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APPARATUS AND METHOD FOR ANALYZING BLOOD CLOTTING

FIELD
10064]  This disclosure generally relates {0, among other things, apparatuses and

methods for detecting changes in a property of a fluid, such as clotling of blood.

BACKGROUND

{00021 A number of apparatuses for providing poini-of-care analysis of blood
clotting are available. These apparatuses are configured to provide valuable
information regarding blood clotling, platelet funclion and bleeding complications.
Such apparatuses are useful in a variety of circumstances such as before or during
surgery to assist in determining or maintaining appropriate levels of anticoagulant
therapy, or following therapy o determine blood status following discontinuation of
anticoaguiant therapy. However, additional or reconfigured apparatuses that provide
for easy testing or additional information are desirable.

[0003] For example, easy, informative and accurate analysis of blood clotting and
platelet function can be important for patients exhibiting abnormal bleeding post
cardiopulmonary bypass. Although more than half of such patients exhibit abnormal
bleeding due to incomplete surgical homeostasis, which is often correcied by
axploration, a large number of such patients exhibit abnormal bleeding because of
acquired plaielet dysfunclions, consumptive coagulopathy, heparin  rebound,
protamine excess, primary fibrinolysis, efc.  Accordingly, acguiring information
regarding platelet function and bleeding complications could help o identify a cause
of abnormal bleeding that is not a result of incomplete surgical hemostasis and
reduce the reoperation rate.

SUMMARY
[0004] This disclosure describes, among other things, apparatuses and methods
that provide for ready and informative evaluation of blood cdlotling status.  In
embodiments, the methods and apparatuses are configured to evaluate the sirength
of clotling in addition to or separate from activated clotling time. In embodiments,
strength of ciotling is correlated with amount of energy employed (o move an object

within blood. In embodiments, strength of clofting is correlated with amount of time
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for fibrinolysis to occur.  In embodiments, strength of clotting is determined by a
system in which a ferromagnetic material is moved within blood.

(00051 In embodiments, systems, apparatuses and methods described herein
correlate the amount of energy employed to move an object in blood to clot strength.
Movement of the object may also be monitored and used in combination with energy
input to further enhance determinations of clot strength in various embodiments.
[0006]  In an aspect, a method carried out by an apparatus or system configured
o analyze blood clotting includes expending energy o cause, or attempt {0 cause,
an object to move in a chamber housing biood; and correlating the amount of energy
expended with the strength of clotling of the blood. The method may further include
detecting the rate of movement of the object in the chamber and correlating the rate
of detected movement of the object with the clotling strength of the blood.

100677  In an aspect, a method carried out by an apparatus or system configured
to analyze blood clotting includes:

(a} applying energy configured to cause an object to move in a chamber
housing blood;

(b} detecting movement of the object in the chamber during or after the
application of the energy;

(¢} determining whether the detected movement of the object meets or
axceeds a predetermined threshold;

{d} applying additional energy configured o cause the object to move if the
detected movement of the object is determined not 1o meet or exceed the threshold
in step ()

(e} repeating steps (¢} and {d) until the detected movement of the object is
determined o meet or exceed the predetermined threshold or until a predetermingd
energy threshold is met or exceeded; and

{f) correlating the amount of energy applied o attempt to cause, or cause, the
object (o move with the sirength of the clot.

100081 In embodiments, systems, apparatuses and methods described herein
correlate the time for fibrinclysis to occur with clot strength.  Fibrinolysis may be
determined in any suitable manner. For example, fibrinolysis may be determined by
determining whether an object in blood moves more freely relalive o the movement

of the object in the blood at a time when the blood was determined {o be clotied.
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Aliernative, thresholds of rate of movement of an object in the blood, or the like, may
be used to determine whether fibrinolysis has occurred.

(00091  In an aspect , a method carried out by an spparatus or system configured
to analyze blood clotting includes:

{a} determining whether biood has clotted in 2 chamber housing the blood and
identifying time at which the blood has determined 1o have clotted;

o) attempling {e.g., in the form of lifting power, i.¢. energy)} {0 cause an objedt
o move in a chamber housing blood at a predetermined time (e.g., during a fest
cycle) after the blood has been determined o be clotied;

{C} detecting movement {e.g., distance or velocity} of the object in the
chamber after attempting to cause the object o move;

{d} determining whether the delected movement of the object meets or
gxceeds a predetermined threshold (e.g., for distance or velocity);

{(€) attempting o cause the object to move in the chamber housing the blood
at a subsequent predetermined time {e.g., in the next or subsegquent test cycle) if the
detected movement of the object is determined o not meeat or exceed the threshold
in step (d);

{f) repeating steps (d) and (g} until the detected movement of the object is
determined to meet or exceed the predetermined threshold;

{f) determining the length of time from the time at which the blood had been
determined to have clotted until the detecled movement of the object is determined
to meet or exceed the predetermined threshold; and

(g} correlating the length of time determined in siep {f) to the sirength of the
clot,

100101  In an aspect, a method carried out by an apparatus or systemn configured
o analyze blood clotting includes causing an object to move in a chamber housing
blood; detecting movement of the object in the chamber in a period of lime and
detecting movement of the object in the chamber in a second period of time; and
determining whether the detected movement of the object in the first period of time is
indicative of clotling. The method further includes determining whether the detected
movement of the object in the second period of time is greater than the detected
movement in the first period of time al the time clot was detected; delermining
elapsed time between the first period of time and the second period of time; and
correlating strength of blood clotling to the length of the elapsed time if the delected
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movement of the object in the first period of time is determined o be indicative of
clotling and if the detected movement of the object in the second period of time is
determined to be grealer than the detected movement in the first period of time at
the time clot was detected.

00141  In an aspect, 8 method carried out by an apparatus or system configured
to analyze biood clotling includes causing an object o move in a chamber housing
blood; detecting movement of the object in the chamber in a first period of time and
detecting movement of the object in the chamber in a second period of fime; and
determining whether the detected movement of the object in the first period of time is
ndicative of clotting. The method further includes determining whether the detected
movement of the object in the second period of time is indicative of clot weakening;
determining elapsed time between the first period of time and the second time; and
correlating strength of blood clotting to the length of the elapsed time i the detected
movement of the object in the first period of time is determined o be indicative of
clotling and if the detected movement of the object in the second period of time is
indicative of clot weakening.

[0012] In embodiments, systems, apparaiuses and methods described herein
employ a ferromagnetic object moved within blood by activation of a magnet to
determine strength of clotling. Existing systems that employ such ferromagnetic
objects are readily available for point-of-care blood analysis and may be readily
madified to carry out the methods described herein.  In embodiments, systems,
apparatuses and methods described herein control the rate of movement of a
farromagnetic object in blood due to activation of a8 magnet o provide nuanced
information regarding clot strength.

10013]  In an aspect, a method carried out by an apparatus or systemn configured
o analyze blood cdlotting includes causing a ferromagnetic object to move in 3
chamber housing blood after the blood has been determined 1o have clotted;
detecting of movement of the ferromagnetic object in the chamber; and correlating
the detected movement of the ferromagnetic object in the chamber with strength of
clotting of the blood.

10014]  In an aspect, a method carried out by an apparatus or system configured
to analyze blood clotting includes:

(a} inputling energy to cause a ferromagnetic object to move in a chamber
housing blood;
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(b} detecting movement of the ferromagnetic object in the chamber and
determining the initial object travel distance or velocity;

{c) determining whether the detected movement of the ferromagnetic meels a
predetermined ferromagnetic object travel distance threshold {e.g., a distance is less
than the initial distance) or velogcily threshold (e.g., a velocity less than initial velocity)
for clot formation;

{d) inputing increased energy relative o step (8} fo cause the ferromagnetic
object to move the initial travel distance or velocity; and

(e} repeating steps (¢} — {d) until the detected movement of the ferromagnetic
ohject in the chamber meels the predelermined ferromagnetic object travel distance
or velocity threshold for clotling or until a predetermined energy threshold is metor
exceaded.

The reduced movement of the object or increased energy to move the object
corresponds to clot formation, while the energy difference between start and time at
clotling is indicative of clof strength. At this point, the coagulation process of the
blood should complete or near complete. The method may further include
fibrinolysis analysis. For example, the method may further include the following
sieps:

{f) applying energy to cause the ferromagnetic object to move or attempt o
move at a level of energy applied at step (2);

(g} detecting movement of the ferromagnetic object in the chamber ;

{h} determining whether the detected movement of the first ferromagnetic
meets a predetermined ferromagnetic threshold for clot weakening;

{i) repeating steps (f)-(h) until the detected movement of the ferromagnetic
meets the predetermined ferromagnetic threshold for clot weakening;

{i) inputting decreased energy relative to step {e} to cause the ferromagnetic
obhject to move or attempt to cause the ferromagnetic object to move in the chamber;
{(k} detecting movement of the ferromagnetic object in the chamber,;

{) determining whether the detected movement of the ferromagnetic ohject
returns to the initial object travel distance or velocity;

{m) inputting energy at the same level as input in step (i) to cause the
ferromagnetic object to move or atlempt o cause the ferromagnetic object to move
in the chamber if the detected movement of the ferromagnetic object does not return
o the initial object travel distance or velocity; and
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{n} repeating step {j) to (m} until energy is reduced (o the test initial level.

Al this point, the fibrinolysis process should be compilete.

[0015] One or more embodiments of the apparaiuses, systems or methods
described herein provide one or more advaniages over prior apparatuses, systems
or methods for evaluating a change in a property of a Hguid, such as clotling of
blood. For example, the apparatuses, systems and methods described herein
provide for more direct measurement of clot strength or alternative measurements of
clof strength; each of which provides advantages or diversity to the important area of
blood analysis. These and other advantages will be readily understood from the
following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]  FIG. 1 is a schemalic drawing of selected components of an embodiment
of a blood analysis system.
100171  FlIG. 2 is a schemalic drawing of selected components of an embodiment
of a blood analysis system showing an object moveable within a chamber containing
blood.
[0018] FIG. 3 is a schematic drawing of a2 predicted trace of velocity of an object
over time thal may be representative of data obtainabie by an embodiment of a
blood analysis apparatus.
(00191 FIG. 4 is a schematic diagram of a predicied trace of energy input {0 cause
an object to move in blood over time that may be representative of data obtainable
by an embodiment of a blood analysis apparatus.
100201 FIGS. 5-7 are flow diagrams of embodiments of methods described herein.
[0021] FIG. 8 is a schematic drawing of selected components of an embodiment
of a blood analysis system showing an object moveable within a chamber containing
blood.
100221 The schematic drawings are not necessarily 1o scale. Like numbers used
in the figures refer to like components, steps and the like. However, it will be
undersiood that the use of a number 1o refer to a component in a given figure is not
intended to limit the component in another figure labeled with the same number. in
addition, the use of different numbers to refer to components is not intended (o

indicate that the different numbered components cannot be the same or similar.
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DETAILED DESCRIPTION

100231 In the following detailed description several specific embodiments of
compounds, compositions, products and methods are disclosed. H is to be
understood that other embodiments are contemplated and may be made without
departing from the scope or spirit of the present disclosure. The following detailed
description, therefore, is not to be taken in a limiting sense.

10024] Al scientific and technical terms used herein have meanings commanly
used in the art unless otherwise specified. The definitions provided herein are o
facilitate understanding of certain terms used frequently herein and are not meant to
limit the scope of the present disclosure.

100251 As used in this specification and the appended claims, the singular forms

By 35 ] 99

a”, "an”, and "the” encompass embaodiments having plural referents, unless the
content clearly dictates otherwise.

[0026] As used in this specification and the appended claims, the term “or” is
generally employed in ifs sense including “andfor” unless the content clearly dictates
otherwise. The term “and/or” means one or all of the listed elemenis or a
combination of any two or more of the listed elements.

00277  As used herein, “have”, “having”, “include”, “including”, “comprise”,
“‘comprising” or the like are used in their open ended sense, and generally mean
“including, but not limited 10", 1t will be understood that "consisting essentially of’,
“‘consisting of”, and the like are subsumed in “comprising” and the like. As used
herein, “consisting essentially of,” as it relates 1o an composition, product, method or
the like, means that the components of the composition, product, method or the like
are limited {o the enumerated componenis and any other components that do not
materially affect the basic and novel characteristic{s} of the composition, product,
method or the like.

(00281 The words “preferred” and “preferably” refer o embodimenis of the
invention that may afford certain benefits, under certain circumstances. However,
other embodiments may also be preferred, under the same or other circumstances.
Furthermore, the recilation of one or more preferred embodiments does not imply
that other embodiments are not useful, and is not intended fo exclude other
embodiments from the scope of the disclosure, including the claims.

(00281 Also herein, the recitations of numerical ranges by endpoinis include all
numbers subsumed within that range (e.g., 1to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4,
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5 etc.or 10 orless includes 10,94, 7.6, 5, 4.3, 2.9, 1.62, 0.3, elc.). Where a range
of values is “up 10" a particular value, that value is included within the range.

100381 As used herein, determining or correlating “strength of cloiting” means
performing a calculation or estimation that employs a parameter indicative of clotting
that occurs after activating clofting time or initiation of clot formation o determing or
correlate the parameter o the strength of the clot.

10031]  Any direction referred to hergin, such as “top,” “botiom,” "left,” "right,”
"upper,” "lower," and other directions and orientations are described herein for clarity
in reference to the figures and are not {0 be limiting of an actual device or system or
use of the device or system. Devices or systems as described herein may be used
in & number of directions and orientations.

100321  As used herein, a clot is determined to be “fully formed” when an object
disposed in blood moves a distance or velocity that is lower than a predetermined
distance or velocity or when energy configured to cause the object {0 move within
the blood exceeds a predetermined threshold without moving the object to a
predetermined distance or rate. .

[0033] As used herein, a “predetermined” threshold value is a value that is
determined prior {0 the time in which it is compared o another value. The value may
be based on baseline data oblained earlier in lime than the value to which it is being
compared, may be a value placed in memory prior to analysis, or the like.

[0034] This disclosure generally relates to, infer alia, apparatuses and methods
for detecting changes in a property of a fluid, such as clotling of biocod. In particular,
apparatuses, systems and methods described herein, among other things, provide
for ready and informative evaluation of blood cloiting status.  In embodiments, the
methods and apparatuses are configured o evaiuate the strength of clotting in
addition to or separate from activated clotting time.  In embodiments, strength of
clotting is correlated with amount of energy employed to move an object within
blood. In embodiments, strength of clotting is correlaled with amount of time for
fibrinolysis to cccur. In embodiments, strength of clotting is determined by a system
in which a ferromagnetic material is moved within blood.

100357 in embodiments, the methods described herein are employed by, or the
systems described herein include, any suitable apparatus for analyzing blood
clotting. For example, plunger-type systems or apparatuses such as those
described in U.S. Patent Nos. 6,010,911, 5,174,861, 4,752,449; 5,851,061,

8
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5,925,319; 5314,826; and 5,541,892; sysiems or apparatuses thal employ
ferromagnetic particles moved by electromagnets such as those described in UG,
Patent Nos. 5,626,208 and 6,613,286; or the like may be employed in accordance
with the teaching presented herein or may be modified fo perform the methods
described herein. Each of the afore-mentioned patents is hereby incorporated by
reference in their respective entirety o the extent that it does not conflict with the
disclosure presentaed herein. In aspecis, the description presented herein is tailored
o systems and apparatuses that employ ferromagnetic particles moved by
electromagnets. However, it should be understood that other suitable systems and
apparatuses, in many cases, may be used (o carry out the methods described
herein.

(0036} Regardless of the type of sysiem employed, a biood clolling analysis
system includes a chamber or container into which blood may be placed for analysis.
The system is typically configured to mix the biood with one or more substance that
may affect clotting of the biocod. For example, the system may employ sonic,
ultrasonic or other waves, washers, plungers, rods, shaking, or the like o mix the
blood and one or more substances. The substances or agitation of blood may
facilitate clotling of the blood. The system is configured to maonitor changes in biood
viscosity and correlate such changes with clotling status. For example, the system
may include one or more detectors for monitoring waves, monitoring position or rate
of movement of an object such as a plunger or washer, monitoring relative phase of
a rod, or the like to determine whether blood viscosily or clotting status has changed.
Typically, the system is configured o determine the amount of time for blood clotting
to occur, which is ofien referred to as activated clotting time. The system may
include more than one chamber configured o contain blood and different agents that
affect clotting so that comparisons of activating clotling time in the various chambers
can be used o derive information regarding the blood clotting process.

(00371 By way of example and with reference to FIGS. 1-2, schematic drawings of
selected components of an example of a blood analysis systermn 100 are shown. The
depicted sysiem 100 is sysiem that employs a ferromagnetic object 53 movable
within blood 48 contained within chamber 10, In embodimenis, the chamber is
configured to remain stationary during the tesling process. The object 50 is
moveable against gravity by electromagnet 28, which 8 operably coupled io
glectronics 60 (see, FIG. 2, left). Electronics 80 are configured o control activation

9
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of electromagnet 20. The object 50 may be moved against gravily and the position
or rate of movement of the object 50 within the chamber 10 as object 50 falls through
blood 40 may be detected by sensor 30 (see, FIG. 2, right), which is also operably
coupled to electronics 60.

[0038] Electronics 80 may include a processor, memaory, user interface, timer or
counter, powers source or the like. Electronics may include any suitable processor,
such as one or more microprocessors, DSFs, ASICs, FPGAs, programmable logic
circuitry, or the like, and the functions attributed to the processor herein may be
embodied as hardware, firmware, software or any combination thereof. Memory
may store instructions that cause processor o provide the functionalily ascribed to a
systermn or apparatus described herein, and may store information used by processor
o provide the functionalily ascribed 0 a system or apparatus described herein.
Memory may include any fixed or removable magnetic, oplical, or electrical media,
such as RAM, ROM, CD-ROM, hard or floppy magnelic disks, EEPROM, or the like.
Memory may also include a removable memory portion that may be used to provide
memory updates or increaseas in memory capacities. A power source may deliver
operating power 10 componenis of a system or apparatus described herein. Power
source may be an AC or DC power source, such as a batlery and a power
generation circuit to produce the operating power.

100381  Still with reference o FIGS.1-2, as blood 40 viscosily increases, such as
when the blood clots, the rate of movement of object 50 falling through blood 48 will
decrease. Electronics 60, based on data from sensor, are configured o determine
the distance the object 80 falls or the velocily at which the object 50 {alis.
Electronics 68 may be configured o detect aclivated clotting times by, for example,
determining when distance or velocily decreases by a predetermined amount or
percent relalive o an initial distance or velocity. As discussed above, additional
details regarding such types of blood clotting analysis apparatuses and systems are
described in, for example, U.S. Palent Nos. 5,626,208 and 6,613,286,

100407  Unlike such previously described systems and apparatuses employing a
maoveable ferromagnetic object 58, such as a washer, the systems and apparatuses
described herein are configured fo evaluate the strength of clotting in addition to or
alternatively to activated clotting time.  Additional detall regarding embaodiments of
methods that may be employed by such systems and apparatuses will be discussed
below.

10
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[0041] Referring now o FIG. 3, a schemalic drawing is shown of a predicied trace
200 of velocity of an object {e.g., ferromagnetic object 50 as depicted in, and
described with regard to, FIGS. 1-2) over lime that may be representative of data
obtainable by an embodiment of a blood analysis apparatus or system. The
depicted trace 200 dlustrates data predicted o be oblained during coaguiation {(io the
left of trough in trace 200) and fibrinolysis (to the right of the trough in trace 208
processes. Before the blood begins {0 coagulate, the velocity at which the object
fails through the blood remains fairly constant (see left most portion of frace 200).
However, as the blood begins fo coagulate and clot, the velocity at which the object
fails through the blood begins to decrease. The time at which velocity decreases by
a certain percentage or amount of baseline or initial velocity is used to calculate
activated clotling time 218, However, i additional cycles of tesling or analysis are
performad {e.g., the object is raised against gravity and the velocity of the object
falling is monitored) after activaied clotting time 210 is determined, additional
information regarding clot sirength can be obfained. As shown, the velocity of the
object s predicled o continue to decrease untll the blood reaches maximum
viscosity {e.g., the blood has fully coagulated or fully clotied — represented by trough
in trace 208). In many circumstances, the object will not move {e.g., lifted up or fall
down) because the viscosity of the blood is loo greal. In some cases, the object may
become trapped within a clot. The minimum velocity of the object, which may
represent fully coaguiated or clotted biood, may be used in determining clot strength.
As depicted in FIG. 3, the slope 228 of the portion of trace 208 {(or rate of change in
velocity following activated clotting) indicative of clotling may be used o determine
relative strength of clotiing, with larger magnitude slopes 220 {(greater rates of
change) being prediclied t©o be indicalive of stronger clotting. in addition or
alternatively, the magnitude of the change in velocity 230 of the object through the
blood from the initial or baseline velocity 1o the minimum velocity may be used o
determine the relative strength of the clot, with a larger magnitude 230 being
predicted to be indicative of stronger clots.

(004217 As shown in FIG. 3, with particular reference to the portion of trace 200 to
the right of the trough, after a period of time of rest or of minimal disturbance of the
blood the clot will begin to lyse, the bicod will become less viscous, and the velocity

at which the object will move through the blood will increase. The time at which the
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velocity of the object increases a certain amount or percentage from the minimum
velocity may be used o determine lysis time 240,

[0043] Referring now to FIG. 4, a schematic drawing is shown of a predicted trace
201 of energy input 1o cause (or attempt to cause} of an object {e.g., ferromagnetic
object 8¢ as depicted in, and described with regard to, FIGS. 1-2) over time that may
be representative of data obtainable by an embodiment of a blood analysis
apparatus or system. The depicted trace 201 illustrates data predicted 0 be
obtained during coaguiation (io the left of peak in trace 281) and fibrinolysis {to the
right of the peak in trace 201) processes. Before the blood begins o coagulate, the
energy required to cause the object (o move through the blood remains fairly
constant (see left most portion of trace 201). However, as the blood begins o
coagulate and clot, the energy required to cause the object to move through the
blood begins to increase {assuming the object is trapped in or below the clot and the
energy is configured o cause the object to rise). The time at which the energy
requirement increases by a cerlain percentage or amount of baseline or initial energy
may be used to calculate activated clotling time 211, As shown, the energy needed
o cause the object to move is predicted io continue io increase uniil the blood
reaches maximum viscosily {&.g., the blood has fully coagulsted or fully clotted —
represenied by peak in frace 281). In many circumstances, the object will not move
{¢.g., lifted up or fall down)} because the viscosity of the blood is too great. The
maximum energy used o cause (or attempl to cause} the object to move, which may
represent fully coagulated or clotted blood, may be used in determining clot strength
(231).

100441  As shown in FIG. 4, with particular reference to the portion of trace 201 to
the right of the peak, after a period of time of rest or of minimal disturbance of the
blood the clot will begin to lyse, the blood will become less viscous, and the amount
of energy needed to cause the object to move through the blood will decrease. The
time al which the inpul energy needed to move the object decreased a certain
amount or percentage from the maximum energy may be used to delermine
fibrinolysis time 241 or lysis time 251.

10045] Described below in FIGS. 5-7 are flow diagrams of methods that may be
employved by apparaiuses or systems to analyze blood clot strength. The methods
may be carried out by apparatuses or systems thal employ ferromagnetic objects
that are moved through blood via an electromagnet. However, it will be understood
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that embodiments of the methods described below may be carried out by other types
of blood analysis apparatuses or sysiems, such as those that employ plungers or
rads.  The methods described below may be betler understood with reference to
FIGS. 34 above. In embodiments, clot strength is correlated to rate of change of
movement of an object through blood (e.g, slope 220 in FIG. 3) or magnitude of
change in movement {e.g., magnitude 238 in FIG. 3). In embodiments, lysis time
(slement 240 in FIG. 3) or amount of energy require {0 break an object free from a
clot are used to determine clot strength {see, 6.g., FIG. 4). The use of energy use as
a facior in determining clot strength is also described in embodiments below.

[0046] Referring now to FIG. §, an overview of a method for determining clot
strength is depicted. The method includes causing an object, such as a
ferromagnetic object, 1o move in a chamber housing blood {308); e.g., by activating
an electromagnet, and detecting the rate of movement of the object through blood in
the chamber (305}, such as the object rising or faliing through the blood. The
method further includes determining whether the position or velocity of the object is
indicative of clot initiation (318}, which c¢an be determined by, for exampie,
determining whether movement has deciined a predetermined amount or percentage
relative to baseling or has decreased below a threshold value that has been
determined {0 be indicative of clot initiation. If the detected movement of the object
is determined to be indicatlive of clot initiation, activated clot time may be calculated
(315); e.g., by determining the length of time from start {o clot initiation.  Clot strength
may then be determined with further cycles of festing.

00471  As illustrated in FIG. §, the method further includes initiating a counter or
timer {320) and causing an object, such as a ferromagnetic object, o move to in the
chamber housing blood (328); e.g., by activating an electromagnet. The rate of
movement of the object through blood in the chamber is then detected {3380}, such
as the object falling through the blood, and the counter or timer is increased (3335).
The process is repeaied until ferromagnetic object movement {e.g., indicated by
travel distance or velocity) threshold or count threshoid has been reached (340}
The cyclic process of moving the object through the blood and determining the rate
of falling of the object may be ceased if either threshold is reached, and a parameter
associated with the detected movement of the object may be calculated or

determined (348). The parameter may be, for example, the slope or rate of change
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it velocity or the magnitude in change in velocity. Clot sirength is then correlated
with the parameter (356).

100481 Referring now to FIG. 8, a method for determining clot strength associated
with energy inpul required o move an ohject through blood is depicted. In the
depicted embodiment, energy configured to move the object is input (488}, such as
activation of an electromagnet o cause a ferromagnetic object io move, and the
movement of the object is detected (4085). The movement may be detected during or
after the application of energy (400). For example, movement of the object against
gravity {¢.g., while energy is applied) or faling {e.g., after energy is applied) may be
detected. A determination may be made as to whether movement of the object is
indicative of clotting (410). I determination is made that movement of the obhject is
not indicative of the predetermined clot indicating threshold, the process may be
repeated as depicted until the predetermined clot indicating threshold has been
determined to have been reached.

{00481 Energy configured to move the object again is then input (415}, which may
be more or less than previously input energy, and movement of the object is
detected (420). In embodiments, the energy input at step 418 is intentionally low
and may not cause the object o move {or o move a predetermined rate or distance).
A determination is then made as o whether the object had moved (425). This
determination may be a determination as o whether the object move any substantial
amount, whether the rate or distance of movement of the object met or exceaded a
predetermined threshold, or the like.

[00501  If the object is determined not 10 have moved or {6 have moved a distance
or rate below a predstermined threshold, a determination is made as to whether an
aenergy threshold has been reached is made (435). If the energy threshold is not
reached, the input energy is increased (440) and movement of the object is detected
(420). This process is repeated as depicted until # is determined that the object has
moved a predetermined distance or velocity (428) or until the energy threshold has
been reached {(435). The strength of the clot is then correlated with the amount of
energy input 1o cause, or attempt to cause, the object to move.

100517 in FIG. 7, the amount of energy it takes to move an object in not clotted
and clotted blood samples is determined. The method depicted in FIG. 7 omits

some steps depicted in FiG. 8, such as detecling movement of the object, but is
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should be understood thal such steps may be applied with the method depicied in
FIG. 7 as needed or desired.

100521 The method depicted in FIG. 7 includes inputling energy to attempt to
move an object in biood that has not clotied (450). A determination is made as o
whether the object has moved {425), such as described above with regard o FIG. 6.
if the object is determined to have moved or moved greater than a pre-delermined
thrashold, the process is repeated with the same energy as the last cycle (468). If
the object is determined not to have moved or moved less than the pre-determined
threshold, a determination is made as to whether an energy threshold has been
reached (435). If the energy threshold has not been reached, the amount of enargy
input to attempt o cause the object o move is increased (448). The process is
repeated as depicted until the object is determined to have not moved {425} (or has
moved a distance or rate below the predetermined threshold) or until the energy
threshold is reached (438). Once the energy threshold has been reached and the
object has nol moved, a clot is considered {0 be formed. The clot strength is then
correlated with the amount of energy input to move the objact or to attempt 1o move
the object {438). Activated clotting time, etc. may also be determined {e.g., as
discussed above with regard to FIG. §).

(0053} Stilt with reference o FiG. 7, after the clot is indicated, fibrinolysis analysis
may be conducted. As shown at step 465, energy is inputl to attempt o cause the
abject to move, where the energy inpul is the same the cycle in which clotting was
determined {energy threshold met and object did not move above threshold value),
and a determination is made as to whether the object has moved again (478). H the
object is not moved or moves less than a pre-determined threshold distance or rate,
the cycles are continued at the same energy as the previous cycle (478} until object
i3 moved or moves grealer than a pre-determined threshold. Fibrinolysis analysis
(475) may be performed, such as based on elapsed time or the like. While not
shown in FIG. 7, it will be undersiood that a counter or timer may be emploved for
determining fibrinolysis time or other aspects relating to clotting or for purposes of
determining whether the system has timed out.

10054] Alternatively or in addition, further data may be collected o aid in
fibrinolysis analysis. Still with reference to FIG. 7, if the object is moved or moves
greater than the pre-determined threshold (470}, a determination is made as to
whether the energy used was less than the initial energy used before blood dlotting
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{energy used at step 450). If the inilial energy (450) has not yet been reached, the
anergy to cause the object move is decreased {(485) and the process {(steps 4865 and
4703 s repeated untit the object is determined (o move greater than the
predetermined distance or velocity (478). The process (steps 480, 485, 465, 470) is
repeated until the initial energy (450} has been reached (488). Fibrinolysis analysis
{lysis time, efc.) may then be performed {475).

1005517 The methods depicted in FIGS. 5-7 are merely illustrative of the methods
contemplated herein. It will be understood ihat other similar methods are
contemplated and are encompassed by the spirit of this disclosure. |t will be further
understood that the methods presented in FIGS. 8-7 are not intended o be mutually
axciusive and that one or more steps depicled and described herein within one or
maore of FIGS. 5-7 may be incorporated info other methods depicted and described
herein with regard to one or more FIGS. 5-7.

[0056] Ut will be further undersiood that, while the methods depicted and
described with regard to FIGS. 5-7 are discussed herein with regard to detection of
mavermnent of an object within a given chamber, the methods may be employed with
regard to systems and apparatuses that use more than one such object and more
than one such chamber.

(00571 In an example of a two chamber system, the first chamber may be used 0
indicate clot formation and determining activated clotting time, and a second
chamber with the smear mechanical configuration and chemical compaosition as the
first chamber may be used for clot strength determination or fibrinolysis test. While
the first ferromagnetic object is caused t© move in the first chamber for ciot
detection, the ferromagnetic object in the 2" chamber rests at the bottom of the
chamber. Once a clof is determined 1o have been initiated in the first chamber, the
ferromagnetic object in the second chamber may then be caused to move a3 a resull
of input energy outlined in FIGS. 8-7 for clot strength determination or fibrinolysis
analysis. The two chamber system ensures that the object is located at the boliom of
the chamber at the time of clot formation in the second chamber, which sllows
magnetic force from the top of the chamber to lift the ferromagnetic object up for clot
strength measurement. In circumstances in which a clot is formed at the bottom of
the chamber and the ferromagnelic object is not trapped inside of or under the clol,
the lifting energy on from the top of the chamber would move the object without
perturbation of the clot, thus the clot strength may not be able o be accuralely
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determined until clot is dissoived and washer moved o the bottom of the chamber
via gravity.

[0058] An example of a single chamber sysiem is depicted in FIG. 8, which
shares may similar paris or components with those depicted in FIGS. 1-2. Like
numbered parts or components are the same or similar between FIG. 8 and FIGS. 1-
2. As these parts or components have been previously discussed above with regard
to FIGS. 1-2, FIG. 8 will be discussed briefly with an emphasis on the differences.
As shown in FIG. 8, the system 100 includes a spacer of elastic nature {8.g., a
biasing member 7§) that is inseried between the ferromagnetic object 58 and the
magnet 28 on the top of, or above, the chamber 18, The elastic spacer or biasing
member 78 is configured and positioned to pull or push down the object to ensure a
clot is formed on top of the object or surrounds the pbject. With the clot on lop or
around washer, the clot can be perturbed by the object 50 lifting and fall movement
and clot strength can be determined. Any suitable elastic spacer 70 may be used,
such as a hemocompatible metal or polymeric spring.

Data regarding aclivated clotting time, clot strength, fibrinolysis, ete. obtained from a
given chamber having one or more agents that affect biood clotting may be
compared with similar data obtained from another chamber in which different agents
are mixed with blood.

100591 Methods described in this disclosure, including those saitribuled o
apparatuses or systems, or various constiluent components, may be implemented,
at least in part, in hardware, software, firmware or any combination thereof. For
example, various aspects of the methods may be implemented within one or more
processors, including one or more microprocessors, DSPs, ASICs, FPGAs, or any
other equivalent integrated or discrete logic circuitry, as well as any combinations of
such componenis. The ferm “processor” or “processing circuitry” may generally refer
to any of the foregoing logic circuitry, alone or in combination with other logic
circuitry, or any other equivalent circuilry.

1006017 Such hardware, software, firmware may be implemented within the same
apparatus or within separale apparatuses 1o support the various operations and
functions described in this disclosure. In addition, any of the described units,
modules or components may be implemented together or separately as discrete but
interoperable logic devices. Depiction of different features as modules or unils is
intendead o highlight different functional aspects and does not necessarily imply that

17



WO 2014/138176 PCT/US2014/020580

such modules or unils must be realized by separate hardware or sofiware
components. Rather, functionality associated with one or more modules or units
may be performed by separate hardware or software components, or integrated
within common or separate hardware or software componenis.

00611 When implemented in software, the functionality ascribed o the systems,
apparatuses and methods described in this disclosure may be embodied as
instructions on a computer-readable medium such as RAM, ROM, NVREAM,
EEPROM, FLASH memory, magnetic data storage media, optical data siorage
media, or the like. Such computer-readable medium is non-transitory.  The
instructions may be executed by one or more processors o support one or more
aspects of the functionality described in this disclosure.

(00627 A number of embodiments of methods, apparaiuses, and syslems are
described herein. A summary of selected aspects of methods, devices and systems
described herein is provided below.

(00631 In 2 first aspect, a method carried out by a system configured o analyze
blood clotting, includes: (i) causing an ferromagnelic object 1o move in a chamber
housing blood after clot initigtion has been detected; (i) detecting movement of the
ferromagnetic object in the chamber; and (iii) correlating the detected movement of
the ferromagnetic object in the chamber with strength of clotling of the blood.

100641 A second aspect is a method of the first aspect, wherein causing the
object to move in the chamber comprises causing the object (o move in the chamber
against the force of gravity, and wherein detecting movement of the object in the
chamber comprises detecting movement of the object due 1o the force of gravity.
[0065] A third aspect is a method of the Tirst aspect, wherein causing the object o
move in the chamber comprises causing the object to move in the chamber against
the force of gravity, and wherein detecting movement of the object in the chamber
comprises detecting movement of the object against the force of gravity.

[0066] A fourth aspect i8 a method of any of aspects 1-3, wherein detecting
maovement of the first object in the first chamber comprises detecting movement in a
first period of time and detecting movement in a second period of time, and wherein
correlating detected movement of the object in the chamber with the strength of
clotling comprises comparing movement of the object in the chamber in the first

period of ime (o movement of the object in the chamber in the second period of time.
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(00671 A fifth aspect is a method of the fourth aspect, wherein correlaling
movement of the object in the chamber with the strength of clotting comprises
determining a rate of change in velocity of the object between the first period of time
and the second period of fime and correlating the rate of change in velocity with the
strength of clotting.

[0068] A sidh aspect is a method of the fourth or fifth aspects, wherein correlating
movement of the object in the chamber with the strength of clolting comprises
determining a magnitude in the difference between movement of the object in the
chamber in the first period of time and movement of the object in the chamber in the
second period of time and correlating the magnitude with the strength of clotting.
100681 A seventh aspecdt is a method of any of aspects 1-8, further comprising
detecting clot initiation.

100701  An eighth aspect is a method of the seventh aspect, wherein detacting clot
nitiation comprises: (i} causing the ferromagnetic object o move in the chamber
housing the blood; (i} detecting movement of the ferromagnetic object in the
chamber; and (ili) determining whether the detected movement has decreased below
a predetermined threshold, wherein, if the detected movement has decreased below
the predetermined thrashold, clot initiation is detected.

(00711 A ninth aspect is a method carried oul by an apparatus or gystem
configured to analyze blood clotling, comprising: {(a) inputling energy to cause a
ferromagnetic object o move in a chamber housing blood; (b} detecting movement
of the ferromagnetic object in the chamber and determining the initial object travel
distance or velocity, (¢} determining whether the dstecled movement of the
ferromagnetic meets a predetermined ferromagnetic object travel distance threshold
or velocity threshold for clot formation; {d) inputing increased energy relative o step
(2} to cause the ferromagnetic object to move the initial fravel distance or velocily;
and {e) repeating steps (¢} — {d} uniil the detected movement ¢f the ferromagnetic
object in the chamber meets the predetermined ferromagnetic object travel distance
or velocity threshold for clotting or until a predetermined energy threshold is met or
exceeaded.

10072] A tenth aspect is a method of the ninth aspect, further comprising: (f)
applying energy o cause the ferromagnetic object to move or attempt to move at a
level of energy applied at step (e); (g} detecting movement of the ferromagnetic
object in the chamber; {(h) determining whether the deteclted movement of the first
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ferromagnetic meets a predetermined ferromagnetic threshold for clot weakening;
and (i} repeating steps {f}-(h) until the detected movement of the ferromagnetic
meets the predetermined ferromagnetic threshold for clot weakening.

100737 An eleventh aspect is a method of the tenth aspect, further comprising: (i}
inputting decreased energy relative 1o step (&) to cause the ferromagnetic object to
move or attempt to cause the ferromagnetic object 1o move in the chamber; {k}
detecting movemeant of the ferromagnetic object in the chamber; (I} determining
whether the delected movement of the ferromagnetic object returns to the initial
ohject travel distance or velocity; {m} inputting energy at the same level as input in
step (i) to cause the ferromagnelic object to move or attempt o cause the
ferromagnetic object fo move in the chamber if the detected movement of the
ferromagnetic object does not return (o the initial object travel distance or velocily;
and (n) repeating step {j) to {m} until energy is reduced o the test initial level.

[0074] A twelfth is a system for analyzing clotting of blood, wherein the system is
configured to carry out the method of any of aspects 1-11 or 35-36.

[0075] A thirteenth aspect is a system according (o aspect 12, comprising: (i) 8
chamber for housing blood; (il) an object moveable within the chamber when blood is
present in the chamber; (i} a detector configured 1o detect the position of the object
within the chamber; and {iv} electronics operably coupled to the detecior and to the
object such that the electronics are configured to control movement of the object
within the chamber, wherein the electronics, based on data received from the
detector, are further configured to determine a parameter associated with clot
strength.

[0076] A fourteenth aspect is a non-transitory computer-readable medium
programmed with instructions that, when executed, cause a system {0 carry out the
method any of aspects 1-11 or 35-36.

100777 A fifteenth aspect is a8 method carried out by a system configured o
analyze blood clotting, comprising: (i} causing an object o move in a chamber
housing blood; (i} detecting movement of the object in the chamber in a first period
of time and delecting movement of the object in the first chamber in a second period
of time, wherein the second period of time is after the first period of time; (i)
determining whether the detected movement of the object in the first period of time is
indicative of clotling; (iv) determining whether the detected movement of the object in
the second period of time is indicative of clotting; {v) determining elapsed time
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between the first period of time and the second period of time; and {vi) correlating
strength of blood clotling o the length of the elapsed time if the detected movement
of the object in the first period of time is determined to be indicative of clotling and if
the detected movement of the object in the second period of time is not indicative of
clotling.

[0078] A sideenth aspect is a method of the fifteenth aspect, wherein determining
whether the detected movement of the object in the second period of time is
indicative of clotling comprises determining whether the delected movement of the
object in the second period of time is greater than the detected movement of the
object in the first perind of time.

100791 A seventeenth aspect is a system for analyzing clotling of blood, wherein
the system is configured o carry out the method of aspect 15 or aspect 16.

100807  An eighteenth aspect is a system according to aspect 17, comprising: {i) a
chamber for housing blood; (it} an object maoveable within the chamber when blood is
present in the chamber; (iii} a detector configured to detect the position of the object
within the chamber; and (iv) electronics operably coupled o the delector and o the
object such that the electronics are configured to control movement of the object
within the chamber, wherein the electronics, based on data received from the
detector, are further configured to determine a parameter associaled with clot
strength.

[0081] A nineteenth aspect is a non-transitory compuler-readable medium
programmed with instructions that, when executed, cause a system to carry out the
method of aspect 15 or aspect 16.

(00821 A twentieth aspect is a method carried out by a system configured o
analyze blood clotting, comprising: (a8} altermpling to cause an object o move in a
chamber housing blood in a first predetermined time after the blood has clotted; (b}
detecting movement of the object in the chamber after attempting to cause the first
object to move; (¢} determining whether the detected movement of the object meets
or exceeds a predetermined threshold; (d} altempting to cause the object to move in
the chamber housing the blood at a2 subsequent predetermined time if the detected
movement of the first object is determined 1o not meet or exceed the threshold in
step {(c); (e} repeating steps (¢} and {d) untll the detected movement of the object is
determined to meet or exceed the predetermined threshold; until steps (¢} and (d)
are repeaied a predetermined number of times; or untl a passage of a
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predetermined length of time; (f} determining the length of time from the first
predetermined time in step {(a) until a conditions of step (¢} or step (&} is met; and (g}
carrelaling the length of ime determined in step {f} to the strength of the clot.

100837 A twenty-first aspect is a system for analyzing clotting of blood, wherein
the system is configured to carry out the method of aspect 20.

[0084] A twenty-second aspect is a system according to aspect 21, comprising: (i)
a chamber for housing blood; (i) an object moveable within the chamber when blood
iz present in the chamber; (i} a detecior configured to detect the posilion of the
object within the chamber; and (iv} electronics operably coupled o the detector and
to the object such that the electronics are configured o conirol movement of the
object within the chamber, wherein the electronics, based on data received from the
detector, are further configured o delermine a parameler associated with clot
strength.

(00857 A itwenty-third aspect is a non-transitory compuierreadable medium
programmed with instructions that, when executed, cause a system o carry out the
method of aspect 20,

[0086] A twenty-fourth aspect is a method carried out by a system configured to
analyze blood cdlotting comprising: {i) expending energy o cause, or atlempt o
cause, an object to move in a chamber housing blood that has clotled; (i) detecting
the amount of energy expended in causing, or attempting (o cause, the object {o
maove; and {iif) correlating the amount of energy expended with strength of clotting of
the blood.

(00877 A twenty-fifth aspect is a method of aspect 24, further comprising (i}
detecting movement of the object in the chamber; and {ii} correlating the detected
mavermnent of first object with the clotling strength of the blood.

[0088] A twenty-sixth aspect is a method of aspect 25, wherein expending
energy o cause, or attempt 0 cause, the object 1o move in the chamber housing
blood comprises expending energy in a first period of time {0 cause, or attempt o
cause, the object to move a first time and expending energy in a second period of
time o cause, or altempt 10 cause, the object o move a second lime, wherein
detecting the movement of the first object in the first chamber comprises defecting a
rate of movement in the first period of time and detecting a rate of movement in the
second period of time, and wherein the method further comprises: determining
whether the rate of movement of the object in the first period of time is below a
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threshold vale indicative of clotling, wherein the energy expended in the second
period of time is configured to cause the object to move more slowly than the energy
expended in the first period of time if the rate of movement of the object at the first
period of fime is determined {0 be below a threshold value indicative of clotling.
(00887 A ftwenty-seventh aspect is a method of aspect 24, wherein expending
energy o cause, or attempt o cause, the obiect 1o move in the chamber housing
blood comprises expending energy in a first period of lime to cause, or attempt {o
cause, the object to move g first time and expending energy in a second period of
time to cause, or attempt to cause, the object 0 move a second time, wherein
detecting movement of the object in the chamber comprises detecling movement in
the first period of time and detecting movement in the second period of time, and
wherein the method further comprises: determining whether the movement of the
ohject in the first period of time is below a threshold value indicative of clotting,
allowing a predetermined length of lime o elapse before expending energy in the
second period of lime {0 cause, or attempt to cause the object to move, determining
whether the movement of the object at the second perind of time is below a
threshold value indicative of clotling, and wherein correlating the amount of energy
expended with strength of clotting of the blood comprises comparing the amount of
energy expended in the first peried of time o the amount of energy expended in the
second period of time if it is determined that the movement of the object in the first
period of time and in the second period of time are below a threshold values
indicative of clotling.

[0080] A twenty-eighth aspect is a system for analyzing clotting of blood, whereain
the system is configured to carry out the method of aspect 27.

100811 A twenly-ninth aspect is a system according o aspect 28, comprising: (i) a
first chamber for housing blood; (i) a first object moveable within the chamber when
blood is present in the chamber; {iii) an energy source operably coupled o the first
moveable object; and (iv) elecironics operably coupled to the energy source io
control movement of the first object within the first chamber, wherein the elecironics
are further configured to determing a parameter associaled with clot strength based
on a parameter associated with control of the energy source.

(0092} A thirtieth aspect i3 a non-transitory computer-readable  medium
programmed with instructions that, when execuled, cause a system {o carry out the
method of aspect 27.
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(00931 A thirty-first aspect is a method carried out by a system configured o
analyze blood clolting, comprising: {a) applying energy configured to cause ant
abject to move in a chamber housing biood thal has clotted; (b) detecting movement
of the object in the chamber during or after the application of energy; (¢} determining
whether the detecied movement of the object meets or exceeds a predetermined
threshold; (d} applying additional energy configured {0 cause the object to move if
the detected movement of the object is determined not o mest or exceed the
threshold in step (c); (e} repeating steps (¢} and {d} until the detected movement of
the object is determined to meet or exceed the predetermined threshold or until
predetermined energy threshold is met or exceeded; and (I} correlating the amount
of energy applied to attempt {o cause, or cause, the object to move with the strength
of the clot.

10084} A thirly-second aspect is a system for analyzing clotting of blood, wherein
the sysiem is configured to carry out the method of aspect 31.

(00951 A thirty-third aspect is a system according to aspect 32, comprising: {i) a
first chamber for housing blood; (i) a first object moveable within the chamber when
blood is present in the chamber; {iii) an energy source operably coupled to the first
moveable object; and {(iv) electronics operably coupled to the energy source {0
control movement of the first object within the first chambaer, wherein the electronics
are further configured o determing a parameter associated with ¢lot strength based
on a parameter associated with control of the energy source.

10086 A thirty-fourth aspect is a non-transitory computer-readable medium
programmed with instructions that, when executed, cause a system o carry out the
method of aspect 31,

10097] A thirty fifth aspect is a method of any of aspects 1-8, further comprising:
{2} causing a second Terromagenetic object o move in a second chamber housing
blood; (b} detecting movement of the second ferromagnetic object in the second
chamber; (¢} determining whether the detected movement of the second
ferromagnetic object meets a threshold indicative of clotling; and {d) repeating steps
{a) — (¢} until the detected movement of the second ferromagenetic object meets the
threshold indicative of clot initiation, wherein causing the first ferromagnetic object to
move in the first chamber housing blood afier clot initiation has been detected

comprises causing the first ferromagenetic object 1o move afler the detected
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movement of the second ferromagenetic object meets the threshold indicative of clot
initiation.

(00981 A thirty sixth aspect is 2 method of any of aspects 1-8, further comprising
{8} causing the ferromagenetic object to move in the first chamber; {b) detecting
movement of the first ferromagnetic object in the first chamber; (¢} determining
whether the detected movement of the first ferromagnetic object meets a threshold
indicative of clotting; and (d) repeating steps (8) — (¢} until the delected movemaent of
the first ferromagenetic object meets the threshold indicalive of clot initiation,
wherein the first object is biased towards the botiom of the chamber by a biasing
member such that upoen clot formation, the clot forms on top of or around the object.
[0088] Thus, embodiments of APPARATUS AND METHOD FOR ANALYZING
BLOOD CLOTTING are disciosed. One skilled in the art will appreciate that the
leads, devices such as signal generators, systems and methods described herein
can be practiced with embodiments other than those disclosed. The disclosed
embodimenis are presented for purposes of illustration and not limitation. One will
also understand that components of the leads depicted and described with regard

the figures and embodiments herein may be interchangeable.
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CLAIMS

1. A method carried oul by a system configured o analyze blood
clotling, comprising:

causing a first ferromagnetic object (o move in a first chamber housing
blood after clot initiation has been detected;

detecting movement of the first ferromagnetic object in the first
chamber; and

corralating the detected movement of the first ferromagnetic object in

the first chamber with sirength of clotling of the biood.

2. The method of claim 1, further comprising:

{8} causing a second ferromagenetic object {o move in a second
chamber housing blood;

{b) detecting movement of the second ferromagnetic object in the
second chamber;

{c) determining whether the detected movement of the second
ferromagnetic object meets a threshold indicative of clotting,; and

{d) repeating steps (8) — (¢} until the detected movement of the second
ferromagenetic object meets the threshold indicative of clot initiation,

wherein causing the first ferromagnetic object to move in the first
chamber housing blood after clot initiation has been detecied comprises causing the
first ferromagenetic object to move after the delected movement of the second

ferromagenetic object meets the threshoid indicative of clot initiation.

3. The method of claim 1, further comprising

{a) causing the ferromagenetic object o move in the first chamber,;

(b} detecling movement of the first ferromagnetic object in the first
chamber;

(¢} determining whether the detected movement of the first
ferromagnetic object meets a threshold indicative of clotting; and

(d) repeating steps (8) — (¢} until the detected movement of the first
ferromagenetic object meets the threshold indicative of clot initiation,
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wherein the first object is biased towards the botlom of the chamber by
a biasing member such that upon clot formation, the clot forms on top of or around

the object.

4, The method of claim 1, wherein causing the first object to move
in the first chamber comprises causing the first object to move in the first chamber
against the force of gravity, and wherein detacting movement of the first object in the
first chamber comprises detecling movement of the first object due fo the force of

gravity.

5. The method of claim 1, wherein causing the first object to move
in the first chamber comprises causing the first object o move in the first chamber
against the Torce of gravity, and wherein detecting movement of the object in the first
chamber comprises detecting movement of the firstobject against the force of

gravity.

8. The method of claim 1,

wherein detecting movemaent of the first objact in the first chamber
comprises detecting movement in a first period of time and detecling movement in a
second period of time, and

wherein correlating detected movement of the first object in the first
chamber with the strength of clotting comprises comparing movement of the first
object in the first chamber in the first period of time o movement of the object in the

first chamber in the second period of time.

7. The method of claim &, wherein correlating movement of the first
ohject in the first chamber with the strength of clotling comprises determining a rate
of change in velocily of the first object between the first period of time and the
second period of time and correlating the rate of change in velocity with the strength

of clotting.

8. The method of claim 6, wherein correlating movement of the first
object in the first chamber with the strength of cliotting comprises determining a

magnitude in the difference betweaen movement of the object in the first chamber in
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the first period of time and movement of the first object in the first chamber in the
second period of time and correlating the magnitude with the strength of clotting.

8. The method of claim 1, further comprising detecting clot

initiation.

10.  The method of claim 9, wherein detecting clot initiation
comprises:

causing the first ferromagnetic object to move in the first chamber
housing the blood;

detecting movement of the first ferromagnetic object in the first
chamber; and

determining whether the detected movement has decreased below a
predetermined threshold,

wherein, if the detected movement has decreased below the
predetermined threshold, clot initiation is detected.

1. A method carried out by an apparatus or system configured {o
analyze blood clotting, comprising:

(a8} inputting energy to cause a ferromagnetic object to move in a
chamber housing blood;

(b}  detecting movement of the ferromagnetic object in the chamber
and determining the initial object travel distance or velocity;

{c) determining whether the detected movement of the
ferromagnetic meels a predetermined ferromagnetic object travel distance threshold
or velocity threshold for clot formation;

{dh) inputing increased energy relative 1o step {a) to cause the
ferromagnetic object to move the initial travel disiance or velocity; and

(g} repeating steps (¢) — (d) until the delectad movement of the
ferromagnetic object in the chamber meets the predetermined ferromagnetic object
travel distance or velocity threshold for clotting or until a predetermined energy
threshold is met or exceeded.

12.  The method of claim 11, further comprising:
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() applying energy to cause the ferromagnetic object to move or
atternpt to move at a level of energy applied at step {(e);

(g} detecting movement of the ferromagnetic object in the chamber ;

(h}  determining wheather the detected movement of the first
farromagnetic meets a predetermined ferromagnetic threshold for clot weakening;
and

{i} repeating steps (f)-(h) until the detected movement of the

ferromagnetic meels the predetermined ferromagnetic threshold for clot weakening.

13. The method of claim 14, further comprising:

{i) inputting decreased energy relative 1o step {(e) to cause the
ferromagnetic object to move or altempt o cause the ferromagnetic object o move
in the chamber;

(k}  detecting movement of the ferromagnetic object in the chamber;

() determining whether the detected movement of the
ferromagnetic object returmns to the initial object travel distance or velocity;

{(m} inpuiting energy at the same level as input in step (i) to cause
the ferromagnetic object (o move or attempt o cause the ferromagnetic ohiject o
move in the chamber if the detecled movement of the ferromagnetic object does not
return to the initial object travel distance or velocity; and

(n}  repeating step () to (M) until energy is reduced to the test initial

lavel.

14, A system for analyzing clotling of blood, wherein the system is
configured o carry out the method of claim 1.

15, A system according o claim 14, comprising:

a chamber for housing biood;

an object moveable within the chamber when blood is present in the
chamber;

a detector configured to detect the position of the object within the
chamber; and

electronics operably coupled to the deiector and 1o the object such that
the electronics are configurad to control movement of the object within the chamber,
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wherein the electronics, based on data received from the deteclior, are
further configured to determine a parameter associated with clot strength.

16. A non-transitory computer-readable medium programmed with

instructions that, when executed, cause a system to carry out the method of ¢laim 1.

17. A method carried out by a system configurad o analyze blood
clotting, comprising:

causing an object to move in a chamber housing blood;

detecting movement of the object in the chamber in a first period of
time and detecting movement of the object in the first chamber in a second period of
time, wherein the second period of time is after the first period of time;

determining whether the detected movement of the object in the first
period of ime is indicative of clotting;

determining whether the detected movement of the object in the
saecond periad of time is indicative of clotting;

determining elapsed time between the first period of time and the
second period of time; and

correlating strength of blood clotting o the length of the elapsed time if
the detected movement of the object in the first period of time is determined fo be
indicative of clotting and if the detected movement of the object in the second period
of time is not indicative of clotling.

18. The method of claim 17, wherein determining whether the
detected movement of the object in the second period of time s indicative of clotting
comprises determining whether the detecied movement of the object in the second
period of time is greater than the delected movement of the object in the first period

of time.

19. A system for analyzing clotting of blood, wherein the system is
configured to carry out the method of claim 17.

20. A system according to claim 19, comprising:
a chamber for housing biood;
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an object moveable within the chamber when blood is present in the
chamber;

a deteclor configured to detect the position of the object within the
chamber; and

alectronics operably coupled to the delector and to the object such that
the electronics are configured o control movement of the object within the chamber,

wherein the electronics, based on data received from the detector, are
further configured to determine a parameter associated with clot strength.

21, Anon-iransitory computer-readable medium programmaed with
instructions that, when executed, cause a system to carry out the method of claim
17.

22. A method carried out by a sysiem configured to anaiyze blood
clotling, comprising:

(a) altempting o cause an object to move in a chamber housing
blood in a first predetermined time after the blood has clotted;

(by  detecting movement of the object in the chamber after
attempting to cause the first object to move;

(¢} determining whether the detected movement of the object meets
or exceeds a predetermined threshoid,

(d} attempting to cause the object 1o move in the chamber housing
the blood at a subsequent predetermined time if the detected movement of the first
object is determined o not meet or exceed the threshold in step (¢);

(e} repeating steps (¢) and (d) uniill the detected movement of the
object is determined to meet or exceed the predetermined threshold; until steps {c)
and {(d} are repeated a predetermined number of times; or untll a passage of a
predetermined length of ime;

{f determining the length of time from the first predetermined time
in step (a) untit a conditions of step {¢) or step (e} is met; and

{q) correlating the length of time determined in step {f) to the
atrength of the clot.
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23. A system for analyzing clotting of biood, wherein the system is
configured 1o carry out the method of claim 22.

24. A system according to claim 23, comprising:

a chamber for housing biood;

an object moveable within the chamber when blood is present in the
chamber;

a detector configured to detect the position of the object within the
chamber; and

glectronics operably coupled to the detector and to the object such that
the electronics are configured 1o control movement of the object within the chamber,

whergin the elecironics, based on dala received from the detector, are

further configured to determine a parameter associated with clot strength.

25. A non-transitory computer-readable medium programmed with
instructions that, when executed, cause a system {o carry out the method of claim
22.

28. A method carried out by a sysiem configured to anaiyze blood
clotling comprising:

expending energy to cause, or attempt to cause, an object to move in a
chamber housing blood that has clotted;

detecting the amount of energy expended in causing, or attempting to
cause, the object to move; and

corralating the amount of energy expended with strength of clotling of
the blood.

27.  The method of claim 26, further comprising
detecting movement of the object in the chamber; and
correlating the detected movement of first object with the clotting

strength of the blood.

28. The method of claim 27,
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wherein expending energy (o cause, or attempt o cause, the obiect o
move in the chamber housing blood comprises expending energy in a first period of
time o cause, or attempl to cause, the object to move a first time and expending
energy in a second period of time 1o cause, or attempt {o cause, the object o move a
second time,

wherein detecting the movement of the first object in the first chamber
comprises delecting a rate of movement in the first period of time and delecting a
rate of movement in the second period of time, and

wherein the method further comprises:

determining whether the rate of movement of the object in the first
period of time is below a threshold vale indicative of clotling,

wherein the energy expended in the second period of time is
configured 1o cause the object to move more slowly than the energy expended in the
first period of time if the rate of movement of the object at the first period of time is

determined to be below a threshold value indicative of clotting.

29. The method of claim 26,

wherein expending energy {o cause, or altempt {0 cause, the object to
move in the chamber housing blood comprises expending energy in a first period of
time 1o cause, or attempt o cause, the object to move a first time and expending
energy in a second period of time {0 cause, or attempt {0 cause, the object (o move a
second time,

wherein detecting movemaeant of the object in the chamber comprises
detecting movement in the first period of time and detecling movement in the second
period of time, and

wherein the method further comprises:

determining wheather the movement of the object in the first period of
time is below a threshold value indicative of clotling,

allowing a predetermined length of time {o elapse before expending
energy in the second period of time to cause, or attempt {0 cause the object o move,

determining whether the movement of the object at the second period
of time is below a threshold value indicative of clotling, and

wherein correlating the amount of energy expended with strength of

clotting of the blood comprises comparing the amount of energy expended in the first
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period of time [o the amount of energy expendead in the second perind of time f it is
determined that the movement of the object in the first period of time and in the
sacond period of time are below a threshold values indicative of clotling.

30. A system for analyzing clotting of biood, wherein the system is
configured to carry out the method of claim 29.

31. A system according to claim 30, comprising:

a first chamber for housing biood;

a first object moveable within the chamber when blood is present in the
chamber;

an energy source operably coupled to the first moveable object; and

electronics operably coupled to the energy source to control movement
of the first object within the first chamber,

wherein the electronics are further configured to determine a parameter
associated with clot strength based on a parameter associated with control of the

energy source.

32. A non-lransitory computer-readable medium programmed with
instructions that, when executed, cause a system {o carry out the method of claim
29.

33. A method carried out by a system configured o analyze blood
clotling, comprising:

(a8}  applying energy configured o cause ant object io move in a
chamber housing blood that has clotied;

{by  detecting movement of the object in the chambaer during or after
the application of energy;

(¢} determining whether the detected movement of the object meets
or exceeds a predetermined threshoid,

{d)}  applying additional energy configured to cause the object to
move if the detecled movement of the object is determined not to meet or exceed

the threshold in step (c);
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(&) repeating steps {(¢) and {d) until the delected movement of the
object is determined o meet or exceed the predetermined threshold or until
predetermined energy threshold is met or exceeded; and

{f) correlating the amount of energy applied fo attempt to cause, or

cause, the object to move with the strength of the clot.

34, A system for analyzing clotting of biood, wherein the system is
configured to carry out the method of claim 33.

35. A system according to claim 34, comprising:

a first chamber for housing blood;

a first object moveable within the chamber when blood is present in the
chamber;

an energy source operably coupled to the first moveable object; and

electronics operably coupied o the energy source to control movement
of the first object within the first chambaer,

wherein the electronics are further configured to determine a parameter
associated with clot strength based on a parameter associated with control of the

energy source.
35. A non-transifory computer-readable medium programmed with

instructions that, when executed, cause a system to carry out the method of claim
32
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