Journal of Southeast University ( English Edition)

Vol. 26, No.1, pp. 82 -86

Mar. 2010 ISSN 1003—7985

A system for evaluation
of ultrasound contrast agent’s enhancement effect

Chen Ping'  Yang Fang' Fang Kun'

Gu Aiyuan’

Qian Zhuoyu’® Wang Peng' Gu Ning'

('Jiangsu Key Laboratory for Biomaterials and Devices, Southeast University, Nanjing 210096, China)
(*Belson Imaging Technology Co., Ltd., Wuxi 214092, China)
(*Imaging Science and Technology Laboratory, Southeast University, Nanjing 210096, China)
(*Jiangsu Province Institute of Metrology and Testing Technology, Nanjing 210007, China)

Abstract: A system for in vitro investigation of ultrasound
contrast agent’s enhancement effect is presented and evaluated. It
includes the digital B-mode ultrasound scanner Belson3000A, the
tissue-mimicking ultrasound phantoms and the software which is
used for image quantitative analysis. The linear range, optimal
settings and repeatability of the system are assessed and explored
by scanning the ultrasound phantoms with different reflective
intensities. The measurements are performed under an acoustic
power from 4. 8 to 12. 3 mW, the scanner centre frequency is 3. 5
MH and the gain setting is 50 dB. Both a self-made surfactant
encapsulated microbubble and a commercial ultrasound contrast
agent are scanned. The results show that the pixel intensity of
ultrasonic images increases with the increase in the sound power,
and for the stronger reflective phantoms of more particles, the
increasing trend is much more evident. The system is optimal for
evaluating the microbubble contrast agents’ enhancement effects.
It presents a simple, effective and real-time means for
characterizing the enhancement ability of microbubbles.
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n recent years, encapsulated microbubbles as ultrasound
I contrast agents ( UCAs) have aroused much interest
because of their excellent characteristics for enhancing the
contrast effects of US imaging'" and for being a novel drug
delivery carrier™™ . Compared with the traditional medical
ultrasound imaging, the application of ultrasound contrast
agents can significantly improve the detection of vascular
and microcirculatory lesions, especially for the heart, liver,
kidney and other functional organs. Therefore, creating mi-
crobubbles, characterizing their properties and exploring
their behaviors under ultrasound fields have become a prima-
ry research focus in the medical ultrasound field"” ™. Estab-
lishing a system for in vitro evaluation of ultrasound contrast
agents is the basis for further related research work.

Tissue-mimicking ultrasound phantoms is originally de-
veloped for performance testing and the optimization of
medical ultrasound equipment as well as for medical training
projects'™ . In particular, some reports show that the
phantom is useful for the study of ultrasound contrast agent
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microbubbles. Caskey et al. "' explored the relationship be-
tween microbubbles and phantoms under ultrasound expo-
sure. Demitri et al. "' observed microbubbles in the pipeline
within the phantom which simulates the micro vessels in
vitro.

The backscatter ability would be deduced from the chan-
ges in pixel intensity under a suitable setting. So the micro-
bubble contrast agents’ enhancement effects can be known
by studying the pixel intensity of their images. However,
the suitable setting of imaging equipment plays an important
role during the imaging process and changes for different re-
flective ability imaging objects. The reflective intensity of
the phantoms can be controlled and diversified by adding re-
flective particles, so the phantoms with reflective particles
are ideal imaging objects for scanning to explore the most
suitable setting of the system. They are not expected to sim-
ulate the backscattering properties of microbubbles.

The phantom provides a better background for microbub-
ble ultrasound imaging than water. When the solution is in-
troduced into the pipeline in the phantom, just like the ves-
sel in the tissue, the region of interest( ROI)is located with-
in the pipeline. The activity state of all microbubbles can be
observed through real-time ultrasound imaging. This cannot
be achieved when introducing the sample solution into a sink
for scanning.

In this paper, a platform used for evaluating the enhance-
ment effects of ultrasound contrast agent microbubbles is
constructed. The phantom has two roles in the study, one
for exploring the suitable setting of the imaging system and
the other as the pipeline for the sample. Both the commer-
cial contrast agent microbubbles and the surfactant micro-
bubbles are scanned and their images grayscales are quanti-
fied. The results indicate that the system has good accuracy
and repeatability. It is an effective and intuitive method for
the evaluation of ultrasound contrast agents.

1 Materials and Methods
1.1 Preparation of ultrasound phantom

The procedures for the preparation of a phantom is identi-
cal to those described in other works!"”'. The agar powder
(Sunshine Bio-Technology Co., Ltd., Nanjing, China),
glycerol( Sinopharm Chemical Reagent Co., Ltd., Shang-
hai, China), metal particles and distilled water are used to
prepare the ultrasound phantom. The ratio of agar, glycerol
and distilled water follows the mass ratio 3 : 4 : 90, and the
metal particles, as the sound reflectors, influence the back-
scatter character of the phantom. The mixture is heated to a
temperature of 90 C and held there for more than half an
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hour until the mixture becomes viscous and transparent.
During the whole process, the suspension is continuously
stirred with a glass rod to prevent aggregation. Then the so-
lution is poured into a mould container, where it is cooled
down at room temperature and takes on an ideal and solid
form. Small air bubbles which get mixed into the solution
during preparation must be eliminated.

The container in which the mixture is to cool down is a
mould made of plexiglass. Medical silicone tubes(6 mm x 9
mm) are previously set in the mould. After the phantom is
formed, the silicone tubes are removed, leaving the channel
in the phantom. At the bottom and the wall of the contain-
er, there is a layer of sound-absorbing sponge to absorb the
echo and avoid interference. The channels with a diameter
of 9 mm, curving downward into an arc are located in the
phantom. The distance between the pipeline’s deepest point
and the upper interface of the phantom is 40 mm. This lay-
out is beneficial for fixing the sample solution to ultrasound
imaging. The schematic diagram of the system is shown in
Fig. 1. The system includes the phantom, the scanner and
the image processing PC. Microbubble suspension is injec-
ted into the pipeline in the phantom.

Besides, phantoms with different reflection properties are
prepared in a column ( The diameter is 3.5 cm, and the
height is 2 cm) for the experiments. The concentration of
metal particles in a phantom is 0, 0.02 and 0. 04 g/mL, re-

spectively.
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Fig. 1 Schematic diagram of the system

1.2 Preparation of microbubble

The surfactant-encapsulated microbubbles are prepared by
acoustic emulsification according to Refs. [ 16 —17]. Span
60 (1.48 g, Sinopharm Chemical Reagent Co., Ltd.,
Shanghai, China), NaCI(1.5 g, Guangdong Xilong Chem-
ical Co., Ltd., China), Tween 80 (1 mL, Sinopharm
Chemical Reagent Co., Ltd., Shanghai, China)and phos-
phate buffered saline (PBS, pH =7.4 £0.1, 50 mL) are
mixed and grinded with a pestle in a mortar for 5 min. Then
the solution is stirred, heated to a temperature of 60 C and
held there for 20 min. Next, the cooled solution is probe-
sonicated in a 250 mL beaker continuously at 110 W con-
stantly purging a steady stream of nitrogen gas for 90 s. The
final solution has three distinct layers. The experienced mi-
crobubble samples are collected from the middle layer. The
upper larger bubble samples and the lower residue are dis-
carded. When the microbubble solution is used for ultra-
sound imaging, it needs to be diluted ( approximately 10’
bubbles/mL) with PBS(pH =7.4 0. 1).

The commercial contrast agent is prepared half an hour

before ultrasound imaging according to the manufacturers’
specifications. When imaging, it also needs to be diluted to
the same concentration as the self-made microbubbles.

The mean diameter of the bubbles are characterized by a
microtrac S3500 particle size analyzer( Microtrac Inc, US).
The size distribution of the self-made surfactant-encapsula-
ted bubble is shown in Fig. 2. The diameters of 90% of the
bubbles are less than 30 pm, and those of 50% of the bub-
bles are less than 10 wm. A small amount of bubbles’ sizes
are greater than 30 pwm as a result of aggregation. Optical
microscopy is also employed to observe the morphology of
the self-made microbubbles and the commercial contrast a-
gent microbubbles. The images are displayed in Fig. 3.
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Fig. 2 Size distribution for surfactant microbubbles

Fig. 3 Optical microscope photographs of the microbubbles.
(a) Self-made microbubbles; (b) Commercial contrast agent micro-
bubbles

1.3 Scanner and software

The imaging equipment used in the experiment is the dig-
ital B-mode diagnostic ultrasonic instrument Belson3000A
(Belson Imaging Technology Co., Ltd., Wu Xi, China)
with a 3.5 MHz R60 convex array probe and a 7.5 MHz
linear array probe. The sound power can be varied by chan-
ging the source voltage which controls the excitation pulse
amplitude. And it is also influenced by the settings of detec-
tion depth and focus position. The scanner’s output is cali-
brated by the portable BCZ100-1 microwatt-level ultrasonic
power meter ( Langfang Institute of Measurement and Tes-
ting, Hebei province, China) when the detection depth is set
to be 98.3 mm and the focus position is located at 80 mm
before the probe. Tab. 1 shows the measurement results of
the sound power changing with the source voltage.

The software used for image processing and quantified
gray-scale is developed based on Microsoft Visual C ++6.0
(Microsoft). When a pixel point is selected within the re-
gion of its valid range, the gray value of this local point will
be acquired. Pixel intensity within a selected area ROI can
be calculated. The accuracy of the software is validated by
the commercial software Photoshop( Adobe) .
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Tab.1 Calibration of the sound output

Source Sound power/mW
voltage/V 3.5 MHz 7.5 MHz
40 4.8+0.1 3.4+0.1
45 5.8+0.1 4.3+0.1
50 7.1+0.1 5.0+0.1
55 8.2+0.1 5.9+0.1
60 9.3+0.1 7.2 0.1
65 11.2 0.1 8.1=+0.1
70 12.3 +0. 1 9.0+0.1

2 Ultrasound Imaging
2.1 Phantom scan

The aim of scanning the phantom is to find suitable and
ideal setting parameters of the overall gain and the sound
power, as the overall gain setting and the sound intensity of
the system are the most important factors for the results of
the imaging. Different reflection property phantoms are im-
mersed into the degassed water for imaging. In this paper,
ten different gain settings from 10 to 100 dB are used, and
measurements are performed under seven levels of acoustic
power when the frequency is 3.5 MHz (see Tab. 1).

The final acquired image is a complex result that comes
from the object and the equipment settings such as the over-
all gain, time gain compensation( TGC), dynamic range,
focus position, detectable depth and so on. So it is more
practical and efficient to assess the linear range in terms of
the average pixel intensity of the final image.

2.2 Microbubbles scan

The diluted agent solution(3. 5 mL)is introduced into the
arc pipeline in the phantom. The sound power used in this
experiment is 4. 8 mW corresponding to a source voltage of
40 V. Once the sample solution is introduced, the images
are stored every 10 s. Then the ROI( approximately 2 700
pixels)is located within the pipeline in the phantom exclu-
ding the walls of the channel, and the average pixel intensi-
ty of the ROI is calculated. The measurements of the two
kinds of microbubbles are repeated 3 times.

3 Results and Discussion
3.1 Ideal setting of the system

During the process of scanning the phantom, there is an
absorber sponge at the bottom of the sink to prevent multiple
reflections. The images are shown in Fig. 4 when the overall
gain is 50 dB and the source voltage is 40 V. Fig. 4(a) cor-
responds to the phantom with a particle concentration of

—

Fig.4 Images of phantom with different concentrations of
metal particles. (a) Phantom with the particle concentration of 0. 04
g/mL; (b) Phantom with the particle concentration of 0 g/mL

0.04 g/mL and Fig.4(b) corresponds to the phantom with
a particle concentration of 0 g/mL. The light region at the
lower position is the sponge; the black background is de-
gassed water and the rectangular brighter region in the center
is the vertical section of the cylindrical phantom. For quan-
titative analysis, the ROI is placed in the interior of the
phantom and the strong reflection interfaces are not includ-
ed. The ROI is approximately 12 000 pixels.

Fig. 5 is a plot of the average pixel intensity over the ROI
of the phantom against the overall gain setting when the
sound power is 4.8 mW. The concentrations of reflective
particles in the phantom are 0, 0.02 and 0. 04 g/mL, re-
spectively. For the lowest reflective intensity phantom, the
pixel intensity has no significant change when the gain is be-
low 50 dB; for the highest reflective intensity phantom, the
pixel intensity has no significant change when the gain set-
ting is beyond 70 dB. For the phantom with a particle con-
centration of 0. 02 g/mL, it changes with a consistent trend
for the whole gain setting range. And the corresponding in-
tensity of the pixel is between 40 and 175 (for 256 gray-
scales). The trends are greatly consistent when the source
voltage is changed from 40 to 70 V except that the gray-
scales are brighter when the voltage is higher.
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Fig. 5 Changes of average pixel intensities of phantom vs.

overall gain setting

In Fig. 6, the graph presents the reflective ability of the
phantom against sound intensity for a gain of 50 dB. The
concentrations of reflective particles in each phantom are 0,
0.02 and 0. 04 g/mL, respectively. For the three objects,
their pixel values increase with the increase in the sound
power. But the more obvious fact is that the pixel intensity
increases much faster with the increase in the sound power
for the stronger reflective phantoms with more particles.
This can also be seen from the fitting function; the slopes of
0.809 1, 0.616 5 and 0. 157 7 are calculated for the phan-
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Fig. 6 Changes of average pixel intensities of different phan-
toms vs. overall gain setting
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toms with particle concentrations of 0.04, 0.02 and 0
g/mL, respectively. Besides, a much better linear relation-
ship between the average pixel intensity and the sound pow-
er is found for the phantoms with particle concentrations of
0.02 and 0. 04 g/mL.

A better linear relationship between the sound power and
the average pixel intensity can be achieved by increasing the
concentration of the reflector in the phantom. But for the
stronger reflective phantoms, the change trends of the pixel
intensity are different between the high overall gain setting
and the low overall gain setting. The result is an important
guidance for the following microbubble ultrasound imaging.
For a certain kind of microbubbles, the concentration is the
main factor influencing the relationship between the pixel in-
tensity and the backscatter properties of the sample solution.
A suitable concentration of a microbubble solution should be
obtained when it is used for ultrasound imaging to deduce
the backscatter properties of microbubbles from the pixel in-
tensity of an image, thus avoiding the nonlinearity for the
low concentration and the non-consistent change trend for
the high concentration.

3.2 Enhancement effect of microbubbles

The feasibility of the platform can be further tested and
verified by the study of the self-made surfactant microbub-
bles and the commercial contrast agent microbubbles. The
concentration of microbubbles should keep the system work-
ing within a linear range. This means that the relationship
between the pixel intensity and the overall gain is linear( see
Fig. 5). Fig. 7(a) refers to the degassed water in the pipe-
line, which almost has no echo from the solution; Fig.7(b)
refers to a lower concentration( approximately 10° microbub-
bles/mL) suspension of microbubbles; Fig.7(c) refers to an
appropriate concentration ( approximately 10" microbubbles/
mL) with a brighter region within the pipeline comparing
with the background of the phantom; Fig.7(d) refers to the
highest concentration ( approximately 10°microbubbles/mL)
solution which results in the low border becoming fuzzy.
The sound power is 4. 8 mW and the gain is 50 dB.

(a) (b)

(¢) (d)

Fig.7 Ultrasound images of microbubble suspensions

The plots of the average pixel intensity over ROI vs. time
for self-made surfactant encapsulated microbubbles and the
commercial contrast agent microbubbles are shown in Fig. 8
(The sound output is 4. 8§ mW and gain is 50 dB). The re-
sults show that both the bubbles can enhance the contrast for
1 min at least. The brightness of the ROI in the centre of

pipeline reduces over time during the first 40 s. When the
solution is gently stirred at the time point of 50 s, the pixel
intensity of the contrast imaging can be resumed with only a
little decrease. But the total reflective effect of the ROI
drops down with the time again. The stability and enhance-
ment trends of the self-made microbubbles are almost the
same with those of the commercial contrast agent microbub-
bles.
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Fig. 8 Changes of average pixel intensities for two types of
microbubbles vs. time

The pixel intensity for the surfactant bubbles and the com-
mercial contrast agent bubbles displayed in the graph shows
that the system setting is appropriate for the concentration of
the microbubble solution. The pixel intensity changes from
70 to 160 and this means that the assessed results are accu-
rate and reliable within the linear range of the system. The
reflective abilities of the surfactant encapsulated microbub-
bles and the commercial contrast agent microbubbles reduce
with time. The reduction trend can be attributed to the ag-
gregation of microbubbles because of the buoyancy and ad-
sorption. The bubbles cluster at the upper wall of the pipe-
line. The pixel intensity at the time point of 50 s is a little
lower when compared with the pixel intensity at the time
point of 10 s. This is likely to be caused by the destruction
of small amount bubbles under ultrasound exposure.

4 Conclusion

An experiment system for in vitro study of contrast agent
microbubbles is constructed and evaluated, which includes
ultrasound scanner, phantom and quantitative software. The
linearity range for the system is assessed with phantoms with
different reflective properties. The stability of the self-made
surfactant encapsulated microbubbles is explored. At the
same time, based on the system, the ultrasound imaging en-
hancement effects are also studied. The results show that the
phantom based system is feasible and reproducible. It can be
used as the evaluation platform for ultrasound contrast
agents microbubbles. Of course, under such a system the
other detailed influence factors, such as the concentration,
size, and membrane shell of bubbles, sound power and so
on, will be further studied in forthcoming research. The
particle size distribution of the self-made surfactant encapsu-
lated microbubbles is wide. Some larger microbubbles are
needed to be removed for further detailed research.
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