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Description

Related Applications

[0001] This application claims benefit of provisional
application Serial No. 60/118,765 filed on February 5,
1999.

Background Of The Invention

[0002] The field of the invention is medical imaging,
and particularly, the production of real-time anatomic im-
ages used to guide the performance of medical proce-
dures.

[0003] High resolution medical images which accu-
rately depict detailed anatomical features can be pro-
duced using a number of imaging modalities. Such im-
ages may be produced, for example, using electron
beam CT systems, ultrasound systems or MRI systems
commercially available from a number of manufactur-
ers. To reconstruct high resolution and high SNR imag-
es, 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 exam-
ple, when imaging the human heart both cardiac and
respiratory gating may be used during the data acquisi-
tion with the result thatimage data may only be acquired
during short intervals during each respiratory and cardi-
ac cycle. A high resolution 3D image of the heart may
require many seconds or minutes to acquire using an
MRI 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.
[0004] 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 images
are used in intravascular procedures such as those dis-
closed, 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.

[0005] While real-time medical images can thus be
produced with a number of well-known imaging modal-
ities, 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 proce-
dures.

[0006] There are medical procedures which require
both real-time imaging to guide the operation and high
resolution, high SNR depictions of the anatomical struc-
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tures being operated upon. One such procedure is guid-
ed 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 le-
sions 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.
[0007] 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 imag-
es and the ablation process is monitored using the real-
time ultrasonic images. While this method and appara-
tus has enabled certain types of arrhythmias to be treat-
ed 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 anat-
omy must be provided in real-time to the physician so
that the ablation electrode can be placed in precisely the
right location.

[0008] WO 99 00052 A describes a surgical instru-
ment which may include an ultrasound transducer which
itself scans and obtains so called intra-op ultrasound im-
age data to generate low resolution images. WO 99
00052A furthermore obtains high resolution, so called
pre-op protocol images (from CT, MIR and/or MRI scan-
ning techniques) and teaches to continually update dis-
played pre-op protocol images during the surgical pro-
cedure and to constantly refresh the resulting displays
in real time. For this purpose, WO 99 00052A uses
changes in the location of a view vector corresponding
to changes in the position and orientation of a surgical
instrument in order to update the displayed high resolu-
tionimage. The surgical instrumentis located behind the
ultrasound transducer which is provided on the tip of the
surgical probe. The intra-op images and the pre-op im-
ages are fused and the composite images are dis-
played.

[0009] US-A-5 662 108 discloses a similar device
which is adapted for producing images of a heart cham-
ber. The image is solely based on impedance measure-
ments performed by an array of electrodes including
passive and active electrodes. The image displayed is
a mathematically reconstructed representation of the
heart chamber based on calculated distances between
heart walls and electrodes.

[0010] The present invention seeks to provide an im-
proved method and means for providing clear, high res-
olution medical images in real-time, and more particu-
larly, providing such images to assist physicians in the
performance of medical procedures.

[0011] The inventional solutions are defined in the in-
dependent claims. The dependent claims define advan-
tageous further developments.

[0012] The invention includes: acquiring image data
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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 resolu-
tion images at a high frame rate; registering the high
resolution model of the subject anatomy with each ac-
quired low resolution image; and displaying to the phy-
sician in real-time images of the registered high resolu-
tion model of the anatomy. The high resolution multi-di-
mensional model 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 res-
olution imaging modality and it may be done prior to per-
forming the medical procedure. The registration of the
high resolution model is performed in real-time and in-
cludes a 2D or 3D spatial orientation as well as a regis-
tration in time or phase when the model depicts chang-
ing anatomy.

[0013] Another aspect of the present invention is the
merging of real-time images of physiological data with
an anatomical model during a medical intervention pro-
cedure. The physiological data may be, for example,
electrophysiological data, EEG data or thermal data. If
amedical device such as an endocardial electrode array
is used, for example, the device itself may not be dis-
played. Instead, the location of each electrode in the ar-
ray may be precisely located on the registered high res-
olution anatomic model and an electrical activation map
is produced from the acquired electrophysiological data
and overlayed on, or merged with the high resolution
image. In a preferred embodiment the overlay is done
by modulating the color of the pixels to indicate the ac-
tivation timing of the imaged tissues, however other dis-
play methods may also be used.

[0014] 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 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.

[0015] 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 un-
derstand 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
avirtual reality environment during the medical interven-
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tion procedure.

[0016] Theforegoingand otherobjects and advantag-
es of the invention will appear from the following descrip-
tion. In the description, reference is made to the accom-
panying drawings which form a part hereof, and in which
there is shown by way of illustration preferred embodi-
ments of the invention. Such embodiments do not nec-
essarily represent the full scope of the invention, how-
ever, and reference is made therefore to the claims
herein for interpreting the scope of the invention.

Brief Description Of the Drawings

[0017]

Fig. 1 is a block diagram of an MRI system used in
the preferred embodiment to acquire high resolu-
tion 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 ac-
quired with the MRI system of Fig. 1;

Fig. 3is a partial view of a catheter showing its distal
end;

Fig. 4 is a partial view of the catheter of Fig. 3 show-
ing its distal end in more detail supporting an abla-
tion 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 map-
ping 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 mount-
ed virtual environment display device.

Description of the Preferred Embodiment

[0018] The presentinvention is practiced by first pro-
ducing a high resolution model of the anatomy of inter-
est. 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
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three spatial dimensions at successive phases of the
cardiac cycle. 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.
[0019] Referringfirst to Fig. 1, there is shown the ma-
jor components of a preferred MRI system used to ac-
quire 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 en-
ables 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 im-
age 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 communi-
cates with a separate system control 112 through a high
speed serial link 115.

[0020] The system control 122 includes a set of mod-
ules 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 com-
ponents to carry out the desired scan sequence. It pro-
duces 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 con-
nected to the patient, such as ECG signals from elec-
trodes 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 pa-
tient and the magnet system. It is also through the scan
room interface circuit 133 that a patient positioning sys-
tem 134 receives commands to move the patient to the
desired position for the scan.

[0021] The gradient waveforms produced by the
pulse generator module 121 are applied to a gradient
amplifier system 127 comprised of G,, G, and G, am-
plifiers. Each gradient amplifier excites a corresponding
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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 in-
cludes 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 am-
plifier 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 sig-
nals are demodulated, filtered and digitized in the re-
ceiver section of the transceiver 150. The transmit/re-
ceive switch 154 is controlled by a signal from the pulse
generator module 121 to electrically connect the RF am-
plifier 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 sepa-
rate RF coil (for example, a head coil or surface coil) to
be used in either the transmit or receive mode.

[0022] The NMR signals picked up by the RF coil 152
are digitized by the transceiver module 150 and trans-
ferred through a backplane 118 to a memory module 160
in the system control 122. When the scan is completed
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 ofimage 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 commands received from
the operator console 100, this image data may be ar-
chived on the tape drive 112, or it may be further proc-
essed by the image processor 106 and conveyed to the
operator console 100 and presented on the display 104.
[0023] Referring particularly to Fig. 2, the cardiac ac-
quisition 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 gra-
dient echo pulse sequence of between 6 and 15 ms, de-
pending 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.
[0024] Inafastcardiac acquisition using gradient ech-
oes, the R-Rinterval is divided up into many short seg-
ments, with each segment being a fast gradient acqui-
sition pulse sequence with a nominal flip angle of be-
tween 20°-30°. Each fast gradient echo segment ac-
quires an NMR signal representing a single line of k-
space which is sometimes referred to as a view. Adja-
cent 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
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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 ac-
quired during each R-R interval, and from the resulting
fifteen acquired k-space data sets, fifteen correspond-
ing 2D slice images are reconstructed using a two-di-
mensional Fourier transformation in the well-known
manner. These 2D slice images depict one slice through
the heart at fifteen successive phases of the cardiac cy-
cle.

[0025] The scan continues by acquiring additional
slices through the heart. In the preferred embodiment
50 to 100 contiguous slices are acquired and recon-
structed 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 signal in-
tensity in voxels throughout the patient's heart at fifteen
successive cardiac phases.

[0026] Asindicated 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 ultra-
sound may also be used to produce the required high
resolution image data. An advantage of the present in-
vention is that the high resolution 3D image data may
be acquired prior to its use in a real-time medical pro-
cedure, and this eliminates many factors that would oth-
erwise limit the choice of imaging modality.

[0027] While it is possible to use the fifteen 3D image
data sets as a high resolution, dynamic model of the pa-
tient's heart, further processing is performed in the pre-
ferred 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 phy-
sician. 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 proc-
essor 106 in the MRI system of Fig. 1, or it may be car-
ried out on a separate work station. A work station such
as the Model O2 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 Ro-
chester, Minnesota is preferred.

[0028] Referring particularly to Fig. 2A the first step in
this process is to segment the heart walls from the re-
maining structures as indicated at process block 206.
As described in "Three-Dimensional Biomedical Imag-
ing" by Richard A Robb, published in 1995 by VCH Pub-
lications, Inc., pp.166-169, segmentation produces a bi-
nary 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 per-
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formed by filtering and thresholding the 3D image data
sets with user-specified thresholds, followed by 3D re-
gion filling initiated from appropriate starting points se-
lected by the user. Many 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 con-
siderable time, but it is performed "off-line", before the
medical procedure is started.

[0029] The next step indicated by process block 208
is to tile the surfaces of the segmented heart wall imag-
es. 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 Ap-
plications 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 seg-
mented 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 attrac-
tive for real-time processing.

[0030] The highresolution model of the patient's heart
is produced from the fifteen tiled surface images by cre-
ating fifteen additional tiled surface images. This is ac-
complished at process block 210 by deforming the ac-
quired tiled surface images. Such deformation, or "mor-
phing" 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 sur-
faces of the heart walls are depicted at successive in-
crements 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 re-
ality 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 de-
scribed, for example, Robb, R.A.,: "Virtual Reality As-
sisted Surgery Planning Using Patient Specific Anatom-
ic Models", IEEE 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 in-
side a heart chamber looking at the movement of the
chamber walls as the medical procedure is performed.
[0031] It should be apparent to those skilled in the art
that there are many other ways to produce the high res-
olution model of the subject anatomy. The image data
can be acquired by imaging modalities such as x-ray CT,
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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 per-
formed. The high resolution model may be as simple as
a single 2D image or a single 3D image of static anato-
my, 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 in-
crements 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 de-
formation of the tiled surfaces that occurs during the car-
diac cycle.

[0032] 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 pro-
cedure is to ablate heart wall tissue with an endocardial
ablation device to correct such abnormalities. The sys-
tem for performing this procedure is shown in Figs. 3-5.
[0033] 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 transducer 30 which
is used to transmit ultrasound and receive resultant ech-
oes so as to provide a field of view within which features
can be imaged. It is appreciated that other types of ul-
trasonic 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 under-
blood operation. An electrical conductor 36 is disposed
in the catheter body 22 for electrically connecting trans-
ducer 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
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as shown in Fig. 6. The guide wire 44 may then be with-
drawn.

[0034] In the preferred embodiment the ultrasonic
transducer has a frequency of 5 to 20 megahertz (MHz).
Intracardiac imaging in an adult requires image pene-
tration 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 de-
scription of the catheter 20, reference is made to U.S.
Pat. No. 5,345,940 which is incorporated herein by ref-
erence.

[0035] 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 opera-
tion, control circuitry 34 causes ultrasonic transducer 30
to vibrate so as to cause an appropriate 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 ul-
trasound wave so transmitted is reflected back from the
body structures to impinge upon transducer 30. An elec-
trical signal is thereby generated and transmitted by the
cable 36 to the input of transceiver 35.

[0036] As will be described in detail below, the ultra-
sonic 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 pro-
duce 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 implement-
ing the present invention. In the preferred embodiment
a work station such as the Model O2 commercially avail-
able from Silicon Graphics, Inc. of Mountain View, Cal-
ifornia and having an R10000, 175 MHz processor is
employed. Imaging occurs while a therapeutic or surgi-
cal 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.

[0037] As illustrated in Fig. 5, catheter body 22 in-
cludes proximate its proximal end 24 a mounting struc-
ture 52 to the access port 40. An ablation device struc-
ture 53 is attached to mounting structure 52 and an elon-
gated 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.

[0038] 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 example shown, the distal
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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 por-
tion 56 of the ablation device is in the field of view of
ultrasonic transducer 30, and it is possible for the phy-
sician 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 sur-
rounding wall of the heart chamber. The quality of the
real-time ultrasonic images is also limited.

[0039] Referring again to Fig. 5, as the physician car-
ries 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 im-
aging 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 res-
olution, large field of view images in real-time on the dis-
play 61.

[0040] Referring particularly to Figs. 5 and 8 the soft-
ware in the real-time imaging system 39 inputs a gating
signal 200 from a gating circuit 38, as indicated at proc-
ess block 220. The gating circuit 38 receives the ECG
signal from the patient, and using methods well known
in the art, 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 cardi-
ac phase counter maintains an indication of cardiac
phase and it is periodically incremented by a real time
interrupt during each cardiac cycle. The interval be-
tween 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.

[0041] 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 stor-
ing it in a memory location associated with the image
frame. The real-time image is then processed to put it
into a form which can be used with the registration proc-
ess. In the preferred embodiment this includes detecting
the heart wall boundaries in the real-time image as in-
dicated at process block 232. This may be accom-
plished using a number of well known feature detection
methods, such as the boundary detection method dis-
closed in co-pending U.S. Pat. Appl.. Serial No.
08/935,128, filed on September 22, 1997 and entitled
"Fast Cardiac Boundary Imaging" which is incorporated
herein by reference.

[0042] As indicated at process block 234, the proper
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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 cardi-
ac 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 cy-
cle and the nearest one is selected. It should be appar-
ent 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 im-
age that depicts the heart at the precise moment indi-
cated by the phase counter.

[0043] The selected high resolution image is then reg-
istered with the current real-time image frame as indi-
cated 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 entitled "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 translat-
ed, 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 trans-
formed match image to corresponding points on the
base image. Registration is achieved with the transfor-
mation that results in a global minimum in the cost func-
tion. Convergence to this result is speeded by beginning
with low resolution versions of both images and regis-
tering successively high resolution images. This proc-
ess 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.

[0044] 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.

[0045] The registered high resolution image of the
heart wall anatomy is output to the display 41 as indi-
cated 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 trans-
ducer, or it can be a more expansive view. Indeed, as
indicated above, the field of view can surround the view-
er and provide an image which places the physician in-
side the heart chamber.

[0046] The real-time ultrasonic transducer images in-
clude not only the subject anatomy, such as a portion of



13 EP 1224 621 B1 14

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 detect-
ed 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 overlay the anatomical im-
age as indicated at process block 242. The medical de-
vice overlay can be an image of the device, an icon that
represents the device, or simply a cursor or cross-hairs.
[0047] The process indicated in Fig. 8 continues
throughout the medical procedure to provide the physi-
cian 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 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 po-
sition.

[0048] The display 61 can take a number of different
forms depending on the medical procedure being per-
formed and the preferences of the physician. In the pre-
ferred 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 in-
terest. 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 cathe-
ter. The orientation of the observer within the anatomic
structure (e.g. heart chamber) is maintained using nav-
igation icons as described in co-pending U.S. Pat. Ap-
pin. Serial No. 08/982,014 filed on December 1, 1997
and entitled "Graphic Navigational Guides For Accurate
Image Orientation and Navigation".

[0049] An alternative embodiment of the invention
employs a head mounted display such as that shown in
Fig. 11 to provide a virtual 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 re-
ceives 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 view-
ers head to hold the helmet 10 firmly, but comfortably in
place with the optics 84 aligned over the viewers eyes.
[0050] A head position sensor 87 is mounted in the
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top of the helmet 10 to sense the orientation of the hel-
met with respect to a chosen reference orientation. The
sensor 87 includes a receiver which receives ultrasonic
waves through an opening in the top of the helmet. The
ultrasonic waves are produced by a transmitter 88
mounted above the operating table. Signals from the ul-
trasonic 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 correspond-
ing amount. Thus, the physician can look at anatomic
features far outside the field of view of the catheter ul-
trasonic 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 Dis-
play Apparatus" which is incorporated herein by refer-
ence.

[0051] Another aspect of the present invention is the
display of a physiologic parameter or process. In the
preferred embodiment this physiologic parameter is ac-
tivation time which is presented in the spatial form of an
electrical activation map. As indicated above, such ac-
tivation maps are functional images used to identify re-
gions of the heart wall that are causing cardiac arrhyth-
mias.

[0052] 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. It is provided with a lumen 256 extending
there through, although it can also have a multilumen
configuration.

[0053] 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 extrem-
ities of the arms 262 are interconnected at a hub 266
having a rounded forward extremity 267.

[0054] 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-conduc-
tor strip such as a ribbon cable (not shown) which ex-
tends through the lumen 256 in the shaft 252. The elec-
trodes 268 are capable of sensing electrical signals
which are generated in the wall of the heart. These elec-
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trical signals pass through the ribbon cable to the prox-
imal 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 commer-
cially available from Arrhythmia Research Technology
is used for this purpose.

[0055] As describedin 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 assem-
bly 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 indi-
cate the relative timing of the signals that contract the
heart wall muscles during the cardiac cycle. As de-
scribed in U.S. Pat. No. 5,409,000 which issued April
25, 1995 and is entitled "Endocardial Mapping And Ab-
lation 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 ultra-
sonic images. The number of air bubbles/bright spots
indicates the identity of the electrode 268.

[0056] There are many different commercially availa-
ble 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. 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.
[0057] 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 activa-
tion 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 de-
scribed, for example, in U.S. Pat. No. 5,409,000 entitled
"Endocardial Mapping and Ablation System Ultilizing
Separately Controlled Steerable Ablation Catheter with
Ultrasonic Imaging Capabilities and Method".

[0058] The locations of the mapping basket elec-
trodes 268 are detected in the acquired ultrasonic im-
ages and the locations of the electrodes 268 are regis-
tered with the high resolution image displayed for the
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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 en-
tered, an electrical activation map may be produced on
the high resolution image.

[0059] 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 proc-
ess block 242 This is accomplished by assigning the ac-
tivation time measured at each basket electrode 268 to
its corresponding location in the registered high resolu-
tion 3D image. That is, locations on the image of the
heart wall surface corresponding to basket electrode lo-
cations are assigned measured activation times. The
activation times of other locations on the heart wall sur-
face are then computed by averaging the activation time
of the nearest "n" neighbor basket electrodes as weight-
ed by their Euclidian distance from that location. Activa-
tion times for every location/pixel on the heart wall sur-
face is thus calculated and then the range of activation
times is divided into 20 successive time intervals. Twen-
ty 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, ac-
tivation wave fronts are thus overlayed by coloring the
pixels in the registered high resolution image of the heart
wall.

[0060] 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 hum-
bers placed on the displayed anatomic structures.
[0061] When performed concurrently with the ablation
procedure, the electronic activation map is updated con-
tinuously as ablation is performed. As a result, the phy-
sician can see by the changing pattern of the colored
activation wave fronts the precise affect ablation is hav-
ing on cardiac activation.

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 and which re-
peatedly performs a functional cycle,

b) reconstructing a high resolution model image
of the subject anatomy from the acquired image
data in form of a multi-dimensional model in
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which one dimension depicts changes in the
subject anatomy at discrete phases of the func-
tional cycle,

¢) acquiring low resolution images of the sub-
ject anatomy as the medical procedure is being
performed;

d) sensing the functional cycle phase of the
subject anatomy as each low resolution image
is acquired as the medical procedure is per-
formed;

e) registering the high resolution model image
with acquired low resolution images as the
medical procedure is being performed using
the sensed functional cycle phase; and

f) 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 said im-

ages are cardiac images and said steps a) to f) com-
prise:

a) acquiring image data of the subject's heart
during successive cardiac phases;

b) reconstructing a high resolution model image
of the subject's heart from the acquired image
data depicting the heart during successive car-
diac phases of its functional cycle;

¢) acquiring low resolution images of the sub-
jectanatomy as the medical procedure is being
performed;

d) detecting the cardiac phase as the medical
procedure is being .performed,

e) registering the high resolution model image
with acquired low resolution images as the
medical procedure is being performed using
the detected cardiac phase; and

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

The method as recited in claim 1 or 2 in which the
low resolution images include a medical device in
their field of view and the medical device is dis-
played during the medical procedure by overlaying
a depiction of the medical device on the higher res-
olution images.

The method as recited in claim 3 in which the med-
ical device is an ablation device.

The method as recited in claim 2 in which the low
resolution images are acquired with an ultrasonic
transducer inserted into a chamber of the heart.

The method as recited in claim 5 in which the med-
ical device is an ablation device inserted into the
heart chamber.
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The method as recited in claim 5 in which the med-
ical device is an electrode assembly inserted into
the heart chamber that produces electrical signals.

The method as recited in claim 7 in which the elec-
trical signals produced by the electrode assembly
are depicted on the high resolution images as acti-
vation wave fronts which indicate the timing of sig-
nals sensed on a heart chamber wall by the elec-
trode assembly.

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

The method as recited in claim 1 or 2 in which the
high resolution images are depictions of three-di-
mensional anatomic surfaces.

The method as recited in claim 10 in which step f)
is performed using a two-dimensional display de-
vice.

The method as recited in claim 10 in which step f)
is performed using a three-dimensional display de-
vice.

The method as recited in claim 10 in which step f)
is performed using a head mounted display.

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

The method as recited in claim 1 or 2 in which the
low resolution images are acquired using a trans-
ducer having a limited field of view of subject anat-
omy, and the displayed high resolution images de-
pict a larger field of view of the subject anatomy.

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

The method as recited in claim 1 or 2 in which said
one dimension depicts changes in the subject anat-
omy over time.

The method as recited in claim 1 or 2 in which the
registration in step e) includes selecting from the
high resolution model image a depiction of the sub-
ject anatomy at one of said discrete phases.

The method as recited in claim 1 or 2 in which the
registration in step e) includes producing a depic-
tion of the subject anatomy by interpolating be-
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tween two of the discrete phases depicted in the
high resolution model image.

The method as recited in claim 2 in which an elec-
trode assembly inserted into the heart produces
electrical signals which indicate the timing of signals
sensed on a heart chamber wall and the method
includes:

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

depicting the signal timing measured by the
electrode assembly on the displayed high res-
olution images.

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

The method as recited in claim 20 in which the sig-
nal timing is depicted by texture coding of the dis-
played high resolution images.

The method as recited in claim 20 in which the sig-
nal timing is depicted by the gray scale of the dis-
played high resolution images.

A method for performing a medical intervention pro-
cedure on a subject, the steps comprising:

a) producing an anatomical image of the sub-
ject with a medical imaging system and updat-
ing the anatomical image in real-time as the
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;

d) producing an outputimage which merges the
spatially registered physiological data with the
updated anatomical image; and

e) repeating steps b), ¢) and d) during the med-
ical intervention procedure to display physio-
logical changes in the subject as the interven-
tion procedure is performed.

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

The method as recited in claim 24 in which the med-
ical device is an endocardial mapping device and
the physiological data is electrophysiological data.

The method as recited in claim 26 in which the spa-
tially registered physiological data is an electrical
activation map that overlays the updated anatomi-

10

15

20

25

30

35

40

45

50

55

1"

cal image.

Patentanspriiche

Verfahren zum Herstellen von Bildern wahrend ei-
ner medizinischen Prozedur,
wobei die Schritte umfassen:

a) Erfassen von Bilddaten einer Anatomie, die
das Objekt der medizinischen Prozedur ist und
die wiederholt einen Funktionszyklus ausfiihrt,
b) Rekonstruieren eines Modellbildes der Ob-
jektanatomie hoher Auflésung aus den
erfalten Bilddaten in Form eines mehrdimen-
sionalen Modells, in welchem eine Dimension
Anderungen in der Objektanatomie bei diskre-
ten Phasen des Funktionszykluses darstellt,
c) Erfassen von Bildern der Objektanatomie ge-
ringer Auflésung, sowie die medizinische Pro-
zedur durchgefihrt wird;

d) Abtasten der Funktionszyklusphase der Ob-
jektanatomie, wenn jedes Bild geringer Aufl6-
sung erfal’t wird, sowie die medizinische Pro-
zedur durchgefiihrt wird;

e) Zusammenpassen des Hochauflésungs-
Modellbildes mit erfal3ten Bildern geringer Auf-
I6sung, sowie die medizinische Prozedur
durchgefiihrt wird, unter Verwendung der abge-
tasteten Funktionszyklusphase; und

f) Darstellen von Hochauflésungsbildern wah-
rend der medizinischen Prozedur, die das der
Zusammenpassung unterzogene Hochauflo-
sungs-Modellbild verwenden.

2. \Verfahren nach Anspruch 1, in welchem die Bilder

kardiale Bilder sind und die Schritte a) bis f) umfas-
sen:

a) Erfassen von Bilddaten vom Herzen des Ob-
jekts wahrend aufeinanderfolgender kardialer
Phasen;

b) Rekonstruieren eines Hochauflésungs-Mo-
dellbildes des Objektherzens aus den erfallten
Bilddaten, die das Herz wahrend aufeinander-
folgender kardialer Phasen seines Funktions-
zyklusses darstellen;

c¢) Erfassen von Bildern der Objektanatomie ge-
ringer Auflésung, sowie die medizinische Pro-
zedur durchgefiihrt wird;

d) Detektieren der kardialen Phase, sowie die
medizinische Prozedur durchgefiihrt wird,

e) Zusammenpassen des Hochauflésungs-
Modellbildes mit erfalRten Bildern geringer Auf-
I6sung, sowie die medizinische Prozedur
durchgefiihrt wird, unter Verwendung der de-
tektierten kardialen Phase; und

f) Darstellen von Hochauflésungs-Bildern wéh-
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rend der medizinischen Prozedur, die das der
Zusammenpassung unterzogene Hochaufl6-
sungs-Modellbild verwenden.

Verfahren nach Anspruch 1 oder 2, in welchem die
Bilder geringer Auflésung eine medizinische Vor-
richtung in ihrem Sichtfeld umfassen und die medi-
zinische Vorrichtung wahrend der medizinischen
Prozedur durch Uberlagerung einer Darstellung der
medizinischen Vorrichtung tiber den Bildern hoher
Auflésung dargestellt wird.

Verfahren nach Anspruch 3, in welchem die medi-
zinische Vorrichtung eine Ablationsvorrichtung ist.

Verfahren nach Anspruch 2, in welchem die Bilder
geringer Aufldsung, mit einem Ultraschallwandler
erfallt werden, der in eine Kammer des Herzens
eingefiihrt ist.

Verfahren nach Anspruch 5, in welchem die medi-
zinische Vorrichtung eine Ablationsvorrichtung ist,
die in die Herzkammer eingefiihrt ist.

Verfahren nach Anspruch 5, in welchem die medi-
zinische Vorrichtung eine Elektrodenanordnung ist,
die in die Herzkammer eingefihrtist und elektrische
Signale erzeugt.

Verfahren nach Anspruch 7, in welchem die elektri-
schen durch die Elektrodenanordnung erzeugten
Signale auf den Hochauflésungs-Bildern als Akti-
vierungs-Wellenfronten dargestellt werden, welche
die Zeitfolge von Signalen anzeigen, die an einer
Herzkammerwand durch die Elektrodenanordnung
abgetastet werden.

Verfahren nach Anspruch 8, in welchem die raum-
liche Verteilung der Aktivierungs-Wellenfronten
durch unterschiedliche Farben angezeigt werden.

Verfahren nach Anspruch 1 oder 2, in welchem die
Hochauflésungs-Bilder Darstellungen dreidimen-
sionaler anatomischer Oberflachen sind.

Verfahren nach Anspruch 10, in welchem Schritt f)
unter Verwendung einer zweidimensionalen Dar-
stellungsvorrichtung ausgefihrt wird.

Verfahren nach Anspruch 10, in welchem Schritt f)
unter Verwendung einer dreidimensionalen Dar-
stellungsvorrichtung ausgefiihrt wird.

Verfahren nach Anspruch 10, in welchem Schritt f)
unter Verwendung einer am Kopf montierten Anzei-

ge ausgefuhrt wird.

Verfahren nach Anspruch 13, in welchem die ana-
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tomischen Oberflachen, die von der am Kopf mon-
tierten Anzeige dargestellt werden, teilweise durch
die rdumliche Orientierung der am Kopf montierten
Anzeige bestimmt werden.

Verfahren nach Anspruch 1 oder 2, in welchem die
Bilder geringer Auflésung unter Verwendung eines
Wandlers erfaRt werden, der ein eingeschranktes
Sichtfeld der Objektanatomie hat, und die darge-
stellten Bilder hoher Auflésung eines groReres
Sichtfeld der Objektanatomie darstellen.

Verfahren nach Anspruch 15, in welchem die spe-
zielle Objektanatomie, die in den dargestellten
Hochauflésungs-Bildern dargestellt ist, durch die
vom Wandler erfal3ten Bilder bestimmt wird.

Verfahren nach Anspruch 1 oder 2, in welchem die-
se eine Dimension Anderungen in der Objektana-
tomie Uber die Zeit darstellt.

Verfahren nach Anspruch 1 oder 2 in welchem der
Schritt ) der Zusammenpassung umfallt, aus dem
Hochauflésungs-Modellbild eine Darstellung der
Objektanatomie bei einer der diskreten Phasen
auszuwahlen.

Verfahren nach Anspruch 1 oder 2, in welchem der
Schritt e) der Zusammenpassung umfal3t, eine Dar-
stellung der Objektanatomie durch Interpolation
zwischen zwei der diskreten Phasen zu erzeugen,
die im Hochauflésungs-Modellbild dargestellt wer-
den.

Verfahren nach Anspruch 2, in welchem die Elek-
trodenanordnung, die in das Herz eingeflhrt ist,
elektrische Signale erzeugt, die die Zeitfolge von Si-
gnalen anzeigen, welche an einer Herzkammer-
wand abgetastet werden, und in welchem das Ver-
fahren umfaft:

Positionieren der Elektrodenanordnung in den
erfalten Bildern geringer Auflésung; und
Darstellen der durch die Elektrodenanordnung
gemessenen Signalzeitfolge auf den darge-
stellten Hochauflésungs-Bildern.

Verfahren nach Anspruch 20, in welchem die Si-
gnalzeitfolge durch Farbcodierung der dargestell-
ten Hochaufl6sungs-Bilder dargestellt wird.

Verfahren nach Anspruch 20, in welchem die Si-
gnalzeitfolge durch eine Texturcodierung der dar-
gestellten Hochauflésungs-Bilder dargestellt wird.

Verfahren nach Anspruch 20, in welchem die Si-
gnalzeitfolge durch die Grauskala der dargestellten
Hochauflésungs-Bilder dargestellt wird.
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Verfahren zum Ausflihren einer medizinischen In-
terventionsprozedur an einem Objekt, wobei die
Schritte umfassen:

a) Erzeugen eines anatomischen Bildes des
Objekts mit einem medizinischen Abbildungs-
system und Aktualisieren des anatomischen
Bildes in Echtzeit, sowie die medizinische In-
terventionsprozedur durchgefihrt wird.

b) Erfassen physiologischer Daten vom Objekt
mit einer medizinischen Vorrichtung;

¢) Raumliche Zusammenpassung der physio-
logischen Daten mit dem anatomischen Bild;
d) Erzeugen eines Ausgangsbildes, welches
die rdumlich zusammengepassten physiologi-
schen Daten mit dem aktualisierten anatomi-
schen Bild verschmilzt; und

e) Wiederholen der Schritte b), ¢) und d) wah-
rend der medizinischen Interventionsprozedur
zur Darstellung physiologischer Anderungen
im Objekt, sowie die Interventionsprozedur
durchgefiihrt wird.

Verfahren nach Anspruch 24, in welchem das ana-
tomische Bild mit hoher Auflésung erfal3t wird und
durch Erfassen von Bildern geringer Aufldsung
wahrend der medizinischen Intenrentionsprozedur
aktualisiert wird.

Verfahren nach Anspruch 24, in welchem die medi-
zinische Vorrichtung eine endokardiale Abbildungs-
vorrichtung ist und die physiologischen Daten elek-
trophysiologische Daten sind.

Verfahren nach Anspruch 26, in welchem die raum-
lich zusammengepassten physiologischen Daten
eine elektrische Aktivierungs-Map sind, die Uber
dem aktualisierten anatomischen Bild liegt.

Revendications

1.

Procédé pour produire des images au cours d'une
procédure médicale, les étapes comprenant :

a) I'acquisition de données d'image d'une ana-
tomie qui est le sujet de la procédure médicale
et qui décrit, de fagon répétée, un cycle fonc-
tionnel,

b) la reconstruction d'une image modéle de
haute définition de I'anatomie du sujet a partir
des données d'image acquises sous la forme
d'un modéle multidimensionnel dans lequel
une dimension illustre les changements inter-
venant dans I'anatomie du sujet a des phases
discretes du cycle fonctionnel,

¢) l'acquisition d'images de basse définition de
I'anatomie du sujet a mesure que la procédure
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médicale s'accomplit ;

d) la détection de la phase de cycle fonctionnel
de l'anatomie du sujet alors que chaque image
de basse définition est acquise a mesure que
la procédure médicale s'accomplit ;

e) la mise en correspondance de I'image mo-
déle de haute définition avec les images de
basse définition acquises a mesure que la pro-
cédure médicale s'accomplit, en utilisant la
phase de cycle fonctionnel détectée ; et

f) l'affichage d'images de haute définition au
cours de la procédure médicale qui emploient
I'image modéle de haute définition mise en cor-
respondance.

2. Procédé selon la revendication 1, dans lequel les-

dites images sont des images se rapportant au
coeur et lesdites étapes a) a f) comprennent :

a) l'acquisition de données d'image du coeur du
sujet au cours de phases cardiaques
successives ;

b) la reconstruction d'une image modéle de
haute définition du coeur du sujet a partir des
données d'image acquises illustrantle coeur au
cours de phases cardiaques successives de
son cycle fonctionnel ;

¢) l'acquisition d'images de basse définition de
I'anatomie du sujet a mesure que la procédure
médicale s'accomplit ;

d) la détection de la phase cardiaque a mesure
que la procédure médicale s'accomplit ;

e) la mise en correspondance de I'image mo-
déle de haute définition avec les images de
basse définition acquises a mesure que la pro-
cédure médicale s'accomplit, en utilisant la
phase détectée ; et

f) l'affichage d'images de haute définition au
cours de la procédure médicale qui emploient
I'image modéle de haute définition mise en cor-
respondance.

Procédé selon la revendication 1 ou 2, dans lequel
les images de basse définition incluent un dispositif
médical dans leur champ de vision et le dispositif
médical est affiché au cours de la procédure médi-
cale en superposant une illustration du dispositif
médical sur les images de plus haute définition.

Procédé selon la revendication 3, dans lequel le dis-
positif médical est un dispositif d'ablation.

Procédé selon la revendication 2, dans lequel les
images de basse définition sont acquises a l'aide
d'un transducteur a ultrasons inséré dans une ca-
vité du coeur.

Procédé selon larevendication 5, dans lequel le dis-
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positif médical est un dispositif d'ablation inséré
dans la cavité du coeur.

Procédeé selon larevendication 5, dans lequel le dis-
positif médical est un ensemble d'électrode inséré
dans la cavité du coeur, qui produit des signaux
électriques.

Procédé selon la revendication 7, dans lequel les
signaux électriques produits par I'ensemble d'élec-
trode sont illustrés sur les images de haute défini-
tion sous la forme de fronts d'onde d'activation qui
indiquent le positionnement temporel de signaux
détectés, sur une paroi de la cavité du coeur, par
I'ensemble d'électrode.

Procédeé selon la revendication 8, dans lequel la ré-
partition spatiale des fronts d'onde d'activation est
indiquée par des couleurs différentes.

Procédé selon la revendication 1 ou 2, dans lequel
les images de haute définition sont des illustrations
de surfaces anatomiques tridimensionnelles.

Procédé selon la revendication 10, dans lequel
I'étape f) estaccomplie en utilisant un dispositif d'af-
fichage a deux dimensions.

Procédé selon la revendication 10, dans lequel
I'étape f) est accomplie en utilisant un dispositif d'af-
fichage a trois dimensions.

Procédé selon la revendication 10, dans lequel
I'étape f) est accomplie en utilisant un afficheur fron-
tal.

Procédé selon la revendication 13, dans lequel les
surfaces anatomiques qui sont illustrées par I'affi-
cheur frontal sont déterminées, en partie, par
l'orientation spatiale de I'afficheur frontal.

Procédé selon la revendication 1 ou 2, dans lequel
les images de basse définition sont acquises en uti-
lisant un transducteur ayant un champ de vision li-
mité de I'anatomie du sujet, et les images de haute
définition affichées illustrent un champ de vision
plus large de I'anatomie du sujet.

Procédé selon la revendication 15, dans lequel
I'anatomie particuliére illustrée du sujet dans les
images de haute définition affichées est déterminée
par les images acquises par le transducteur.

Procédé selon la revendication 1 ou 2, dans lequel
ladite une dimension illustre les changements inter-
venant, au cours du temps, dans I'anatomie du su-
jet.
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Procédé selon la revendication 1 ou 2, dans lequel
la mise en correspondance au cours de I'étape €)
inclut la sélection, a partir de Iimage modéle de
haute définition, d'une illustration de I'anatomie du
sujet, a I'une desdites phases discretes.

Procédé selon la revendication 1 ou 2, dans lequel
la mise en correspondance au cours de I'étape €)
inclut la production d'une illustration de I'anatomie
du sujet par interpolation entre deux des phases
discrétes illustrées dans I'image modeéle de haute
définition.

Procédé selon la revendication 2, dans lequel un
ensemble d'électrode inséré dans le coeur produit
des signaux électriques qui indiquent le positionne-
ment temporel des signaux détectés sur une paroi
de la cavité du coeur, et le procédé inclut :

la localisation de I'ensemble d'électrode dans
les images acquises de basse définition ; et
l'illustration du positionnement temporel des si-
gnaux mesuré par lI'ensemble d'électrode sur
les images de haute définition affichées.

Procédé selon la revendication 20, dans lequel le
positionnement temporel des signaux est illustré en
codant, par le biais de couleurs, les images de hau-
te définition affichées.

Procédé selon la revendication 20, dans lequel le
positionnement temporel des signaux est illustré en
codant, par le biais de textures, les images de haute
définition affichées.

Procédé selon la revendication 20, dans lequel le
positionnement temporel des signaux est illustré
par I'échelle de gris des images de haute définition
affichées.

Procédé pour accomplir une procédure d'interven-
tion médicale sur un sujet, les étapes comprenant :

a) la production d'une image anatomique du su-
jet a l'aide d'un systeme d'imagerie médicale,
et l'actualisation de l'image anatomique en
temps réel a mesure que la procédure d'inter-
vention médicale s'accomplit ;

b) I'acquisition de données physiologiques du
sujet a l'aide d'un dispositif médical ;

c) lamise en correspondance spatiale des don-
nées physiologiques avec l'image
anatomique ;

d) la production d'une image de sortie qui fond
les données physiologiques spatialement mi-
ses en correspondance avec l'image anatomi-
que actualisée ; et

e) la répétition des étapes b), c) et d) au cours
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de la procédure d'intervention médicale afin
d'afficher les changements intervenant dans le
sujet a mesure que la procédure d'intervention
s'accomplit.

Procédé selon la revendication 24, dans lequel
I'image anatomique est acquise avec une haute dé-
finition et est actualisée par I'acquisition d'images
de plus basse définition au cours de la procédure
d'intervention médicale.

Procédé selon la revendication 24, dans lequel le
dispositif médical est un dispositif de cartographie
endocardiaque et les données physiologiques sont
des données électrophysiologiques.

Procédé selon la revendication 26, dans lequel les
données physiologiques spatialement mises en
correspondance sont une cartographie d'activation
électrique qui se superpose a l'image anatomique
actualisée.
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