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Time-synchronized measurement and cyclic analysis of
ultrasound imaging from blood with blood pressure in the mock
pulsatile blood circulation system
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ABSTRACT: Hemodynamic information in the carotid artery bifurcation is very important for understanding the
development and progression mechanisms of cerebrovascular disease and for its early diagnosis and prediction of
the progress. In this paper, we constructed a mock pulsatile blood circulation system using an anthropomorphic
elastic vessel of the carotid artery bifurcation and ex vivo pig blood to acquire ultrasound images from blood and
vessels synchronized with internal pressure while controlling the blood flow. Echogenicity, blood flow velocity,
and blood vessel wall motion from the ultrasound images, and internal blood pressure were extracted over a cycle
averaged from five cycles when the pulsatile pump rates are 20 r/min, 40 r/min, and 60 r/min. As a result,
respectively, the peak systolic blood flow velocities were 20 cm/s, 25 cm/s, and 40 cm/s, the blood pressure
differences were 30 mmHg, 70 mmHg, and 85 mmHg, the arterial walls were expanded to 0.05 mm, 0.15 mm, and
0.25 mm. Time-delayed cyclic variation of echogenicity compared to blood flow and pressure was observed, but
the variation was minimal at 20 r/min. Time-synchronized cyclic variations of these parameters are important
information for accurate input parameters and validation of the computational hemodynamic experiments which
will provide useful information for the development and progress mechanisms of carotid artery stenosis.
Keywords: Ultrasound imaging, Blood pressure, Time-synchronized cyclic variation, Red blood cell aggregation,

Pulsatile blood flow
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Function
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Fig. 1. The integrated ultrasound system synchronized with pressure signal and the mock pulsatile blood circulation
system. (a) Ultrasound imaging system (GE Voluson e, GE Healthcare, Austria). (b) Pulsatile blood circulation system
using pulsatile pump (Model 55-3305, Harvard Apparatus Corp, Holliston, MA, USA). (c) Synchronization system
with trigger signal using 5 MHz transducer (NDT-V326, Panametrics, Waltham, MA, USA) and intravascular pressure
sensor (MPC-500, Millar Instruments, Burnaby, B.C. Canada) to measure the inner pressure. (d) Data acquisition system.
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Measurement region
r———

-

Fig. 2. The carotid artery bifurcation phantom of
normal person. The elasticity of phantom is similar to
human arterial wall. The inner diameter of the
phantom at the measurement region is 6 mm.
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Fig. 4. (a) Spectral Doppler waveform at 60 r/min
with 5 MHz trigger signals. (b) Extracted blood flow
velocity for image processing. (c) Ultrasound B-mode
image and the window for averaging of echogenicity
over 500 pixel x 50 pixel for temporal variation
during a cycle. The fluid used in this ultrasound
images is porcine blood.
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Fig. 3. The Block diagram of time synchronized system of pulsatile pump, pressure signal, and ultrasound imaging
system. A trigger signal is generated by a motion sensor of a pulsatile pump, and the one goes to a function
generator (33120A, Hewlett Packard) to send a pulse to a 5 MHz transducer for synchronization with ultrasound
image and pump motion, and the other initiate DAQ board (NI USB-6009, National Instruments) to collect the

pressure signals.
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Fig. 5. The time synchronized data pressure, blood
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These results are data from porcine blood samples.
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