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MotivationMotivationMotivationMotivation
 Doppler ultrasound system 

for measuring blood flow. 

 System is intended to be 
used to assess coronary y
implants and bypasses.

 Quantifying blood flow 
through implants is anthrough implants is an 
important task to ensure the 
surgical process.

R d i b th th i l Reducing both the surgical 
and death risks.

coronary bypasses



MotivationMotivationMotivationMotivation
 Ultrasonic techniques have been successfully used in 

development of medical diagnosis equipment (e gdevelopment of medical diagnosis equipment (e.g. 
obstetrics, cardiology, peripheral vascular system). 

 Instruments based on Doppler ultrasound  principles 
have allowed extracting phase information from the 
echoes of body moving structures.y g

 Development of Doppler techniques in conjunction with 
signal and image processing methods have generated a 
notorious increment in the use of ultrasound.

 Opening new options and displacing other invasive 
methods used up to nowadays.



MotivationMotivationMotivationMotivation
 Doppler ultrasound systems either continuous and

pulsed are non invasive methods for detection andpulsed are non-invasive methods for detection and
evaluation of the blood flow.

 Doppler frequency is proportional to blood velocity in the
l d lsampled volume.
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vv == bloodblood flowflow velocityvelocity
((1414 -- 750750 mm/s)mm/s)

ffoo== transmissiontransmission frequencyfrequencyoo q yq y
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cc == bloodblood USUS velocityvelocity
((15001500 m/s)m/s)

ffdd== DopplerDoppler frequencyfrequencyffdd== DopplerDoppler frequencyfrequency
((100100 –– 76007600Hz)Hz)

 ==AngleAngle betweenbetween beambeam andand thethe
flowflow



MotivationMotivationMotivationMotivation
 As the arterial blood flow is pulsed the Doppler signal has

a spectrum that varies in the time domaina spectrum that varies in the time domain.

 In ideal conditions the Doppler power spectrum has a
similar form to a blood flow histogram in the sampled

lvolume.



MotivationMotivationMotivationMotivation
 The analysis of the Doppler signal gives relative

information to the evolution of the distribution of theinformation to the evolution of the distribution of the
blood particle velocity in the artery.

 An increment in the Doppler frequency range as a result
f t b l i th bl d fl i t i ll d t d t tof turbulence in the blood flow is typically used to detect

artery occlusions and other vascular problems.



IntroductionIntroductionIntroductionIntroduction
 The Doppler Ultrasound Blood Flow Measurement System is

based on an PC architecture that is portable and low-cost,
incorporating the advantages of expensive systems with
dedicated hardware.



IntroductionIntroductionIntroductionIntroduction
 The system incorporates a pulsed-wave bi-directional

Doppler ultrasound flow detector working at 8 MHzDoppler ultrasound flow detector working at 8 MHz.



IntroductionIntroductionIntroductionIntroduction
 Flow direction, signal processing, spectrogram

displaying parameters calculation and a databasedisplaying, parameters calculation and a database
handling subsystem complete the system.
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IntroductionIntroductionIntroductionIntroduction
 A conventional method to determine and display the

spectral information is real time spectral analyzer. Signal
f i f ti i di l d lit dfrequency information is displayed as an amplitude
graphic spectral components versus frequency.

 As velocity is periodic, Doppler signal is cycle-stationary
and the Doppler spectrum shows variations in the mean
frequency and shape along the cardiac cycle.
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IntroductionIntroductionIntroductionIntroduction
DOPLER SIGNAL PROCESSING
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IntroductionIntroductionIntroductionIntroduction
 Processing module includes different processing

capabilities and calculates automatically the Pulsatility
Index, Resistance Index and volumetric flow. The software
can also process the Doppler signal using a CFFT
(Complex Fast Fourier Transform) algorithm or an AR-
M difi d C i l ith ] t i li th t lModified Covariance algorithm] to visualize the spectral
broadening due to possible stenosis.



IntroductionIntroductionIntroductionIntroduction
 The Doppler blood flow signal is represented by a

spectrogram where the horizontal axis is time [s], thespectrogram where the horizontal axis is time [s], the
vertical axis is frequency [Hz] or Volumetric Flow [ml/min].
Amplitude is represented with a color proportional to its
magnitude.



IntroductionIntroductionIntroductionIntroduction
 A graphical user interface is provided for controlling and

monitoring the whole system. The software was
developed using C++ and Open GL for graphics display.



Design and ConstructionDesign and ConstructionDesign and ConstructionDesign and Construction
Using the Finite Element Method (FEM) an 8MHz ultrasonic Using the Finite Element Method (FEM) an 8MHz ultrasonic 
transducer was simulated and all the componentstransducer was simulated and all the componentstransducer was simulated and all the components transducer was simulated and all the components 
associated were introduced.associated were introduced.

COMSOL software was used in the simulationCOMSOL software was used in the simulationCOMSOL software was used in the simulation.COMSOL software was used in the simulation.



Design and ConstructionDesign and ConstructionDesign and ConstructionDesign and Construction
Physical properties of the parameters used 

in the COMSOL simulationin the COMSOL simulation.

Parameter Piezoelectric
Ceramic

Insulcast 501 
(Backing)

Rexolite Cyanoacrylate
Ceramic (Backing)

Density 7800
[Kg/m3]

3860
[Kg/m3]

1050
[Kg/m3]

1050
[Kg/m3][Kg/m ] [Kg/m ] [Kg/m ] [Kg/m ]

Young
Module

1X1011

[N/m2]
0.19X1011

[N/m2]
31.02X1011

[N/m2]
78.5X106

[N/m2]
P i 0 34 0 30 0 37 0 34Poisson
Module

0.34 0.30 0.37 0.34

Thermal -5x10-6[1/K] 75x10-6 [1/K] 70x10-6

/
100x10-6 [1/K]

Expansion
Coefficient

[1/K]



Design and ConstructionDesign and ConstructionDesign and ConstructionDesign and Construction
 UsingUsing thethe physicalphysical propertiesproperties ofof thethe parametersparameters presentedpresented inin

thethe previousprevious tabletable andand COMSOLCOMSOL aa simulationsimulation waswas mademade..



Design and ConstructionDesign and ConstructionDesign and ConstructionDesign and Construction
 CeramicsCeramics withwith electricalelectrical connectors,connectors, thesethese werewere gluedglued usingusing

cyanoacrylatecyanoacrylate solderingsoldering toto thethe plasticplastic tubetube..y yy y gg



Design and ConstructionDesign and ConstructionDesign and ConstructionDesign and Construction
Transducer A with Rexolite (matching element)



Design and ConstructionDesign and ConstructionDesign and ConstructionDesign and Construction
Transducer B with Rexolite (matching element)Transducer B with Rexolite (matching element)



ResultsResultsResultsResults
Transducer radiation



ResultsResultsResultsResults
Impedance PlotImpedance Plot



ResultsResultsResultsResults
TheThe simulationsimulation showsshows thethe piezoelectricpiezoelectric ceramicceramic andand RexoliteRexolite

vibrating,vibrating, thethe vibrationvibration modemode andand mechanicalmechanical stressstress areare shownshown..



ResultsResults
AC analysis shows the resonance frequency at 4.5MHz



ResultsResultsResultsResults
 Testing of the angled ultrasonic transducer in the

laboratory was conducted using a blood flow “phantom”laboratory was conducted using a blood flow phantom
system which includes an electronic controlled pump that
emulates different flows and heart rates through 2–4 mm
diameter vessels. A mimic blood fluid was used to
produce the Doppler effect when passing through the
vessels.



ResultsResultsResultsResults
 The angled ultrasonic transducer has also been tested in

real open-heart surgeries in patients that had coronary
implanted graftsimplanted grafts.



ResultsResults
 The angled ultrasonic transducer has been tested successfully

in the laboratory (with synthetic signals in a “phantom”) and

ResultsResults

in the laboratory (with synthetic signals in a phantom ) and
during real surgery, giving important information about the
quality of blood flow, providing the cardiovascular surgeon with
an suitable tool for detecting anomalies during graft surgery.an suitable tool for detecting anomalies during graft surgery.



ConclusionsConclusions
 An angled ultrasonic transducer for measuring blood flow

has been presented

ConclusionsConclusions

has been presented.

 The angled transducer showed a good performance
working with the associated electronics, in both, the
l b t d i i t tlaboratory and in vivo tests.

 The performance of the transducer was according with
the FEM simulation and the resonance frequency valueq y
was 4.5 MHz probably due to bonding problems.

 The angled transducer as an important part of the system
is intended to be used in coronary implants andis intended to be used in coronary implants and
bypasses, aiming to verify the quality of flow in coronary
grafts being this essential for the success of a heart
surgery.g y



ConclusionsConclusions
 Quantifying the blood flow in the implants/bypasses is an

important task to ensure the surgical process thus reducing

ConclusionsConclusions

important task to ensure the surgical process, thus, reducing
both the post-surgical and death risks.

 Both the transducer and the system have been tested
f ll i th l b t d d i l i isuccessfully in the laboratory and during real surgery, giving

important information about the quality of blood flow, providing
the surgeon with an suitable tool for detecting anomalies during
the coronary graft surgerythe coronary graft surgery.

 Further work is being carried out, aiming to provide better angled
transducers and software tools that can help in the interpretation
of the Doppler grafts signals database.
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