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cal imaging system used to construct a dynamic high resolution 4D model.
During a medical procedure such as endocardial physiology mapping and
ablation, real-time images are produced by an ultrasonic transducer in-
serted into the heart. The high resolution heart model is registered with the
acquired real-time images and used to produced dynamic, high resolution
images for display during the medical procedure. An electrical activation
map which depicts the spatial distribution of heart wall electrical activation
is merged with the anatomic images to facilitate cardiac ablation therapy.
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METHOD FOR RENDERING MEDICAL IMAGES IN REAL-TIME

Related Applications
This application claims benefit of provisional application Serial No.

60/118,765 filed on February 5, 1999.

Backaround Of The Invention

The field of the invention is medical imaging, and particularly, the
production of real-time anatomic images used to guide the performance of
medical procedures.

High resolution medical images which accurately depict detailed
anatomical features can be produced using a number of imaging modalities.
Such images may be produced, for example, using electron beam CT
systems, ultrasound systems or MRI systems commercially available from a
number of manufacturers. To reconstruct high resolution and high SNR
images, however, considerable data must be acquired. Such data acquisition
requires time ranging from seconds to many minutes depending on the
imaging modality used and the particular subject of the acquisition. For
example, when imaging the human heart both cardiac and respiratory gating
may be used during the data acquisition with the result that image data may
only be acquired during short intervals during each respiratory and cardiac
cycle. A high resolution 3D image of the heart may require many seconds or
minutes to acquire using an MR! system or an x-ray CT system. Such high
resolution images are commonly used for diagnosing disease, but they
cannot be acquired and reconstructed at a high enough frame rate for use
during medical procedures.

Medical images are produced at high frame rates for use during
medical procedures. For example, x-ray fluoroscopy is commonly used by
physicians to guide catheters in the placement of balloons and stents during
angioplasty procedures. MR fluoroscopy is a method used to produce real-
time images for monitoring medical procedures, and real-time ultrasound
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images are used in intravascular procedures such as those disclosed, for
example, in U.S. Pat. Nos. 5,325,860 and 5,345,940. Such real-time imaging
methods produce images at a frame rate of 10 to 30 frames per second to
provide a relatively continuous, flicker-free view of the procedure being
monitored.

While real-time medical images can thus be produced with a number of
well-known imaging modalities, such images do not depict anatomy in great
detail or with great clarity. They do depict medical instruments with enough
clarity, however, that the instruments can be seen and guided to carry out
some medical procedures. '

There are medical procedures which require both real-time imaging to
guide the operation and high resolution, high SNR depictions of the
anatomical structures being operated upon. One such procedure is guided
ablative therapy for cardiac arrhythmias. Ablative therapy employs an
electrode which is placed on or near the heart wall and energized to create
lesions of specific dimensions in specific anatomic locations. These lesions
disrupt or change the sequence in which the heart wall muscle activates
during an arrhythmia, and if done accurately, will prevent the arrhythmia from
occurring.

As disclosed in U.S. Pat. Nos. 5,325,860 and 5,345,940, both the
ablation electrode and an ultrasonic transducer may be delivered to the
interior of the heart intravascularly by a catheter. The ablation electrode is
guided into position using the real-time ultrasonic images and the ablation
process is monitored using the real-time ultrasonic images. While this
method and apparatus has enabled certain types of arrhythmias to be treated
successfully, improved accuracy in the placement of the ablation electrode is
required before the method can be used to treat many other cardiac
arrhythmias. To do this, an accurate and clear image of the underlying
anatomy must be provided in real-time to the physician so that the ablation
electrode can be placed in precisely the right location.

Summary Of The Invention
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The present invention is a method and means for providing clear, high
resolution medical images in real-time, and more particularly, providing such
medical images to assist physicians in the performance of medical
procedures. The invention includes: acquiring image data of the subject
anatomy and reconstructing an image which is a high resolution model of the
subject anatomy; performing a medical procedure in which the subject
anatomy is imaged in real-time by acquiring low resolution images at a high
frame rate; registering the high resolution model of the subject anatomy with
each acquired low resolution image; and displaying to the physician in real-
time images of the registered high resolution model of the anatomy. The high
resolution model may be a 2D or 3D image of static anatomy, or it may be a
4D model in which the fourth dimension depicts changes in the anatomy as a
function of time, cardiac phase, respiratory phase, or the like. The creation of
this model is performed using a high resolution imaging modality and it may
be done prior to performing the medical procedure. The registration of the
high resolution model is performed in real-time and includes a 2D or 3D
spatial orientation as well as a registration in time or phase when the model
depicts changing anatomy.

Another aspect of the present invention is the merging of real-time
images of physiological data with an anatomical model during a medical
intervention procedure. The physiological data may be, for example,
electrophysiological data, EEG data or thermal data. If a medical device such
as an endocardial electrode array is used, for example, the device itself may
not be displayed. Instead, the location of each electrode in the array may be
precisely located on the registered high resolution anatomic model and an
electrical activation map is produced from the acquired electrophysiological
data and overlayed on, or merged with the high resolution image. Ina
preferred embodiment the overlay is done by modulating the color of the
pixels to indicate the activation timing of the imaged tissues, however other
display methods may also be used.

Yet another aspect of the present invention is to accurately display the
location of a medical device as a medical procedure is performed. The low
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resolution images clearly depict medical devices located within their field of
view. Devices can thus be properly located in the displayed images by simply
overlaying them on the registered high resolution model. In the case of an
ablation catheter, for example, this overlay is simply the depiction of the
device itself.

Yet another aspect of the present invention is the production of real-
time medical images having a wide field of view. The field of view of many
real-time imaging systems is very limited, or it may depict a single slice or a
single projection view. It requires great skill and practice on the part of the
physician to relate such limited views to the subject anatomy and properly
understand the image. By registering the high resolution model of the
anatomy to the limited real-time image, however, a much larger and more
understandable field of view depicted by the model can be displayed. Indeed,
the registered model may depict the subject anatomy in 3D and the images
displayed to the physician can create a virtual reality environment during the
medical intervention procedure.

The foregoing and other objects and advantages of the invention will
appear from the following description. in the description, reference is made to
the accompanying drawings which form a part hereof, and in which there is
shown by way of illustration preferred embodiments of the invention. Such
embodiments do not necessarily represent the full scope of the invention,
however, and reference is made therefore to the claims herein for interpreting
the scope of the invention.

Brief Description Of the Drawings

Fig. 1 is a block diagram of an MRI system used in the preferred
embodiment to acquire high resolution images;

Fig. 2 is a graphic representation of a cardiac cycle illustrating
acquisition of data by the MRI system of Fig. 1;

Fig. 2A is a flow chart of a process used to produce a 4D model of the
subject anatomy from images acquired with the MRI system of Fig. 1;

Fig. 3 is a partial view of a catheter showing its distal end;
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Fig. 4 is a partial view of the catheter of Fig. 3 showing its distal end in
more detail supporting an ablation device;

Fig. 5 is a schematic representation of the proximal end of the catheter
of Figs. 3 and 4 connected to an imaging system;

Fig. 6 is a pictorial representation of the distal end of the catheter in a
patient’s heart during a medical procedure;

Fig. 7 is a pictorial representation of the distal end of the catheter in
Figs. 3-6 showing the field of view of an ultrasonic transducer mounted
therein;

Fig. 8 is a flow chart of the process performed by the real-time image
processor which forms part of the imaging system in Fig. 5;

Fig. 9 is a pictorial representation of part of a mapping catheter,

Fig. 10 is a pictorial representation of the imaging catheter placed in a
heart chamber; and

Fig. 11 is a pictorial representation of a head mounted virtual

environment display device.

Description of the Preferred Embodiment

The present invention is practiced by first producing a high resolution
model of the anatomy of interest. This is done in the preferred embodiment
described herein before the medical procedure is performed using
appropriate medical imaging systems. In the preferred embodiment the
anatomy of interest is the human heart, and particularly the walls of the heart
chambers. A 4D model is produced which shows the patient’s heart in three
spatial dimensions at successive phases of the cardiac cycie. An MRI system
is the imaging modality described below for producing this particular model,
however, it can be appreciated by those skilled in the art that other imaging
modalities such as electron beam CT or ultrasound may also be used. The
particular modality used to produce the high resolution model will depend on
many factors such as the equipment and expertise available, cost, and the

particular anatomy of interest.
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Referring first to Fig. 1, there is shown the major components of a
preferred MRI system used to acquire data for the high resolution model. The
operation of the system is controlled from an operator console 100 which
includes a keyboard and control panel 102 and a display 104. The console
100 communicates through a link 116 with a separate computer system 107
that enables an operator to control the production and display of image on the
screen 104. The computer system 107 includes a number of modules which
communicate with each other through a backplane. These include an image
processor module 106, a CPU module 108 and a memory module 113,
known in the art as a frame buffer for storing image data arrays. The
computer system 107 is linked to a disk storage 111 and a tape drive 112 for
storage of image data and programs, and it communicates with a separate
system control 112 through a high speed serial link 115.

The system control 122 includes a set of modules connected together
by a backplane. These include a CPU module 119 and a pulse generator
module 121 which connects to the operator console 100 through a serial link
125. It is through this link 125 that the system control 122 receives
commands from the operator which indicate the scan sequence that is to be
performed. The pulse generator module 121 operates the system
components to carry out the desired scan sequence. it produces data which
indicates the timing, strength and shape of the RF pulses which are to be
produced, and the timing of and length of the data acquisition window. The
pulse generator module 121 connects to a set of gradient amplifiers 127, to
indicate the timing and shape of the gradient pulses to be produced during
the scan. The pulse generator module 121 also receives patient data from a
physiological acquisition controller 129 that receives signals from a number of
different sensors connected to the patient, such as ECG signals from
electrodes or respiratory signals from a bellows. And finally, the pulse
generator module 121 connects to a scan room interface circuit 133 which
receives signals from various sensors associated with the condition of the

patient and the magnet system. It is also through the scan room interface
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circuit 133 that a patient positioning system 134 receives commands to move
the patient to the desired position for the scan.

The gradient waveforms produced by the pulse generator module 121
are applied to a gradient amplifier system 127 comprised of G,, G, and G,
amplifiers. Each gradient amplifier excites a corresponding gradient coil in an
assembly generally designated 139 to produce the magnetic field gradients
used for position encoding acquired signals. The gradient coil assembly 139
forms part of a magnet assembly 141 which includes a polarizing magnet 140
and a whole-body RF coil 152. A transceiver module 150 in the system
control 122 produces pulses which are amplified by an RF amplifier 151 and
coupled to the RF coil 152 by a transmit/receive switch 154. The resulting
signals radiated by the excited nuclei in the patient may be sensed by the
same RF coil 152 and coupled through the transmit/receive switch 154 to a
preamplifier 153. The amplified NMR signals are demodulated, filtered and
digitized in the receiver section of the transceiver 150. The transmit/receive
switch 154 is controlled by a signal from the pulse generator module 121 to
electrically connect the RF amplifier 151 to the coil 152 during the transmit
mode and to connect the preamplifier 153 during the receive mode. The
transmit/receive switch 154 also enables a separate RF coil (for example, a
head coil or surface coil) to be used in either the transmit or receive mode.

The NMR signals picked up by the RF coil 152 are digitized by the
transceiver module 150 and transferred through a backplane 118 to a
memory module 160 in the system control 122. When the scan is compieted
and an entire array of data has been acquired in the memory module 160, an
array processor 161 operates to Fourier transform the data into an array of
image data. This image data is conveyed through the serial link 115 to the
computer system 107 where it is stored in the disk memory 111. In response
to comnﬁands received from the operator console 100, this image data may
be archived on the tape drive 112, or it may be further processed by the
image processor 106 and conveyed to the operator console 100 and
presented on the display 104.
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Referring particularly to Fig. 2, the cardiac acquisition in accordance
with the preferred embodiment employs a series of fast gradient echo pulse
sequences, which are performed under the direction of the pulse generator
121 with the repetition time, TR, of each gradient echo pulse sequence of
between 6 and 15 ms, depending on the imaging parameters chosen. The
data acquisition is cardiac gated by an ECG gating signal that triggers at the
peak of the R wave in the QRS complex as indicated at 200. The pulse
sequences are executed during the interval between the cardiac trigger
signals 200 referred to as the R-R interval. The length of the R-R interval is a
function of the patient’s heart rate. ‘

In a fast cardiac acquisition using gradient echoes, the R-R interval is
divided up into many short segments, with each segment being a fast
gradient acquisition pulse sequence with a nominal flip angle of between 20°-
30°. Each fast gradient echo segment acquires an NMR signal representing
a single line of k-space which is sometimes referred to as a view. Adjacent
fast gradient echo segments are further combined into groups 202 where the
data from each group 202 contributes to generating an image at different
temporal phases of the cardiac.cycle (R-R interval). The temporal location of
these phase images depends on the relative time from the cardiac trigger (R-
wave) 200 to the center of each group 202 of fast gradient echo segments. In
the preferred embodiment fifteen groups 202 are acquired during each R-R
interval, and from the resulting fifteen acquired k-space data sets, fifteen
corresponding 2D slice images are reconstructed using a two-dimensional
Fourier transformation in the well-known manner. These 2D slice images
depict one slice through the heart at fifteen successive phases of the cardiac
cycle.

The scan continues by acquiring additional slices through the heart. In
the preferred embodiment 50 to 100 contiguous slices are acquired and
reconstructed into 2D images. At the completion of the scan these 2D slice
images are combined to form 3D image data sets. As a result, fifteen
separate 3D image data sets are acquired in which the pixels indicate signall
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intensity in voxels throughout the patient's heart at fifteen successive cardiac
phases.

As indicated above, the imaging modality used to produce the 3D
image data sets is not limited to MRI. Other modalities such as electron
beam CT or ultrasound may also be used to produce the required high
resolution image data. An advantage of the present invention is that the high
resolution 3D image data may be acquired prior to its use in a real-time
medical procedure, and this eliminates many factors that would otherwise
limit the choice of imaging modaiity.

While it is possible to use the fifteen 3D image data sets as a high
resolution, dynamic model of the patient's heart, further processing is
performed in the preferred embodiment to reduce the amount of processing
required to display the model in real time. In addition, it is the surface of the
heart walls in each chamber that is of interest in the medical procedure
practiced with the preferred embodiment, and it is a rendering of these 3D
surfaces on a 2D display that is of most use to the physician. The processing
of the acquired 3D image data sets into a 4D model from which 3D heart wall
surfaces can be rendered may be performed in the image processor 106 in
the MRI system of Fig. 1, or it may be carried out on a separate work station.
A work station such as the Model 02 commercially available from Silicon
Graphics, Inc. of Mountain View, California, operating 3D software such as
that commercially available under the trademark ANALYZE from the Mayo
Clinic of Rochester, Minnesota is preferred.

Referring particularly to Fig. 2A the first step in this process is to
segment the heart walls from the remaining structures as indicated at process
block 206. As described in “Three-Dimensional Biomedical Imaging” by
Richard A Robb, published in 1995 by VCH Publications, Inc., pp.166-169,
segmentation produces a binary volume image data set in which all pixels
located within a heart wall are set to “1" and all pixels outside the heart walls
are set to “0". Segmentation can be performed by filtering and thresholding
the 3D image data sets with user-specified thresholds, followed by 3D region
filling initiated from appropriate starting points selected by the user. Many
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segmentation methods are known to those skilled in the art such as
mathematical morphology and multi-spectral classification. This step may
involve manual intervention and can require considerable time, but it is
performed “off-line”, before the medical procedure is started.

The next step indicated by process block 208 is to tile the surfaces of
the segmented heart wall images. As described, for example, by Robb, R.A.,
S Aharon, B.M. Cameron: “Patient-specific Anatomic Models from Three
Dimensional Medical image Data for Clinical Applications in Surgery and
Endoscopy,” Journal of Digital imaging, 10(3) (Suppl. 1-August):31-35, 1997,
the tiling step specifies sets of x, y, z point locations on the segmented heart

wall surfaces and connects them together to form adjacent polygons. In the
preferred embodiment each polygon, or “tile”, is a triangle defined by an x, y,
z location and a unit vector which is perpendicular to the plane of the triangle.
Surfaces defined by tiles can be rapidly transformed in location and
orientation, making such a representation of the heart wall surfaces attractive
for real-time processing.

The high resolution mode! of the patient’s heart is produced from the
fifteen tiled surface images by creating fifteen additional tiled surface images.
This is accomplished at process block 210 by deforming the acquired tiled
surface images. Such deformation, or “morphing” of 3D image data sets is a
well known procedure and is described, for example, by Stacy, M., D.
Hanson, J. Camp, R.A. Robb: “High Performance Computing In Biomedical
Imaging Research at Mayo Clinic”, Parallel Computing, 24:1287-1321, 1998.
A dynamic 4D model of the patient's heart is thus produced in which tiled
surfaces of the heart walls are depicted at successive increments of cardiac
motion. If displayed in sequence, or played back as a function of time, a 3D
high resolution picture of the beating heart is produced. The observer can be
placed at any angle with respect to this dynamic image, and more importantly,
the observer can be placed inside one of the heart chambers. Indeed, the
dynamic heart model may be employed in a virtual reality system to place the
physician inside the patient’s heart during the medical procedure. Such
virtual reality systems are well known to those skilled in the art as described,



WO 01/20552 PCT/US00/25051

10

15

20

25

30

-11-

for example, Robb, R.A.,: “Virtual Reality Assisted Surgery Planning Using
Patient Specific Anatomic Models”, {EEE Engineering In Medicine and
Biology, Ed., Metin Akay, 15(2):60-69, March/April, 1996, and the viewer can
be made to feel that he is physically inside a heart chamber looking at the

movement of the chamber walls as the medical procedure is performed.

It should be apparent to those skilled in the art that there are many
other ways to produce the high resolution model of the subject anatomy. The
image data can be acquired by imaging modalities such as x-ray CT, electron
beam CT, ultrasound or magnetic resonance imaging. The high resolution
model may also take a number of different forms depending on the subject
anatomy and the particular medical procedure to be performed. The high
resolution model may be as simple as a single 2D image or a single 3D image
of static anatomy, or it may depict 3D dynamic structures or surfaces as
described above. In addition, the dynamic 3D model disclosed above is
comprised of a large number of 3D data sets representing tiled surfaces at
successive increments of cardiac motion. A dynamic 3D model can also be
produced with far fewer 3D data sets (e.g. one depicting the heart at systole
and a second depicting the heart at diastole) if equations are used to define
the deformation of the tiled surfaces that occurs during the cardiac cycle.

The medical procedure performed using the preferred embodiment of
the invention is intracardiac electrophysiology. This procedure involves the
display of an electrical activation map which indicates the timing of the
electrical signals that activate the muscles in the patient's heart chamber
walls. Such electrical activation maps indicate abnormalities in the activation
which cause cardiac arrhythmias. The second part of the procedure is to
ablate heart wall tissue with an endocardial ablation device to correct such
abnormalities. The system for performing this procedure is shown in Figs. 3-
5.

Referring now to Figs. 3-5, there is, generally illustrated by reference
numeral 20, a catheter 20 which includes an elongated flexible plastic tubular
catheter body 22 having a proximal end 24 and a distal end 26. Catheter 20
includes proximate its longitudinal distal end 26 a phased array ultrasonic
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transducer 30 which is used to transmit ultrasound and receive resultant
echoes so as to provide a field of view within which features can be imaged.

It is appreciated that other types of ultrasonic transducers can be used, such
as mechanical types, or dynamic array types, or any offset stereoscopic
imaging types, or any multidimensional imaging types incorporated into a
virtual reality environment for underblood operation. An electrical conductor
36 is disposed in the catheter body 22 for electrically connecting transducer
30 to control circuitry 34 external of catheter body 22, and it extends from
proximate the proximal end 24 of catheter body 22 to proximate the distal end
26 of the catheter body 22. An access port 40 also extends the length of the
catheter body 22 and it is configured to receive a therapeutic device, so as to
enable such items to be delivered via access port 40 to distal end 26 of
catheter body 22 for operation within the ultrasonic transducer field of view. A
guide wire access port 42 is also disposed within catheter body 22 and
extends from the proximal end 24 of the catheter body 22 to the distal end 26
of catheter body 22 for receiving a guide wire 44. As is well known in the art,
the guide wire 44 may be fed by the physician through the vasculature and
into the patient’s heart. The catheter body 22 is then fed along the guide wire
44 until its distal end 26 is inside the heart as shown in Fig. 6. The guide wire
44 may then be withdrawn.

In the preferred embodiment the ultrasonic transducer has a frequency
of 5 to 20 megahertz (MHz). Intracardiac imaging in an adult requires image
penetration of up to 20 centimeters (cm). Catheter body 22 has a diameter of
4 to 24 French [one French divided by Pi equals one millimeter(mm)]. Access
port 40 has a diameter of 7 to 8 French and guide wire port 42 has a diameter
of 0.025 to 0.038 inches. For a detailed description of the catheter 20,
reference is made to U.S. Pat. No. 5,345,940 which is incorporated herein by
reference.

As illustrated in Fig. 5, control circuitry 34 is electrically interconnected
to a transceiver circuit 35 (T/R) for receiving and transmitting signals via cable
36 connected to ultrasonic transducer 30. During operation, control circuitry
34 causes ultrasonic transducer 30 to vibrate so as to cause an appropriate
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ultrasound wave to project from the distal end 26 of catheter body 22. The
ultrasound wave, represented by lines 50 in Fig. 4 is propagated through the
blood surrounding distal end 26 and a portion of the body structure. A portion
of the ultrasound wave so transmitted is refiected back from the body
structures to impinge upon transducer 30. An electrical signal is thereby
generated and transmitted by the cable 36 to the input of transceiver 35.

As will be described in detail below, the ultrasonic image data is input
to a real-time imaging system 39 which uses the real-time ultrasound image
data, the high resolution model of the patient’s heart stored in memory 37 and
an ECG signal from the patient to produce real-time images which are output
through cable 60 to a display 61. The imaging system 39 is a computer
workstation containing a fast microprocessor, large hard disk for storing
image data and software for implementing the present invention. In the
preferred embodiment a work station such as the Model O2 commercially
available from Silicon Graphics, Inc. of Mountain View, California and having
an R10000, 175 MHz processor is employed. Imaging occurs while a
therapeutic or surgical device is being used at distal end 26 of catheter 20
within the field of view provided by ultrasonic transducer 30. The user can
thus monitor the medical procedure as it is being performed.

As illustrated in Fig. 5, catheter body 22 includes proximate its
proximal end 24 a mounting structure 52 to the access port 40. An ablation
device structure 53 is attached to mounting structure 52 and an elongated
cable-like member 54 extends along access port 40 and slightly beyond distal
end 26 of catheter body 22. An operative portion 56 of the ablation device 53
is attached to this distal end.

As illustrated in Figs. 6 and 7, the physician inserts the flexible catheter
body 22 into the patient via the appropriate vascular access to the desired
location where the subject anatomy, such as a heart chamber, can be
operated upon. In the exampie shown, the distal end of the catheter 22 is
inserted into the right atrium and right ventricle where the ablation device 56
can be used to treat cardiac arrhythmias. The operational portion 56 of the
ablation device is in the field of view of ultrasonic transducer 30, and it is
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possible for the physician to monitor its operation. Moreover, the physician
can monitor the features of the heart wall within the field of view before,
during and after interventional activity. As indicated by lines 57, the field of
view of the ultrasonic transducer 30 is limited to a small fraction of the
surrounding wall of the heart chamber. The quality of the real-time ultrasonic
images is also limited.

Referring again to Fig. 5, as the physician carries out the medical
procedure the ultrasonic transducer 30 produces image data at a frame rate
of 30 images per second. As will now be described, the real-time imaging
system 39 employs these real-time image frames along with an ECG signal
from the patient to register the stored high resolution heart model 37. The
registered high resolution model is then used to produce high resolution,
large field of view images in real-time on the display 61.

Referring particularly to Figs. 5 and 8 the software in the real-time
imaging system 39 inputs a gating signal 200 from a gating circuit 38, as
indicated at process block 220. The gating circuit 38 receives the ECG signal
from the patient, and using methods well known in the ar, detects the peak in
the R wave of the QRS complex. Such methods are described, for example,
in U.S. Pat. Nos. 3,939,824; 4,259,966 and 4,181,135. When the gating
signal 200 is detected as determined at decision block 222, the system
branches to reset a cardiac phase counter at process block 224. The cardiac
phase counter maintains an indication of cardiac phase and it is periodically
incremented by a real time interrupt during each cardiac cycle. The interval
between timed interrupts is determined at process block 225 using the
patient’s heart rate, as measured by the average of the previous 5 R-R
intervals.

As indicated by process block 228, the latest real-time image frame
from the ultrasonic transducer 30 is then input and the current value of the
cardiac phase counter is read and appended to the image as indicated at
process block 230. This is accomplished by reading the current value of the
cardiac phase counter and storing it in a memory location associated with the
image frame. The real-ttme image is then processed to put it into a form
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whicn can pe used with the registration process. In the preferred embodiment
this includes detecting the heart wall boundaries in the real-time image as
indicated at process block 232. This may be accomplished using a number of
well known feature detection methods, such as the boundary detection
method disclosed in co-pending U.S. Pat. Appl.. Serial No. 08/935,128, filed
on September 22, 1997 and entitied “Fast Cardiac Boundary Imaging” which
is incorporated herein by reference.

As indicated at process block 234, the proper high resolution image is
then selected from the stored 4D model. This is accomplished using the
stored phase counter value which indicates which phase of the cardiac cycle
the heart was in at the moment the current real-time image frame was
acquired. As indicated above, the 4D model stores 3D high resolution images
that depict the heart at successive positions during the cardiac cycle and the
nearest one is selected. It should be apparent that in the preferred
embodiment the 4D model stores a large number of images (e.g. 30) and this
step is merely the selection of the cardiac phase image which is closest to the
value indicated by the phase counter. If fewer cardiac phase images are
stored, however, it is also possible to interpolate between the nearest two
phase images to produce a high resolution cardiac image that depicts the
heart at the precise moment indicated by the phase counter.

The selected high resolution image is then registered with the current
real-time image frame as indicated at process block 236. The preferred
method for registering the two image data sets is described in U.S. Pat. No.
5,568,384 which issued on October 22, 1996 and is entitied “Biomedical
Imaging And Analysis”, and which is hereby incorporated by reference. As
described in more detail therein, this is an iterative process in which a match
image (the stored 4D model) is translated, rotated and scaled to provide the
best registration possible with a base image (the real-time image frame).
Successive transformations of the match image are made and a cost function
is calculated after each. The cost function is calculated as the root mean
square (r.m.s.) average of the distances from points on the transformed
match image to corresponding points on the base image. Registration is
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achieved with the transformation that results in a global minimum in the cost
function. Convergence to this result is speeded by beginning with low
resolution versions of both images and registering successively high
resolution images. This process is implemented in the preferred embodiment
using the “chamfer matching” feature on the commercially available 3D
imaging system identified above and sold under the trademark ANALYZE.

It should be apparent to those skilled in the art that other methods for
registering known images may be employed, such as the method known in
the art as “voxel matching” and the methods disclosed in U.S. Pat. Nos.
5,839,440; 5,531,520 and 5,706, 416. '

The registered high resolution image of the heart wall anatomy is
output to the display 41 as indicated at process block 238. Such a display
can be a relatively simple 2D representation of a portion of the heart wall
within the field of view of the ultrasonic transducer, or it can be a more
expansive view. Indeed, as indicated above, the field of view can surround
the viewer and provide an image which places the physician inside the heart
chamber.

The real-time ultrasonic transducer images include not only the subject
anatomy, such as a portion of the heart wall, but also the medical device. As
described above, in the preferred embodiment the medical device is an
ablation device 56 which is manipulated within the field of view of the
ultrasonic transducer 30. The echo signals received from medical devices
are acoustically distinctive and can be automatically or manually detected in
the reconstructed real-time images. As indicated at process block 240, the
location of the medical device is output to the display 41 to overiay the
anatomical image as indicated at process block 242. The medical device
overlay can be an image of the device, an icon that represents the device, or
simply a cursor or cross-hairs.

The process indicated in Fig. 8 continues throughout the medical
procedure to-provide the physician with a continuously updated image of the
subject anatomy and the medical device. The displayed image is updated at
a frame rate sufficiently high to provide a continuous view of the interior of the
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beating heart and the movement and placement of the ablation electrode.
Because a high resolution and large field of view image is presented, it is
easy for the physician to identify the portion of the heart wall that requires
treatment and to more accurately manipulate the ablation device into position.

The display 61 can take a number of different forms depending on the
medical procedure being performed and the preferences of the physician. In
the preferred embodiment the center of the field of view of the acoustic
transducer is aligned in the center of a large CRT or LCD display. Different
parts of the anatomy may be viewed by moving the catheter distal end 26 to
“aim” the acoustic transducer at the anatomic structures of interest. in the
alternative a joystick, (not shown in the drawings) may be used to scan away
from the field of view of the ultrasonic transducer when other parts of the
anatomy are to be examined without moving the catheter. The orientation of
the observer within the anatomic structure (e.g. heart chamber) is maintained
using navigation icons as described in co-pending U.S. Pat. Appin. Serial No.
08/982,014 filed on December 1, 1997 and entitled “Graphic Navigational
Guides For Accurate image Orientation and Navigation”.

An alternative embodiment of the invention employs a head mounted
display such as that shown in Fig. 11 to provide a virtua!l environment for the
physician. The display includes a helmet 80 which is connected to the real-
time imaging system 39 through cable 60. Drive circuitry 81 mounted in the
back of the helmet 10 receives video signals from the imaging system 39 and
converts them into image frames. Color LCD displays 82 and 83 display the
image frames through optics 84 to the eyes of the viewer. The LCD displays
82 and 83 and the optics 84 are mounted in a frame in front portion 85 of the
helmet 10. A circular headband 86 is mounted to the interior of the helmet 10
and fits around the viewers head to hold the helmet 10 firmly, but comfortably
in place with the optics 84 aligned over the viewers eyes.

A head position sensor 87 is mounted in the top of the helmet 10 to
sense the orientation of the helmet with respect to a chosen reference
orientation. The sensor 87 includes a receiver which receives uitrasonic
waves through an opening in the top of the helmet. The ultrasonic waves are
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produced by a transmitter 88 mounted above the operating table. Signals
from the ultrasonic sensor 87 are conveyed through cable 89 where they are
processed to produce joystick signals that move the field of view of the
images produced by LCD displays 82 and 83. When the physician’'s head is
in the selected reference orientation, the center of the displayed image
corresponds with the center of the field of view of the catheter ultrasonic
transducer 30. As the physician’s head rotates to the left or right, up or down,
the center of the displayed image rotates a corresponding amount. Thus, the
physician can look at anatomic features far outside the field of view of the
catheter ultrasonic transducer 30. For a more detailed description of the
head mounted display, reference is made to U.S. Pat. No. 5,321, 416 entitled
“Head-Mounted Visual Display Apparatus” which is incorporated herein by
reference.

Another aspect of the present invention is the display of a physiologic
parameter or process. Inthe preferred embodiment this physiologic
parameter is activation time which is presented in the spatial form of an
electrical activation map. As indicated above, such activation maps are
functional images used to identify regions of the heart wall that are causing
cardiac arrhythmias.

As shown in Figs. 9 and 10 data for producing an activation map is
acquired using a mapping catheter 250. The mapping catheter consists of a
flexible shaft 252 having proximal and distal extremities. The flexible shaft
252 is in the form of an elongate flexible tubular member formed of a suitable
plastic material such as a polyester. ltis provided with a lumen 256
extending there through, although it can also have a multilumen configuration.

An electrode assembly 261 in the form of a basket is mounted on the
distal extremity of the shaft 252. It is provided with a plurality, as for example,
eight circumferentially spaced apart longitudinally extending arms 262 having
proximal and distal extremities. As shown, the arms 262 have an outwardly
bowed shape memory and have their proximal extremities secured to the
distal extremity of the shaft 252. The distal extremities of the arms 262 are
interconnected at a hub 266 having a rounded forward extremity 267.
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A plurality of electrodes 268, as for example, four are formed on the
outer surface of each of the arms 262. The electrodes 268 are spaced
longitudinally along the arms 262 and are insulated from each other. They
are connected to conductors in a suitable multi-conductor strip such as a
ribbon cable (not shown) which extends through the lumen 256 in the shaft
252 The electrodes 268 are capable of sensing electrical signals which are
generated in the wall of the heart. These electrical signals pass through the
ribbon cable to the proximal end of the mapping catheter 252 where they are
connected to circuitry which records the timing of the signals sensed by each
electrode 268. Circuitry such as that disclosed in U.S. Pat. No. 5,156,151
and commercially available from Arrhythmia Research Technology is used for
this purpose.

As described in U.S. Pat. No. 5,465,717 which issued on November
14, 1995 and is entitled “Apparatus And Method For Ventricular Mapping And
Ablation”, and which is incorporated herein by reference, the electrode
assembly 261 is guided through arteries and into a chamber of the heart. A
guiding catheter (not shown) is used for this purpose and when the guiding
catheter is withdrawn a short distance to expose the basket assembly 261,
the arms 262 bow radially outward to press the electrodes 268 against the
heart chamber walls. The electrical signals produced by the electrodes 268
indicate the relative timing of the signals that contract the heart wall muscles
during the cardiac cycie. As described in U.S. Pat. No. 5,409,000 which
issued April 25, 1995 and is entitled “Endocardial Mapping And Ablation
System Utilizing Separately Controlled Steerable Ablation Catheter With
Ultrasonic Imaging Capabilities And Method", the separate electrodes 268 are
encoded with ultrasonic markers. The markers are air bubbles formed in
each arm 262 to produce bright spots in ultrasonic images. The number of air
bubbles/bright spots indicates the identity of the electrode 268.

There are many different commercially available devices for
endocardial mapping. Such alternative mapping devices are available from
Biossense, Inc. of Orangeburg, New York; Cardiac Pathways Corporation of
Sunnyvale, California; and Endocardial Solutions, Inc. of St. Paul, Minnesota.
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Such mapping devices are disclosed in U.S. Pat. Nos. 5,568,809; 5,345,936;
5,228,442; 5,507,802; 5,558,073; and 5,662,108.

The production of the electrical activation map using the electrode
assembly 261 can be performed in real-time as the ablation procedure is
performed. The electrode assembly 261 is inserted into the subject heart
chamber as illustrated in Fig. 10 and the mapping data is acquired. The
ablation procedure is then carried out using the ablation device 56 shown in
Fig. 6 and activation map produced from the mapping data. The ablation
device and associated ultrasonic transducer is inserted through the lumen
256 in the catheter shaft 252 and is separately manipulated by the physician
to carry out the ablation procedure while real-time ultrasonic images are
acquired as described above. Such a catheter is described, for example, in
U.S. Pat. No. 5,409,000 entitied “Endocardial Mapping and Ablation System
Utilizing Separately Controlled Steerable Ablation Catheter with Ultrasonic
Imaging Capabilities and Method".

The locations of the mapping basket electrodes 268 are detected in
the acquired ultrasonic images and the locations of the electrodes 268 are
registered with the high resolution image displayed for the physician. This is
done by aiming the transducer 30 at each electrode 268, placing a cursor on
an electrode pictured in the image, and typing in the electrode number
indicated on the image by the number of bright spots. When all of the
electrode positions have been entered, an electrical activation map may be
produced on the high resolution image.

The electronic activation map is produced by color coding the
displayed heart wall tiles with the timing data acquired with the mapping
catheter. In other words, the electronic activation map is overlaid as color
coding on the detailed anatomical image as indicated at process block 242
This is accomplished by assigning the activation time measured at each
basket electrode 268 to its corresponding location in the registered high
resolution 3D image. That is, locations on the image of the heart wall surface
corresponding to basket electrode locations are assigned measured
activation times. The activation times of other locations on the heart wall
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surface are then computed by averaging the activation time of the nearest “n”
neighbor basket electrodes as weighted by their Euclidian distance from that
location. Activation times for every location/pixel on the heart wall surface is
thus calculated and then the range of activation times is divided into 20
successive time intervals. Twenty separate bands of pixels, each with
activation times in the same time interval, are then color coded with the same
color. Using color as a representation of time, activation wave fronts are thus
overlayed by coloring the pixels in the registered high resolution image of the
heart wall.

It should be apparent to those skilled in the art that the registered
physiological data can be displayed on the high resolution image in other
ways. For example, the gray scale may be modulated rather than color, or
the texture of the image may be used to indicate the physiological parameter
being measured. Also, the physiological data may be displayed directly as
numbers placed on the displayed anatomic structures.

When performed concurrently with the ablation procedure, the
electronic activation map is updated continuously as ablation is performed. As
a result, the physician can see by the changing pattern of the colored
activation wave fronts the precise affect ablation is having on cardiac

activation.
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Claims

1. A method for producing images during a medical procedure, the
steps comprising:

a) acquiring image data of anatomy which is the subject of the
medical procedure;

b) reconstructing a high resolution model image of the subject
anatomy from the acquired image data;

c) acquiring low resolution images of the subject anatomy as the
medical procedure is being performed, '

d) registering the high resolution model image with acquired low
resolution images; and

e) displaying high resolution images during the medical procedure
which employ the registered high resolution model image.

2. The method as recited in claim 1 in which the low resolution
images include a medical device in their field of view and the medical device
is displayed during the medical procedure by overlaying a depiction of the

medical device on the higher resolution images.

3. The method as recited in claim 2 in which the medical device is

an ablation device.

4. The method as recited in claim 2 in which the subject anatomy
is a heart and the low resolution images are acquired with an ultrasonic

transducer inserted into a chamber of the heart.

5. The method as recited in claim 4 in which the medical device is
an ablation device inserted into the heart chamber.
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6. The method as recited in claim 4 in which the medical device is
an electrode assembly inserted into the heart chamber that produces

electrical signals.

7. The method as recited in claim 6 in which the electrical signals
produced by the electrode assembly are depicted on the high resolution
images as activation wave fronts which indicate the timing of signals sensed
on a heart chamber wall by the electrode assembly.

8. The method as recited in claim 7 in which the spatial distribution
of the activation wave fronts are indicated by different colors.

9. The method as recited in claim 1 in which the high resolution
images are depictions of three-dimensional anatomic surfaces.

10. The method as recited in claim 9 in which step e) is performed
using a two-dimensional display device.

11.  The method as recited in claim 9 in which step e) is performed
using a three-dimensional display device.

12.  The method as recited in claim 9 in which step e) is performed
using a head mounted display.

13. The method as recited in claim 12 in which the anatomic
surfaces that are depicted by the head mounted display is determined in part
by the spatial orientation of the head mounted display.

14. The method as recited in claim 1 in which the low resolution

images are acquired using a transducer having a limited field of view of
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subject anatomy, and the displayed high resolution images depict a larger
field of view of the subject anatomy.

15.  The method as recited in claim 14 in which the particular subject
anatomy depicted in the displayed high resolution images is determined by
the images acquired by the transducer.

16. The method as recited in claim 1 in which the high resolution
model image of the subject anatomy is a multi-dimensional model in which
one dimension depicts changes in the subject anatomy over time.

17. The method as recited in claim 1 in which the subject anatomy
repeatedly performs a functional cycle and the high resolution model image
depicts the subject anatomy at discrete phases of the functional cycle.

18. The method as recited in claim 17 which includes sensing the
functional cycle phase of the subject anatomy as each low resolution image is
acquired, and the registration in step d) includes selecting from the high
resolution model image a depiction of the subject anatomy at one of said

5 discrete phases.

19. The method as recited in claim 17 which includes sensing the
functional cycle phase of the subject anatomy as each low resolution image is
acquired and the registration in step d) includes producing a depiction of the
subject anatomy by interpolating between two of the discrete phases depicted

5 in the high resolution model image.

20. The method as recited in claim 1 in which the subject anatomy
is a heart and an electrode assembly inserted into the heart produces
electrical signals which indicate the timing of signals sensed on a heart
chamber wall and the method includes:



WO 01/20552 PCT/US00/25051
-25-

5 locating the electrode assembly in the acquired low resolution images;

and
depicting the signal timing measured by the electrode assembly on the

displayed high resolution images.
21. The method as recited in claim 20 in which the signal timing is
depicted by color coding the displayed high resolution images.

22.  The method as recited in claim 20 in which the signal timing is
depicted by texture coding of the displayed high resolution images.

23. The method as recited in claim 20 in which the signal timing is
depicted by the gray scale of the displayed high resolution images.



WO 01/20552 PCT/US00/25051

-26-

24. A method for performing a medical intervention procedure on a
subject, the steps comprising:

a) producing an anatomical image of the subject with a medical
imaging system and updating the anatomical image in real-time as the

5 medical intervention procedure is performed;

b) acquiring physiological data from the subject with a medical
device,

c) spatially registering the physiological data with the anatomical
image;

10 d) producing an output image which merges the spatially

registered physiological data with the updated anatomical image; and

e) repeating steps b), ¢) and d) during the medical intervention
procedure to display physiological changes in the subject as the intervention
procedure is performed.

25 The method as recited in claim 24 in which the anatomic image
is acquired with high resolution and it is updated by acquiring lower resolution
images during the medical intervention procedure.

26. The method as recited in claim 24 in which the medical device is
an endocardial mapping device and the physiological data is
electrophysiological data.

27.  The method as recited in claim 26 in which the spatially
registered physiological data is an electrical activation map that overlays the

updated anatomical image.



PCT/US00/25051

1/8

WO 01/20552

. ISI— 191 8il Gé _.I - —]
1’914 3N ad )
¢WJ % 44 \ _ _ E _
HOSSTO0H ARV | 22 _
HOLI
| P [ 3undwy RIOWIN | voi, 20l |
F ~3ud || S a3nEsnwL ! | St
— [ v _ N
cs1 _N_% HOLEN® ol — |
W3LSAS \
JOVRALNI _ o= E—r
ONINOILISOd [« NOOM ndd | *~00I
IN3livd NVOS / p
w : 7 A OMINOD W3ISAS AN
H0SSII0Yd
bel ¢¢l _
/m__ /NN_ ERITVS
MITIOMLNOD \ R —
\ \ NOLLISINOOV \ gl £0l |
WIIS0T0ISAHI Clie .
62l N AMOW3W
_J 27827777 J\llhd“\«\&)—lL 7 mo_/ “
. — dwv X9 ; |
: = B  dw ro /u zemrmn_mebn_zou /__
RN .... N P/ Y/ = N /r —— _— e —

/ 251 obl //_v_ ,/NN_ 21l I




WO 01/20552

PCT/US00/25051

2/8
FIG. 2
< R-R INTERVAL
200 200
CARDIAC
TRIGGER .
02—~~~ I\

FIG. 2A

( ENTER )

Y

SEGMENT
HEART | 40

WALLS

TILE 208
HEART WALL "
SURFACES

Y

PRODUCE 210
ADDITIONAL |
CARDIAC PHASES

GED




wO

01/20552 / PCT/US00/25051
3/8

3

FIG. 3
22
~
50 \\
AN
FIG. 4 \ -
/N.I\ 56
54 36 @ B
u 30 / B
AN \ AN \\wg'
&\ NN\ L\_;_’O 40
_/
42

NONOINNNNANNN

N :




ooooooooo

mmmmmmmmm

¢

“
o
o

_______

m NN

X

ﬁ,ﬂ///////// NS
148

19
W3LSAS 09 §
| oNBYWI Wv
- YL = AVdsia
Ve
Mw 6¢
1300W
0ILNT0S
—~HOIH - /¢
a3yoL




PCT/US00/25051

5/8

WO 01/20552




WO 01/20552

{ ENTER )

6/8

PCT/US00/25051

INPUT /320
ECG
SIGNAL
224
222 (
QRS y RESET
DETECTED PHASE
? COUNTER
N
UPDATE 225
REAL-TIME |~
INTERRUPT
A
INPUT 998
REAL-TIME |~
IMAGE FRAME
y
ATTACH OVERLAY
CARDIAC /230 242 —~ DEVICES
PHASE ON IMAGE
! DETECT
DETECT 280
HEART WALL | 232 I\SE\?:SQSL
BOUNDARIES
A
236
234 Y v
\|  SELECT REGISTER OUTPUT | 238
PHASE IMAGE > HIGH RES. ANATOMY
FROM MODEL IMAGE IMAGE




PCT/US00/25051

7/8

WO 01/20552

262

FIG. 9

266

268
L

256 252

— 262




PCT/US00/25051

8/8

WO 01/20552

W31SAS
ONIDVII
JNIL-TY3Y

q—
o0
1 A
o0
P~
B
o
o0

88 ~—

N

>I1 Ol

L L L L L2 L L7 7 7 7




INTERNATIONAL SEARCH REPORT inter  nal Application No

PCT/US 00/25051

A. CLASSIFICATION OF SUBJECT MATTER

IPC 7 GO6T11/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC 7 A61B GOIR GO6T

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data, PAJ, INSPEC

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages

18 September 1996 (1996-09-18)
claims 1,2,4; figures 2,15,16

X WO 99 00052 A (UNIV LELAND STANFORD 1-5,
JUNIOR) 7 January 1999 (1999-01-07) 9-11,24,
25
abstract; claims 1,2,5,7,11,12,14; figures
2-9
page 6, line 14 - line 16
Y 6-8 y
12-23,
26,27
Y EP 0 732 082 A (HITACHI LTD) 12,13

-/

m Further documents are listed in the continuation of box C.

E Patent family members are listed in annex.

° Special categories of cited documents :

*A* document defining the general state of the art which is not
considered to be of particular relevance

*E* earlier document but published on or after the international
filing date

*L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*O" document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
me;:ts, such combination being obvious to a person skilled
in the art.

*&" document member of the same patent family

Date of the actual completion of the international search

2 February 2001

Date of mailing of the international search report

09/02/2001

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31~70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

Diallo, B

Form PCT/ISA/210 (second sheet) (July 1992)

page 1 of 2

Relevant to claim No.




INTERNATIONAL SEARCH REPORT

Inter nal Application No

PCT/US 00/25051

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

Y US 5 662 108 A (BUDD JEFFREY ROBERT ET
AL) 2 September 1997 (1997-09-02)

figure 13

column 10, line 52 - last line

column 11, Tine 35 - line 42

Y GREENLEAF J F ET AL: "MULTIDIMENSIONAL
CARDIAC IMAGING"

PROCEEDINGS OF THE INTERNATIONAL SYMPOSIUM
ON ACOUSTICAL IMAGING,US,NEW YORK, PLENUM
PRESS,

vol. SYMP. 20,

12 September 1992 (1992-09-12), pages
403-411, XP000448576

page 404, last paragraph -page 405,
paragraph 1

page 406, paragraph 2

page 410, paragraph 1

6-8,
14-16,
20-23

17-19,
26,27

Form PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2




INTERNATIONAL SEARCH REPORT

..ormation on patent family members

Inter

snal Application No

PCT/US 00/25051

Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 9900052 A 07-01-1999 EP 0999785 A 17-05-2000
us 6167296 A 26-12-2000

EP 0732082 A 18-09-1996 JP 8215211 A 27-08-1996
us 5855553 A 05-01-1999

US 5662108 A 02-09-1997 us 5297549 A 29-03-1994
us 5311866 A 17-05-1994
AT 160273 T 15-12-1997
CA 2144973 A 31-03-1994
DE 69315354 D 02-01-1998
DE 69315354 T 19-03-1998
EP 0661948 A 12-07-1995
JP 8501477 T 20-02-1996
WO 9406349 A 31-03-1994

Form PCT/ISA/210 (patent family annex) (July 18992)




[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

RHA

IPCH &

CPCH¥=

L 5E
H 20T S0k
ShEREELE

BEG®F)

S EREFE RS %

EP1224621A1 K (2E)R
EP2000963394 iR
BAEZHESHREESS

B E S AMEDICALEDUCATIONAIAfFZE

HEHRE S 2SMEDICALEDUCATION 5T

PACKER DOUGLAS L
ROBB RICHARD A

PACKER, DOUGLAS, L.
ROBB, RICHARD, A.

patsnap

2002-07-24

2000-09-13

GO01R33/32 A61B5/00 A61B5/0456 A61B5/055 A61B6/03 A61B8/12 A61B17/00 A61B19/00 GO1R33

/561 GO1R33/563 GO1R33/567 G0O6T1/00 GO6T11/00

GO01R33/5673 A61B5/02007 A61B5/0456 A61B5/7285 A61B5/742 A61B6/503 A61B6/5247 AG61B6/541
A61B8/0883 A61B8/12 A61B8/445 A61B8/4488 A61B8/5238 A61B34/20 A61B2017/00053 A61B2017
/00243 A61B2034/105 A61B2090/367 A61B2090/374 A61B2090/378 A61B2090/3784 GO1R33/563

G01R33/56308 G01R33/56333

09/397546 1999-09-16 US
EP1224621B1

Espacenet

MARTHEISE D PRIADEENS I PRREZHERGREVOMEE

B EEMONEEES

LEMERNET SRR, BSmAOEN

BERERTEXNER. S0P OEEE SRS B &E#EH
RATFEITNEIRREGUAEETIRABE R, B OEEEH
SERYZE 18 2 10 B9 R HUE B SR B B RS H SR OB ERUETT .


https://share-analytics.zhihuiya.com/view/1bc897a6-259b-4dca-b383-59a2d8f1766e
https://worldwide.espacenet.com/patent/search/family/023571626/publication/EP1224621A1?q=EP1224621A1

