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(57) ABSTRACT

Disclosed herein is a method for obtaining a value of at least
one vasodilation parameter representing the cutaneous local
thermal hyperemia response of a subject. The temperature of
a sampling site is raised from a first temperature to a second
temperature and maintained for an initial heating period, and
an initial maximum red blood cell flux (RBCF) of the sam-
pling site and a mean arterial pressure of the subject is
obtained. An initial maximum cutaneous vascular conduc-
tance (CVC, ,,,,) is calculated by dividing the initial maxi-
mum RBCF by the mean arterial pressure. The CVC, . or
at least one other parameter derived therefrom is used as the
vasodilation parameter.
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METHOD AND APPARATUS FOR
OBTAINING VASODILATION DATA
REPRESENTING CUTANEOUS LOCAL
THERMAL HYPEREMIA RESPONSE OF A
SUBJECT

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present disclosure relates to a method for
obtaining a value of at least one vasodilation parameter rep-
resenting cutaneous local thermal hyperemia response of a
subject.

[0003] 2. Description of Related Art

[0004] Prior studies have indicated that assessment of the
microvasculature in an accessible body area may not only
delineate the status of the local microvasculature at the sam-
pling site, but it also correlates well with various disorders/
diseases associated with vascular and neurological dysfunc-
tions throughout the body. Cutaneous microcirculation
situated 1 to 2 mm below the skin surface is often referred to
as skin blood flow (SkBF), and multiple techniques for
assessing skin blood flow have been developed.

[0005] Laser Doppler techniques, among others, are com-
monly used to investigate skin blood flow. Laser Doppler is
based on the reflection of a beam of laser light. Light under-
goes changes in wavelength (Doppler shift) when it hits mov-
ing blood cells. The magnitude and frequency distribution of
these changes in wavelength are related to the number and
velocity of blood cells. Currently available laser Doppler
techniques include, but are not limited to, laser Doppler flow-
metry (LDF).

[0006] LDF technique uses a probe located on the skin to
record velocities and concentrations of moving blood cells in
a small volume of 1 mm? or smaller, depending on the inci-
dent wavelength. Several different signals can be recorded but
the red blood cell flux (RBCEF, i.e. the product of the velocity
and concentration of moving blood cells within the measur-
ing volume) is used most often. Local heating of the skin
causes a direct and substantial vasodilation in the area being
heated which is known as local thermal hyperemia (LTH). In
healthy humans, a sustained local temperature of about
42-44° C. causes maximal dilation of skin blood vessels. LDF
combined with LTH is a non-invasive method for evaluating
microvascular reactivity and neural and endothelial func-
tions; therefore, LTH assessed by LDF has been used to study
peripheral vascular disease, chronic renal failure, and diabe-
tes. Furthermore, a diminished thermal hyperemia response
has been found in various diseases, such as systemic sclerosis,
spinal cord injury, peripheral neuropathy, and multiple sys-
tem atrophy.

[0007] Axon reflex in human skin has been suggested to be
an afferent C-fiber-mediated response to mechanical, heat-
ing, or chemical stimulation. Axon reflex induces antidromic
vasodilatation via the release of calcitonin gene-related pep-
tide and substance P. Sensory nerve block by local anesthetics
reduces the quick heating-induced AR response by about
60%, indicating that the contribution of sensory nerve to the
AR flare is higher than other factors. Impairments in axon
reflex-related vasodilatation can affect the microcirculation
of the skin in diabetic and other small-fiber neuropathy. Axon
reflex is impaired in peripheral neuropathy, in which smaller
nerve fibers are affected earlier than larger fibers. Because
neuropathy occurs earlier than vasculopathy in peripheral
neuropathy-related diseases, the test involved integrated
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endothelial function may be not as sensitive as the test with
neural-mediated portion of endothelial function. For
example, initial peak induced by axon reflex is neural-medi-
ated, while maximal dilatation or initial peak expressed as
percentage of maximal dilatation is associated with an inte-
grated neural- and vascular-mediated endothelial function.
Therefore, short-heating L'TH, which focuses on the neural-
mediated portion of LTH, becomes a potential objective and
non-invasive tool for sensory testing.

[0008] Dysfunction of sympathetic activity is very com-
mon in many psychological, neurological, and general medi-
cal diseases. The quantitative evaluation of sympathetic func-
tion is essential to assess disease status and treatment
outcome. Except examination of generalized sympathetic
functions, microneurography is the only technique that can
directly record sympathetic nerve activity in muscle tissue,
but this invasive method is not commonly applied because it
is highly technique-dependent.

[0009] Axon reflex (AR) enhancement has been demon-
strated by norepinephrine and other a-adrenergic agonist ion-
tophoresis. The presynaptic blockade of sympathetic vaso-
constrictor nerves abolished the AR response to local skin
heating. Therefore, testing the local AR skin response has the
potential to be an objective method for assessing the chal-
lenge effects of acute chemical or physical intervention on
local sympathetic function and studying the factors involved
in sympathetic activity in healthy and diseased conditions.

[0010] The skin blood flow change during LTH comprises
two major independent phases, an initial maximum (i.e., the
initial phase) followed by a nadir, then a prolonged plateau
(i.e., the plateau phase). The initial maximum usually takes
place during the first 5 minutes after the local heating and has
been proven to be primarily mediated by axon reflex via
antidromic activation of afferent C-fiber, and be affected by
nitric oxide and sympathetic vasoconstrictor nerves. By con-
trast, the plateau occurs not until 20 to 30 minutes after the
local heating and is mediated largely by nitric oxide (NO) that
can induce a direct relaxation of smooth muscles within the
vascular wall. Maximal dilatation of blood vessel is achieved
by continuous heating for at least 35 min. Most conventional
practices use data associated with the plateau phase (or maxi-
mal dilatation) to assess the microvascular condition of the
subject; however, this is very time consuming. Moreover, the
prolonged heating required to obtaining plateau data results
in the over-vasodilation of the blood vessels, and it generally
takes more than 2 hours for the blood vessels to recover to
their original or pre-heated conditions. Prior studies have
indicated that repeated application of a local thermal stimulus
on the same sampling site causes a time-dependent reduction
in the vasodilatory response to this stimulus. This effect is
associated with a temporary decrease in the local sensitivity
of skin microcirculation to the dilating action of NO. Accord-
ingly, all studies in this field suggest that a repeated sampling
shall not be taken until blood vessels have recovered to their
original conditions or after the test subject has undergone the
recovery period; otherwise the obtained data would not reflect
the actual microvascular condition of the subject and is use-
less due to the desensitization of the blood vessels. Further-
more, the previously used assessments of the UTH response
represent the integrated effects of both neural- and endothe-
lial-mediated function and not merely neural-mediated
effects; therefore, they can’t be used to assess local sensory
and sympathetic function.
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[0011] In addition, single-point probe LDF has been con-
sidered poorly reproducible for LTH by previous protocol.
This is partly due to the minimal recording area and random
recording sites in conjunction with the great spatial hetero-
geneity in capillary density and highly variable in sensory
innervation. In view of the foregoing, enormous variation in
the laser Doppler flux are found from comparable sites
between subjects, from different sites in the same subject, and
even from the same site in the same individual at intervals of
minutes, hours, or days. Therefore, this technique can’t be
used in the routine assessment of microvascular and neuro-
logical function and alternative methods with larger record-
ing area like LDI, LSCI, and integrated probe are introduced,
however, they are still time-consuming and other limitations
arise. Because the holder size of an integrated probe com-
bined with a heating probe or LDI (also LSCI) heating probe
is markedly larger than the holder size of a single-point probe
combined with a heating probe, they are difficult to apply to
many locations on the body, such as fingers, toes and uneven
regions of the face and joints, further limiting their use.
[0012] Therefore, there is continued interest in the devel-
opment of new methods for non-invasively obtaining the
value of vasodilation parameter representing cutaneous local
thermal hyperemia response of a subject with satisfactory
data reproducibility in a time-efficient manner. Of particular
interest would be the development of such methods and appa-
ratus, in which a repeated sampling may be performed in a
relatively short interval as compared with convention LDF/
LTH techniques.

SUMMARY

[0013] The following presents a simplified summary of the
disclosure in order to provide a basic understanding to the
reader. This summary is not an extensive overview of the
disclosure and it does not identify key/critical elements of the
present invention or delineate the scope of the present inven-
tion. Its sole purpose is to present some concepts disclosed
herein in a simplified form as a prelude to the more detailed
description that is presented later.

[0014] In one aspect, the present disclosure is directed to a
method for obtaining a value of at least one vasodilation
parameter representing the cutaneous local thermal hyper-
emia response of a subject. In particular, said cutaneous local
thermal hyperemia response is related to the subject’s neural
function (such as sensory function and sympathetic activity)
that is generally resulted from short-term heating. Therefore,
short-term heating and corresponding evaluation step pro-
vided herein are advantageous over long-term heating in
evaluating neural function of a subject. Moreover, in clinical
medicine, it 1s often required to obtain information associated
with sensory function and sympathetic activity. However, the
long-term heating employed by the conventional methods
usually results in a desensitizing effect on microvascular
response in a later sampling step. Thus, the present method is
advantageous in that it is possible to minimize this desensi-
tizing effect by using information associated with the initial
phase which only requires a short-term heating.

[0015] According to embodiments of the present method,
the value of the vasodilation parameter could be calculated
from measurements obtained in an initial heating period. For
example, the initial heating period may comprise the first3 to
5 minutes after the local temperature reaches 38-44° C. In this
way, the present sampling step would not result in sustained
vasodilation (or over-vasodilation), and hence a repeated
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sampling could be performed at an interval of less than 2
hours. Therefore, the present method is quite time-efficient as
compared with conventional LDF/LTH techniques. Further,
the thus-obtained initial maximum cutaneous vascular con-
ductance (CVC) exhibits acceptable reproducibility and is
suitable for use as a factor in assessing/evaluating the cuta-
neous local thermal hyperemia response of the subject.
[0016] According to one embodiment of the present disclo-
sure, the method comprises the steps as follows. Performing
a baseline measurement at a first sampling site at a first
temperature. During the period of baseline measurement, a
first baseline red blood cell flux (RBCFy;) of the sampling
site and a first baseline mean arterial pressure (P, ) of the
subject are obtained. A first baseline cutaneous vascular con-
ductance (CVCg;) is calculated by the formula of:
CVC;,=RBCF,/Py;. After the baseline measurement, the
temperature of the first sampling site of the subject is raised
from the first temperature to a second temperature, and the
second temperature is maintained for an initial heating period
of about 2 to 14 minutes. During the initial heating period, a
plurality of first initial RBCFs (RBCF, | ) of the first sam-
pling site at a plurality of time points (T, ) are recorded to
identify a first initial maximum RBCF (RBCF, ) of the
sampling site. Meanwhile, a first initial mean arterial pressure
(P,) of the subject is also recorded. Thereafter, a first initial
maximum cutaneous vascular conductance (CVC; ,,.) is
calculated by the formula of: CVC, . ~RBCF, /P,
According to certain embodiments of the present disclosure,
the first CVC, . is used as the vasodilation parameter. Alter-
natively, the vasodilation parameter may be derived from the
CVC, ... by appropriate calculation.

[0017] In one optional embodiment, the vasodilation
parameter derived from the first CVC, | . is a first initial
maxinum CVC change (ACVC) which is obtained by the
formula of: ACVC=CVC, . -CVCy;.

[0018] In another optional embodiment, an initial area-un-
der-the-curve (initial AUC), another vasodilation parameter
derived from the first

B0 =fnx;m¢x
0

@ indicates text missing or illegiblewhen filed

to elucidate the accumulation of blood flux during the first3-5
minutes of the heating period. Specifically, the RBCF, ,_, are
plotted against T, , to obtain a curve having a function of
F(X), and the initial AUC is calculated by the formula of:
[text missing or illegible when filed], where t is equal
to or greater than the time at which the RBCF, . is mea-
sured.

[0019] In optional embodiments, the first initial maximum
CVC (CVC,, ), the first initial maximum CVC change
(ACVC), or the initial AUC is then used, alone or in combi-
nation, to evaluate the cutaneous local thermal hyperemia
response of the subject at a specific site of the body.

[0020] According to optional embodiments of the present
disclosure, the baseline measurement is performed for about
2 to 5 minutes. However, the present disclosure is not limited
thereto.

[0021] The present method is advantageous in that it is
mainly based on the vascular-related measurements obtained
during the initial heating period. In certain embodiments, the
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initial heating period may be less than 3 minutes. For
example, if the sampling site is heated to the desired tempera-
ture with a greater heating rate, the RBCF, .. may be
recorded at 2 minutes. In other embodiments, the initial heat-
ing period is 3 to 10 minutes; preferably 3 to 5 minutes.
However, the present invention is not limited thereto, and the
initial heating period could be maintained as according to the
operator’s desire; yet the measurements obtained during the
first 10 minutes are preferred, more preferably the first 5
minutes, in the calculation of the vasodilation parameter(s).
In certain embodiments, an algorithm involving the CVC,
max, as Well as one or more vascular-related measurements
obtained during a later time of the initial heating period or one
or more subsequent heating step following or immediately
following the initial heating period, may be used in the cal-
culation of the present vasodilation parameter. In other
embodiments, the method of this invention does not require
additional, subsequent heating after the initial heating step so
as to prevent the sustained vasodilation of the sampling site,
and hence a repeated sampling, ifdesired, could be performed
at an interval of less than 2 hours.

[0022] Further, embodiments of the present aspect are
advantageous in that they are time-efficient and reproducible.
Accordingly, for a single subject, measurements/parameter
values obtained from different sampling sites at the same time
or different times, as well as measurements/parameter values
obtained from the same sampling site at different times, are
also comparable to one another. Moreover, measurements/
parameters obtained from different subjects are also compa-
rable to one another.

[0023] According to embodiments of the present disclo-
sure, the vascular-related measurements, including, the first
baseline RBCF, the first initial RBCFs and the first initial
maximum RBCF, are measured using a laser Doppler-based
probe having a diameter of less than 5 mm.

[0024] In optional embodiments, the first temperature is
about 28-35° C.; and the second temperature is about 38-44°
C. Still optionally, the temperature is raised at a heating rate of
0.02-0.2° C.jsec. In various embodiments of the present
invention, the heat may be applied directly or remotely to the
sampling site.

[0025] In another aspect, the present disclosure is directed
to a laser Doppler-based apparatus for implementing the
method according to the above-mentioned aspect(s)/embodi-
ment(s).

[0026] In one embodiment, the measuring system includes
a user interface, a laser Doppler detector, a heating unit, a
controller, a computing unit, a database and a comparison
unit. The user interface is configured to receive an input from
a user and provide an output to the user. The laser Doppler
detector is configured to measure atleast one vascular-related
measurement at a sampling site of the subject during a first
sampling procedure. The vascular-related measurement is
any of: a first baseline red blood cell flux (RBCFy; ) or a first
baseline mean arterial pressure (P, ) obtained during a base-
line measurement, or a first initial RBCF (RBCF, ,_,), a first
initial maximum RBCF (RBCF,, ,..) or a first initial mean
arterial pressure (P,) obtained during an initial heating period
ofabout 2 to 14 minutes. The heating unit is configured to heat
the sampling site, and the controller is configured to control
the laser Doppler detector and the heating unit based on the
user input or a default setting. The computing unit is config-
ured to calculate the value of the vasodilation parameter from
the at least one vascular-related measurement, wherein the
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vasodilation parameter is or is derived from a first initial
maximum cutaneous vascular conductance (CVC, , .), cal-
culated by the formula of: CVC, . =RBCF, /P, The
database comprises a normative value of the vasodilation
parameter obtained from a population of healthy subjects.
The comparison unit is configured to compare the vasodila-
tion value of the subject with the normative value.

[0027] Inoptional embodiments, the present laser Doppler-
based apparatus may further comprise an analysis unit which
is configured to evaluate the sensory nerve function and/or
sympathetic activity of the subject based on the comparison
result from the comparison unit.

[0028] According to certain embodiments of the present
disclosure, the output provided by the user interface is at least
one of, the vascular-related measurement(s), the value(s) of
the vasodilation parameter(s), the comparison result from the
comparison unit, and the analysis result from the analysis
unit.

[0029] Still optionally, the present laser Doppler-based
apparatus may further comprise a storage unit which is con-
figured to store at least one additional vascular-related mea-
surement measured at the same sampling site or at least one
different sampling site of the subject, concurrently with or
after the first sampling procedure. In this case, the computing
unit is further configured to calculate an additional value of
the at least one vasodilation parameter from the at least one
additional vascular-related measurement; the comparison
unit is further configured to compare the additional value of
the vasodilation parameter of the subject with the normative
value and/or with the first vasodilation value of the same
subject; and the analysis unit is further configured to evaluate
the sensory nerve function and/or sympathetic activity of the
subject and/or the subject’s response to an intervention based
on the comparison result from the comparison unit.

[0030] Invarious embodiments, the vasodilation parameter
may be the first CVC, .. Alternatively, the vasodilation
parameter may be derived from the first CVC; .. according
to embodiments and examples disclosed herein, as well as
equivalents thereof. For example, the vasodilation parameter
derived from the first CVC, ,, may be ACVC or initial AUC.
[0031] According to optional embodiments of the present
disclosure, the laser Doppler detector comprises a probe hav-
ing a diameter of less than 5 mm.

[0032] Many ofthe attendant features and advantages of the
present disclosure will become better understood with refer-
ence to the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The present description will be better understood
from the following detailed description read in light of the
accompanying drawings, where:

[0034] FIG. 1 is a schematic diagram illustrating the laser
Doppler-based apparatus according to one embodiment of the
present disclosure; and

[0035] FIG. 2 is a schematic diagram illustrating sampling
sites according to one working example of the present disclo-
sure.

DESCRIPTION

[0036] The detailed description provided below is intended
as adescription of the present examples and is not intended to
represent the only forms in which the present example may be
constructed or utilized. The description sets forth the func-
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tions of the example and the sequence of steps for construct-
ing and operating the example. However, the same or equiva-
lent functions and sequences may be accomplished by
different examples.

[0037] The present disclosure provides a non-invasive and
readily applicable method to study the cutaneous local ther-
mal hyperemia response of a subject from at least one sam-
pling site in at least one sampling session. In particular, the
cutaneous local thermal hyperemia response is associated
with the subject’s sensory function and/or sympathetic activ-
ity. The present method is advantageous at least in that it is
highly reproducible between different measurements, and
therefore the method finds its utility in the fields of diagnosis
and treatment of sensory and/or sympathetic disorders. For
example, the values of a same vasodilation parameter
between a subject suffering from said disorder and a health
individual is substantially different, and the subsequent com-
parison/evaluation step using the calculated value would put
the obtained values to practical real world use. Also, the
present method is capable of monitoring the subject’s
changes in the LTH over time, and identifying his/her
responses in the LTH to potentially harmful or beneficial
interventions.

[0038] Embodiments of the present disclosure provide
methods for obtaining a value of at least one vasodilation
parameter representing the cutaneous local thermal hyper-
emia response of a subject. As discussed in the background,
the initial maximum assessed by single-point LDF on the
forearm is not reproducible with the currently available pro-
tocols. By contrast, vascular-related measurements (and as a
result, values of the vasodilation parameters) obtained in
accordance with methods of the present disclosure exhibit
acceptable intrasession and intersession reproducibilities,
and accordingly, these measurements/parameter values are
suitable for monitoring changes in LTH of the subject over
time. Furthermore, since the vasodilation parameter is or is
derived from the first initial maximum CVC, it eliminates the
need of collecting data from the plateau or maximum period
as employed in conventional LDF/LTH techniques in which
plateau or maximal CVC and other parameters are used for
further assessment. The short heating period adopted in the
present invention is also advantageous in that repeated sam-
pling on the same site could be performed as early as 30
minutes after the first sampling, which gives the physician an
opportunity to observe or identify responses in LTH that arise
from any given treatment.

[0039] Microvascular dysfunctions have been observed in
patients with wide variety of disorders. For example, sensory
sensitization and sympathetic hyperactivity enhance the cuta-
neous local thermal hyperemia response, while sensory
impairment and sympathetic inhibition reduce the cutaneous
local thermal hyperemia response. Also, impairments in axon
reflex-related vasodilatation are often observed in patients
suffering from in diabetic and neuropathy, in which the
microcirculation of the skin and smaller nerve fibers are
affected.

[0040] Trigeminal neuralgia is a neuropathic disorder
which causes hyperalgia. The sensory nerve of the subject
suffering from trigeminal neuralgia is sensitized and hence
the cutaneous local thermal hyperemia response at a specific
site is enhanced. For post-herpetic skin, the sensory nerve at
a specific site is damaged and the cutaneous local thermal
hyperemia response there is reduced. The sympathetic nerve
of patients suffering from complex regional pain syndrome is
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in a hyperactive state, and hence may enhance the cutaneous
local thermal hyperemia response at a specific site.

[0041] Inview ofthe foregoing, also includedin the present
disclosure are methods for evaluating/assessing the health
and/or disease status of a subject. The present method pro-
vides an objective and non-invasive tool for sensory and
sympathetic testing and the early evaluation of peripheral
neuropathy, by focusing on the neural-mediated response of
cutaneous local thermal hyperemia (or cutaneous LTH). Fur-
ther, the present method is also useful in evaluating local
sympathetic activity and the somatosympathetic reflex during
or after physical or chemical interventions.

[0042] In one example, this is achieved by establishing
multiple normative values of vasodilation parameter(s)
obtained from various sampling sites of a population of
healthy subjects. The vasodilation parameter may be the first
initial maximum CVC or other parameters derived therefrom;
e.g., the first initial maximum CVC change, and the initial
AUC.

[0043] Inpractice, these normative values could be used as
the reference values for assessing the health/disease status of
the subject. It is known that the autonomic nerve dysfunction
may influence the hyperemic reactivity. Therefore, initial
maximum CVCs associated with multiple sampling sites
could be compared with the normative values respectively
associated with the sampling sites to determine whether the
subject is suffering from autonomic nerve dysfunction.

[0044] In another example, the evaluating/assessing
method is achieved by comparing the initial maximum CVC
of the subject with a previously or later obtained initial maxi-
mum CVC to determine the progress of the treatment or
disease. For example, previous investigations have indicated
that cutaneous local thermal hyperemia response is impaired
in subjects with diabetes; in particular, said impairment usu-
ally progresses from peripheral toward central of the body of
a subject. Hence, for a subject with diabetes, a comparison
between initial maximum CVCs associated with peripheral
vasculature and central vasculature is useful for determining
the status of the disease. It is also feasible to use these nor-
mative values as references to determine the effect of any
given therapy.

[0045] The practices of the present invention are hereinaf-
ter described in detail with respect to methods for obtaining a
value of at least one vasodilation parameter representing the
cutaneous local thermal hyperemia response of a subject,
methods for evaluating/assessing the cutaneous local thermal
hyperemniia response of the subject, methods for correlating
the cutaneous local thermal hyperemia response to the health/
disease status of the subject, and methods for evaluating/
assessing the subject’s response to a treatment. Results of
LDF/LTH, as described hereinbelow, indicate that data
obtained in accordance with the present method exhibit
acceptable intersession and/or intrasession reproducibility,
and as such these data are suitable for use in the evaluating/
assessing and correlating step described herein.

[0046] In one aspect, the present disclosure is directed to a
method for obtaining a value of at least one vasodilation
parameter representing the cutaneous local thermal hyper-
emia response of a subject.

[0047] According to one embodiment of the present disclo-
sure, the method comprises the following steps:

[0048] (a) performing a baseline measurement at a first
sampling site of the subject at a first temperature and obtain-
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ing a first baseline red blood cell flux (RBCFj;) of the sam-
pling site and a first baseline mean arterial pressure (P, ) of
the subject;

[0049] (b) raising the temperature of the first sampling site
from the first temperature to a second temperature;

[0050] (c) maintaining the second temperature for an initial
heating period of about 2 to 14 minutes, and recording a
plurality of first initial RBCFs (RBCEF, ,_,) of the first sam-
pling site at a plurality of time points (T,_,,) to identify a first
initial maximum RBCF (RBCF, ,,,.) and recording a first
initial mean arterial pressure (PI) of the subject during the
heating period; and

[0051] (d) calculating the value of the vasodilation param-
eter, wherein the vasodilation parameter is or is derived from
a first initial maximum cutaneous vascular conductance

(CVC,, ), calculated by the formula of: CVC, ,,, =RBCF,
max/’PZ.
[0052] LTH in practice, the subjects are placed in a tem-

perature controlled room (25+1° C.) prior to the baseline
measurement (step (a)); this step is referred to as acclimation
and is designated to guard against problems associated with
measuring basal flux using laser Doppler flowmetry. Accord-
ing to embodiments of the present disclosure, the acclimation
period is about 30 to 60 minutes; preferably 60 minutes.
Further, the entire heating/sampling step described herein is
carried out in the same temperature-controlled condition.
Optionally, the room is also humidity-controlled with
40-60% humidity.

[0053] According to embodiments of the present disclo-
sure, the baseline measurement is performed for at least 2
minutes. For example, period for baseline measurement is
about2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,
20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,
37,38,39,40,41,42,43,44,45,46,47, 48,49, 50,51, 52,53,
54,55,56,57, 58,59, or 60 minutes. Preferably, the period for
baseline measurement is about 2 to 5 minutes.

[0054] In one embodiment, the measurement of the red
blood cell flux in the baseline and initial sampling steps (steps
(a) and (c)) is carried out by a single-point probe laser Dop-
pler flowmetry.

[0055] 1Instep (b), the temperature of the first sampling site
is raised by applying heat directly or remotely to the first
sampling site. Any conventional instrument and technique
suitable for providing heat to the sampling site could be used
herein. For example, at least one thermoelectric heating ele-
ment could be attached to the probe to provide heat thereto. In
another example, a heating device such as an infrared lamp or
a halogen lamp could be placed remotely over the sampling
site thereby heating the sampling site. According to some
embodiments of the present disclosure, the first temperature
is about 28-35° C. and the second temperature is about 38-44°
C. Preferably, the first temperature is about 33° C. and the
second temperature is about 42° C. in accordance with work-
ing examples provide hereinbelow. Preferably, the tempera-
ture is raised at a rate of 0.02-0.2° C./sec; preferable 0.1°
C./sec.

[0056] There are no particular limitations on sampling sites
as long as they are accessible for sampling in accordance with
methods provided herein. A non-limiting list of examples of
body parts suitable for use herein includes the forehead, face,
neck, earlobe, arm, forearm, elbow, wrist, finger, chest, abdo-
men, back, breast, leg, knee, ankle, foot and toe. Although
prior researches have indicated that laser Doppler data col-
lected at forearm exhibit poor reproducibility due to the great
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spatial heterogeneity in forearm capillary density, our test
results indicated otherwise, and the forearm data obtained in
accordance with methods provided herein exhibit acceptable
reproducibility. Therefore, in some preferred embodiments of
the present invention, the first sampling site is located at one
of the forearms of the subject.

[0057] According to principles and spirits of the present
invention, the vasodilation parameter representing the cuta-
neous local thermal hyperemia response of a subject are col-
lected during the first phase of the local thermal hyperemia
response. Experimental results indicated that the initial maxi-
mum RBCF is achieved during the first five minutes of heat-
ing in accordance with the methods provided herein. There-
fore, in step (¢), the second temperature is maintained for 3 to
5 minutes; preferably 3 to 4 minutes, and the red blood cell
flux of the sampling site during this period is monitored and
recorded. However, the present disclosure is not limited
thereto. For example, a shorter initial heating period could be
achieved with a faster heating rate, and a longer initial heating
period may be required by a slower heating rate. Specifically,
the initial heating period may be 2, 3,4, 5,6,7,8,9,10, 11,12,
13, or 14 minutes. Generally, the initial maximum RBCF
could be calculated from the average of data within the 30 or
60 seconds around the observed peak flux. Our results, as
discussed hereinbelow, indicate that there is no significant
difference between the 30- and 60-second-averaged initial
maximum RBCFs, and hence, the 30-second-averaged initial
maximum RBCF is used in the present disclosure for the sake
of discussion. In one example, the sampling site is sampled
with a first probe of 32° C. during the baseline measurement,
and then during the initial heating period, the first probe is
replaced with a second probe of 42° C. In this case, the
maximum RBCF is observed around 84.75 seconds (raw
data) after the start of the initial heating period, and the
30-second-averaged initial maximum RBCF is recorded
around 104.25 seconds. In addition, the arterial pressure of
the subject during this period is also recorded, and a mean
arterial pressure is then calculated.

[0058] In step (d), the value of at least one vasodilation
parameter may be calculated. The vasodilation parameter or
other parameters derived therefrom may be used to evaluate
the cutaneous local thermal hyperemia response of the sub-
ject. For example, the value of the first initial maximum
cutaneous vascular conductance (CVC, ) is calculated by
dividing the first initial maximum RBCF (RBCF, ,, ..) by the
first initial mean arterial pressure (P,). As another example,
the first initial maximum CVC change (ACVC) is calculated
by first dividing the first baseline RBCF (RBCF ;) by the first
baseline mean arterial pressure (P, ) to obtain a first baseline
CVC (CVCyg,), and then subtracting the first baseline CVC
(CVCg;) from the first initial maximum CVC (CVC, ,.,.).
According to yet another example, an initial area-under-the-
curve (initial AUC), in which the RBCF; ,_, are plotted
against T, _, to obtain a curve having a curve function of F(X),
and the initial AUC is calculated by the formula of: AUC=[,’
F(X)dX, where t is equal to or greater than the time at which
the RBCF, ... is measured. For example, the time “t” may be
3,3.5,4, 4.5, or 5 minutes, according to certain non-limiting
embodiments of the present disclosure.

[0059] It should be noted that various known parameters
capable of representing the axon reflex and/or endothelial-
mediated functions of a subject have been evaluated in the
experiments discussed hereinabove, and the results indicate
that the thus-obtained initial maximum CVC exhibits the
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most desirable reproducibility in representing cutaneous
local thermal hyperemia responses as compared with other
parameters, including those suggested by prior studies such
as plateau or maximal CVC.

[0060] The value(s) of the vasodilation parameter(s)
obtained in the step (d) is/are useful in many aspects. As a
non-limiting example, a comparison between the first initial
maximum CVC and a reference initial maximum CVC is
made, so as to identify whether there is any significant varia-
tion therebetween. As could be appreciated by persons with
ordinary skills in the art, it is also feasible to establish a
reference data regarding ACVC or initial AUC, and the evalu-
ation may be conducted based on the comparison between the
as-collected data and the reference data. It should be noted
that, for the purpose of such evaluation, any information
obtained during a later portion of the initial heating period or
one or more subsequent heating step following or immedi-
ately following said initial heating period is not a requisite
component, according to certain embodiments of the present
disclosure. Rather, such information may be optional.
[0061] Optionally, there is no subsequent heating after the
steps (b) and (c). As such, the present method would not result
in the sustained vasodilation of the sampling site, and hence a
repeated sampling, if desired, could be performed at an inter-
val of less than 2 hours.

[0062] According to various embodiments of the present
disclosure, the reference value may be a normative value of
initial maximum CVCs obtain from a population of healthy
subjects or a ratio of two normative values, each associated
with a different body part. Alternatively, the reference value
may be least one additional initial maximum CVC obtained
from the subject before, concurrently with, or after the first
sampling step (step (¢)). For example, if the first sampling site
is located at a first body part, then the reference initial maxi-
mum CVC could be a normative value of the initial maximum
CVC associated with the first body part obtained from a
population of healthy subjects. In this case, the subsequent
comparison/evaluation step would be to compare the first
initial maximum CVC taken on the first sampling site of the
test subject with the normative value of the initial maximum
CVC taken on the same sampling site from the healthy popu-
lation.

[0063] The present methods are also inventive in that a
repeated sampling could be performed within two hours after
the first sampling step is completed. The ability to perform a
short-term repeated sampling with data that are not con-
founded with vasodilation in the plateau or maximal dilata-
tion phase is advantageous. Therefore, some optional
embodiments of the present disclosure provide methods for
obtaining a second initial maximum CVC of the same subject
in a repeated sampling step.

[0064] Generally, the repeated sampling step may be car-
ried out at a time interval of less than two hours from the first
sampling step. Specifically, the sampling interval between
any two sampling steps may be 0.5 to 2 hours; preferably 1
hour; and more preferable 45 minutes. For example, the sam-
pling interval may be 30 or 45 minutes, or 1, 1.5, or 2 hours.
[0065] Optionally, a physical or chemical intervention may
be applied to the subject after the first sampling step is com-
pleted. These physical and chemical interventions are known
to affect the cutaneous local thermal hyperemia response, and
thus could be used to test or treat diseases/disorders associ-
ated with microvascular or neurological dysfunction(s). In
this case, data obtained in the repeated sampling could be
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used to evaluate/assess the effectiveness of said intervention.
ustrative examples of the physical intervention include, but
are not limited to, the application of thermal energy (heat or
cryotherapy), pressure, cautery, electricity, radio frequency
(RF) energy, laser, radioactivity, ultrasound, balloon infla-
tion, physical abrasion, acupuncture, and moxibustion. Non
limiting list of examples of chemical intervention include the
administration of acetylcholine, cholinergic agents, anticho-
linergic agents, phenylephrine, adrenergic agonist, adrenet-
gic antagonist, nicotine, nitroglycerin, phosphodiesterase
inhibitor (such as sildenafil), anti-inflammatory medication
(such as statin), angiotensin converting enzyme (ACE)
inhibitor, prostaglandins, prostanoid antagonist, histamine,
antihistamine, non-steroid anti-inflammatory drug (NSAID),
and anesthetic agent.

[0066] According to embodiments of the present disclo-
sure, the repeated sampling could be carried out at a second
sampling site of the subject by performing steps (a) to (d) as
described hereinabove to obtain a second initial maximum
CVC, a second initial maximum CVC change (ACVC), or a
second initial AUC associated with the second sampling site.
Then, the cutaneous local thermal hyperemia response of the
subject is evaluated based on at least one of the first and
second initial maximum CVCs or a combination thereof.
Alternatively, the evaluation may be conducted based on at
least one of the first and/or second ACVC, or the first and/or
second initial AUC. For example, a comparison between the
first and second initial maximum CVCs could be made to
identify whether there is any significant variation therebe-
tween. Alternatively, the first and second initial maximum
CVCs could be compared with the first and second normative
values of the initial maximum CVCs associated with the first
and second body parts obtained from a population of healthy
subjects. Still alternatively, a specific value between the first
and second initial maximum CVCs could be calculated to
obtain a sampling specific value; a specific value between the
first and second normative values to obtain a normative spe-
cific value; and a comparison between the sampling specific
value and the normative specific value is made, so as to
evaluate the cutaneous local thermal hyperemia response of
the subject. The sampling specific value may be a ratio of the
first and second initial maximum CVCs; and the normative
specific value may be a ratio of the first and second normative
values. It should be noted that, in this evaluation step, any
information obtained during a subsequent heating step imme-
diately following said period during the evaluating step is not
required.

[0067] In practice, the second sampling site may locate on
an area substantially the same as the first sampling site,
though this is not a requisite. In some optional embodiments,
the second sampling site is different from the first sampling
site, but both sampling sites are located on a same body part
(e.g., head, neck, trunk, and limbs). Alternatively, the two
sampling sites may be anatomically symmetric points. For
example, the first sampling site may locate on the left fore-
arm, whereas the second sampling site may locate on the right
forearm. Still alternatively, the first and second sampling sites
are respectively located at a first body part and a second body
part different from the first body part.

[0068] Itis another aspect of the present disclosure to pro-
vide computer executable instructions configured to perform
at least one task in connection with the method described
hereinabove. Generally, computer executable instructions,
such as program nodules, include routines, programs, objects,
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components, data structures, and/or other elements that per-
form particular tasks or implement particular abstract data
types. Typically, the functionality of the program modules
may be combined or distributed as desired in various imple-
mentations. According to embodiments of the present disclo-
sure, the tasks to be performed include raising and maintain-
ing the temperature of the sampling site, obtaining the initial
maximum RBCF of the sampling site, calculating the initial
maximum CVC associated with the sampling site, and com-
paring the initial maximum CVC with a reference value.
[0069] Also included in the present disclosure are laser
Doppler-based apparatus for implementing the method
described hereinabove.

[0070] According to various embodiments of the present
disclosure, the laser Doppler-based apparatus comprises a
laser Doppler device adapted to implement the present
method. For example, the laser Doppler device may be a laser
Doppler flowmetry (LDF)

[0071] FIG. 1 schematically illustrates a laser Doppler-
based apparatus 100 according to one embodiment of the
present disclosure. Generally, the laser Doppler-based appa-
ratus 100 comprises a user interface 110, a laser Doppler
detector 120, a heating unit 130, acontroller 140, acomputing
unit 150, a database 160 and a comparison unit 170.

[0072] The user interface 110 is configured to receive an
input from a user and/or provide an output to the user. The
user interface 110 illustrated in FIG. 1 is embodied as a
display (or monitor). For example, the display could be a
touch screen which can accept a touch input and allow a user
to select certain objects displayed on the screen. However, the
present invention is not limited thereto. The laser Doppler-
based apparatus 100 may further comprise one or more output
devices (such as a speakers, printer, or the like) and/or input
devices (e.g., mouse, keyboard, or adjustment knob or but-
ton), which alone or in combination with one another may
embody the user interface 110.

[0073] The laser Doppler detector 120 is configured to
measure at least one vascular-related measurement at a sam-
pling site of the subject during one or more sampling proce-
dure. According to optional embodiments of the present dis-
closure, the laser Doppler detector comprises a probe, which
could be a single-point probe or an integrated probe. In certain
embodiments of the present disclosure, the probe may have a
diameter of less than 5 mml preferably, less than 2.5 mm;
more preferably, about 1.5 mm. Using probes with a smaller
diameter is particularly advantageous in the case where
smaller recording sites are intended to be sampled since the
size of an integrated probe combined with a heating probe in
general is too large to be placed on many areas of the body.
[0074] Non-limiting examples of vascular-related mea-
surements include RBCFy; Py, RBCF, |, RBCF, ,,,, and
P,. In one embodiment, the vascular-related measurements
recorded by the laser Doppler detector 120 are provided to the
user through the user interface 110.

[0075] The heating unit 130 is configured to heat the sam-
pling site. The heating unit 130, as illustrated in FIG. 1, heats
the sampling site by directly contacting the sampling site.
However, the present disclosure is not limited thereto. In
other embodiments, the heating unit is a remote heating
means which provides heat energy to the sampling site with-
out directly contacting thereto.

[0076] The controller 140 is configured to control the laser
Doppler detector 120 and the heating unit 130 based on the
user input or a default setting. It should be noted that,
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although the controller 140 and user interface 110 are illus-
trated as two physically separate components in FIG. 1, the
present invention is not limited thereto. For example, in cer-
tain embodiments, part or all functionalities of the user inter-
face 110 may be embodied as one or more adjustment knob or
button on the controller 140 so that the user may provide
inputs to the controller by tuning the knob or button.

[0077] Thecomputing unit 150, database 160 and compari-
son unit 170 are operated collectively to process the measure-
ments obtained by the laser Doppler detector 120; the pro-
cessing procedure transforms the abstract data of
measurements into vasodilation-related values with mean-
ings in the diagnosis and/or treatment senses. To facilitate the
understanding of the present disclosure, a computer 200 is
illustrated in FIG. 1. As could be appreciated, the computer
200 is only one example of a suitable operating environment
and is not intended to suggest any limitation as to the scope of
use or functionality of the implementations described herein.
[0078] Specifically, the computing unit 150 is configured to
calculate the value of at least one vasodilation parameter from
the vascular-related measurement(s). For example, the
vasodilation parameter is or is derived from a first initial
maximum cutaneous vascular conductance (CVC, , ), cal-
culated by the formula of: CVC, , , =RBCF, ,,,./P, Further
examples include the ACVC and initial AUC that are derived
from the first CVC, .. In one embodiment, the value of the
vasodilation parameter calculated by the computing unit 150
is provided to the user through the user interface 110.
[0079] The database 160 comprises at least one normative
value. For example, the normative value may be derived from
the initial maximum CVCs, ACVC or initial AUC obtained
from a population of healthy subjects. Specifically, the nor-
mative value may be the mean or median of the population, or
other statistically-obtained value that is representative of the
healthy population.

[0080] The comparison unit 170 is configured to compare
the value of the vasodilation parameter of the subject with the
normative value and generate a comparison result. In one
embodiment, the comparison result is provided to the user
through the user interface 110. For example, the comparison
result may indicate whether the value of the vasodilation
parameter of the subject is higher than, equal to, or lower than
the normative value. Also, the comparison result may indicate
the extent to which the value of the vasodilation parameter of
the subject is aberrant from the normative value.

[0081] In optional embodiments, the laser Doppler-based
apparatus 100 may further comprise an analysis unit 180
which is configured to evaluate the sensory nerve function
and/or sympathetic activity of the subject based on the com-
parison result from the comparison unit 110. Specifically, the
analysis unit 180 may comprise informational regarding the
relationship between the level of the cutaneous local thermal
hyperemia response at one or more specific sampling site and
a particular disorder or abnormality. Therefore, the analysis
result may indicate the presence or progress of a specific
disorder in a subject.

[0082] Still optionally, the present laser Doppler-based
apparatus 100 may further comprise a storage unit 190. The
storage unit 190 is configured to store at least one additional
vascular-related measurement measured at the same sam-
pling site or at least one different sampling site of the subject,
concurrently with or after the first sampling procedure. In this
case, the computing unit 150 is further configured to calculate
an additional value of at least one vasodilation parameter
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from the at least one additional vascular-related measure-
ment; the comparison unit is further configured to compare
the additional value of the vasodilation parameter of the sub-
ject with the normative vasodilation parameter and/or with
the first value of the vasodilation parameter; and the analysis
unit is further configured to evaluate the sensory nerve func-
tion and/or sympathetic activity of the subject and/or the
subject’s response to an intervention based on the comparison
result from the comparison unit.

[0083] The storage unit 190 includes volatile, nonvolatile,
removable, and non-removable media implemented in any
method or technology for storage of information. Examples
of storage unit 190 suitable for use herein include, but are not
limited to, RAM, ROM, EEPROV, flash memory or other
memory technology, CD-ROM, digital versatile disks (DVD)
or other optical storage, magnetic cassettes, magnetic tape,
magnetic disk storage or other magnetic storage devices, or
any other medium which can be used to store the desired
information and which can accessed by the laser Dopplet-
based apparatus 100,

[0084] The computer 200, as illustrated in FIG. 1, is a
personal computer; however, the present invention is not lim-
ited thereto. In one example, the computer 200 may be physi-
cally integrated with the controller 140. Other well-known
computing devices, environments, and/or configurations that
may be suitable for use with such implementations include,
but are not limited to, server computers, hand-held or laptop
devices, personal digital assistants, smart phones, multipro-
cessor systems, microprocessor-based systems, program-
mable consumer electronics, network PCs, minicomputers,
mainframe computers, distributed computing environments
that include any of the above systems or devices, and the like.
Computer 100 may be described in the general context of
computer-executable instructions, such as program modules,
executed by one or more computers or other devices. Gener-
ally, program modules include routines, programs, objects,
components, data structures, and/or other elements that per-
form particular tasks or implement particular abstract data
types. Typically, the functionality of the program modules
may be combined or distributed as desired in various imple-
mentations.

[0085] The following Examples are provided to elucidate
certain aspects of the present invention and to aid those of
skilled in the art in practicing this invention. These Examples
are in no way to be considered to limit the scope of the
invention in any manner. Without further elaboration, it is
believed that one skilled in the art can, based on the descrip-
tion herein, utilize the present invention to its fullest extent.
All publications cited herein are hereby incorporated by ref-
erence in their entirety.

[0086] The primary aim of these working examples is to
investigate the intrasession and intersession reproducibility
of short-term heating cutaneous local thermal hyperemia
assessed using single-point LDF. The secondary aim was to
compare the reproducibility between different forms of data
expression.

EXAMPLES
Example 1

Local Thermal Hyperemia Test and Data Analysis

[0087] Healthy male and female volunteers (n=20 each),
aged 20-40 years, were recruited from website advertise-
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ments. The exclusion criteria included any significant neuro-
logical, cardiovascular, dermatological, and psychological
history, diabetes, cigarette smoking, pregnancy, and delivery
that occurred less than 1 month earlier. All female participants
joined this study were at their non-menstruation period. The
study was approved by the Institutional Review Board of
National Taiwan University Hospital (Taipei, Taiwan, R.O.
C.), and all participants gave informed written consent before
participation. The participant characteristics are summarized
in Table 1. No significant differences between the 30- and
60-min acclimation groups were found with regard to age,
stature, body weight, and resting mean arterial pressure (p=>0.
05).

[0088] Allparticipants (aged 25.5+3.8 years) were asked to
be free of caffeine, tea, medications, transcutaneous electrical
nerve stimulation, massage, and acupuncture on the day of the
test, and were fast for at least 1 hour before the test began.
Upon arrival in the laboratory, the subjects were arranged on
chairs in a temperature- and humidity-controlled laboratory
(40-60% humidity, 25+1° C.). They were randomly assigned
to 30- and 60-min acclimation groups (n=20 per group, bal-
anced between males and females). After a 30 or 60 minutes
acclimation period, the thermal hyperemia test was pet-
formed twice, 45 minutes apart (Day 1). The same test was
repeated 1 to 3 days later (Day 2). The experiment was pet-
formed by two operators, and all of the procedures for the
same subject were conducted by the same operator. During
the study period, the outdoor temperature was approximately
12-23° C.

TABLE 1

Participant characteristics in the
30- and 60-min acclimation groups.

30 min acclimation 60 min acclimation

(n=20) (n=20)
Age (years) 249 £35 260 £4.1
Stature (cm) 166.7 =8.7 165.9 6.8
Body weight (kg) 598 £12.1 60.8 £10.3
Mean arterial pressure 788 £5.1 71668

(mmHg)

Data are expressed as mean = §D. p > 0.05 for all comparisons between two groups.

[0089] The participants were supine during the entire test
period. Cutaneous blood flow was measured by LDF (Moor
DRT4, Moor Instruments I.td, Axminster, Devon, UK). For
each measurement, blood pressure was recorded continu-
ously with a non-invasive blood pressure monitor (CareTaker,
Empirical Technologies Corporation, Charlottesville, Va.,
USA) on the middle finger of the dominant hand throughout
the procedures.

[0090] Blood flow was recorded simultaneously on the
upper one-fourth of the bilateral forearm using LDF (DP12-
V2 probe, 2 channels, length: 12 mm, diameter 1.5 mm; Moor
Instruments Ltd.), and two recording sites were located at the
radial half of the flexor and extensor aspects of the forearm,
which were located according to a predefined rule. The probe
was mounted to a probe holder to hold the probe in position.
The extensor and flexor recording sites were located along the
line between the extensor and flexor aspects of the lateral
epicondyle of the humerus, respectively, and the lateral side
ofthe styloid process of radius. The same sites were measured
bilaterally with the flexor and extensor aspects in a random
sequence. The recording sites were kept thermally neutral at
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33° C. by a heater (SH02-SHP2 probe, Moor Instruments
Ltd.) for 5 minutes for the baseline measurement, and then the
temperature was increased to 42° C. by 1° C./10 seconds and
maintained at 42° C. for up to 5 minutes. After completing the
measurements, the holders were maintained in situ, and all of
the procedures were repeated with the same recording
sequence 45 minutes after the first measurement. The holders
were then removed without marking after the first day of the
experiment. The same procedures were conducted at the same
time 1 to 3 days later, and the recording sites were relocated
according to the same predefined rule.

[0091] MoorSOFT package (Moor Instruments [.td.) pro-
vided a fixed time constant value of a low pass filter, enabling
the demonstration of trends of the flux signal throughout the
recording. Raw flux signals were converted to Microsoft
Office Excel 2007 (Microsoft Corporation, Redmond, Wash.,
USA) and analyzed off-line. Several built-in functions were
assigned to certain cells of the spreadsheet to calculate the
data for analysis.

[0092] Cutaneous red blood cell flux (RBCF), expressed as
arbitrary perfusion units (PUs), was used to indicate local
cutaneous blood flow, and CVC (PU/mmHg), which derived
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[0095] All data are expressed as mean+SD and were ana-
lyzed using SPSS 17.0 software (SPSS Inc., Chicago, 111.,
USA). Within-subject coefficient of variation (CV) and intra-
class correlation coefficient (ICC) were used to test the repro-
ducibility of the measurements of the hyperemic response.
CV values of <10%, 10-25%, and >25% represented good,
moderate, and poor reproducibility, respectively. ICC values
>0.75, 0f 0.40-0.75, and <0.40 represented excellent, good to
fair, and poor agreement, respectively. The standard error of
measurement (SEM) and minimal detectable change (MDC)
were further assessed for the most reproducible forms of data
expression. The SEM was calculated as pooled SD multiplied
by the square root of (1-ICC), and MDC was calculated as
SEM multiplied by the square root of 2 multiplied by 1.96 for
n=20.

Example 2

Intrasession Reproducibility
[0096] No significant differences were found in the CVC
data between Day 1 and Day 2 or between the 30- and
60-minute acclimation groups. Therefore, only the data from
the two tests on the first day in the 30 minutes acclimation
group are listed and presented in different forms in Table 2.

TABLE 2

Cutaneous local thermal hyperemia data on the first day in the 30-min acclimation group.

Baseline blood flux (PU)

Baseline CVC

Peak CVC

Peak CVC change

% of peak CVC change
4 min AUC (PU)

Time to peak flux (sec)

Test RF RE LF LE

1 2097x1636 2050+13.28 20.03x14.07 18.64 +10.63
2 1573547 1743 £6.17 16.25£7.77 16.05 £7.92
I 0.27 £0.20 0.26 £0.16 0.25£0.18 0.24 £0.13
2md 0.20 £0.08 0.22 £0.08 0.21£0.11 0.21 £0.10
1 2.13 £0.54 1.82x0.48 1.89£0.55 1.70 £0.62
2nd 2.10£0.53 1.84 = 0.46 1.85+0.63 1.71 £0.53
I 1.87 £0.56 1.57 £0.49 1.64 £ 0.55 1.46 £0.61
2md 1.90 £0.51 1.62 = 0.46 1.64 = 0.62 1.50 £0.49
1 972 £535 846 = 511 819 = 347 799 £519
21040 =395 831 £451 888 + 342 815 £275
1 30707 £7445  26335=7192 26203 =8010 23597 = 7813
2% 29220 £ 7172 26594+ 6426 25439 £ 6272 23815 = 7643
1 1564 +33.2 163.1 £30.0 1575322 139.8 £36.6
2 161.0 £41.0 150.6 £ 34.7 150.2 £ 34.5 143.3 £35.7

No difference was found inany of the comparisons between the 1 and 2*test, RE, RE, LF, and LE indicate the right and left
flexor and extensor recording sites, respectively.

from RBCF divided by mean arterial pressure to adjust for the
influence of blood pressure, was the indicator of blood flow
change.

[0093] During the 5 minutes baseline measurement, two
periods of baseline blood flux were evaluated, including the
average of the 1.5-3.0 minutes measurement and the average
of the last 2 minutes measurement before heating. Two peak
CVC values were tested, including the average of 30 seconds
and the average of 60 seconds around the peak flux.

[0094] Baseline CVC, peak CVC, absolute change of peak
CVC, percent change of peak CVC, 4 minutes area-under-
the-curve (AUC), and time to peak flux were used as indica-
tors of the hyperemic response during heating. The absolute
change of peak CVC was defined as the peak CVC minus
baseline CVC, and the percentage of peak CVC change
equals to the absolute change of peak CVC divided by base-
line CVC multiplied by 100%. The 4 minutes AUC was the
accumulation of blood flux during the first 4 minutes of the
heating period. The time to peak flux was the period from the
heating started and up to peak flux.

[0097] The baseline CVC data obtained from the 1.5-3.0
minutes average showed no differences from the 3.0-5.0 min-
utes average; neither is the peak CVC calculated from the 30
seconds average different from the 60 seconds average (data
not shown). Therefore, only the data calculated from the
1.5-3.0 minutes baseline average and peak 30 seconds aver-
age are presented and were used in the subsequent analysis.
The results revealed no differences in the CVC data in any of
the recording sites between the first and second tests. How-
ever, baseline blood flux and baseline CVC revealed rela-
tively lower values and smaller SDs in the second measure-
ment compared with the first measurement. The time to peak
flux ranged from 90 to 209 seconds and averaged 139.8+36.6
to 163.1£30.0 seconds.

[0098] Intrasession reproducibility was assessed by CV
and ICC from the Day 1 data in the 30 minutes acclimation
group. The reproducibility of the different forms of data
expression, including baseline CVC, peak CVC, peak CVC
change, percentage of peak CVC change, 4 minutes AUC, and
time to peak flux, were calculated (Table 3).
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[0099] The data indicated that baseline CVC (CV=30.09-
41.38%, ICC=-0.42-0.70), percentage of peak CVC change
(CV=34.84-42.56%, 1CC=0.44-0.76), and time to peak flux
(CV=17.51-21.38%, ICC=0.08-0.66) were not reproducible.
The reproducibility of peak CVC (CV=10.94-17.31%,
ICC=0.77-0.91), peak CVC change (CV=13.75-18.12%,
1CC=0.80-0.92), and 4 minutes AUC (CV=12.04-18.70%,
1CC=0.60-0.94) was moderate. In conclusion, intrasession
reproducibility was acceptable for peak CVC, peak CVC
change, and 4 minutes AUC.

TABLE 3

Intrasession reproducibility of cutaneous local thermal
hyperemia using different forms of data expression.

RF RE LF LE

cv cv cv Ccv

(%) ICC (%) ICC (%) ICC (%) ICC
Baseline 4138 -0.42 37.95 0.12 3159 048 3009 0.70
Ccve
Peak CVC 16.02 077 1094 0.85 1731 0.78 13.89 091
Peak CVC 1430 0.86 13.75 0.88 1812 0.80 1591 0.92
change
% of peak 41.74 0356 42.56 0.76 3484 0.75 36.10 044
CVC change
4 min AUC 18.70  0.60 12.04 0.85 1837 0.78 1241 094
Time to 21.38 031 20.00 0.08 1751 043 1790 0.66
peak flux

RE, RE, LF, and LE indicate the right and left flexor and extensor recording sites, respec-
tively.

Example 3

Intersession Reproducibility

[0100] Intersession reproducibility was assessed using CV
and ICC from the first measurement on each day in the 30-
and 60-min acclimation groups. The data expression was the
same as intrasession reproducibility. The data from the 60
minutes acclimation group were more reproducible than
those from the 30 minutes acclimation group. Therefore, only
the data from the 60 minutes acclimation group are presented
in Table 4.
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TABLE 4

Intersession reproducibility of cutaneous local thermal
hyperemia using different forms of data expression.

RF RE LF LE

(Y% cv (&% cv

(%) ICC (%) ICC (%) ICC (%) ICC
Baseline 40.50 0.23 3314 0.51 3291 051 3070 039
Ccve
Peak CVC 14.65 0.8%8 21.92 0.76 22.60 0.65 2408 0.74
Peak CVC 24.84 0.68 24.67 0.68 24.66 0.66 2458 0.74
change
% of peak 50.50 0.71 46.51 0.43 3824 0.68 31.08 0.6
CVC change
4 min AUC 1491 0.88 2021 0.72 2401 0.63 2450 054
Time to 18.80 0.56 17.48 0.51 1671 0.29 21.14 024
peak flux

FF,IRE, LF, and LE indicate the right and left flexor and extensor recording sites, respec-
vely.

[0101] The data showed that baseline CVC (CV=30.70-40.
50%, 1CC=0.23-0.59), percentage of peak CVC change
(CV=31.08-50.50%, 1CC=0.43-0.71), and time to peak flux
(CV=16.71-21.14%, ICC=0.24-0.56) were not reproducible.
Intersession reproducibility was acceptable when expressed
as peak CVC (CV=14.65-24.08%, ICC=0.65-0.88) and peak
CVC change (CV=24.58-24.84%, 1CC=0.66-0.74), and 4
minutes AUC  (CV=14.91-24.50%, 1CC=0.54-0.88).
Intersession reproducibility of peak CVC in the 30 minutes
acclimation group was poor (CV=16.76-24.89%, 1CC=-0.
11-0.77) and in the 60 minutes acclimation group was mod-
erate (CV=14.65-24.08%, ICC=0.65-0.88). The time to peak
flux ranged from 90 to 209 seconds and averaged 139.8+36.6
t0 163.1£30.0 5.

[0102] Data from Examples 2 and 3 demonstrated that
intrasession and intersession reproducibility could be accept-
able when the recording sites were located by predefined
rules using anatomical landmarks and the data were
expressed as peak CVC, peak CVC change, and 4 minutes
AUC.

Example 4

Effect of Acclimation on Reproducibility

[0103] To explore the effect of the acclimation period on the
reproducibility of short-term heating cutaneous local thermal
hyperemia, both intrasession and intersession reproducibility
was analyzed and is presented in Table 5. Intrasession repro-
ducibility is expressed as CV and ICC from the data on Day
1, and only the reproducible forms of data expression (i.e.,
peak CVC, peak CVC change (ACVC), and 4 minutes AUC)
are presented.

TABLE 5

Intrasession and intersession reproducibility of cutaneous local

thermal hyperemia in 30- and 60-min acclimation groups.

RF RE LF LE

Reproducibility ~ Data  Acclimation CV (%) ICC CV (%) ICC CV (%) ICC CV (%) ICC
Intrasession Peak 30 min 16.02 077 1094 085 1731 078 13.89 091
cve 60 muin 1532 092 1833 0.79 1141 094 1932 090

ACVC 30 min 1430 086 1375 0.88 1812 0.80 1591 092

60 min 1928 091 2369 0.67 1123 094 2231 090

4 min 30 min 1870 0.60 1204 0.85 1837 078 1241 094

AUC 60 min 1544 088 1476 0.86 1434 089 1869 091
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TABLE 5-continued
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Intrasession and intersession reproducibility of cutaneous local
thermal hyperemia in 30- and 60-min acclimation groups.

RF RE LF LE

Reproducibility  Data  Acclimation CV (%) ICC CV (%) ICC CV (%) ICC CV (%) ICC
Intersession Peak 30 min 1676 077 248 -0.11 2197 -004 21.61 053
cve 60 min 1465 088 2192 076 2260 065 24.08 0.74

ACVC 30 min 1931 0.66 1975 034 2122 020 2593 032

60 min 2484 0.68 2467 0.68 2466 066 2458 0.74

4 min 30 min 1970 0.60 2224 035 2538 011 2643 034

AUC 60 min 1491 088 2021 0.72 2401 063 2450 054

RE, RE, LF, and LE indicate the right and left flexor and extensor recording sites, respectively.
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[0104] Intersession reproducibility is expressed as CV and
ICC from the data from the first measurement on Day 1 and
Day 2, and only the reproducible form of data expression (i.e.,
peak CVC) is presented. The data indicated that intersession
reproducibility was better in the 60 minutes acclimation
group compared with the 30 minutes acclimation group using
peak CVC, and only the data from the 60 minutes acclimation
group was reproducible. The data showed equally acceptable
intrasession reproducibility between the 30- and 60-minute
acclimation groups in all forms of data expression.

[0105] These results demonstrated that intersession repro-
ducibility was better with a 60-min acclimation period than a
30-min acclimation period, and only the 60-min acclimation
period yielded reproducible data. By contrast, intrasession
reproducibility was equally acceptable in both the 30- and
60-min acclimation groups. Therefore, the intrasession test
could be performed after a 30 minutes acclimation period,
which is relatively time-saving; however, the intersession test
should be conducted after a longer acclimation period, such
as 60 minutes.

Example 5

Comparing Reproducibility Between Males and
Females

[0106] Since no differences were found in the intrasession
reproducibility of short-term heating cutaneous local thermal

hyperemia between the 30- and 60-minute acclimation
groups, data from the two groups were pooled together for the
comparison of intrasession reproducibility between males
and females (n=20 each). Only the reproducible forms of data
expression (i.e., peak CVC, peak CVC change (ACVC), and
4 minutes AUC) were compared. The results, as summarized
in Table 6, indicated equally acceptable intrasession repro-
ducibility between males and females in all forms of data
expression.

[0107] The intersession reproducibility of short-term heat-
ing cutaneous local thermal hyperemia was acceptable in the
60-min acclimation group but not in the 30-min acclimation
group. Therefore, we compared intersession reproducibility
between males and females only in the 60-min acclimation
group (n=10 each). Only the reproducible form of data
expression (i.e., peak CVC, peak CVC change and 4 minutes
AUC) was compared. The results indicated that intersession
reproducibility was equally acceptable for both males and
females (Table 6).

[0108] Although female reproductive hormones have been
reported to influence the local thermal control of skin blood
flow, the present example indicated that both intrasession and
intersession reproducibilities were equally acceptable in
males and females. Therefore, this protocol may be applied to
studies of both genders.

TABLE 6

Comparison of intrasession and intersession reproducibility between males and females.

RF RE LF LE

Reproducibility  Data  Gender CV (%) ICC CV (%) ICC CV (%) ICC CV (%) ICC
Intrasession Peak Male 1633  0.68 1318 0.81 1442 090 1987 0385
CVC Female 1498 091 1679 0.81 1489 0.84 13.10 092

ACVC  Male 15.13 079 1481 0.80 1403 0.92 2254 090

Female 18.63 090 23.04 0.74 1605 0.84 1558 0091

4min Male 1844 061 12.88 0.85 1498 090 1976 0.89

AUC  Female 15.76 083 14.04 086 17.85 0.63 10.62 094

Intersession Peak  Male 1659 082 2423 072 2113 075 2174 072
CVC Female 14.84 093 2265 0.84 2339 058 2397 074

ACVC  Male 1613 072 2281 080 17.06 0.89 2464 082

Female 1893 0.88 2407 0.74 19.15 0.82 19.68 0.87

4min Male 1924 071 1998 0.85 1868 0.88 21.86 083

AUC Female 16.86 0.81 19.84 0.86 1895 0.70 18.62 091

RF, RE, LF, and LE indicate the right and left flexor and extensor recording sites, respectively.
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Example 6

Conclusive Indices of Intrasession or Intersession
Reproducibility Expressed by Peak CVC

[0109] Since peak CVC was the common reproducible
index for both intrasession and intersession assessments,
Table 7 provides all of the indices of peak CVC. The mean
differences in peak CVC ranges from —0.04 to 0.02 and from
-0.05 to 0.08 for the intrasession and intersession tests-re-
tests, respectively. The MDCs ranges from 0.44 to 0.76 and
from 0.61 to 0.93, respectively. The MDCs from most record-
ing sites were higher in the intersession assessment than those
in the intrasession assessment.

TABLE 7
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[0111] Additionally, placing the probes in the same posi-
tion precisely is difficult in repeated tests. The results with
acceptable intersession reproducibility also suggest that the
variability of capillary density makes little contribution to the
initial maximum of cutaneous local thermal hyperemia in a
limited area. The reason for choosing the recording sites on
the radial side of both the flexor and extensor forearms is that
these sites are relatively easily accessible, and the participants
may feel more comfortable by placing their hands on their
abdomen in a supine position.

[0112] Inconclusion, fixing the recording site improved the
intrasession and intersession reproducibility of short-term
heating cutaneous local thermal hyperemia on both the flexor

Conclusive indices of intrasession or intersession reproducibility expressed as peak CVC.

Reproducibility Recordingsite  First test Second test Difference  CV (%) ICC SEM MDC
Intrasession RF 213£054 210£053 -003+048 16.02 077 025 0.70
RE 182048 1.84+046  0.02x0.33 1094 085 0.18 0.50
LF 1.89+£055 1.85+0.63 -0.04£0.50 1731 078 027 0.76
LE 1.70£0.62 171+£053  001x031 13.89 091 0.16 044
Intersession RF 1.94+0.67 197+061 003 £040 14.65 088 022 0.61
RE 178071 1.86+0.61  0.08£0.58 2193 076 032 0.89
LF 1.73£0.60 1.68+054 -005£058 22.60  0.65 033 093
LE 1.73£0.66 1.73+0.60  0.00£0.57 2408 074 032 0.8

RE, RE, LF, and LE indicate the right and left flexor and extensor recording sites, respectively. CV, coefficient of variation (%); ICC,
intra-class correlation coefficient; SEM, standard error of measurement; MDC, minimal detectable change.

[0110] Insum, working examples 1 to 6 confirmed that the
intrasession and intersession reproducibility of short-term
heating cutaneous local thermal hyperemia with 5 minutes
heating using single-point LDF reached an acceptable level if
the recording sites were fixed and the data were expressed as
peak CVC, peak CVC change, and 4 min AUC. Minimizing
the recording time to obtain acceptable reproducibility for
cutaneous local thermal hyperemia testing is a major feature
of the present disclosure. This relatively simple method for
cutaneous local thermal hyperemia testing may significantly
improve accessibility; and thereby widely increase the appli-
cation of cutaneous local thermal hyperemia. The advantages
of the method of this invention manifested in the following
aspects. First, when the data are expressed as peak CVC, peak
CVC change, and 4 min AUC without the involvement of
plateau CVC, the heating period could be shortened to 5 min.
Second, peak CVC may be represented by the average CVC
of 30 seconds around the peak flux, which is nearly the same
as that of 60-second average. Additionally, all of the values of
the time to peak flux are under 210 seconds. Therefore, the
baseline measurement for 2-5 minutes and heating for 4 min-
utes are sufficient to obtain enough data for further analysis.
Using this protocol, the heating temperature is maintained at
42° C. for only 2.5 minutes (from 90 to 240 seconds during
the heating interval ), and a shorter hyperemia reaction will be
induced, hence blood vessels may recover more quickly. This
allows for a further reduction in the time interval between two
tests in a single session. A shorter test-retest interval not only
saves time but also provides flexibility in the selection of the
time interval. It also benefits the assessment of axon reflex-
related microvascular function, which is considered to be
affected by sensory and sympathetic functions. The total time
period required for recording one site is as short as 6 minutes,
and this time-saving method enables testers such as operators
to record multiple sites sequentially without utilizing more
equipments or other complicated equipment.

and extensor aspects of the forearm using single-point LDF
and may increase usability by shortening the heating period
from more than 30 minutes to 4 minutes. A 30-min acclima-
tion period is appropriate for intrasession assessment, but a
longer acclimation period (e.g., 60 min) may be needed for
intersession assessment. This new protocol can be applied to
both males and females.

Example 7

Normative Value of Different Vasodilation
Parameters at Various Sampling Sites

[0113] To determine the normative values of different
vasodilation parameters at various sampling site, another
cohort of healthy male and female volunteers (n=12 each),
aged 20-40 years, were recruited from website advertise-
ments. The exclusion criteria and restrictions for the partici-
pants were the same as those recited in Example 1, above.

[0114] The sampling sites used in the present example are
illustrated in FIG. 2, and the position of each sampling site is
as follows. Point (a) locates at the right or left inner eyebrow.
Point (b) indicates the para-nasal site which is about 1-cm
lateral to the left or right nasal alar. Point (c) is the para-
canthus site which is about 1-cm lateral to the external can-
thus formed by the meeting of the upper and lower eyelids at
either side of the eye. Point (d) is the preauricular site which
is about 1-cm anterior to the left or right ear canal. Point (e) is
the pre-ear lobe site about 1.5-cm below the point (d). Point
(D) is located at about 1 cm lateral to either corners of the
mouth. Point (g), the jaw, locates at the meeting point of the
vertical line from the middle of the pupil (right or left) and the
mandible. The supraclavicular point (h) is slightly above the
medial %5 of the clavicle, while the infraclavicular point (i)
locates at upper aspect of upper %2 of the clavicular fiber of
pectoralis major muscle. The parasternal point () is located at
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the intersection of sternum and clavicle. Point (k), the lateral
chest site, is situated at the upper '3 of the sternal fiber of
pectoralis major muscle. The axilla point (1) is at about 4-cm
below the axillary fossa. Point (m) is the suprascapular site
which locates at the ¥4 of the infraspinatous from the middle
boarder of scapula. Point (n) locates at the shoulder which is
14 of the upper aspect of the upper trapezius. The sub-breast
point (o) is located at about 3-cm below the left or right
nipple. Point (p) and point (q) are respectively situated at /2 of
the biceps brachii (mid-arm) and %2 of the flexor carpi radialis
(mid-forearm). Point (r) on the wrist locates at the radial part
of the flexor retinaculum of wrist. Point (s) on the thumb
locates at /2 of the lateral aspect of distal phalange of thumb.
Point (t) and point (u) are respectively situated at /2 of the
rectus femoris (mid-tight) and /2 of the tibialis anterior (mid-
leg). Point (v) on the dorsal foot locates at the joint between
the lateral cuneiform bone and metatarsal bone of great toe.
Point (w) on the big toe locates at 12 of the middle aspect of
distal phalange of great toe.

[0115] Upon arrival in the laboratory, the subjects were
arranged on chairs in a temperature- and humidity-controlled
laboratory (40-60% humidity, 25£1° C.) for acclimation of 30
minutes. After the acclimation period, the thermal hyperemia
test was performed at specified sampling sites. The partici-
pants were supine during the entire test period. Cutaneous
blood flow was measured by LDF (Moor DRT4, Moor Instru-
ments Ltd, Axminster, Devon, UK). For each measurement,
blood pressure was recorded continuously with a non-inva-
sive blood pressure monitor (CareTaker, Empirical Technolo-
gies Corporation, Charlottesville, Va., USA) on the middle
finger of the dominant hand throughout the procedures. The
sampling and data processing procedures taught in Example
1, above, also applied in the present example. Results are
summarized in Table 8.

TABLE 8

Normative value of CVC, ,,,,, ACVC
and initial AUC at various sampling sites.

Sampling Site CVC, o ACVC Initial AUC

a. inner eyebrow 2.26 £0.92 192 +0.61 36514 8721
b. para-nasal 2.76 £0.50 239045 40126 + 9093
e. para-canthus 3.29£0.21 251050 45982 £ 9128
d. preauricular 2.26 £0.57 1.89 £0.78 33549 7954
e. pre-ear lobe 2.22 £0.65 1.86 £ 0.69 31202 = 8076
f. mouth corner 2.21£0.35 195+0.34 30078 = 7892
g. jaw 1.67 £0.26 1.31£0.35 20000 + 5781
h. supraclavicular 1.75 £0.63 147 +0.58 26626 = 6926
i. infraclavicular 1.28 £0.35 1.09 £0.33 18326 + 4851
J. parasternal 1.75 £0.63 1.55+0.62 26353 = 6488
k. lat. chest 1.33 £0.46 1.13£0.33 19863 + 4935
L. axilla 1.3 £0.26 1.15£0.27 19918 £4137
m. suprascapular 1.13 £0.28 1.00 £0.21 17670 = 4371
1. shoulder 1.20£0.27 1.01+0.22 18370 +4143
0. sub-breast 0.90 £0.30 0.69 0.22 13115 £3397
p. mid-arm 1.21+0.26 098 +0.20 17265 + 4001
q. mid-forearm 1.35 £0.28 1.17+0.29 25849 + 5911
1. wrist 1.32+£0.29 1.12£0.29 20862 + 4839
s. thumb 2.08 +0.36 1.74 £ 0.41 30525 6971
t. mid-thigh 1.06 £0.26 0.88 £0.19 15775 £ 4102
u. mid-leg 1.11+0.21 097 £0.22 19345 £5137
v. dorsal foot 0.97£0.24 0.69 = 0.14 15046 + 3423
w. big toe 0.99 £0.31 0.72+0.20 15912 £ 4428
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Example 8

Clinical Analysis of Cutaneous Local Thermal
Hyperemia Response

[0116] As described hereinabove, microvascular dysfunc-
tion may be associated with wide variety of diseases/disor-
ders. Therefore, the initial maximum CVC, maximum CVC
change, and 4 minutes AUC data obtained in accordance with
embodiments of the present disclosure are useful tools for the
diagnosis of these diseases, documentation of the disease
progression, effectiveness of a potential or prescribed
therapy, and unanticipated/undesirable effects of a given
therapy. Below are several clinical examples from healthy
subjects or subjects suffering from various sensory or sym-
pathetic disorders. Vascular-related measurements and values
of vasodilation parameters were measured and obtained
according to the procedures set forth in Example 7, above.
[0117] 8.1 Bilateral Analysis of Anatomically Symmetric
Points of Healthy Subject

[0118] Male healthy subject (22 y/o; 73 kg) was sampled at
the right and left preauricular position (point (d) in FIG. 2),
and the results are summarized in Table 9.

TABLE 9

CVC; pars ACVC and initial AUC at anatomically
symmetric sampling sites of healthy subject.

Sampling Site CVC; pax ACVC Tnitial AUC

Preauricular, right 2.62 2.25 36001

Preauricular, left 2.79 2.34 39872
[0119] The normative values of CVC, ... ACVC and Ini-

tial AUC at the preauricular position are 2.26£0.57, 1.86+0.
69 and 33549+7954 (see, Table 8), respectively, and the val-
ues of these parameter obtained from the subject fall within
the normative range. These data reveal that the subject’s
sensory and/or sympathetic function at the sampled site is
normal, indicating that the subject may be a healthy subject
with no observable vascular and/or neurological dysfunc-
tions.

[0120] Theoretically, the sensory and/or sympathetic func-
tions between the anatomically symmetric positions are sub-
stantially the same. The data in Table 9 demonstrate that there
are no statistically significant differences between the values
obtained from both sides. This result also echoes the result in
Example 2, above, which illustrates that the present method
exhibits satisfactory intrasession reproducibility.

[0121] 8.2 Bilateral Analysis of Anatomically Symmetric
Points of Subject Having Left Trigeminal Neuralgia

[0122] Female subject (53 ylo; 67 kg) suffering from
trigeminal neuralgia at the left side was sampled at the right
and left pre-ear lobes (point (e) in FIG. 2), and the results are
summarized in Table 10.

TABLE 10

CVC; 0 ACVC and initial AUC at anatomically symmetric
sampling sites of subject having left trigeminal neuralgia.

Sampling Site CVC ax ACVC Initial AUC
Pre-ear lobe, right 2.19 1.96 31304
Pre-ear lobe, left 4.28 3.89 61831
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[0123] Trigeminal neuralgiacauses hyperalgia in which the
sensory nerve is sensitized and the cutaneous local thermal
hyperemia response is enhanced. In this case, the values of
three vasodilation parameters (4.28, 3.89 and 61831, respec-
tively) obtained from the left side of the subject were almost
doubled from the mean normative values (2.22, 1.86, and
31202, respectively; see, Table 8), whereas the values
obtained from the right side (2.19, 1.96 and 31304, respec-
tively) were within the normative ranges. These data indicate
that the cutaneous local thermal hyperemia response at the
subject’s left side was greatly enhanced; suggesting that the
sensory nerve associated with the subject’s left face might be
sensitized. This result coincides with the fact that the subject
suffers from left trigeminal neuralgia.

[0124] 8.3 Bilateral Analysis of Anatomically Symmetric
Points of Subject Having Right Facial Palsy

[0125] Female subject (43 y/o; 52 kg) suffering from facial
palsy at the right side was sampled at the right and left para-
nasal sites (point (b) in FIG. 2), and the results are summa-
rized in Table 11.

TABLE 11

CVC; s ACVC and initial AUC at anatomically symmetric
sampling sites of subject having right facial palsy.

Sampling Site CVC; pax ACVC Tnitial AUC

Para-nasal, right 2.12 1.77 30525

Para-nasal, left 2.7 2.26 38389
[0126] Facial palsy is the paralysis of part of the face caused

by non-functioning of the nerve that controls the muscles of
the face, especially the muscles around the eye and to the
mouth. The data in Table 11 indicate that the values of three
vasodilation parameters (2.12, 1.77 and 30525, respectively)
obtained from the right side of the subject were slightly lower
than the normative ranges (2.76+0.50, 2.39+0.45, and
40126+9093, respectively; see, Table 8), whereas the values
obtained from the left side (2.77, 2.26 and 38389, respec-
tively) were within the normative ranges. Accordingly, it is
inferred that the subject’s right facial nerve may be damaged.
This result is in line with the clinical diagnosis of the subject.
[0127] 8.4 Bilateral Analysis of Anatomically Symmetric
Points of Subject Having Post-Herpetic Neuralgia

[0128] Male subject (75 y/o; 82 kg) suffering from post-
herpetic neuralgia (PHN) at the left face was sampled at the
right and left para-nasal sites (point (b) in FIG. 2), and the
results are summarized in Table 12.
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and 38041, respectively) were within the normative ranges.
These data reveal that the left facial nerve may be damaged,
which is in agreement with the diagnosis of left facial PHN.
[0130] 8.5 Bilateral Analysis of Anatomically Symmetric
Points of Subject Having Myofascial Pain Syndrome

[0131] Male subject (38 y/o; 69 kg) suffering from myo-
fascial pain syndrome (MPS) at the right shoulder was
sampled at the right and left shoulder (point (n) in FIG. 2), and
the results are summarized in Table 13.

TABLE 13

CVC, 1y, ACVC and initial AUC at anatomically
symmetric sampling sites of MPS subject.

Sampling Site CVC, pnax ACVC Initial AUC

Shoulder, right 0.79 0.66 12530

Shoulder, left 1.32 1.08 19469
[0132] Myofascial pain syndrome is characterized by

chronic pain caused by multiple trigger points and fascial
constrictions. A myofascial trigger point is a self-sustaining
irritable area in a taut band of muscle fiber that causes gradual
shortening of the muscle interfering with normal muscle
function, and causing pressure on the surrounding nerves. In
addition, the blood circulation is impaired in the shortened
and aching muscle. Hence, the cutaneous local thermal hype-
remia response around the myofascial trigger point may be
jeopardized. The data in Table 13 indicate that the values of
three vasodilation parameters (0.79, 0.66 and 12530, respec-
tively) obtained from the subject’s right shoulder were lower
than the normative ranges (1.20+£0.27, 1.0120.22, and
18370+4143, respectively; see, Table 8), whereas the values
obtained from the left shoulder (1.32, 1.08 and 19469, respec-
tively) were within the normative ranges. These data indicate
that the nervous function and blood circulation associated
with the subject’s left shoulder nerve may be abnormal, con-
firming the diagnosis of left shoulder MPS.

[0133] 8.6 Bilateral Analysis of Anatomically Symmetric
Points at Various Sampling Sites of Subject Having Diabetes
[0134] Female subject (82 y/o0; 57 kg) suffering from dia-
betes was sampled at the mid-leg, dorsal foot and big toe
(points (u), (v) and (w) in FIG. 2) on both the right and left
sides, and the results are summarized in Table 14.

TABLE 14

CVC;, ppxs ACVC and initial AUC at anatomically
symmetric sampling sites of diabetic subject.

TABLE 12 Sampling Site CVCy e ACVC Initial AUC

CVC;, uar, ACVC and initial AUC at anatomically Mid—forearm, right 1.31 1.08 23042

symmetric sampling sites of PHN subject. Mid-forearm, left 1.33 1.10 24574

Wrist, right 1.29 1.13 19887

Sampling Site CVCy ACVC Initial AUC Wrist, left 1.30 1.09 20128

Thumb, right 1.02 0.82 16852

Para-nasal, right 2.46 2.06 38041 Thumb, left 1.05 0.85 16325

Para-nasal, left 142 1.22 22097 Mid-leg, right 1.07 0.93 18962

Mid-leg, left 1.14 1.02 22476

. o . Darsal foot, right 0.71 0.48 10548

[0129] Post-herpetic neuralgia is a nerve pain due to dam- *Dorsal foot, left 0.68 051 11636

age caused by the varicella zoster virus. The data in Table 12 Big toe, flz‘fu[}lt 039 027 7481

indicate that the values of three vasodilation parameters Bigtoe, le 044 028 1970

(1.42, 1.22 and 22097, respectively) obtained from the sub-

ject’s left face were lower than the normative ranges (2.760. [0135] Diabetes is a metabolic disease in which patients

50, 2.39+0.45, and 40126+9093, respectively; see, Table 8),
whereas the values obtained from the right face (2.46, 2.06

have high blood glucose level. Complications of diabetes
include peripheral neuropathy and decreased blood flow to
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the legs and feet, leading to amputation if not treated. The
impairment of sensory nerves resulted from peripheral neur-
opathy often starts from the distal limbs and gradually
extends to more proximal part when the disease progresses. In
the present case, the most distal sampling site of upper
extremity was the right and left thumb, and the vasodilation-
related values obtained from the thumbs of the subject were
only about half of the mean normative values at the same
sampling site (2.08, 1.74 and 30525, respectively; see, Table
8). Moving from the thumb to the wrist, it was observed that
the sampled values were still lower than the normative ranges
(1.32+0.29, 1.12+0.29, 20862+4839, respectively; see, Table
8), yet they were close to the lower limits of the normative
ranges. Proceeding to a more proximal part, the mid-forearm,
the sampled values were within the normative ranges and
quite close to the mean normative values (1.35, 1.17, 25849,
respectively; see, Table 8). In addition, the most distal sam-
pling site of lower extremity was the right and left big toes,
and the vasodilation-related values obtained from the big toes
of the subject were less than half of the mean normative
values at the same sampling site (0.99, 0.72 and 15912,
respectively; see, Table 8). Moving from the big toe to the
dorsal foot, it was observed that the sampled values were still
lower than the normative ranges (0.97+0.24, 0.69+0.14 and
150463423, respectively; see, Table 8), yet they were close
to the lower limits of the normative ranges. Proceeding to a
more proximal part, the mid-leg, the sampled values were
within the normative ranges and quite close to the mean
normative values (1.11, 0.97 and 19345, respectively; see,
Table 8). The comparative value between the distal and proxi-
mal sampling sites were presented in Table x and compared
with normative value. The relative values of the most distal
sampling site to the other proximal sites, i.e. thumb/mid-
forearm, thumb/wrist, big toe/mid-leg, and big toe/dorsal foot
were lower than normative values. These results indicate that
the cutaneous local thermal hyperemia response at the distal
limb is weaker than that at the proximal limb. Therefore, the
present method is suitable for use in the evaluation of the
progression of the disease, as well as the efficacy of the
treatment.

[0136] 8.7 Bilateral Analysis of Anatomically Symmetric
Points at Various Sampling Sites Before and after Chemical
Intervention

[0137] Female subject (26 y/o; 45 kg) suffering from panic
disorder was sampled at the infraclavicular, parasternal and
axilla sites (points (1), (j) and (1) in FIG. 2) on both the right
and left sides before and after the administration of §-blocker.
Specifically, the post-p-blocker sampling procedure was per-
formed at 30 minutes after the oral administration of
[3-blocker, propranolol, (10 mg). Results are summarized in
Table 15.

TABLE 15

CVC gy, ACVC and initial AUC at anatomically symmetric
sampling sites before and after chemical intervention.

CVC, ACVC Initial AUC

Sampling Site Before After Before After Before — After

Infraclavicular, right 2.63 195 242 196 44963 33797
Infraclavicular, left 1.44 1.03 1.25 0.88 21336 17298
Parastemal, right 321 253 298 236 56902 47602
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TABLE 15-continued

CVC; oy ACVC and imitial AUC at anatomically symmetric
sampling sites before and after chemical intervention.

VG, . ACVC Initial AUC

Sampling Site Before After Before After Before — After

Parastemal, left 204 145 187 128 29084 26800
Axilla, right 255 191 238 163 37460 31740
Axilla, left 137 109 115 092 21061 17019
[0138] Panic disorder is an anxiety disorder and is charac-

terized by unexpected and repeated episodes of panic attack
accompanied by physical symptoms such as racing heart,
sweating, breathing problems, weakness or dizziness, feeling
hot or a cold chill, tingly or numb hands, chest pain, or
stomach pain. Panic disorder is related to autonomic dysfunc-
tion. p-blockers that are effective in blocking the peripheral
symptoms of anxiety sometimes are prescribed for panic
disorders. Theoretically, if a treatment/intervention could sig-
nificantly alter the function of the sensory or sympathetic
nerves, the cutaneous local thermal hyperemia response
would also be altered after such treatment/intervention takes
effect.

[0139] The data in Table 15 indicates that the cutaneous
local thermal hyperemia responses at the right and left sides
are different from each other. This observation is in accor-
dance with the fact that the peripheral autonomic function is
asymmetrical. Specifically, before the chemical intervention,
the CVC, .. sampled at the right infraclavicular, right
parasternal and right axilla were respectively 2.42, 2.98 and
2.38, which were all substantially higher than the normative
ranges (1.28+0.35, 1.7520.63 and 1.3320.26, respectively;
see, Table 8). In contrast, the CVC,  _sampled at the ana-
tomically symmetric points on the left side were respectively
1.44, 2.04, and 1.37, which were not aberrant from the nor-
mative ranges. Regarding the other two vasodilation param-
eters (ACVC and initial AUC), the values obtained from the
right-side measurements were also higher than the normative
ranges, while the values obtained from the left-side measure-
ments were within the normative ranges.

[0140] After the chemical intervention, the hyped response
observed in the pre-intervention sampling was alleviated but
not completely counteracted. For example, after the chemical
intervention, the CVC; . sampled at the right infraclavicu-
lar, right parasternal and right axilla were respectively 1.95,
2.53 and 1.91. Although these values were reduced by
approximately 20% to 30% of the pre-intervention values,
they were still slightly higher than the upper limits of the
normative ranges. On the other hand, regarding the left side of
the subject, the CVC, ,,,,, values were also reduced from the
pre-intervention values, but they were still in the normative
ranges.

[0141] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of the ordinary skill in the art to which this
invention belongs. The singular forms “a”, “and”, and “the”
are used herein to include plural referents unless the context
clearly dictates otherwise.

[0142] The term “treating” as used herein refers to applica-
tion or administration of the physical and/or chemical inter-
vention to a subject, who has a medical condition, a symptom
of the condition, a disease or disorder secondary to the con-
dition, or a predisposition toward the condition, with the
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purpose to partially or completely alleviate, ameliorate,
relieve, delay onset of, inhibit progression of, reduce severity
of, and/or reduce incidence of one or more symptoms or
features of a particular disease, disorder, and/or condition.
Treatment may be administered to a subject who does not
exhibit signs of a disease, disorder, and/or condition and/or to
a subject who exhibits only early signs of a disease, disorder,
and/or condition for the purpose of decreasing the risk of
developing pathology associated with the disease, disorder,
and/or condition.

[0143] Notwithstanding that the numerical ranges and
parameters setting forth the broad scope of the invention are
approximations, the numerical values set forth in the specific
examples are reported as precisely as possible. Any numerical
value, however, inherently contains certain errors necessarily
resulting from the standard deviation found in the respective
testing measurements. Also, as used herein, the term “about”
generally means within 10%, 5%, 1%, or 0.5% of a given
value or range. Alternatively, the term “about” means within
an acceptable standard error of the mean when considered by
one of ordinary skill in the art.

[0144] It will be understood that the above description of
embodiments is given by way of example only and that vari-
ous modifications may be made by those with ordinary skill in
the art. The above specification, examples, and data provide a
complete description of the structure and use of exemplary
embodiments of the invention. Although various embodi-
ments of the invention have been described above with a
certain degree of particularity, or with reference to one or
more individual embodiments, those with ordinary skill in the
art could make numerous alterations to the disclosed embodi-
ments without departing from the spirit or scope ofthis inven-
tion.

What is claimed is:

1. A method for obtaining a value of at least one vasodila-
tion parameter representing the cutaneous local thermal
hyperemia response of a subject using a laser Doppler-based
apparatus, comprising:

(a) performing a baseline measurement at a first sampling
site of the subject at a first temperature and obtaining a
first baseline red blood cell flux (RBCFg;) of the sam-
pling site and a first baseline mean arterial pressure (Pz;)
of the subject;

(b) raising the temperature of the first sampling site from
the first temperature to a second temperature;

(c) maintaining the second temperature for an initial heat-
ing period of 2 to 14 minutes, and recording a plurality of
first initial RBCFs (RBCF, | ) of the first sampling site
ataplurality of time points (T, , ) to identify a first initial
maximum RBCF (RBCF, ) and recording a first ini-
tial mean arterial pressure (P,) of the subject during the
initial heating period; and

(d) calculating the value of the vasodilation parameter,
wherein the vasodilation parameter is or is derived from
a first initial maximum cutaneous vascular conductance
(CVC,, ,.m), calculated by the formula of: CVC,
max:RBCFZ, maz/PZ

2. The method of claim 1, wherein the vasodilation param-
eter derived from the first CVC, .. is a first initial maximum
CVC change (ACVC), which is calculated by the formula of:
ACVC=CVC,, ,,,,~(RBCF3,/Pg;).

3. The method of claim 1, wherein the vasodilation param-
eter derived from the first CVC, . is an initial area-under-
the-curve (initial AUC), in which the RBCF, ,_, are plotted
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against T,_, to obtain a curve having a curve function of F(X),
and the initial AUC is calculated by the formula of: AUC=/,’
F(X)dX, where t is equal to or greater than the time at which
the RBCF, .. is measured.

4. The method of claim 1, further comprising:

obtaining a value of a second initial maximum CVC at a
second sampling site of the subject at a time interval of
0.5 to 2 hours by repeating the steps (a) to (d).

5. The method of claim 4, wherein the second sampling site

is same as the first sampling site.

6. The method of claim 4, wherein the second sampling site
is different from the first sampling site.

7. The method of claim 6, wherein the first sampling site
and the second sampling site are anatomically symmetric
points.

8. The method of claim 1, wherein the baseline measure-
ment is performed for about 2 to 5 minutes.

9. The method of claim 1, wherein the first baseline RBCF,
the first initial RBCFs, and the first initial maximum RBCF
are measured with a laser Doppler-based probe having a
diameter of less than 5 mm.

10. The method of claim 1, wherein the method does not
require any subsequent heating step after the initial heating
period.

11. The method of any of claims 1, wherein in the step (b),
the temperature is raised at a heating rate of 0.02-0.2° C./sec.

12. The method of claim 1, wherein the first temperature is
about 28-35° C.; and

the second temperature is about 38-44° C.

13. A laser Doppler-based apparatus for obtaining a value
of at least one vasodilation parameter representing the cuta-
neous local thermal hyperemia response of a subject, com-
prising:

(a) a user interface, configured to receive an input from a

user and provide an output to the user;

(b) a laser Doppler detector, configured to measure at least
one vascular-related measurement at a sampling site of
the subject during a first sampling procedure, wherein
the vascular-related measurement is any of: a first base-
line red blood cell flux (RBCF ;) or a first baseline mean
arterial pressure (P, ) obtained during a baseline mea-
surement, or a first initial RBCF (RBCF, ,_,), a first
initial maximum RBCF (RBCF, ) or a first initial
mean arterial pressure (P;) obtained during an initial
heating period of 2 to 14 minutes;

(c) a heating unit, configured to heat the sampling site;

(d) a controller, configured to control the laser Doppler
detector and the heating unit based on the user input ora
default setting;

(e) a computing unit, configured to calculate the value of
the vasodilation parameter from the at least one vascu-
lar-related measurement, wherein the vasodilation
parameter is or is derived from a first initial maximum
cutaneous vascular conductance (CVC, ), calculated
by the formula of: CVC, . =RBCF, ,,../P;:

(f) a database, comprising a normative value of the vasodi-
lation parameter obtained from a population of healthy
subjects; and

¢) a comparison unit, configured to compare the value of
the vasodilation parameter of the subject with the nor-
mative value.

14. The laser Doppler-based apparatus of claim 13, further
comprising an analysis unit, configured to evaluate the sen-
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sory nerve function and/or sympathetic activity of the subject
based on the comparison result from the comparison unit.

15. The laser Doppler-based apparatus of claim 14,
wherein the output provided by the user interface is at least
one of, the vascular-related measurement, the vasodilation
parameter, the comparison result from the comparison unit,
and the analysis result from the analysis unit.

16. The laser Doppler-based apparatus of claim 14, further
comprising a storage unit, configured to store at least one
additional vascular-related measurement measured at the
same sampling site or at least one different sampling site of
the subject, concurrently with or after the first sampling pro-
cedure.

17. The laser Doppler-based apparatus of claim 16,
wherein

the computing unit is further configured to calculate an

additional value of at least one vasodilation parameter
from the at least one additional vascular-related mea-
surement;

the comparison unit is further configured to compare the

additional value of the vasodilation parameter of the
subject with the normative vasodilation parameter and/
or with the vasodilation parameter; and
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the analysis unit is further configured to evaluate the sen-
sory nerve function and/or sympathetic activity of the
subject and/or the subject’s response to an intervention
based on the comparison result from the comparison
unit.

18. The laser Doppler-based apparatus of claim 13,
wherein the vasodilation parameter derived from the first
CVC, ... 1s a first initial maximum CVC change (ACVC),
which is calculated by the formula of: ACV C=CVC,; ,pmm
(RBCF,/P,).

19. The laser Doppler-based apparatus of claim 13,
wherein the vasodilation parameter derived from the first
CVC, ... 1s an initial area-under-the-curve (initial AUC), in
which the RBCF 7. 1.»areplotted against T, , to obtain a curve
having a curve function of F(X), and the initial AUC is cal-
culated by the formula of: AUC=/, F(X)dX, where t is equal
to or greater than the time at which the RBCF is mea-
sured.

1, max

20. The laser Doppler-based apparatus of claim 13,
wherein the laser Doppler detector comprises a probe having
a diameter of less than 5 mm

* ok %k
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