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(57) Abstract: This invention relates to an optical system
and method for performing turbidity assay, e.g. coagulation
of blood or plasma, comprising a standard optical reference
(78), a sample handling structure (88), a light source (96)
and an optical detection unit (94). The standard optical ret-
erence (78), such as a fluorophore-doped glass, provides
constant optical signal under controlled optical conditions.
The sample handling structure (88), such as a microfluidic
system with reaction chamber, can be placed beneath or
above the standard optical reference (78). During operation,
the coagulating plasma/blood changes its optical absorbance
and reflection properties, which results in changes in optical
signal that reaches the optical reading unit (94). The vari-
ation of the optical signal, such as fluorescence signal indic-
ates the kinetics of the turbidity varying process, such as
plasma/blood coagulation process. This invention is used for
performing turbidity assay with optical system, including
photometry system, fluorescence system, Raman Spectro-
scopy system and so on.
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METHODS AND SYSTEMS FOR POINT-CF-CARE COAGULATION ASSAYS BY
OPTICAL DETECTION

FIELD OF THE INVENTION
This invention relates to an optical system and method for detecting coagunlation of
plasma or blood comprising a standard optical reference, a sample handling structure, a light

source and an optical detection it

BACKGROUND

Congulation assays are important tools to mounitor a patient’s risk of bleeding or
thrombosis, both of which could lead to fatal consequences if intervention doey not sceur
promptly and appropriately. This is especially eritical in emergency and operation rooms, as
a patient’s hemostasis health status needs 0 be understood before proper hemotherapy is
administered. Awong all the coagulation assavs, prothrombin time (PT) and activated partial
thrombeoplastin time (APTT) assays are currently the most popular coagulation tests used in
clinics and hospitals,

Instruments performing PT and APTT assays usually contain blood sample
preparation mechanisins such as coagulation reagents and optical spectroscopy measurement
units. Despite the advantages such as high throughput and good accuracy, these assays have
some disadvantages that prevent its application for point-of-care tests, First, (1} due to the
complex sample preparation and measurement proocess, the sampling-to-result time ranges
from davs to weeks. Such a slow twnaround time canuot meet the near real-time requirement
in emergency rooms or other near-patient use. Secondly, (2} a large volume of blood, e,
wmore than a milliliter of blood is required with thess imstruments for proper sample handling
and accurate measurenment.

Fluorescence-based technologies with state-of-the-art microfiuidic sample preparation,
such as lab-on-a-chip tmmunoassay, were developed to solve the above shortfalls. A popular
method in the recognized art is to use thrombin or plasmin (both factors are generated during
coagnlation reaction pathways) specific substrates containing immuncreactive fragments,
Upon exposure to thrombin or plasmin, the substrates are cleaved and the timmunoreactive

fragments are released from the substrate, which generates a fluorescence signal as an
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indicator of the Kinetics of coagulation process. Thess technologies suffer from poor
reliability due to the low efficiency of the chemical reaction and the stability of the
inmunoreactive fragments. Additionally, the requirement by the industry for quality control
tin chemical production, instrument manufactiwing, and final usage increases the cost of these
prior art ceagulalion assays.

The invention disclosed herein was developed to successfully solve the problems
identified in prior art coagnlation assays of slow turp-around-time, large sample sive
reguirement, excessive production costs, lack of reagent stability, and inability of privr art
coagulation assays to meet the near real-time requirement in emergency rooms or other near-

patient use for immediale coagolation assay results.

SUMMARY OF THE INVENTION

The fluorescence based and other coagulation assayvs secording to the invention
described below can be used widely in various clinical sitwations. Centralized large
instruments or powni-of-care instruments can be developed around these methods to achieve
high throughput coagulation assays. Various assays specific to certain factors involved in the
coagulation cascade, for example, can be realized with this techuoology.

More importantly, compact potnt-of-care devices according to the invention described
herein can be developed for emergency room, surgical suites, intensive care units or a
physician’s office. The rapid response and small sample size requirement of the disclossd
invention allow the technology 10 be used for continucus monitoring of coagulation kinstics,
2., when hemeotherapy is reguired. In the meantime, the invention can be used with sxisting
immunoassay systems and/or microfiuidic systems that sre currently used for the diagnosis of
heart diseases and cancers of patients, without the need for exiznsive new instrument
development.

In one aspect, the invention is divected 10 an assay system comprising a reaction
chamber for holding a sample, an excitation light sowrce, an optical reference {or providing an
optical signal, and an optical receiver, The optical reference is positioned to absorb the

excitation light and generates the optical signal to the oplical receiver,
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In accordance with an aspect of the present invention there is provided
an assay system, comprising:

a reaction chamber for holding a sample;

an optical reference, wherein the optical reference comprises a
fluorescence element;

an excitation light source on one side of the reaction chamber for
directing an excitation light in a first direction through the reaction chamber to
the optical reference positioned on the other side of the reaction chamber which
absorbs the excitation light having passed through the reaction chamber, the
optical reference emitting an emission light responsive to the absorption of the
excitation light, the emission light directed through the reaction chamber in a
second direction; and

an optical detector positioned on the same side of the reaction chamber
as the excitation light source for detecting a calibrated optical signal from said
optical reference, said optical signal conveyed via said emission light having
passed through said reaction chamber in the second direction to said optical
detector,

wherein the fluorescence element and the sample are positioned to
provide varying light energy that reaches or leaves the optical reference in
response to kinetics of a coagulation process of the sample such that said optical
signal includes variation of a fluorescence signal to indicate the kinetics of the
coagulation process.

In accordance with a further aspect of the present invention there is
provided an assay system, comprising:

a reaction chamber for holding a sample;

an excitation light source for directing an excitation light to the reaction
chamber via an optical reference, wherein the optical reference comprises a
florescence element;

an emission light responsive to the absorption of the excitation light by
the optical reference; and

an optical detector positioned on the same side of the optical reference
as the excitation source for detecting a calibrated optical signal from said optical
reference, said optical signal conveyed via said emission light, wherein an

increase in said optical signal is indicative of coagulation,

CA 2946877 2020-04-05
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wherein the fluorescence element and the sample are positioned to
provide varying light energy that reaches or leaves the optical reference in
response to kinetics of a coagulation process of the sample such that said optical
signal includes variation of a fluorescence signal to indicate the kinetics of the
coagulation process.

In accordance with a further aspect of the present invention there is
provided a method for detecting coagulation, comprising:

) providing an optical configuration system comprising an optical
reference for generating an optical signal, wherein the optical reference
comprises a florescence element;

(i)  providing a reaction chamber for holding a fluid;

(iii)  transmitting excitation light from an excitation light source
positioned on a first side of the reaction chamber through said fluid in said
reaction chamber in a first direction to the optical reference positioned on a
second side of the reaction chamber opposite to the first side of the reaction
chamber which absorbs the excitation light and transmits an emission light;

(iv)  transmitting the emission light in (iii) from said optical reference
on the second opposite side of the reaction chamber through said fluid in said
reaction chamber in a second direction to the first side of the reaction chamber;

W) providing an optical detector positioned on the first side of said
reaction chamber for detecting a calibrated optical signal from said optical
reference, said optical signal conveyed via said emission light having passed
through said fluid in said reaction chamber; and

(vi)  detecting and comparing said optical signal to a pre-determined
standard for determining coagulation time in said system,

wherein the fluorescence element and the sample are positioned to
provide varying light energy that reaches or leaves the optical reference in
response to kinetics of a coagulation process of the sample such that said optical
signal includes variation of a fluorescence signal to indicate the kinetics of the
coagulation process.

In accordance with a further aspect of the present invention there is
provided an assay system comprising:

a reaction chamber for holding a sample;

CA 2946877 2020-04-05



10

15

20

25

30

2c

an excitation light source for directing an excitation light through an
optical reference comprising a florescence element, into the reaction chamber, a
first portion of said'excitation light directed through the reaction chamber and a
second portion of said excitation light directed back into said optical reference at
an interface between the optical reference and the reaction chamber, wherein the
optical reference absorbs the second portion of the excitation light the optical
reference emitting an emission light responsive to the absorption of the second
portion of the excitation light; and

an optical detector for detecting an optical signal from said optical
reference, said optical signal conveyed via said emission light,

wherein the fluorescence element and the sample are positioned to
provide varying light energy that reaches or leaves the optical reference in
response to kinetics of a coagulation process of the sample such that said optical
signal includes variation of a fluorescence signal to indicate the kinetics of the
coagulation process.

In accordance with a further aspect of the present invention there is
provided method for detecting coagulation, comprising:

(i) providing an optical configuration system comprising an optical
reference, wherein the optical reference comprises a florescence element, for
generating an optical signal, wherein the optical reference comprises a
florescence element;

(ii) providing a reaction chamber for holding a sample;

(i)  transmitting excitation light from an excitation light source
through an optical reference into the reaction chamber, a first portion of said
excitation light directed through the reaction chamber and a second portion of
said excitation light directed back into said optical reference at an interface
between the optical reference and the reaction chamber, wherein the optical
reference absorbs the second portion of the excitation light the optical reference
emitting an emission light responsive to the absorption of the second portion of
the excitation light;

(iv)  transmitting the emission light in (iii) from said optical reference
to an optical detector, wherein said optical detector is positioned to detect a

calibrated optical signal from said optical reference, said optical signal conveyed

CA 2946877 2020-04-05
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via said emission light having passed through said sample in said
reaction chamber; and

) comparing said optical signal to a pre-determined standard for
determining coagulation time in said system;

5 wherein the fluorescence element and the sample are positioned to
provide varying light energy that reaches or leaves the optical reference in
response to kinetics of a coagulation process of the sample such that said optical
signal includes variation of a fluorescence signal to indicate the kinetics of the
coagulation process.
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The reaction chamber according to the invention is pesttioned to inhibit or enhance the
signal generated from the optical reference and detected by the optical receiver, In one
embodiment, the reaction chamber holds a sample in the absence of a colorimetric reagent.

The excitation light scurce provides a specific wavelength ranging, for example but
not limited to, from 20 nm to 5000 am, 50 wn to 2000 vwuw, or 160 vom to 1000 .

The optical reference according to the assay system is selected from the group
consisting of, for example, fluorescence doped glass, stained glass, dyed glass, and materials
showing Raman effect. The reaction chamber comprises a lumen, a planar first wall, and a
planar second wall, In one embodiment of the reaction chamber, the planar second wall is
opposite and parallel to the planar first wall.

In one ambodiment of the invention, the planar first wall and the planar second wall
are each optically transparent to light in the wavelength range of, for example, about 20 nm io
about 5000 nmy, or alterpatively, in the wavelength range of about 20 nm to about 2000 wn.

in various embodiments of the invention, the reaction chamber is positioned between
the optical reference and the optical receiver and excitation light source, or the optical
reference is positioned between the reaction chamber and the optical receiver and excitation
fight source, alternatively the optical reference 15 positioned between the excitation light
scuree and the reaction chamber, and the reaction chamber is positioned between the optical
reference and the optical receiver.

The assay systems further comprises an optical receiver that includes a light detector
for detecting emission light emitted from the Hght sonrce or the optical reference, or for
detecting reflected or secondary light. In one embodiment, the optical receiver module and
light source module are integrated.

In one smbodiment, each of the first and second planar walls of the reaction chambey
comprise a luminal surface and the first planar luminal surface is coated with one or more
regetants, The reaction chamber may further comprise a sample inlet port and a reaction fluid
outlet port. The first inlet port may feature a v-shaps.

in another aspect, the invention is directed to a method for detecting coagulation. In
ong embodiment of this aspect of the invention, the method reguires:

{1) providing a system comprising an optical reference counsisting of a device for

generating a calibrated optical signal;



16

20

36

CA 02946877 2016-10-24

WO 2015/167983 PCT/US2015/027715

(iiy  providing a reaction chamber comprising a chamber for holding a fhud, the
chamber cornprising a planar first wall and a planar second wall that is opposite and parallel
to the planar first wall, and a lumen for holding a fhaid, the first and second planar walls of the
reaction chamber comprising 2 luminal surface and the ficst planar luminal surface is coated
with one or more reactants, and an inlet, for example, a V-shaped inlet for introducing a body
fluid sample into the reaction chamber,;

(i1} trensmitting excitation Hght from a light source through the fluid in the
regetion charnber to an optical reference;

{ivi  measuring emission light from the optical reference ransmitted through the
fhuid in the reaction chamber (o an optical detector;

{v} comparing the measured emission light to & pre-determined standard {or
determining coagulation Hme in the system.

In another embodiment, the method requires

{1} providing a system comprising an optical reference consisting of a device for
generating a calibrated optical signal;

{iiy  providing a reaction chamber comprising a chamber for holding a fluid, the
charober comprising a planar first wall and a planar second wall that is opposite and paralie]
to the plasar first wall, and a humen for holding 2 fluid, the first and second planar walls of the
reaction chamber comprising a luminal surface and the first planar luminal surface is coated
with one or more regetants, and an inlet, for example, a V-shaped inlet for introducing a body
fluid sample into the reaction chamber;

(it} transmitting excitgtion light tfror a light source through the optical reference to
the fuid 1o the reaction chamber,

(ivi  measuring reflected emission light from the optical reference transmitted to an
optical detector; and

{¥) comparing the measured emission light io a pre-determined standard for
detormining coagulation ime in the gystem,

In vet another embodiment, the method reguires

{1} providing a system comprising an optical reference consisting of a device for

genersting a calibrated optical signal;
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{u providing a reaction chamber comprising a chamber for holding a fluid, the
chamber comprising a planar first wall and a planar second wall that is opposiie and paraifel
to the planar first wall, and a lurnen for holding a fluid, the first and second planar walls of the
reaction chamber comprising & luminal surface and the first planar luminal surface is coated
with one or more reactants, and an inler, for example, a V-shaped inlet intreducing a body
fluid sample into the reaction chamber;

{iii}  transmitting excitation Hght from a Hght source through the optical reference;

{iv)  the optical reference generates a secondary light which passes through the
reaction chamber;

(v}  measuring the secondary light by the optical detecior; and

{vi)  comparing the measured secondary light 1o 2 predetermined standard for
determining coagulation time in the system,

The foregoing and other objects, features, and advantages of the invention will
become apparent from the following, more particular description of the preferred

embaodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is described with particularity inn the appended claims, The frther
advaniages of the invention deacribed herein may be better understood by referring to the
following description taken in conpunciion with the accompanying drawings.

Figare 1 iHlustrates a double absorbance optical configuration for the coagulation
system to absorb both cxcitation Hght from a light source and returning light from optical
reterence during coagulation of a plasioa or blood sample according to one embodiment of the
inveniion.

Figure 2 illusirates a reflection optical conhguration for the coagulation system to

=]

e

entrap excitation light at the interface between sample and optical reference to enhance optical
signal generated in the optical reforcnce during coagulation of a plasma or biood sample
according to another emboditoent of the mvention.

Figure 3 illustrates a transmission configuration for the ceagulation system to absorb
the light emitted from the optical reference excited by the light sowree during coagulation of a

plasma or blood sample according to another embodiment of the invention.
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Figure 4 Hlusirates that the distance between optical reference and sample fluid (d) can
vary from 0 o a large value, typically 0 to 200 mm with all the configurations described with
respect to Figure 1, 2 and 3.

Figures SA-E illustrate a method to make the optical reference with various
compositions, ncluding {A) dope optical agents, such as but not Hmmited to fluorescence
moltecules, particle, dyes, inside a substrate material such as, but not Hmited to plastics, glass,
and silicon; {B) chemically assemble a layer of optical agents on the first surface of the
suhatrate; {C) chemically assemble a layver of optics! agents on the opposite surface of the
substrate; (13} coating a layer of optical agents on the first surface of a subsirate by either
physical or chemieal method; (E) coating a layer of optical agents on the opposite surface of
the substrate by either physical or chemical method.

Figures 6A-G illusirate exemplary configurations for integrating the optical reference
with the reaction chamber of the sample handling device: {A) embedding the optical
reference in the first wall of the integral reaction chamber; (B} bonding a flat optical reference
to form the first wall of the reaction chamber with the cavity of the reaction chamber in the
bottom pat; (C) bonding the optical reference to the remaining portions of the reaction
chamber illustrated in 6B except the bottons portion; (D) placing the optical reference outside
the enclosed reaction chamber as 3 separate part; {E) embedding the optical reference within
the wall opposite to the first wall of the integral reaction chamber; (F) bonding the flat optical
reference to form the opposite wall of the reaction chamber with the cavity of the reaction
chamber in the remaining porlion; {G) bonding the optical reference to the remaining portions
of the reaction chamber Hlustrated in 6F except the first wall.

Figure 7A 15 3 view of the bottom of a microfluidic plate with a reaction chamber
illustrating one exemplary configuration of the reaction chamber having 4 fluidic inlet and
outlet for the samnple, and dry reagent pre-stored in the chamber, and Figure 7B illustrates a
side view of Figure 7A;

Fignres 8A-D illustrate a liquid handling device including au exemplary configuration
of the reaction chamber with two fuidic inlets; one for sample and one for reagent separately,
and a fhaid cutlet, (A} is a perapective view of the reaction chamber; (B} is a top view of the
rcaction chamber; (C} is a cross-section of Figure 88; (D) is another cross-section of Figure

8B. Figures 8E-8H illustrate sequential filling of the reaction chamber with reagent from time
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={ {o time = 3, and Figures &1-8L illustrate the sequential filling of the reaction chamber with
sample fluld from time =4 lo ime = 7.

Figure @ tllustrates a cross-section of the resctiony chamber filled with reagent and
sarnple fhaid.

Figure 104 and 10B are wop and bottom views, respectively, of an exemplary
microfluidic device including & plurality of reaction chambers in accordance with the
invention,

Figure 11 shows an embodiment of the invention based on the optical configuration
shown in Figore | and exemplary assay result. (A} in this specific embodiment, an LED is
used as light source, a fluorescence doped glass is used as optical reference, and a quantitative
fluorescence detector i1s used as an optical detection unit. {(BY tllustrates fluorescence signal
from an assay group having abnermal plasma (b} and control group having normal plasma
{a} according to one embodiment of the double absorbance configuration of the coagulation
systewy according to the invention shown in {A). The abnormal assay group resulis show
delayed signal change compared fo that from the normal conirel assay group.

Figure 12 shows an embodiment of the invention based on Figure 2 optical
conhguration and exemplary assay resolt, (A) in this specific embodiment, an LED is used as
light source, a flucrescence doped plass is used as optical reference, and a quantitative
fluorescence detector 1s used as an optical detection unit; (B} illustrates fluerescence signal
from an assay group having coagulated plasma {8) and control group having uncoagulated
plasma {b) according {o one embodiment of the double absorbance configuration of the
coagulation system according to the nvention shown in A, The assay results shows enlarged
signal changs from the coagulated plasma {a) compared to that from plasma without
coagulation (b

Figure 13A-13 shows an exemplary mathematical method to process the optical data to

obtain quantitative coagulation time.

DESCRIFTION
In one aspect, the invention relates o a system for detecting coagulation of a patient
plasma or blood sample in a reaction chamber, for example, a chamber of a microfiuidic

device. The system includes an optical reference part, such a5 bot not limited to 2 standard
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fluorescence element, such as but not limited to a flucrophore-doped glass, a polvmer film or
sheet containing intrinsic fluorescence that is used to generate a fluorescence reference signal.
The positioning of the fluorescence clernent and the coagulating blood/plasna sample 1s
configured to vary the light energy that reaches awdor leaves the optical reference. With such
configuration, the system according to the invention de-couples the fluorescence signal from
cherical reactions. The variation of the flucrescence signal indicates the kineties of the
plasma’blood sample coagulation process.

Ths coagulation detection system according to the invention is used for performing
coaguiation assavs, for example, with fluorescence detection. As a point-of-care (PO
coagulation iImmunoassay system, the sample preparation can be implemented in a
microfluidic cartridge, allowing small sample volume, i.e., less than a williliter, preferably less
than 100 microliters, and low manufacturing cost. The fnvention can be used for types of wet
chemical assays where g change in adsorption, turbidity during the assay is used for detection
and guantification of an analvie in a sample. Typical wet chemical gssays are
inmuncchemical, enzymatic, clotiing assays, affinity based, and nucleic acid based assays.
Different optical detection methods may be used in various embodiments such as bt not
limited to mrbidity, absorption, refiectance, fluorescence intensity, Hime resolved
floorescence, NIR and others. Compared to traditional coagulation assay tools such ag optical
speciroscopy or lab-on-a-chip assay systems, the coagulation system according o the invention
has at a munimum the following advantages;

{1} ihe enhanced portability of the system and fast turnaround time allowing polnt-of-
care applications;

{2} the system’s handling of a sample requires only a small amount, ie. less thay a
milliliter of patient blood or plasma, preferably below 100 microliters;

{3y no indicators Iike those typically required in siate-of-the-art fluorescence assays
such as fluorophore reagents or colorimetric reagents need to be added into the assay . This
simplifics the assay protocol by reducing the assay handling steps which would otherwise
require inmunoreactive reagents, infra-assay chemuicals, and chemical reactions. The
fluorescence signal generated according to the invention is only a function of the coagulation
reaction and requires no thoorophores added into the sample, resulting in lower cost and lower

background interference;
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{4} the deconpling of fluorescence signal and chemical reaction, together with using a
standard Huorescence element, allows easy and reliable guality control;

{5} the systerm according to the invention described herein can be realized in any
fluorescence system, varions Hguid handling systems inclading microfluidics, robotic, and
manual liquid transporistion systems slowing rapid and cost-effective adoption and
integration with other Bomarker detection systeins, such as, but not lmited to solid phase
imanunoassays for the qguantification of other analyvies in blood such as cardiac markers ke
troponin § or markers providing additional information to clotting parameters such as D-Dimer.
D-dimer tests are ordered, along with other laboratory tests and imaging scans, to help rule
out the presence of a thrombs;

{6} the cost of the cartridge which includes the various embodiments of the optical
system according fo the invention is sufficiently low io be disposable which reduces the risk of
cross-contamination. The cartridge can be manufacired preferably in polymers such as
polystyrene or eycloolefines, by manufacturing methods, prefersbly injection molding or hot
embossing;

{7} different wavelengths mayv be used for the light source and signal detection thereby
reducing background interference. The light source may be selected from but is not limited to
the group consisting of a laser, a mercury arc lamyp, and an LED. Wavelengths range from, for
example, about 20nM o about 3000nM, about 50nM o about 2000nM, about 100nm to about
1000nM,

Optical Configusation

Various optical configurations, with different arrangements of optical reforence and
sample reaction chamber, are disclosed for various turbidity assays, e.g. blood coagulation
assays. The schematics of each configuration according 1o cmbodiments of the invention are
iiluatrated 1o Figures 1, 2 and 3, and the operation principles are described below,

Dounble Absorbance Optical Configuration

As shown in Figure |, according fo one embodiment of the invention, a double
absorbance optical configuration system 100 has a fluorescence module 98, a reaction
chamber 85, and a fluorescence reference 78, In one embodiment, a fluorescence module 98
mtegrates hoth Hght source 95 and fluorescence detection unit 94, for example, but not limited

0 a detection system to measure ime resolved fluorescence (TRF) using an LED {360un),



in

20

30

CA 02946877 2016-10-24

WO 2015/167983 PCT/US2015/027715
10

for exaraple, for excitation and a photodetector, such as a photo diede or 2 multi pixel photon
counter {MPPC, to quantify the Huorescence cmission.

With continued reference to Figure 1, according to one embodiment of the invention,
the double absorbance optical configuration system 100 has a light source 96, an uptical
detection unit 94, an optical reference 78 and & reaction chamber 88, During operation, the
fight 95 from the light source 96 and the returning hight 93 from the optical reference 78 both
transmit through the sample in the regction chamber 88 and is absorbed due to turbidity
change of the sample, plasma or blood, for example. The source or excitation light 93 and
returning or emission Hght 93 can have same or different wavelengths. The optical reference
78 can be realized with various optical technologies, such as but not Hidted to generic
photometry, fluorescence, Raman speciroscopy time-reselved fluorescence, and surface
erthanced Raman speciroscopy. In one embodiment, a fluorescence-based method is used for
hlood coagulation time measuremnent with Hght source being LED, optical reference being a
fluorescence glass, returning light being emission from the fuorescence element, the sampile
being plasma, and the optical detection unit beiug a fluorescence detecior. In this
embeodiment, when the plasma coagulates in the reaction chamber, the fluorescence signal
read at the optical detection unit is reduced due to increased optival shsorbance by the
coagulated plasma.

With continued reference to Figure 1, the reaction chamber 88 encloses a plasma or
blood sample and reageni{s) for a particular target congolation assay. The reaction chamber
&8 comprises a first wall 86 and a second wall 84 that is opposite to the first wall and is
positioned between the optical reference 78 and the hight source 96 and detector 94, The first
wall 86 is opiically transparent to a light of specified wavelength and is closer to the
fluorescence modulce 93 than the second wall 84, The second wall 84 is optically transparem
to the Hght with specified wavelengths and 15 positioned oppostie and parallel to the first wali
&6 and closer to the fluorescence reforence 78 than the fivst wall 86, A reagent added to the
plasma or blood sample in the reaction chamber 8Y enables the coagulation reaction in the
reaction chamber 88,

The optical reference 78 15, for example, but not lumited to, a flucrescence-doped
glass, or fluoraphores immobilived on the surface of the second, opposte wall 84 of the

reaction chamnber 88, In the double absorbance optical configuration embodiment, the
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fluorescence reference 78 is positioned on the side of the reaction chamber 88 that is opposite
to the floorescence module 98 as illustrated 1n Figure 1. The purpose of the optical reference
78 is to provide a calibrated optical signal at 3 specific wavelength.

During operation, once the plasina or blood sample coagulation process starts, more
and wmore {ibrin ts formed thereby inorease the turbidity of the plasma or biood sample in the
reaction chamber 88, As a resull, the transmission of the excitation light 95 through the
sample is reduced and the excitation of {luorescence molecules on the optical reference 78 is
inhibited. In addition, the reduced emizsion Hght 83 from the optical reference 78 ie absorbed
further when it passes through the sample in the reaction chamber 82 1o the fluorescence
module 98 where it is detected and measured by the tluorescence detector 94, The combined
effect of the two absorbance processes, 1.e., the first absorbance as the excitation light 93
passes through the reaction chamber &8 10 the fluorescence reference 78, and the second
absorbance as the emission light 93 passes from the optical reference 78 through the reaction
chamber 88, is expected to produce a signal change detected by the optical detector 94, The
signal change indicates ihe coagulation process of the sample in the reaction chamber 88, As
a resuit, a decrease of the fluorescence signal detected by the optical detector 94 in this double
absorbance optical configuration indicates that the coagulation process has begun. The
relative change of the signal with time gives information about the coagulation process
{kinetics, slope), For the proper calculation of the different coagulation parameters such as
PT, APTT, the maximum and mintmum signal is determined.

Reflection Optical Signal

Figure 2 dlusirstes a reflection ophical configuration of the turbidiy system 1007
according to another embodiment of the invention in which the flucrescence reference 78 iz
positioned between the reaction chamber 8% and the fluorsscence module 98,

With continued reference to Figare 2, the reflection optical configuration system 1007,
hike the double absorbance optical configuration system 1007 described above, comprises a
tluorescense module 98, a reaction chamber 88, and a fluorescence reference 78, Inone
embodiment of the refiection optical configuration, the flugrescence module 9% integrates
hoth light source 94 and fiuorescence detoction unit 94, Yor cxample, but not limited to a
fluorescence reader from Hortba Instruments Inc. {(Kyoto, Japan) that has an LED 360nm)

Jight source and a MPPC {a multi pixel photon counter § detector.
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The reaction chamber 88 encloses a plasma or blood sample, and reagent{s} for a
specified target coagnlation assay and typically has a plurality of planar walls, at least two of
which are parallel and opposite. The optical reference 7% is posilioned between the reaction
chamber 58 and the excitation light source 96, and optical receiver 94, For example, the
reaction chamnber 88 comprises a first wall 36 and 2 second wall 84 opposite to the first wall
86, In g preferred embodiment the first wall 86 and the second wall 84 are paralle] io one
auother. Alternatively the first wall and the second wall may be placed at an angle to one
another, for example, at a 45° angle.  In the reflection optical configuration, the first wall 86
is optically transparent to a light of specified wavelength and is positioned closer o the
fluorescence reference 78 than the second wall 84, The second wall 84 is positioned opposite
and parallel to the first wall 86 and forther away from the fluorescence reference 7€ than the
first wall 86. The second wall 84 may or may not be optically transparent. A reagent added
to the plasma or blood sample in the reaction chamber 88 enables the coagulation reaction in
the reaction charmber &8,

The optical reference 738 is, for example, but not limited to, a fluorescence-doped
glass, or fluorophores immobilized on the surface of the first wall 86 of the reaction chamber
§8. In this embodiment, the fluorescence reference 78 is positioned between the reaction
chamber 28 and the flucrescance module 98 as illustrated in Figure 2. The purpose of the
fluorescence reference 78 s to provide g calibrated fluorescence signal.

During operation, once the plasma or blood samiple coagulation process starts, more
and more fibrin is formed thereby increase the mrbidity of the plasma or blood sample in the
reaction chamber &8,

As illustrated in Figure 2, in the reflection optical configuration, the exeiiation light 95
first reaches the optcal reference 78 and then transmits through the sample in the reaction’
chamber 88, In other words, one portion of the excitation light 95 excites fluorescence of the
optical reference 78 betfore transmission through the reaction chamber &8, while the remaining
portion of the excitation light 95 transmits through the sample in the reaction chamber 88, As
coagulation of the plasma or blood sample in the reaction chamber 8% imtiates and
propagates, and the guantity of fibrin increases in the sample, the energy distribution of the
two light portions, Le., transmitted and reflected light, is varied due o the change of the

sample’s transmission property. Namely, the transmission of the excitation lght 95 is
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inhibited, and more light i3 trapped at the interface of the fuorescence reference 78 and the
first wall 86 of the reaction chamber 88 (o excite more flucrophores. As a result, an increase
of the fluorescence signal detected by the optical detector 94 in this configuration indicates
that the coagulation  process has begun. The clotting time can be determined by, for example,
the slope of the clotting curve which is calculated by the first derivative of the clotting curve
{maximum value of the firet derivative is giving the start time for coagulation) as shown in
Figure 12. Maximum (start of the reaction, time peint zero) and minimal signal {coagulation
compleied) are needed 1o determine the clofting time,

Transmission Optical Configuration

Figure 3 tlusirates vet another optical configuration of the systern 100", The optical
reference 78 is arranged between the light source 96 and saople reaction chamber 88, aud the
reaction chamber 88 is placed between optical reference 78 and optical detection unit 94.
During operation, the optical reference 78 is excited by the source light 96 and emtis g
secondary light 93, such as fluorescence signal. The secondary light 93 passes through the
reaction chamber 88 and is ghsorbed due to turbidity change of the sample. The optical
detector 94 reads the signal of the secondary light 93 from the optical reference 78, The
quantitative value of the signal represents the kinetics of the coagulation reaction,

Figure 4 illustrates that the distance () between the optical reference 78 and the
sample in the lumen 83 of the reaction chamber 88 can vary from about § {o about 200 mum
with each configuration described above with respect fo Figore 1, 2 and 3.

Figare § tlhustrates exemplary configurations of the optical reference 73, Using optical
reference with flucrescence propertics as a non-linuting example, the optical agenis 61 can be
made by embedding fluorescence molecules, particles or other carriers into a plastic, glass or
silicon mafcrial substrate 78 (Figure 5A). Alternatively, the optical fluorescence agenis can be
chomically or physicsily coated on the surface of the substrate, either on the top 60 or bottom
62 surface, 1.c., first surface 60 or second surface 62 opposite the first surface, or both, For
cxamiple, as iHustrated in Figure 5{B} a layer of optical agents 61 may be chemically
assembled on the Hrsi surface 60 of the substrate by physical means or chemical meang; in
Figure 5{C) a laver of optical agents 61 may be chemically assembled on the second surface
&2 of the snhstrate by physical or chemical means; in Figure 5(D), a laver of optical agents 61

may be coated on the first surface 60 of the substrate by chemical or physical means; or, in
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Figure 3(e), a layer of optical agents 61 may be coated on the second surface 62 of the
substrate by chemical or physical means.

Figure 6 Hustrates varions exemplary arrangements of the reaction chamber 88 and
the optical reference 78, The optical reference 78 can be an integral part of the reaction
chamber 88, for example, by being embedded in the top or bottom part of the enclosed wall
64 of the reaction chamber 88, or, aliematively, the optical reference can be a separate part
placed outside above or cutside below the reaction chamber & to form suitable optical
configurations aceording to the invention. Preferably the long axis of the optical reference 78
is perpendicular to the excitation Hght, Alternatively the excitation light may be at an angle to
the long axis of the optical reference 78,

Figure 6A iltuetrates an exemplary planar optical reference 78 embedded in the first
wall 65 of the enclosing wall 64 of the reaction chamber 88, gecording to one embodiment.
Alternatively, Figore 6B illustraies a planar optical reference 78 bonded to and forming the
first wall 65 of the reaction chamber 88 with the lumen 83 of the reaction chamber 88 on the
inside of the first wall 635 of the reaction chamber 88, In a preferred embodiment the long axis
of the optical reference 78 i perpendicular to the light source or alternatively at an angle up fo
about 457,

In snother embodiment, iHustrated in Figure 6C, the optical reference 78 forms three
walls, 65, 0577, 6577 of the reaction chamyber &€ while only the second wall 657, opposite wall
65, is not a portion of the oplical reference 78,

in still another ewbodiment, iliustrated in Figore 61, optical reference 78 i3 positioned
as an element separate from any wall of the reaction chamber 88 and with the long axis of the
optical reference 78 paraliel to at least one wall of the reaction chamber 88; tlustrated in
Figure 6F, the gptical reference 78 is embedded in the second wall 657 of the reaction
chamber 88; tllustrated in Figure 6F, the optical reference 78 1s planar and bonded to the
second wall 657 of the reaction chamber 88; iilustrated i Figure 60, the opiical reference 78,
forms three walls, 657, 6577, 65777, with enly the first wall 65 opposite to wall 65" not a
portion of the oplical reference 78,

Sample preparation cartridge

Acrording to the embodiments of the coagulation systems 100, 1807 and 1007

itlustrated in Figures 1, 2, and 3, sample preparation in this invention can be realized in
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various wavs, from ranual pippeting (o an automatic fluidic control system. Non-luniting
examples of microftuidic devices and methods applicable to the coagulation assay systems
deseribed above are given below. These devices and methoeds are not himited to assays for
coagulation and can be used for a varisty of wet chemical assays where metering, reagent
addition, mixing, incubation and guantification of the assay reaction product is needed.
Typical assayvs are using enzymatic reaction (o measure meiabolites such as lactate or
creatinine or turbidimetric assays. Examples of such mrbidimetric assays are agglutination
assays such as Iatex agglutination where mono-disperse inmune particles are complexing in
the presence of an analyie which can be monitored by a change in turbidity.

Flow chamber with dry reagent

Referring now (o Figuree 7A and 78, in one emnbodiment, a reaction chamber 83 of 3
lHguid handling device 120 with a defined volume is formed by a microchanne! plate 90
covered with g lid 91, The reaction charaber is used 1o meter the sample volume, one fluid
intet 638 is used 1o introduce the sample, £.g., plasma, from the botiom 60 of the reaction
chamber 22, and one fluid cutlet 66 at the bottom 685 of the reaction chamber 88 is used o
discharge the excessive lquid from the lumen 83 of the reaction chamber 88, Dry reagent,
such as lvophiiized PT/APTT roagent, bictin and et is pre-siered in the reaction chamber
2%, uniformly coated on the hominal surface of the first wall 86, for example. When the
plaama fils the reaction chamber 38, the dry reagent starts to dissolve and then diffuses into
the sample slong the verticsd direction, 1o, from the bottom 600 of the charmber 88 toward the
iop 608 of the chamber. The dry reagent bas a velatively large contact area with the hqud
sample and the diffusion distance along the vertical direction 1s relatively short. This
configuration provides a homogencous coagulalion process across the lateral plane of the
veaction chamber 88, During operation, once the chamber 88 18 filled with sample, the assay
process starts and the tHoorescence signal acgusiiion begins to follow the reaction kinetics,

Flow chamber with liquid reagent

Figures 8A-802 illustrate one embodiment of the invention iHustrating a haud
handling device 120 for investigation of a savople fhaid. The hquid handling device 120
comprises a reaction chamber 88, two inlet ports and channels 66 and 68 to deliver sample
fhiid and reagent fhaid into the fumen 83 of the reachion chamber, respectively, and an outlet

channel 64 for venting of the reaction chamber 88 during filling. The device 120 may contam
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one or more fludic structures 68y and 64a, for example, to provide a controlled and bubble
free {illing of the reaction chamber lumen 83.

According to one embodiment of the liguid handling device 120 Hustrated in
Figures 8A-8D3, the reaction chamber 88 of the device 128 s fustly filled with 8 metered
araount of a liquid reagent via a first inlet 64, A bubble-free liquid filling can be achisved by a
capillary stop feature 64a next to the outlet 64, In Figure BA, for example, a cylindrical
groove i acting as a capiliary stop 644, A capillary stop is defined either by a sudden channel
opening and by the curvsture of the feature 642 or by making the outlet grea 84 hydrophobic,
Frgures 8E to 8H tliustrate the sequential filling of reagent into the reaction chamber 8% at
different poinis of time from time=0, o time=3, After 2 metered amount of reagens has filied
into the lumen 83 of the raaction chamber 88, a metersd amount of sample fhad {such g5
plasma and whole blood) is filled into the chamber lumen 83 via the second inlet 68 as
illustrated in Figures 81 1o 8L,

Additional feamyes of the embodiment shown on Figures A-80 follows. The Hquid
handling device 120 is ariented in the horizontal divection, e, the top view ofthe houid
handling device 120 5 as shown on Figare 8B. The v-3hape 68a at the infet channel 68 has,
for example, an opening angle of 30° This v-3hape 68a could have an angle ranging from 0°
o 1RGO, typivally 157 10 120° It iy also noted that, secording to this embodiment of the byuid
hendling device 120, the second inlet 68 and the cwtlet 64 is positioned on the top side 60a of
the Liquid handling device 120, while the first inlet 66 18 positioned on the bottom side 60b of
the hguid handling device 120, Other arrangemesnts of the inlets and outlets on the top and
bottom sides of the liquid handling structure are also possible and are not Hmited by the
iHlusirated erobodiment. The flow rate for sample and reagent may range from about .3uls
o 200ul/s, tvpteally 2ulis to 100pVs.

Figurs @ ilhustratively exemplifizs the reaction chamber 88 after filling of reagent and
sample have been completed.  Two layere are showne a layer of veagent avd a layer of sample
thad. The sample laver i spread above the reagent laver across the whole surface of the fluid
in the lumen 83 of reaction chamber 88, Therefore, it generates 2 large contact area between
the two lignids, namely reagent and sample, With this large coutact ares, the mixing and

thereby the roaction of the reagont and sample lguids s highly officient.
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in the iHusirated embodiments in Figore 8, a v-shaped gecimetry of the inlet struciure
&8 15 used 1o support an even distribution of the smople uid info the reaction chamber.  As
itlustrated in Figures 8c and 24, the sample inlet 68 is connected 10 the top 60a of the reaction
chamber 38 whereas the reagent inlet 66 is positioned in opposite to the bottom 60 of the
regetion chamber 88,

Referring to Figure 104, a top view of an emboediment of a rricroflnidic devics 50
having four reaction chambers 88 a-d s tihusirated. In the Husirsted embodiment, the
reaction charmbers 28 s-d are positioned toward one side of the microfhuidic device 50 but
could be positioned in the microfluidic card at other positions.

Figure 108 illusivates g bottom view of the microthudic card 5O inclading a plurality
of channels 67 that are in fluid communication with the reaction chambers 88,

Bxemplification/Proof of Principle

The embodiments of the coagulation systems 100, 1007, 100” discussed above and
their associated assay methoda for detoeting coagulation of a blood or plasma sample were
cvalnated with controlled plasma samples and reagents for PT and APTT assays. In the
example of the double absorbance conliguration described above with respect to Figure |
and tlhustrated in Figure 114, the fluorescence module apphied in the method was a PMT-
based Time Resolved Fluorescence (TRE ) unit, fluorescence reference 78 was a Boroptum-
doped glass, which contained precisely-controlled amount of europium and did not have
photo bleach during excitation, and an LED 96 was vsed as a Hght souwrce. A filter 954 was
placed between the LED 96 and a dichroic mdrvor 97, A second filter 95B was placed
between the detector 94 and the dichroic mirror 97, The plasma samples included normal
control plasma (a} and high abnormal control plasma (b} from lustromentation Laboratory
Company {Orangeburg, NY1 Coaguiation was mtiated by introduction of a coagulation
initiater,

Referring to Figure 1158, the intensity of fluorescence signal emanating from the
thaorescence reference and transmitted to the Huorescence detector in the double absorbance
coagiiation systemn described above with respect to Figures 1 and 11 A, is represented by
curve {a} for normal control and 4 carve (b} for abnormal control plasma. In both normal and

abnormal plasma sarples, the fluorescence signal decreased as the coagulation initiated,
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propagated, and reached a stable value when coagulation was completed. The abnormal
plasma takes a longer fime to start and finish the coagulation process than the normal plasma,

Referring to Figure 124, an embodiment of the invention using reflection
configuration described above with respect to Figure 2 is realized. As illustrated in Figure
124, an LED 96 was used as the light source, a flucrescence-doped glass was used as the
optical reference 74, and a guantitative fluorescence detector was used as the optical detector
unit 94, A fileer 954 was placed between LED 94 and a dichroic mirvor 97. A second filter
O3B was placed between the detector 94 and the dichroic mirror 87, The plasmas samples
inctuded a normal plasma sawple (a) to which a coagulation reagent was iniroduced and a
control normal sample (&) to which water (no coagulation reagent) was introduced. The
optical signal obtamed from plasma with coagulation {a} and plasma without coagulation (h)
is iltustrated in figure 128, The fluorescence signal increased on sample (8) and reached a
stable value as coagulation initiated and propagated and reached a stable value when
coagulation was completed. The control (b} used the same plasma sample but with the
addition of deionized water (no coagulation happened}.

Figure 13 shows an exemplary method to process the optical data (o obtain the
quantitative coagulation e, In the four steps, the oniginal data 1s first normalized (Fig. 134)
and filtered (Fig. 13B} to eliminate redundant data and noise. A first order derivative (Fig.
13C) of the onginal data is mmplemented to wdentify the time spot when the quickest change of
optical signal locates. The peak position of the fivst-order derivative (Fig. 13I)) is used as the
coagulation stgrt timne. Other methods can be used to guantitatively study the coagulation
process as well.

Various modifications and other implementations of what {s described and Hlustrated
herein will occur to those of ordinary skiil yu the art without departing from the scope and
spirit of the invention. The invention ia not to be defined only by the preceding illustrative

descriptions or drawings,
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We claim:
1. An assay system, comprising:

a reaction chamber for holding a sample;

an optical reference, wherein the optical reference comprises a fluorescence element;

an excitation light source on one side of the reaction chamber for directing an excitation
light in a first direction through the reaction chamber to the optical reference positioned on the
other side of the reaction chamber which absorbs the excitation light having passed through the
reaction chamber, the optical reference emitting an emission light responsive to the absorption of
the excitation light, the emission light directed through the reaction chamber in a second
direction; and

an optical detector positioned on the same side of the reaction chamber as the excitation
light source for detecting a calibrated optical signal from said optical reference, said optical
signal conveyed via said emission light having passed through said reaction chamber in the
second direction to said optical detector,

wherein the fluorescence element and the sample are positioned to provide varying light
energy that reaches or leaves the optical reference in response to kinetics of a coagulation
process of the sample such that said optical signal includes variation of a fluorescence signal to

indicate the kinetics of the coagulation process.

2. The assay system of claim 1, wherein the reaction chamber holds the sample in absence

of a colorimetric reagent.

3. The assay system of claim 1 or 2, wherein the excitation light source provides a specific

wavelength ranging from about 20 nm to about 5000 nm.

4. The assay system of any one of claims 1 to 3, wherein the optical reference comprises an

optical agent embedded into a plastic, a glass or a silicon material substrate.

CA 2946877 2019-10-09
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S. The assay system of any one of claims 1 to 4, wherein said reaction chamber comprises a
lumen, a planar first wall, and a planar second wall that is opposite and parallel to said planar

first wall.

6. The assay system of claim 5, wherein said planar first wall and said planar second wall
are each optically transparent to the excitation light in a wavelength range of about 20 nm to

about 5000 nm.

7. The assay system of claim 6, wherein said excitation light is in a wavelength range of

about 20 nm to about 2000 nm.

8. The assay system of any one of claims 1 to 7, wherein said optical detector and said

excitation light source are integrated.

9. The assay system of claim 5, wherein each of said first and second planar walls of said
reaction chamber comprise a luminal surface and said first planar luminal surface is coated with

one or more reactants.

10.  The assay system of any one of claims 1 to 9, wherein said reaction chamber further

comprises a sample inlet port and a reaction fluid outlet port.

11.  The assay system of claim 10, wherein said sample inlet port is v-shaped.
12. The assay system of any one of claims 1 to 11, wherein said sample is plasma or blood.
13.  The assay system of any one of claims 1 to 12, wherein the optical reference can be

realized with an optical technology selected from the group consisting of photometry,
fluorescence, Raman spectroscopy time-resolved fluorescence, and surface enhanced Raman

spectroscopy.

CA 2946877 2019-10-09
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14, The assay system of any one of claims 4 to 13, wherein the optical agent is embedded in

one or more walls of the optical reference.

15.  The assay system of any one of claims 4 to 13, wherein the optical agent is chemically or

physically coated on a surface of the substrate.

16. The assay system of any one of claims 1 to 15, wherein the optical reference is selected
from the group consisting of fluorescence doped glass, fluorescence stained glass, fluorescence

dyed glass, and tluorescence materials showing a Raman etfect.

17. An assay system, comprising:

a reaction chamber for holding a sample;

an excitation light source for directing an excitation light to the reaction chamber via an
optical reference, wherein the optical reference comprises a florescence element;

an emission light responsive to the absorption of the excitation light by the optical
reference; and

an optical detector positioned on the same side of the optical reference as the excitation
source for detecting a calibrated optical signal from said optical reference, said optical signal
conveyed via said emission light, wherein an increase in said optical signal is indicative of
coagulation,

wherein the fluorescence element and the sample are positioned to provide varying light
energy that reaches or leaves the optical reference in response to kinetics of a coagulation
process of the sample such that said optical signal includes variation of a fluorescence signal to

indicate the kinetics of the coagulation process.

18.  The assay system of claim 17, wherein said optical reference is positioned between said

reaction chamber and said optical receiver and excitation light source.

19. A method for detecting coagulation, comprising:

CA 2946877 2019-10-09
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(i) providing an optical configuration system comprising an optical reference for
generating an optical signal, wherein the optical reference comprises a florescence element;

(i)  providing a reaction chamber for holding a fluid;

(iii)  transmitting excitation light from an excitation light source positioned on a first
side of the reaction chamber through said fluid in said reaction chamber in a first direction to the
optical reference positioned on a second side of the reaction chamber opposite to the first side of
the reaction chamber which absorbs the excitation light and transmits an emission light;

(iv)  transmitting the emission light in (iii) from said optical reference on the second
opposite side of the reaction chamber through said fluid in said reaction chamber in a second
direction to the first side of the reaction chamber;

v) providing an optical detector positioned on the first side of said reaction chamber
for detecting a calibrated optical signal from said optical reference, said optical signal conveyed
via said emission light having passed through said fluid in said reaction chamber; and

(vi)  detecting and comparing said optical signal to a pre-determined standard for
determining coagulation time in said system,

wherein the fluorescence element and the sample are positioned to provide varying light
energy that reaches or leaves the optical reference in response to kinetics of a coagulation
process of the sample such that said optical signal includes variation of a fluorescence signal to

indicate the kinetics of the coagulation process.

20.  Use of the assay system of any one of claims 1 to 18, for detecting coagulation in a
sample.

21.  The use of claim 20, wherein said sample is plasma or blood.

22, An assay system, comprising:

a reaction chamber for holding a sample;
an excitation light source for directing an excitation light through an optical reference
comprising a florescence element, into the reaction chamber, a first portion of said excitation

light directed through the reaction chamber and a second portion of said excitation light directed

CA 2946877 2019-10-09
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back into said optical reference at an interface between the optical reference and the reaction
chamber, wherein the optical reference absorbs the second portion of the excitation light the
optical reference emitting an emission light responsive to the absorption of the second portion of
the excitation light; and

an optical detector for detecting an optical signal from said optical reference, said optical
signal conveyed via said emission light,

wherein the fluorescence element and the sample are positioned to provide varying light
energy that reaches or leaves the optical reference in response to kinetics of a coagulation
process of the sample such that said optical signal includes variation of a fluorescence signal to

indicate the kinctics of the coagulation process.

23.  The assay system of claim 22, wherein the fluorescence element and the sample are
positioned to provide varying light energy that reaches or leaves the optical reference in response
to kinetics of a coagulation process of the sample such that said optical signal includes variation

of a fluorescence signal to indicate the kinetics of the coagulation process.

24. The assay system of claim 22 or 23, wherein said reaction chamber further comprises a

sample inlet port and a reaction fluid outlet port.
25.  The assay system of any one of claims 22 to 24, wherein said reaction chamber comprises
a lumen, a planar first wall, and a planar second wall that is opposite and parallel to said planar

first wall.

26. The assay system of any one of claims 22 to 25, wherein the reaction chamber holds the

sample in absence of a colorimetric reagent.

27. The assay system of any one of claims 22 to 26, wherein the excitation light source

provides a specific wavelength ranging from about 20 nm to about 5000 nm.
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28.  The assay system of any one of claims 22 to 26, wherein said excitation light is in a

wavelength range of about 20 nm to about 2000 nm.

29.  The assay system of any one of claims 22 to 28, wherein said optical detector and said

excitation light source are integrated.

30. The assay system of claim 25, wherein said planar first wall and said planar second wall
are each optically transparent to the excitation light in a wavelength range of about 20 nm to

about 5000 nm.

31.  The assay system of any one of claims 22 to 30, wherein said sample is plasma or blood.
32.  The assay system of any one of claims 22 to 31, wherein the optical reference can be
realized with an optical technology selected from the group consisting of photometry,
fluorescence, Raman spectroscopy time-resolved fluorescence, and surface enhanced Raman

spectroscopy.

33. The assay system of any one of claims 22 to 32, wherein the optical agent is embedded in

one or more walls of the optical reference.

34, The assay system of any one of claims 22 to 32, wherein the optical agent is chemically

or physically coated on a surface of a substrate.
35.  The assay system of any one of claims 22 to 34, wherein the optical reference is selected
from the group consisting of fluorescence doped glass, fluorescence stained glass, fluorescence

dyed glass, and fluorescence materials showing Raman effect.

36. A method for detecting coagulation, comprising:
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(1) providing an optical configuration system comprising an optical reference,
wherein the optical reference comprises a florescence element, for generating an optical signal,
wherein the optical reference comprises a florescence clement;
(i1)  providing a reaction chamber for holding a sample;
(ili)  transmitting excitation light from an excitation light source through an optical
reference into the reaction chamber, a first portion of said excitation light directed
through the reaction chamber and a second portion of said excitation light directed back
into said optical reference at an interface between the optical reference and the reaction
chamber, wherein the optical reference absorbs the second portion of the excitation light
the optical reference emitting an emission light responsive to the absorption of the second
portion of the excitation light;
(iv) transmitting the emission light in (iii) from said optical reference to an optical
detector, wherein said optical detector is positioned to detect a calibrated optical signal
from said optical reference, said optical signal conveyed via said emission light having
passed through said sample in said reaction chamber; and
(v) comparing said optical signal to a pre-determined standard for determining
coagulation time in said system;
wherein the fluorescence element and the sample are positioned to provide varying light
energy that reaches or leaves the optical reference in response to kinetics of a coagulation
process of the sample such that said optical signal includes variation of a fluorescence signal to

indicate the kinetics of the coagulation process.

37.  The method of claim 36, wherein the reaction chamber holds the sample in absence of a

colorimetric reagent.

38. The method of claim 36, wherein the excitation light source provides a specific

wavelength ranging from about 20 nm to about 5000 nm.

39.  The method of claim 36, wherein said excitation light is in a wavelength range of about

20 nm to about 2000 nm.
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40.  The method of any one of claims 36 to 39, wherein said optical detector and said

excitation light source are integrated.

41.  The method of any one of claims 36 to 40, wherein said reaction chamber further

comprises a sample inlet port and a reaction fluid outlet port.

42, The method of any one of claims 36 to 41, wherein said sample is a body fluid sample.

43, The method of claim 42, wherein said body fluid sample is blood or plasma.

44, Use of the assay system of any one of claims 22 to 35, for detecting coagulation in a
sample.

45. The use of claim 44, wherein said sample is a body fluid sample.

46.  The use of claim 45, wherein said sample is plasma or blood.
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