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(57) ABSTRACT

An ultrasonic medical system comprising a tracking probe
and a catheter is used for tracking a target inside human
body. The ultrasonic probe has additional ultrasound sensors
embedded around its main transducer array. A catheter is
built with ultrasound transmitters at its distal end and sends
active sound signals during each probe scanning cycle. The
probe sensors track the 3D position of the target catheter
using triangulation principle. The target position is rendered
in the 3D anatomic context defined by the ultrasound
images.
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BACKGROUND OF THE INVENTION

Ultrasonic imaging devices are widely used to make
internal organs visible in hospitals. However, a catheter
inside body cavities cannot be well seen due to sound
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FIELD OF THE INVENTION

This invention relates to an improved ultrasonic probe
with additional ultrasonic tracking sensors in order to detect
markers in deep region. It is used to identify three-dimen-
sional (3D) catheter position relative to anatomic structure
from real-time echo images in cardiac and vascular proce-
dures inside a human body. Both the catheter position and
anatomic echo images are updated in the 3D space.
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attenuation and small reflection from the catheter. Many
efforts have been made in this field.

U.S. Pat. No. 8,938,283 to Zentgraf et al, which is
incorporated herein for reference, describes a technique
capable of providing a 3D context for transesophogeal
echocardiography data. It consists of a 3D tracking system
and an ultrasonic imaging system. A position sensor is
embedded inside the ultrasonic probe. U.S. Pat. No. 8,870,
779 to Altmann et al, which is incorporated herein for
reference, describes a medical imaging system for imaging
a patient’s body. The system includes a catheter comprising
an electrical position sensor and an ultrasonic imaging
sensor. In both systems, the position sensors are different
from the present invention.

U.S. Pat. No. 8,412,307 to Willis et al and U.S. Pat. No.
6,216,027 to Willis et al, which is incorporated herein for
reference, describes an invention to use several ultrasonic
transducers inside a heart to establish a fixed 3D coordina-
tion system. The system is used in the heart to help the
physician guide mapping catheters. U.S. Pat. No. 6,773,402
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to Govari et al, which is incorporated herein for reference,
describes an invention to use a series of ultrasonic trans-
ducers embedded along a catheter for 3D imaging of a heart.
The apparatus is for mapping a surface of a cavity within a
body. U.S. Pat. No. 6,773,402 to Govari et al, which is
incorporated herein for reference, describes an ultrasonic
catheter having at least two ultrasonic arrays. The device
provides an outline of the heart chamber. Fach of the
foresaid catheter systems works alone and does not combine
a base imaging system as in the present invention.

U.S. Pat. No. 6,515,657 to Zanelli et al, which is incor-
porated herein for reference, describes an ultrasound imag-
ing system superimposes sectional views created from volu-
metric ultrasound data and the location data for an
intervention device. However, it does not provide details on
what kind of catheter to use or whether an active excitation
to apply to it.

U.S. Pat. No. 5,343,865 to Gardineer et al, which is
incorporated herein for reference, describes an apparatus
and method for locating an interventional medical device
with an ultrasound color imaging system. The catheter/
needle is vibrating and its position is shown as a color image
on the conventional color ultrasound display. The present
invention takes use of active ultrasound signals instead of
vibrations.

U.S. Pat. No. 8,303,509 to Webler et al, which is incor-
porated herein for reference, describes a catheter having a
spherical distal tip to improve its ultrasonic image. Here the
passive echo is different from an active signal in the present
invention.

U.S. Pat. No. 5,797,849 to Vesely et al, which is incor-
porated herein for reference, describes a method for carrying
out a medical procedure using a 3-D tracking and imaging
system. A number of pairs of ultrasonic transducers are
employed to track the position of a surgical instrument. The
real-time position is provided for an imaging modality
system such as a fluoroscope, MRI, CT or ultrasonic device.
However, it does not teach details whether and how to
configure the modality system.

U.S. Pat. No. 8,900,155 to Ridley et al, which is incor-
porated herein for reference, describes a method to use an
ultrasound catheter with sterile seal to generate the virtual
catheter overlay on a sonogram. Since the focus plane of
sonogram has some thickness, the actual 3D position of the
catheter cannot be easily indicated.

U.S. Pat. No. 5,515,853 to Smith et al, which is incorpo-
rated herein for reference, describes a 3-D ultrasound track-
ing system based on triangulation. However, using a series
of transducers contained in a chest harness around a patient
looks not a convenient setup for a surgery procedure.

Although many methods have been developed, it remains
challenging to find a simple and suitable solution in tracking
the catheter position inside body. For example, some phy-
sician employ ultrasonic device to assist the procedure of
Transcatheter Aortic Valve Implantation (TAVI) to remedy
aortic stenosis. Although the nature aortic valve can show on
the sonogram, the catheter and the replaceable new valve
cannot be easily seen. Contrast dye needs be injected into
heart to check both positions under fluoroscope. As we
know, the X ray exposure and contrast dye are not good to
human body. If a simple ultrasonic probe device can display
both the nature valve and catheter on the echocardiography
image, it will improve the TAVI procedure significantly.

A conventional ultrasonic probe detects sound reflection
and scattering to generate sonographic imaging. However,
for an object in a deep position such as a catheter tip, the
passive reflected sound signal is weak so its image is not
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clear. The present invention creates active sound signals
from such a deep object so it is easier to be detected by the
probe transducers.

On the other hand, the conventional ultrasonic probe can
only detect objects within its focus plane of limited thick-
ness. It is a great benefit if it can detect the catheter object
earlier when it is far away from the focus plane. To accom-
plish this, the present invention employs 4 separate ultra-
sonic sensors located at each corner inside the probe head.

SUMMARY OF THE INVENTION

This invention presents an improved version of an ultra-
sonic probe by adding more sensors to its head containing
transducer array. With the new ultrasound sensors, the probe
can detect the 3D location of a catheter and is able to display
both the ultrasound anatomic images and the catheter posi-
tion in real-time. Both the catheter position and anatomic
echo images are updated in the 3D space.

In a preferred embodiment of the present invention, a
transesophageal echocardiogram (TEE) probe comprises of
general transducers and four separate ultrasonic receivers
located at each corner of the probe transducer array. A
catheter has 4 ultrasonic transmitters embedded at its distal
end, each of which can actively send ultrasound signals
sequentially. While the TEE probe is updating its 2D imag-
ing, it detects the 3D location of the catheter distal end
according to the triangulation principle. The catheter distal
end position is rendered in 3-dimensional space relative to
the probe echo coordinate system.

In another embodiment, four ultrasonic receivers are
embedded at each corner of a conventional transthoracic
echocardiogram (TTE) probe. It also detects the position of
a catheter equipped with a transmitter inside body cavities.
It works in a similar way as foresaid TEE embodiments.

Using the active ultrasound signals, the round trip path of
ultrasound echo becomes a one-way trip. The detectable
depth can be doubled due to only half length of the attenu-
ation path, which is a good improvement over conventional
echo images considering the significant human tissue attenu-
ation.

The catheter 3D position is relative to the 3D coordinate
system whose origin is the center of the probe transducer
array. As the probe moves inside human body, the 3D
coordinate system moves accordingly. The advantage of the
present invention is that the echo and catheter position is
independent of patient position and orientation. During the
procedure, both the patient and the ultrasonic probe are
allowed to change position and orientation freely.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 illustrates the setup of the new tracking probe and
a catheter according to one embodiment of the present
invention. Tt also shows the 2D image sector in 3D space.

FIG. 2 illustrates the new probe with tracking sensors
according to one embodiment of the present invention.

FIG. 3 illustrates the catheter with 4 embedded ultrasonic
transmitters evenly surrounding its outer surface.

FIG. 4 shows the overall system structure, which is based
on a generic ultrasonic instrument.

DETAILED DESCRIPTION

The present invention is to improve a conventional ultra-
sonic probe with a tracking ability. Because the passive
reflecting signals from a deep internal object emitted by the
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probe transducers are usually weak, an active ultrasonic
transmitter is employed instead so that the probe is able to
detect stronger ultrasound signals.

FIG. 1 shows the setup of the new tracking probe and a
catheter according to one embodiment of the present inven-
tion. Probe 101 includes 4 additional ultrasound receivers.
Catheter 102 also has ultrasound transmitters embedded at
its distal end. During operations. probe transducers transmit
normal ultrasonic signals and detect echoes to update the 2D
anatomic images of internal organs. Within each scanning
cycle, one of the catheter transmitters sends an active
ultrasonic pulse, which will be detected by the 4 tracking
sensors insider probe head. According to the travel time of
the pulse, 4 distances from the transmitter to each sensor can
be calculated by the system. The 3D position of catheter
transmitter relative to the echogram coordinate system can
be determined by the triangulation principle. Both the 2D
echo graph and the catheter transmitter position are dis-
played in the 3D space 103.

Since a time division scheme is used for the active
ultrasonic signals, the frequency of the 4 ultrasound receiv-
ers can be chosen to be the same or different from the probe
transducer array frequency. To detect a catheter in a deeper
region, a lower frequency is selected. To separate the active
transmitting signal from passive reflecting of internal
organs, the catheter transmitter ought to use relatively stron-
ger pulse.

Due to a single way to travel for the active ultrasonic
signals, the detecting depth can be doubled compared with
a conventional round-trip echogram.

In each scanning cycle, four distances are detected by the
4 sensors from one catheter transmitter, only there are
needed to determine the transmitter 3D position by the
triangulation principle. The 4% distance can be combined to
any other two distances to repeat triangulation calculation.
The average of the 3D positions can improve the detection
location precision.

Although the embodiment of a 2D ultrasonic probe is
provided here, it can be extended to 3D (or 4D with a time
dimension) ultrasonic probe.

FIG. 2 illustrates the new probe with tracking sensors
(201, 202, 203, and 204, respectively) according to one
embodiment of the present invention. The main ultrasonic
transducer array 200 is inside the probe head as described in
U.S. Pat. No. 5,181,514. The 4 tracking sensors are located
symmetrically at each corner of the primary transducer array
so that the resulting 3D space coordinate origin is at the
center of the primary array. The X, Y and Z axis are shown
in the figure. It is obvious that the 3D coordinate system is
changing with the probe position and orientation.

For another embodiment of a TTE probe system, the setup
of the tracking sensors also applies except the TTE probe
usually has more transmitter elements and used outside
human body.

FIG. 3 is a catheter with ultrasonic transmitters 301 at its
distal end. Here 4 ultrasound transmitters are embedded
around the catheter to so that at least one will face towards
the probe sensors. This way eliminates the need to roll the
catheter in order to face the transmitting signal to the
receivers. In each scanning cycle, each of the 4 transmitters
is excited sequentially and the one with the strongest signal
is used for location detection. To achieve a better precision,
the catheter diameter is less than one millimeter.

The piezoelectric transducer frequency of each catheter
transmitter should be the same as that of the probe sensors.

FIG. 4 shows the overall system configuration. It physi-
cally has a similar structure as a general ultrasound device.
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The only addition is the ultrasonic catheter to be detected.
Compared to other tracking systems using sophisticated
electronic, magnetic, or optic signals, the present invention
provides a much simpler structure and can be easily operated
in the surgery environments.

The invention claimed is:

1. A transesophageal ultrasonic system for both imaging
and tracking a target catheter while moving freely inside a
human body, the ultrasonic system comprising;

a transesophageal echocardiogram (TEE) tracking probe
with head that has a cylindrical cavity housing and a
planar top surface;

an ultrasonic transducer array positioned in the cavity
housing; and

four ultrasonic receiving sensors secured in the planar top
surface; and wherein each of the four ultrasonic receiv-
ing sensors is located at a respective corner of the
ultrasonic transducer array and the four ultrasonic
receiving sensors are symmetric with respect to center
of the ultrasonic transducer array so that the origin of
a three-dimensional tracking coordinate is at the center
of the ultrasonic transducer array;

the target catheter comprising;
four embedded ultrasound transmitters surrounding an

outer surface at a distal end of the catheter, and
wherein each of the four embedded ultrasound trans-
mitters sends active signals sequentially to be
detected by the four ultrasonic receiving sensors; and
are electronic processing unit comprising:
a beam former and one or more signal and imaging
processors;

wherein the TEE probe detects passive echo signals with
its transducer array and tracks the catheter with the four
receiving sensors by detecting active signals sent out
sequentially by the four embedded ultrasound trans-
mitters and from the passive and active signals the
three-dimensional catheter position is determined and
displayed in the context of the two-dimensional echo
age.

2. The ultrasonic system of claim 1, wherein the four
embedded ultrasound transmitters are evenly distributed
along a circumference surrounding the outer surface at the
distal end of the catheter and the diameter of the catheter is
less than one millimeter.

3. The ultrasonic system of claim 2, wherein each of the
four embedded ultrasound transmitters is excited sequen-
tially and a selected one of the four embedded ultrasound
transmitters with the strongest signal is used for location
detection during a scanning cycle.

4. The ultrasonic system of claim 1, wherein a three-
dimensional position of the catheter are displayed in the
context of a two-dimensional echo graph in an image of the
three-dimensional space.

5. The ultrasonic system of claim 4, wherein the tracking
TEE probe is configured to move inside the esophagus and
gastric channel, scan the heart and generate echocardio-
grams, detect the three-dimensional position of the catheter
in the context of said echo image inside the human body.

6. A method of using the ultrasonic system of claim 1, the
method comprising the step of moving the tracking TEE
probe inside the esophagus and gastric channel, scanning the
heart and generating echocardiography images, detecting the
three-dimensional position of the catheter inside the human
body and displaying the three-dimensional tracking position
in the context of echo images.
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