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Abstract: Microemboli are small gaseous bubbles or PW 2000
solid particles which can block small blood vessels
Detection and quantification methods of such
elements are important for estimation of the risk ®
embolism. An in vitro investigation of four types &
microembolic elements (gas bubbles and solid /\

Overflow tank

elements of different sizes) was carried out. A
silicone model of artery, special blood mimicking
fluid and ultrasound Doppler Profiler (PWZ2000)
were used. An algorithm (Matlab™) was created for
detection and classification of embolic signals usj
2D cross-correlation. The new parameter (Embolus
Strength) for describing embolic signals was
developed. This parameter seems to be independent
from ultrasonic beam shape and flow velocity.
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Introduction Figure 1: Experimental setup.

Acquisition was carried out using multigate Doppler
profiler PW2000 connected to a PC computer with
special GASP software [7]. System allowed collagtin
signals from 64 gates, 1mm wide each. Hardware
settings and parameters during registration:

- f=4MHz — emitted frequency,

PRF=7,86kHz — pulse repetition frequency,

+ f.=510kHz — low pass filter (after demodulation),

Microemboli are small gaseous bubbles or solid
particles which can block small blood vessels. Bite
and quantification methods [1,2,3] of such elemamts
important for estimation of the risk of embolism in
important organs like brain, heart, lungs or linfbkie
toe syndrome) [4]. Investigation with elements
mimicking the microemboli is a necessary phase in
development of such methods. Below presented is a

study of detection of four types of embolic elenseinta * fous=5MHz — samplling frequency,
carotid artery model. . Dpppler angle=60°,

- distance between probe and model center was
Materials and Methods approximately 45mm,

« the transducer was disk shaped with diameter 5mm.

The experiment was carried out in a setup enabling
pulsed flow in a silicone artery model [5]. The rditer 6
of the common branch in which the recordings were
carried out was 7mm. The blood-mimicking fluid waas
mixture of (percentage of weight) water (89,09%),  *
Dextran 70000 (Fresenius-Kabi) (5,69%), glycerin £
(4,99%), EDTA (Carl Roth GmbH) (0,1%), Orgdsol B
2001EXD Nat 1 (Atofina) (0,06%) [6]. The fluid
density was 1,0375g/¢mand viscosity was 4,57mPa*s.

The solid emboli were simulated using chromosorb
particles (Johns-Manville): AW — diameter 149-LiY,

T — diameter 250-350m.

Electrolysis was used to obtain bubbles with
diameters in the range 10-108. Bigger bubbles were
injected using a small syringe and had a diameter o
hundreds of micrometers.

Figure 2: Section of the acoustic pressure disiobuof
the ultrasound probe — contour lines for -6, -16, -20,
-25 dB pressure levels are shown.
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Figure 3: Example of data registered across theeiod
section. The signals due to bigger emboli can ba.se

The signal processing is divided in three parts:

— Calculation of threshold level — A (average
amplitude of the signal registered from pure
blood mimicking fluid), selection of 2D embolic
signal reference (operator's choice) and data
formatting.

Input data:

- Registred data,
- Embolic signal reference,
- Athr - threshold level

— Searching for data blocks containing embolic
signals — two-dimensional cross-correlation
method.

— Calculating characteristic parameters of embolic
signal and results presentation.

The searching procedure starts with area selection
from registered data, having the same size as the
reference. In the next step the candidate is sdal¢ie
same maximum amplitude as the reference signal. All
values below A are treated as background and set to
zero. After this procedure two-dimensional cross-
correlation coefficient of reference and candidate
obtained. If the maximum of the coefficient is gera
than the threshold level 0,5 (experimentally chpstre
candidate is considered as containing embolic &igna
Then the candidate region is centered at the mawiofu
cross-correlation coefficient. Subsequently another
cross-correlation coefficient is computed to detaem
the embolic signal core. The core is a region wilues
of cross-correlation coefficient exceeds thresh|d
(experimentally chosen). The embolic sighal cocatéin
and core coordinates are kept (Fig.4). The proa=dir
computing embolic signal parameters searches the co
region for maxima of embolic signal.

A

selection of the candidate
form registred data

A

Were all registrated
data searched?

Output data:

- Embolic signals coordinates
- Embolic signals cores coordinates

reference and candidate
scaling and preprocessing
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Write coordinates of
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of signal reference and candidate

Area with value of cross-correlation
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Figure 4: Algorithm for embolic signal search wiB cross-correlation method.
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In the last stage the following parameters are
calculated:
—  Apeak— Mean amplitude of embolus.

(s o

n
— EBR - Embolus to Blood Ratio [8].

A
EBR=10log(—2%) @)
Athr
- ES — Embolus strength is the area under
demodulated and filtered single echo (one
emission) containing the maximum peak value of
analyzed signal.

Apeak =

— TD —Time duration — a time between two points

for which amplitude to 4 ratio is less than 3dB.

EBR and TD parameters are calculated for data
picked along time axis (for consecutive emissioRs.
is calculated along the depth axis and correspaads
area under demodulated single echo (one emissiom) f
an embolic element.

Algorithm of this stage is shown in the Fig. 5.

In some cases when two or more emboli appear
within small time interval or space the algorithmaym
result in incorrect values of parameters. For thason
the operator has a possibility to mark the resuglt a
wrongly or correctly calculated.

Input data:
- registred data,

- embolic signals coordinates,
- coordinates of embolic signals cores,
- Athr - threshold level
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area selection
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Maxima detection, fitting a line to the
possitions of embolic signal maxima

A

Detection global maximum
along found line

e

Calculating signal
envelope and smoothing
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Time duration EBR

Embolus strength

Acceptation of results

\

1

Graphical
presentation

Are parameters of
this embolus calculated correctly?
(operator decision)

Yes

Rejection of results

Are all embolus

calculated?

Output data:
- EBR,
- Time duration,
- Embolus strength.

Figure 5: Algorithm of calculating embolic signanameters.
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Figure 6: Typical embolic signal and illustratiohsome
processing steps. The rectangle delimits the emboli
signal core area, dotted line is fitted to signaxima
(for consecutive emissions), the dashed line aleinigh

ES parameter is calculated (for single emission).

As the experimental liquid inevitably contained
aggregates of the Orga8qgbarticles, they must have
resulted in quasi-embolic signals. Such signalsewer
excluded from further processing on the basis efrth
Apeax Value. The knowledge on distribution of these
values was achieved by recording the signal froe th
pure experimental liquid without gaseous nor solid
elements introduced.

Dedicated software for embolic signal detection and
characterization was developed in the MATLAB
environment.

Results

An example of embolic signal indicates clearly the
way the element moved across the area, showing the
lateral (temporal) shift and shift along the ultais
beam (Fig.6).
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Figure 7: Histogram of A. parameter — pure blood
mimicking liquid.
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Figure 8: Histograms of @&« parameter for all
experiments. The part due to the signals from Qi§as
aggregates can be seen in all cases.

The histograms of the A« parameters indicate the
presence of the pseudo-embolic signals resulting fr
Orgaso? aggregates, as well as presence of embolic
signals with larger values of.A«(Figs. 7 and 8).

Mean values and standard deviations of parameters
(calculated from signals classified as embolic) are
shown in Table 1 and Figs. 9-11.

Table 1: Mean values and standard deviations of the
parameters.

Syringe | Electro- | Solid Solid
lysis | particles particles

250- 149-

350um | 177um

EBR 16,66 15,02 14,12 14,82
[dB] 12,45 +1,99 +1,61 +1,43
[a'ff‘ 1,4E+6 6,9E+5 51E+5 4,2E+5
e P +1,1E+6 +3,9E+5| +1,6E+5| £2,7E+5

time]

TD 66,54 36,51 54,47 52,42
[ms] +414 = +138 @ +23,8 +149

The values of the ES parameter are the highest for
big air bubbles, then they decrease for smallbalibles
(electrolysis) and solid embolic elements, accaglyino
their size. Other two parameters show in some cases
unexpected behavior, i.e. the EBR for smaller solid
elements is greater than for bigger solid elemethis,

TD parameter is smaller for electrolytic embolirtHar
solid elements.
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EBR case of the EBR and TD parameters it is necessary t
17.5 find all the maxima (for consecutive emissions)auese
157 the embolic element moves also in the depth dacti
- 1257 — (Fig.6). The errors of fitting a line to all the tdeted
o 107 * maxima affect the values of the TD and EBR. This is
% [ . especially visible when two or more embolic sigrate
7] T registered in the same time interval or at the sdepgh
251 * in short time. These problems are similar to uraiety
0 ‘ ‘ ‘ of beam position and shape, and beam to flow dimect

Syringe  Electrolysis  250-350um  149-177um angle in standard single or dual gate system.

Summarizing, a new approach to analysis of embolic

Figure 9: Mean value of EBR parameter. signals has been presented which makes use of
possibilities provided by the multigate PW2000 idev
N Embolus strength Specifically, it enables to propose a new paramtter
’ characterize the embolic signals, the ES, relabethe
o ETeTT acoustic properties of the element and fairly iséare
£ LOB+6 7 to flow velocity and ultrasonic field properties.
chz 7,5E+5 41— Two other parameters are more sensitive to field
®  5,0E+5 ] distribution (EBR and TD) or flow velocity (TD), vi¢h
2,5E+5 —— — resulted in unexpected values of these parameters i
0,0E+0 ‘ ‘ ‘ some cases.
Syringe  Electrolysis  250-350um  149-177um The continuation of this study will focus on the
selection of pseudo-embolic elements with well roedi
Figure 10: Mean value of ES parameter. acoustic properties and size, as well as on progidi
relation of the acoustic properties of the embolic
Time duration elements and liquid as close as possible to theitio”
70 case.
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