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Evaluation of blood plasma coagulation dynamics
by speckle analysis

Yann Piederriere Abstract. Analysis of speckle dynamics is frequently used to study the
Jack Cariou motion of scattered objects or liquids. By assessing the increase in
Yves Guern contrast on the speckle field produced by a blood plasma sample,
Guy Le Brun illuminated by a laser during a coagulation test, as well as the slowing
Bernard Le Jeune down of speckle fluctuations, we measured the time required for
Jean Lotrian blood plasma coagulation in vitro and evidence the process dynam-
UFR Sciences ics. Then, we compared this noninvasive method with a mechanical
Laboratoire de Spectrométrie et Optique Laser viscosity-based detection system classically used in hematology labo-
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1 Introduction proteins, termed coagulation factors, are involved. In one of

Laser light-induced granularity can be observed either in free theém clotting is initiated further to cell injury and the clot
space(an objective speckjeor on the image plane of a diffuse forms after factor VII activatiott Then, an activation-
object illuminated by the coherent sourda subjective  9enerated enzyme converts prothrombifactor Il) into
speckle.! This random distribution intensity of light contains ~thrombin (factor I1a); the latter, in turn, converts fibrinogen
information about the dynamics of scattering media such as Nt fibrin and activates a factor that solidifies the clot by
translation movement of a scattering obfeand Brownian ~ Crosslinking the fibrin polymereFig. 1).

motion of scattering particles or scattering fldwn recent _Invitro, factor VIl is activated by addition of thromboplas-
years there has been growing interest in using laser specklein and the clotting time measured is the “quick” time.
techniques in medical applications in order to, for example,

evaluate biological liquid dynamics as blood flé#Measure- 1.2 Speckle Field

ments used correlometric methods or laser speckle contrastrpe objective speckle effect is observédg. 2) when a mix-
- 6-8 :

analy.s|sf? __ture of plasma and thromboplastin is illuminated by a coher-

This paper reports on the use of speckle phenomenon ingp light source. The light propagation in this medium is char-
the real-time investigation of blood plasma coagulation dy- acterized by the single and multiple scattering from blood
namics. Clinical evalluatlon of thg status of a cpagqlanon SYS- platelets(20 000/mrd) and proteins. So photons travel along
tem is of paramount importance in the diagnosis of imbalance, rangom optical paths. The associated wavelets are randomly
bleeding disorders, e.g., hemophilia, and in monitoring the gephased, and then produce random interference that induces
administration of drugs. To determine coagulation parameters, giatistical distribution of the light intensity, that is, the
e.g. clotting time or clpttlng dynam_|cs, an activation agent speckle. During the liquid phase of mixing, the Brownian mo-
must be added to anticoagulated, i.e., calcium-free, plasmajon of particles causes random agitation of the speckle
samples. In hospitals, clotting times are mainly measured by (“boiling of the speckle™. So analysis of clotting process

mechanical method&ased on an increase in plasma viscos- dynamics is made from a dynamic objective speckle field.
ity, e.g., Diagnostica Stago Industry’s STA-R coagulometer

or by optical transmission measureméBtomerieux Indus-
try’s MDA coagulation analyzgr Other studies have also in- 2 Coagulation Characterization by Speckle
vestigated blood plasma coagulation by surface plasmon Fluctuation Measurement

resonanceor by using a piezoelectric quartz crystal serior. 2.1 Experiment

To induce clotting, we added twice the volume of thrombo-
1.1 Plasma Coagulation plastin to the volume of anticoagulated, calcium-free, plasma
To measure clotting time, we mixed plasma with coagulation (200 L for 100 uL plasma previously hfaated at 37°C. The
factors to form a blood clot, with the final product a result of ©XPerimental setup is depicted in Fig. 3: the sample is illumi-
a complex series of reactions. Called a “clotting cascade” it Nated by a HeNe laser that emits at 632.8 nm with a coher-

consists of two multistep pathways in which elements, mainly €nce length of about 20 cm. Temporal variation of light inten-
sity, 1(Xg,Y0,20,t), is measured at the pointxq, Yo, Zg)
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Fig. 1 Clotting cascade.

duringAt by a photomultiplier placed behind a pinhole whose - .
diameter is smaller than the size of the speckle. o0 00 1000 1m0 20 2m

The signal is numerized by a numerical oscilloscope and prn
processed by an algorithm to give the clotting time, which
corresponds to the exact time at which the speckle field be-
comes static. In addition, the software algorithm calculates the
cumulative sum of signal fluctuation extrema after filtering
(Fig. 4). A low pass filter was adjusted to eliminate the high start of this process. The total dynamics of coagulation are not
frequencies of the raw signal due to the measurement noisetaken into account by VBDS and the exact start of the clotting
and turbulence produced by the addition of thromboplastin. process is not known.

This algorithm permits us to follow the dynamics of coagula-
tion. ) ) . . ) . 2.2 Results

Experimental data for this noninvasive optical technique, ~*

i.e., speckle fluctuation measurem¢8EM), were compared ~ The temporal evolution of a typical signal during a coagula-
to those obtained by a viscosity-based detection systemtion experiment is displayed in Fig(® [Fig. 5(b) is an en-
(VBDS) (Diagnostica Stago Industry’s STA-R coagulomgter larged view of the signal displayed in Figia). It shows the
often used in hematology laboratories. In this system, the following three parts:

magnetic field-induced oscillations of a little steel ball placed , . .
in the plasma are recorded. Detection begins at the time of : f'rSt’ a section where fluctuations are slgetasma only
thromboplastin addition, and the chronometer is started when is presen

the ball starts to oscillate. As a clot is forming, the viscosity ~ * @ second section of fast fluctuations that slow down with
increases and the oscillations amplitude decreases. The chro-  as the clotting process develops; and

nometer is stopped at a time determined by different algo- < a final section with no fluctuation®nly noise, once the
rithms, and gives the “quick” time even if the clot is weak, clotting process is over.

and even if the ball is still in motion.

Five samples were analyzed in triplicate; for each of them One should note a decrease in fluctuation amplitude concomi-
the results were averaged to obtain the SFM results. The timestant with the decrease in optical transmission by the sample
given by the optical technique we used and the mechanical during the coagulation process. So the light intensity needs to
method are not the same: the forn@8FM resulj corresponds be relatively strong. Figure(& shows that, in the range of
to the time needed for completion of the clotting process 32-35 s, the signal during turbulence fluctuations looks trun-
whereas the latte(VBDS resul} is measured slightly after  cated because of oscilloscope overloading. But such trunca-

Fig. 2 Example of a speckle.
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Fig. 3 Experimental setup. PM: Photomultiplier.
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Fig. 4 Numerical processing. The raw signal comes from the oscillo-
scope.
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Fig. 5 (a) Light signal versus time (raw signal). (b) Zoom in.
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Table 1 Comparative results of SFM and VBDS.

1 2 3 4 5
Sample (s) (s) (s) (s) (s)
SFM 24.4 32.3 33.5 34 37.9
results
VBDS 17.7 22.2 23.3 18.7 25.2
results

tion is not paramount because the quick turbulence fluctua-
tions are not taken into account in the signal processing
thanks to the use of a low-pass filter.

Samples were ranked in ascending order according to their
clotting time obtained by SFM.

Table 1 clearly shows no full agreement in the ranking
order of the sample clotting times between the two methods:
according to VBDS measurement: the classification is 1, 4, 2,
3, and 5. As mentioned above, the parameter “time” mea-
sured by the two methods is not the same, which explains the
difference for sample 4; the start of coagulation and the dura-
tion of the clotting process are not interrelated although both
depend on the characteristics of the plasma under test. This is
highlighted by plotting versus time the cumulative sum of
filtered signal fluctuation extrema from a single coagulation
experiment for samples 1, 3, 4, and€amples 2 and 3 have
like behavioj. Figure 6 clearly shows three zones.

1. The first and linear sections correspond to the filtered
quick fluctuations of the raw signal; they result from the
turbulence phenomena induced in the sample by throm-
boplastin addition and Brownian motion at low viscos-
ity. Before coagulation, Brownian movement is con-
stant. After low-pass filtering and smoothing of
Brownian fluctuations, the frequency distribution of the
filtered signal is constant over the course of this first
section. So the cumulative sum of the extrema versus
time forms a linear section.
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Fig. 6 Evolution of the cumulative sum of the fluctuation extremums

versus time during a coagulation test. Time 0: Thromboplastin addi-
tion.
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30 T e over a certain time. The CCD allows one to follow the clot-
Lt ting process through real-time contrast measurement, since
£ sm} fr e 1 contrast is affected by speckle motion during the time needed
N il T e ; for image acquisitiorfa 60 ms acquisition time, in our experi-
?-:‘. 0 /‘ Vs 1 menj. For example, it is increased as a result of a slowdown
s / y s in speckle movement. At the end of coagulation, the sample
g M ¥ T contains the clot, the speckle is fixed, and the contrast is op-
= / f,f ] timal. But, because contrast may become constant before the
E 150} L end of speckle agitation, it induces some error in the measure-
= _/{/f _ asmple 3 ment when the speckle moves slowly. In this section we set
i ol / sample 4 that the end of the clotting process corresponds to constant
E / it ul‘.':_-l.illll:ﬂ contrast.
g B WS ™ ] In Fig. 8 is the experimental setup we used. The light in-
: E .\“ . : ; tensity, 1 (x,y), is measured on the CCD sensor surface, and
= 1© 5 3 3 ™ » W & = contrastC is calculated from the following relation:
Time in seconds
Fig. 7 Comparison of SFM measurements to times obtained by VBDS \/<| 2> _<| >2
for samples 3 and 4. C= T’

where the angled brackets denote a spatial average.

2. Increase of the sample viscosity during the coagulation  An image contains 268748 pixels that are &mx8 um
process slows down fluctuations of the raw signal fol- in size. A large number of speckles in each image sample is
lowed by the filtered signal; it is depicted by the second necessary for meaningful statistical evaluation, but the speck-
section in Fig. 6. This part corresponds to a reduction in les must be large compared with the pixel size so that speckle
speckle grain agitation and then to monitoring of the intensity variations can be resolved. In our study, the diameter

clotting process. of a speckle was approximately 5—7 pixéB5—-50 pixels/
3. The plateau starts as soon as the clot forms and thespecklg.
speckle is fixed. Three new samples were analyzed and the coagulation re-

action described in Sec. 2.1 was carried out. The clotting time
In Fig. 7 superimposed are the times obtained from VBDS was determined by speckle contrast measurer(®@iM) on
measurement(VBDS data by the kinetics produced by contrast curves at the end of the clotting process when the
samples 3 and 4: sample 4 begins to coagulate before sample€ontrast was constant.
3 (VBDS datg; in addition, the second sectigalowdown of
speckle motion begins earlieVBDS data and ends later
(SFM data than sample 3. 3.2 Results
So the differences noticed between the two series of dataThe contrast curves plotted for the three new samples
come from the coagulation dynamic properties of samples.  (samples 6, 7, and)&Fig. 9) enable one to also visualize the
coagulation dynamics. A fourth curgurve 9 corresponds
3 Coagulation Characterization by Speckle to a blank(thromboplastin, but no plasmahe low contrast is
Contrast Measurement caused by turbulence, and contrast becomes constant when
the agitation is stationargBrownian movement

3.1 Experiment The sample curves exhibit four zones that correspond to

Speckle contrast can be measured by a charge coupled device
(CCD) camera which detects the light distribution in a plane « slowdown of turbulence after thromboplastin addition,

Helle ] -H
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Murmerical processing

Fig. 8 Experimental setup for contrast measurement.
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Fig. 9 Evolution of contrast versus time during a coagulation test. t6,
t7, t8: Coagulation times. Curve 9 corresponds to a blank (thrombo-
plastin, but no plasma).

« stabilization of the agitation,

 the process of coagulatiofincrease of the viscosity
and

« the end of this process, that is, the final clot.

Figure 10 illustrates this kinetics for sample 8.

Measurement of the coagulation time at the beginning of

the fourth zone for the different samples gave

e 21 s(t6 in Fig. 9) for sample 6(13.2 s by VBDS mea-
surement,

e 26 s(t7 in Fig. 9) for sample 7(16.1 s by VBDS mea-
surement, and

» 33 s(t8 in Fig. 9 for sample 8(48 s by VBDS mea-
surement
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Fig. 10 Evolution of contrast in real time during clot formation for
sample 8. Time 0: Thromboplastin addition.
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The differences in the times we measured and those pro-
duced by the VBDS technique come from the criteria used to
determine the coagulation time. On the other hand, both meth-
ods produced similar ranking orders for the samples from
their clotting times.

4 Conclusion

Analysis of the motion of the speckle field produced by the
scattering of a laser beam by blood provides helpful data on
the motion of blood platelets and proteins in this biological
fluid; in particular, it allows observation and analysis of
plasma coagulation dynamics by a noninvasive technique.
Two methods(speckle fluctuation measurement and speckle
contrast measuremeriiased on speckle properties were used
to visualize these dynamics and assess the duration of the
clotting process. These techniques were validated through
comparison with measurements made by another classical
methodology often used in hematology laboratories.

The first method SFM) brings information on the duration
of the coagulation process and plasma properties: for ex-
ample, coagulation in a given sample starts earlier but finishes
later than another one. These specifics can be helpful when
used for clinical treatment.

Detection of the end of coagulation by the second method
(SCM) could be optimized by a longer image acquisition
time. Contrast should be highest only when the speckle is
fixed.

Finally, this analysis of the dynamic speckle field produced
by human blood can be used as a real-time cheap technique
by which to get data on blood coagulation dynamics.
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