alternate embodiments, energies other than photonic energy may be employed, e.g.,
ultrasound radiation may be used to monitor cutancous blood dynamics. In one possible
embodiment both ultrasound emitter and ultrasound detector are co-located in the inner member;
and a time-gated detection system is used to selectively detect cutaneous hemodynamic. In
alternate embodiment the light modulated at the ultrasound frequency is absorbed by the blood
leading to the emission of ultrasonic radiation at said frequency which is detected by an
ultrasound detector co-located next to the light source.

[00206] Data in Figure 12 also suggest that signal dynamic is dependent on the duration and the
magnitude of applied pressure leading in some cases to inversion of signal change after removal
of applied pressure, most apparent at 405 nm (Figure 12C); such feature is related, in general, to
interplay between active physiological response of the tissue, light scattering and absorption
providing novel information for tissue characterization or diagnostic of atypical response. For
example the decrease of the signal below the initial baseline following the release of the pressure
(Figure 12C) is due in part to pressure-induced vasodilation which is a characteristic response of
a normal cutaneous tissue; the PIV may be partly or completely inhibited in malignant tissues as
shown in Figure 11C, providing an additional parameter that can be used to increase diagnostic
power of the method and device.

[00207] Results of one such form of analyses utilizing data obtained with a device of the
present methods and devices disclosed herein employing pressure to dynamically affect skin
blood flow are presented in Figure 13.  As shown, values of a parameter associated with the
rate of signal reduction following pressure cessation, t1, are similar, i.e., not significantly
different, between those of moles (or benign nevi) and those normal skin (controls). Values

obtained from cancerous skin tissue (as subsequently determined through histological analysis),
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differed however from those of either moles or normal skin. These data clearly demonstrate
the ability of measurements obtained with a device of the present methods and devices disclosed
herein to usefully distinguish between various skin health states.

[00208] As an alternate form of manipulation of blood flow within a skin region, temperature
may be employed. An example of the influence of temperature on skin blood flow is shown in
Figure 14. In this example, the skin region was chilled by placement of an ice cube on the
surface prior to measurements. Upon removal of the ice, the skin region was then measured
using a device of the present methods and devices disclosed herein without the use of applied
pressure. As shown, the signal decreased over time. This decrease is attributable to the skin
region warming up and a cessation or relaxation of cold-induced vasoconstriction. One can
readily conceive of device embodiments wherein the use of temperature is employed, with or
without the use of applied pressure, to manipulate vascular status and thereby obtain
measurements useful for the determination of disease states.

[00209] In yet other forms of the methods and devices disclosed herein, pressure may be
employed to enhance the pooling or retention of blood within a measured region. Such retention
or engorgement of blood may be through a variety of means, e.g., the employment of a negative
local pressure, higher pressure on a perimeter of a measured area or the concave shape of the
inner member as described above. Upon cessation of this applied pressure (negative or positive),
blood flowing through one or more capillary networks may then be measured to arrive at one or
more parameters descriptive of such networks. In form, a pooling of blood may result in a
reversal of signals observed, e.g., upon application of pressure in this instance, the baseline
signal would decrease further due to the increased concentration of absorbing chromophores,
e.g., hemoglobin in blood, in the measured region. Upon release, blood volume would decrease
through surrounding capillary networks and thereby provide useful information regarding
capillary volume and blood flow dynamics. Accordingly, the present methods and devices
disclosed herein also includes those forms of the methods and devices disclosed herein wherein
the application of the device results in an accumulation of blood in the measured region and is
not restricted to forms of the methods and devices disclosed herein causing the removal of blood
from a measured region.

[00210] Data analysis using measurements may be performed within the electronics of the
device itself, or may be performed in part or in whole upon transference of some or all of the
data or mathematical transforms of the data or parameters to one or more data processing units,
e.g., laptop computers, internet-based data storage and computing centers, efc. In certain
embodiments, measurements can be taken one or more times, e.g., a baseline measurement and

one or more measurements.
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[00211] Such transference of data may be accomplished by wireless, e.g., Bluetooth or WiFi,
communication means using appropriately configured electronics within the electronics section
140. Alternatively, wired means, e.g., direct electrical connection between the device and an
external device such as a laptop computer, may be employed.

[00212] The device itself may present data, parameters, analysis, findings and/or operational
status using displays or indicators. Accordingly, displays may utilize alphanumeric characters,
simple lights, sounds or other means of conveying information to the user of the device.
[00213] Overall, the scope of the present methods and devices disclosed herein is not limited to
the examples presented herein. Additional forms of the methods and devices disclosed herein are
readily conceivable as well as are forms of the methods and devices disclosed herein involving
various combinations of the embodiments presented herein and therefore are within the scope of
the methods and devices disclosed herein.

EXAMPLES
[00214] The application may be better understood by reference to the following non-limiting
examples, which are provided as exemplary embodiments of the application. The following
examples are presented in order to more fully illustrate embodiments and should in no way be
construed, however, as limiting the broad scope of the application.
[00215] Devices of the methods and devices disclosed herein may be employed for a variety of
uses and applications.  Such applications include
Example 1: Skin Lesion Assessment
[00216] In this example, a device as disclosed herein may be employed by a clinician to assess
a suspect skin lesion, e.g., a mole-like growth, for characteristics associated with a cancerous
state.
[00217] The clinician would position the end of the device on a suspected skin lesion, e.g., such
that the inner member sensor head was located at the area to be examined. The clinician would
then activate the device while maintaining the device against the skin surface using the outer
member. The operational cycle would then automatically occur resulting in a local depression
of the skin followed by relief of the pressure. Measurements would be taken automatically by
the device. The measurement would then be repeated on the normal-looking skin in the general
arca of the body where the lesion is located to obtain reference data.
[00218] The data from the measurements would be automatically computed and a score
indicative of the probability of a cancerous state being present or possibly occurring in the future
would then be displayed on the device.
[00219] The clinician could then utilize this information to better guide subsequent actions

concerning the patient’s health, e.g., recommend removal of the lesion by a surgical procedure.
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Example 2: Thermal Response Skin Lesion Assessment
[00220] This example is follows Example 1 above, with the exception that after performing the
initial exam with the device, the clinician then chills the suspected area of skin by placing a
small cube of ice against it for a short period of time, e.g., 1-2 minutes. The clinician then
immediately places the device against the area again and monitors the recovery of perfusion due
to thermal rise, rather than pressure-related recovery. Figure 4 shows an example of signal
recovery after cooling measured using 590 nm light. Alternatively a sensor with a built-in
cooling or heating element can be used to facilitate such measurement.
Example 3: Hand-Held Device for Consumer Use
[00221] In this example, a device as disclosed herein may be employed by a consumer to assess
a suspect skin lesion, e.g., a mole-like growth, for characteristics associated with a cancerous
state.
[00222] The consumer would position the end of the device on a suspected skin lesion, e.g.,
such that the inner member sensor head was located at the area to be examined. The consumer
would then activate the device while maintaining the device against the skin surface using the
outer member. The operational cycle would then automatically occur resulting in a local
depression of the skin followed by relief of the pressure. Measurements would be taken
automatically by the device. The measurement would then be repeated on the normal-looking
skin in the general area of the body where the lesion is located to obtain reference data.
[00223] The data from the measurements would be automatically computed and a score
indicative of the probability of a cancerous state being present or possibly occurring in the future
would then be displayed on the device.
[00224] After performing the initial exam with the device, the consumer then chills the
suspected area of skin by placing a small cube of ice against it for a short period of time, e.g.,
1-2 minutes. The consumer then immediately places the device against the area again and
monitors the recovery of perfusion due to thermal rise, rather than pressure-related recovery.
Figure 4 shows an example of signal recovery after cooling measured using 590 nm light.
Alternatively a sensor with a built-in cooling or heating element can be used to facilitate such
measurement.
[00225] The consumer could then utilize this information to determine if the consumer should
contact a clinician for further assessment. The clinician can then better guide subsequent
actions concerning the patient’s health, e.g., recommend removal of the lesion by a surgical

procedure.
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[00226] Additional applications and uses of the methods and devices disclosed herein are
conceivable and therefore the scope of possible applications is not limited to those examples
presented above.
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CLAIMS

WHAT IS CLAIMED IS:

1. A device for measuring blood microcirculation, the device comprising

a) ameans to provide an external force to a skin region, wherein the external force is
sufficient in pressure and duration to alter blood perfusion in the skin region; and

b) a sensor comprising a photonic excitation source and a photonic detector, wherein the
sensor is configured to measure one or more blood flow parameters prior to, during,

and/or after application of an external force to the skin region.

2. A device according to claim 1, wherein the photonic detector measures an applied

photonic energy absorption by a component of blood.

3. A device according to claim 1, wherein the photonic detector is an imaging
detector.
4. A device according to claim 1, wherein photonic energy is delivered to and

collected from one or more areas of the skin region using optical fibers.

5. A device according to claim 1, wherein the sensor comprises a plurality of
photonic detectors, wherein each receiver for a photonic detector is located at different distances

from the emission location of the photonic excitation source of the sensor.

6. A device according to claim 1, wherein the means to provide an external force to
a skin region comprises an inner member configured to move relative to an outer member,

allowing for the application of variable pressure to the skin region.

7. A device according to claim 1, wherein the device is configured to measure one
or more blood flow parameters of an area of the skin region, wherein the area is greater than

0.100 mm in diameter.

8. A device according to claim 1, wherein the device is configured to measure one
or more blood flow parameters of an area of the skin region, wherein the area is between about 1

mm and about 5 mm in diameter.

9. A device according to claim 1, wherein the device is configured to measure one
or more blood flow parameters of an area of the skin region, wherein the area is between about 5

mm and about 30 mm in diameter.

10. A device according to claim 1, wherein the photonic excitation source emits light

at wavelengths below 400 nm, between 400 nm and 450 nm, between 450 nm and 500 nm,
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between 500 nm and 550 nm, between 550 nm and 600 nm, between 600 nm and 650 nm,

between 650 nm and 700 nm, or above 700 nm.

11. A device according to claim 1, wherein the inner member comprises a convex,

concave or non-planar surface for exerting pressure on the skin.

12. A method to detect a change in blood microcirculation, comprising:

a) reversibly applying an external force locally to one or more skin regions for a
duration of time sufficient to alter blood perfusion in the skin region;

b) providing one or more photonic excitation sources and one or more photonic
detectors to measure one or more blood flow parameters in response to the external
force before, during and/or after application of said external force;

¢) analyzing and quantifying the one or more measured blood flow parameters from
said one or more regions of the skin;

d) assessing said blood flow parameters to identify blood flow; and

¢) comparing the blood flow to one or more other assessments to determine the

presence of a disease state.

13. The method of claim 12, wherein the disease state is cancer.

14, The method of claim 13, wherein the cancer is skin cancer.

15.  The method of claim 13, wherein the cancer is benign or malignant.

16. The method of claim 13, wherein the cancer is metastatic.

17.  The method of claim 12, wherein the disease state is hypercholesterolemia,

Alzheimer disease, carpal tunnel syndrome, schizophrenia, hypertension, renal disease, type 2
diabetes, peripheral vascular disease, atherosclerotic coronary artery disease, heart failure,
systemic sclerosis, obesity, primary aging, sleep apnea, neonatal & adult sepsis, wound healing,

or a combination thereof.

18.  The method of claim 12, wherein the one or more other assessments comprises

blood flow parameters measured in response to an external force applied to a skin region or

regions.

19.  The method of claim 12, wherein the blood flow parameters are analyzed and
quantified.

20.  The method of claim 12, wherein analyzing the one or more measured blood flow

parameters comprises utilizing

a) multi exponential decay and rise functions; and
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b) life time distributions.

21.  The method of claim 12, wherein assessing blood flow parameters relative to one
or more other assessments comprises comparing signal lifetimes and lifetime distributions

obtained from the skin region with a reference skin region.

22. The method of claim 12 or claim 13, wherein the skin region comprises a lesion

suspicious for cancer.

23.  The method of claim 13 or claim 14, wherein the reference skin region does not

have cancer.

24.  The method of claim 12, wherein analyzing the one or more measured blood flow
parameters comprises determining temporal relationships and correlations between signals
acquired from a plurality of photonic detectors, where each receiver for a photonic detector is

located at a different distance from the emission of the photonic excitation source.

25.  The method of claim 12, wherein analyzing the one or more measured blood flow
parameters comprises determining temporal relationships and correlations between signals
acquired from a plurality of photonic detectors at different wavelengths emitted from the

photonic excitation source.

26.  The method according to claim 12, further comprising performing a
hemodynamic analyses on a plurality of skin region locations, wherein the hemodynamic

analysis of each location is compared to another location to determine or compare discase status.

27. The method of claim 12, wherein the one or more blood flow parameters
provides a pressure-induced hemodynamic profile of the skin region, wherein pressure-induced
vasodilation is determined from the shape of the pressure-induced hemodynamic profile, and

wherein the pressure-induced vasodilation is indicative of the presence of the disease state.

28. A method to detect changes in blood microcirculation, comprising:

a) reversibly altering the temperature of one or more skin regions for a duration of
time;

b) using one or more photonic excitation sources and one or more photonic detectors
to measure one or more blood flow parameters in response to the temperature
alteration before, during and/or after alteration of the temperature of the one or more
skin regions;

¢) analyzing and quantifying the one or more measured blood flow parameters from

the one or more arcas of the skin; and
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d) assessing said blood flow parameters to identify blood flow, and comparing the

29.

blood flow to one or more other assessments to determine the presence of a disease

state.

The method of claim 28, wherein analyzing the one or more measured blood flow

parameters comprises quantifying amplitudes, temporal gradients and temporal shapes of

hemodynamic profiles.

30.

31.

32.

33.

34.

The method of claim 28, wherein the disease state is cancer.

The method of claim 29, wherein the cancer is skin cancer.

The method of claim 29, wherein the cancer is benign or malignant.
The method of claim 29, wherein the cancer is metastatic.

The method of claim 28, wherein the disease state is hypercholesterolemia,

Alzheimer disease, carpal tunnel syndrome, schizophrenia, hypertension, renal disease, type 2

diabetes, peripheral vascular disease, atherosclerotic coronary artery disease, heart failure,

systemic sclerosis, obesity, primary aging, sleep apnea, neonatal & adult sepsis, wound healing,

or a combination thereof.
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