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A method of intracranial ultrasound imaging applied in
detecting a cranial blood vessel having blood filled with
micro-bubbles formed by an injected contrast agent and
generating blood vessel images includes: (1) emitting a
plurality of ultrasound signals having bandwidths to the
cranial blood vessel in sequence, (2) receiving an echoed
signal from a micro-bubble, (3) performing a spectral analy-
sis on the echoed signal and extracting a low-frequency
response, the bandwidth of the low-frequency response
similar to the bandwidth of the ultrasound signal, and (4)
calculating a location and a depth of the micro-bubble in the

(51) Int. CL cranium according to the low-frequency response and gen-
A61B  8/00 (2006.01) erating a corresponding blood vessel image.
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METHOD OF INTRACRANIAL ULTRASOUND
IMAGING AND RELATED SYSTEM

BACKGROUND OF INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a method of intrac-
ranial ultrasound imaging, and more particularly, to a
method of intracranial ultrasound imaging by using an
ultrasound contrast agent and a specific signal process.

[0003] 2. Description of the Prior Art

[0004] Medical ultrasound instruments have the advan-
tages of safety and low price. Therefore, technology for
ultrasound imaging has been widely used in clinical diag-
nosis, such as heart, abdominal region, and gynecological
examinations.

[0005] However, ultrasound signals are dramatically
attenuated when transmitted through the cranium surround-
ing the brain. Thus, ultrasound imaging technology is mostly
applied in detecting whether the linear structure shifts or a
ventricle expands inside the cranium, and is seldom applied
in diagnosis of brain diseases, such as brain hematoma,
arteriovenous aneurysm, arteriovenous malformation, etc.
Usually, expensive instruments, such as computer axial
tomography (CAT) and nuclear magnetic resonance (NMR)
devices, are used to take intracranial images. The following
describes improvements and studies for intracranial ultra-
sound imaging.

[0006] One way is to examine specific parts, such as a
newborn’s unclosed fontanel, an adult’s foramen magnum,
or an eyehole, by a wide-angle sector scanner. However,
ultrasound signals and imaging are thus confined to such
specific parts, and many areas inside the cranium cannot be
detected, especially for children over one year old or adults.

[0007] Secondly, scan converters with higher resolution
and transducers with higher frequency have been developed
recently. The resolution of ultrasound images is improved by
the technology of emitting and receiving signals by high
frequency. However, the above technology and tools still
cannot overcome the attenuation issue when a high-fre-
quency ultrasound signal travels through the cranium, and
thereby images of heart-related diseases or images inside the
cranium cannot be obtained clearly. The prior art still utilizes
low-frequency signals to reduce the attenuation, but the
image resolution is extremely poor.

[0008] Thirdly, in order to receive signals from the blood
stream, an injection of contrast agent into blood or lymph
has been used. Micro-bubbles of such a contrast agent are
helpful in creating better acoustic wave feedback. Therefore,
the purpose of signal improvement is achieved, which
assists in measuring related parameters.

[0009] Please refer to FIG. 1, which is a frequency
spectrum of ultrasound echoed signals associated with the
contrast agent. As shown in FIG. 1, there are a fundamental
response 11, a second harmonic response 12, and a subhar-
monic response 13. The latter two are non-linear responses
and require higher emitting sound pressure to stimulate
micro-bubbles, wherein the sound pressure required by the
subharmonic response 13 is the highest.

[0010] The fundamental response 11 can be found in
blood-flow and peripheral tissue, and thereby the fundamen-
tal response 11 cannot be used for comparison and recog-
nition.
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[0011] For one thing, after the second harmonic response
12 travels through the cranium, the second harmonic
response 12 is dramatically attenuated due to its high
frequency. Additionally, the second harmonic response 12
also occurs in mammal tissues. So it is difficult to use the
second harmonic response 12 to distinguish between blood,
lymph, and peripheral tissue.

[0012] The obvious subharmonic response 13 is excited by
high pressure, which causes micro-bubbles to break more
easily. If the method is used for intracranial imaging, micro-
bubbles breaking might be a threat to the brain.

SUMMARY OF INVENTION

[0013] 1t is therefore a primary objective of the claimed
invention to provide a method of intracranial ultrasound
imaging not confined to specific parts and related system to
solve the above-mentioned problem.

[0014] The claimed invention provides a method and
system to efficiently obtain signals from the blood stream
inside the cranium and generate images.

[0015] The claimed invention also provides a precise and
safe method and system to generate intracranial ultrasound
images.

[0016] The claimed invention can detect a cranial blood
vessel having blood filled with micro-bubbles formed by a
contrast agent, and generate images. The system includes an
ultrasound transducer, a transmitter module connected to the
ultrasound transducer, a receiver module, and a signal pro-
cessing module.

[0017] The method of the claimed invention includes:

[0018] (1) The transmitter module generates a driving
signal to drive the ultrasound transducer to emit a plurality
of ultrasound signals having bandwidths, each of which is a
short pulse, to a cranial blood vessel. The attenuation of
signals analyzed by the claimed invention is slight. There-
fore, the ultrasound transducer can emit ultrasound signals
from any intracranial areas to travel through cranial bones
into the cranial blood vessel.

[0019] (2) The ultrasound transducer senses an echoed
signal from micro-bubbles and conveys the echoed signal to
the receiver module.

[0020] (3) The signal processing module receives the
echoed signal and performs a spectral analysis on the echoed
signal to obtain a fundamental response, a second harmonic
response, a subharmonic response, and a low-frequency
response. The low-frequency response occurs at a part close
to a DC component of the frequency spectrum. The band-
width of the low-frequency response is similar to the band-
width of the fundamental response or the bandwidth of the
emitted signal. The generation of the low-frequency
response can be supported by the theory and experimental
results of the claimed invention. When micro-bubbles are
excited by the dual-frequency acoustic signal with its two
frequencies (of suitable transmission bandwidth) being close
enough. A difference between the two frequencies, which is
close to a DC component of the frequency spectrum (i.e., the
low-frequency response) will be excited to form the low-
frequency response.

[0021] (4) The signal processing module uses a band-pass
filter to capture the low-frequency response to avoid distur-
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bance from direct current and fundamental frequency. This
step only retains signals from the blood vessel and it is very
helpful for generating images.

[0022] (5) The location and depth of micro-bubbles in the
cranium are calculated based on the low-frequency
response, and blood vessel images are generated accord-
ingly.

[0023] The entire quality of ultrasound images depends on
emitted and received signals. The prior art cannot overcome
the attenuation issue when signals travel through the cra-
nium, and thereby low-frequency signals are emitted and
received to get low-resolution images. However, the claimed
invention can improve the above issue. The claimed inven-
tion emits high-frequency signals and receives the low-
frequency response from the echoed signal of the micro-
bubble. Although the attenuation occurs when signals are
emitted, the low-frequency response of the echoed signal is
attenuated quite less than the high-frequency signal. There-
fore, the claimed invention emits signals having proper
strength, or adds proper strength to signals when signals are
emitted, such that the low-frequency response can be gen-
erated after the ultrasound signal travels through the cra-
nium, and clear blood vessel images can be generated. In
other words, the claimed invention adopts the method of
emitting high-frequency signals and receiving low-fre-
quency signals instead of emitting and receiving low-fre-
quency signals to improve the resolution of images.

[0024] The claimed invention adopts the low-frequency
response, which is not excited by high pressure as the
subharmonic response, and thereby there is no micro-bubble
break issue. Compared to the prior art, the claimed invention
provides a safer method of intracranial ultrasound imaging.
The claimed invention can not only generate images of
human craniums, but also can be applied in other organs of
mammals, especially organs obstructed by bone. Also, the
claimed invention can be implemented in crack detection in
steelwork. The claimed invention overcomes the dramatic
attenuation when ultrasound signals travel through media
having high attenuation factors, which results in images with
low resolution.

[0025] These and other objectives of the present invention
will no doubt become obvious to those of ordinary skill in
the art after reading the following detailed description of the
preferred embodiment that is illustrated in the various fig-
ures and drawings.

BRIEF DESCRIPTION OF DRAWINGS

[0026] FIG. 1 is a frequency spectrum of echoed ultra-
sound signals in the prior art.

[0027] FIG. 2 is a diagram of an intracranial ultrasound
imaging system based on the present invention.

[0028] FIG. 3 is a flowchart of the intracranial ultrasound

imaging system based on the present invention.

DETAILED DESCRIPTION

[0029] Regarding the above description and detailed tech-
nology of the present invention, a best embodiment with
drawings are disclosed as follows.

[0030] Shown in FIG. 2 is a diagram of an intracranial
ultrasound imaging system implemented in an ultrasound
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system. To shed light on the present invention, the best
embodiment detects a cranial blood vessel and generates a
corresponding image. The contrast agent is injected into the
cranial blood vessel by intravenous injection in advance so
that the blood of the cranial blood vessel has a lot of
micro-bubbles. The system comprises an ultrasound trans-
ducer 21, a transmitter module 22, a receiver module 23, and
a signal processing module 20. The signal processing mod-
ule 20 includes a filter unit 25, a low-frequency capture unit
26, and an image unit 27.

[0031] Please refer to FIG. 3, which is a flowchart of
intracranial ultrasound imaging. The steps are as follows.

[0032] Step 31: The transmitter module 22 generates a
driving signal to the ultrasound transducer 21. The ultra-
sound transducer 21 is nestled anywhere on the patient’s
head in advance.

[0033] Step 32: According to the driving signal, the ultra-
sound transducer 21 emits a plurality of ultrasound signals
having bandwidths to the cranial blood vessel. Due to the
quality of ultrasound images depending on emitted and
received signals, the present invention emits high-frequency
signals to obtain a better resolution of images. In addition,
the present invention adds strength compensation to the
emitted signal so that the energy is enough to generate the
low-frequency response after traveling through the cranium,
and clear images can be generated. The strength compen-
sation is calculated according to the product of the strength
of the emitted signal and an attenuation factor. Generally, the
attenuation factor is 1.3 dB/cm.MHz

[0034] Step 33: The ultrasound transducer 21 receives an
echoed signal from a micro-bubble and conveys the echoed
signal to the receiver module 23.

[0035] Step 34: The receiver module 23 conveys the
echoed signal to the filter unit 25 of the signal processing
module 20 to filter the echoed signal so as to improve the
quality of the detected echoed signal.

[0036] Step 35: The low-frequency capture unit 26
receives the echoed signal from the filter unit 25, and
performs a spectral analysis on the echoed signal. According
to the frequency distribution of the echoed signal, a funda-
mental response 41 whose central frequency and bandwidth
are quite similar to those of the ultrasound signal is obtained,
and a low-frequency response 42, which is close to a DC
component, is obtained. Then a band-pass filter is used to
extract the low-frequency response 42. The bandwidth of the
low-frequency response 42 is similar to that of the funda-
mental response 41. This step only retains signals from the
blood vessel and it is very helpful for generating images.

[0037] Step 36: The location and depth of micro-bubbles
in the cranium are calculated based on the low-frequency
response, and images of the blood vessel are generated
accordingly.

[0038] To sum up, although the attenuation occurs when
signals are emitted, the low-frequency response of the
echoed signal from the micro-bubbles is attenuated signifi-
cantly less than the high-frequency signal, and is taken as
patterns to generate images. Therefore, the claimed inven-
tion only needs to add proper strength to signals when
signals are emitted, such that clear blood vessel images can
be generated. Thus, the present invention can provide safe,
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economical, and precise imaging, and the imaging locations
are not limited to specific parts.

[0039] Those skilled in the art will readily observe that
numerous modifications and alterations of the device and
method may be made while retaining the teachings of the
invention. Accordingly, the above disclosure should be
construed as limited only by the metes and bounds of the
appended claims.

What is claimed is:

1. A method of intracranial ultrasound imaging applied in
detecting a cranial blood vessel having blood filled with
micro-bubbles formed by an injected contrast agent and
generating blood vessel images, the method comprising:

(a) emitting a plurality of ultrasound signals having
bandwidths to the cranial blood vessel in sequence;

(b) receiving an echoed signal from a micro-bubble inside
the cranial blood vessel,

(c) performing a spectral analysis on the echoed signal
and extracting a low-frequency response, the band-
width of the low-frequency response being similar to
the bandwidth of the ultrasound signal; and

(d) calculating a location and a depth of the micro-bubble
in the cranium according to the low-frequency response
and generating a corresponding blood vessel image.
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2. The method of claim 1 wherein the strength of the
emitted signal in step (a) is adjusted according to an attenu-
ation factor.

3. A system of intracranial ultrasound imaging applied in
detecting a cranial blood vessel having blood filled with
micro-bubbles formed by an injected contrast agent and
generating blood vessel images, the system comprising:

a transmitter module for emitting a plurality of ultrasound
signals having bandwidths to the cranial blood vessel in
sequence;

a receiver module for receiving an echoed signal from a
micro-bubble; and

a signal processing module comprising:

a low-frequency capture unit for performing a spectral
analysis on the echoed signal and extracting a low-
frequency response, the bandwidth of the low-fre-
quency response being similar to the bandwidth of the
ultrasound signal; and

an image unit for calculating a location and a depth of the
micro-bubble in the cranium according to the low-
frequency response of the echoed signal, and generat-

ing a corresponding blood vessel image accordingly.
4. The system of claim 3 wherein the strength of the
emitted signal is adjusted according to an attenuation factor.

#* #* #* #* #*
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