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3-D ULTRASOUND NAVIGATION DURING RADIO-FREQUENCY ABLATION

FIELD OF THE INVENTION

This invention relates to placement of catheters
within a body, and more particularly, to navigating and
monitoring the positions of catheters utilizing ultrasound

during radio-frequency tissue ablation.

DESCRIPTION OF RELATED ART

The location or position of an instrument or device
must be accurately determined before and during various
medical procedures and treatments within the body. Common
procedures within the body include treating heart
conditions, such as supra-ventricular tachycardia (sVT) ,
atrial fibrillation (AF), atrial flutter (AFL) and
ventricular tachycardia (VT). SVT, AF, AFT and VT
conditions cause abnormal electrical signals to be
generated in the endocardial tissue of the heart, which
cause irregular beating or arrhythmia of the heart.

Certain heart conditions can be treated by ablating
heart tissue using radio frequency (RF) energy. The
electrical activity of the heart may be measured using an
electrophysiology or “EP” catheter, which includes a
mapping eiectrode to measure the electrical activity.

A map of the electrical activity of the heart can be
created and shown on a display. A physician can use the
map of EP data to identify which region of the heart is
causing irregular activit?. An ablation catheter 1is
inserted through the patient's vasculature to the
identified target area of the heart. Current produced by a
RF generator is applied to target heart tissue to ablate

the tissue or form a lesion and treat the heart condition.
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In other treatments, an ablation catheter is maneuvered
into an atrium of the heart to create elongated ablation
lesions in the heart and stop irregular beating and other
conditions.

Before ablation and EP catheters can be utilized,
however, they must be inserted into the body and accurately
positioned within the heart. In order to ensure that RF
energy is directed to the correct location within the
heart, it is wusually necessary to monitor or track the
position of the catheter before and during ablation.

In conventional systems, catheter monitoring and
tracking are typically performed using an imaging system,
such as conventional ultrasound imaging or fluorcscopy
gystems. Once the catheter is positioned, ablation
procedures can be performed.

Conventional wultrasound and fluoroscopic imaging
systems, particularly when used in conjunction with RF
energy, can be improved. ' For example, some known
fluoroscopy systems produce relatively poor quality images
that are only in two-dimensions  rather than three-
dimensions (3-D). These may not produce images having
sufficient information and clarity to enable a physician or
clinician to effectively perform the procedure. As a
further example, known ultrasound imaging systems that
continuously monitor the position of a catheter during RF
ablation may not be effective since higher-powered RF
energy interferes with ultrasound energy. This 1is
particulafly problematic when it is necessary to adjust the
position of the catheter during RF ablation since the
interference may preclude or inhibit a phyéician or
clinician from properly identifying present and future
locations of the catheter. Some systems attempt to address
this problem by periodically diverting RF energy to another

location. Other systems switch between a detection phase
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of conventional visualization procedures using well known
ultrasound imaging equipment and application of RF energy.
These conventional systems, however, may require
significant imaging equipment, produce low quality images,
and require switching egquipment that re-routes RF energy to
different locations. Further, conventional ultrasound and
fluoroscopy devices are deficient since ablation catheters'
are routed through the body without establishing the
position of the catheter relative to a known reference.
Consequently, even if heart tissue to be ablated can
be identified, there may be difficulties with navigating or
guiding an ablation catheter to the target or next location
within the heart due to an unavailable reference system,
low gquality wultrasound or fluoroscopic images, and
interference caused by high-powered RF ablation energy.
Thus, it is desirable to provide a system and method by
which a position of a medical device may be accurately and
reliably guided to selected regions in thé body before and

during energy applications.

SUMMARY

In accordance with one embodiment, a system for
positioning a medical device and ablating a tissue within a
body include a power supply, a navigation system, and a
controller. The power supply generates a current that is
suitable for ablating the tissue and provides the current
to an energy delivery device. The energy deliver device
provides the current to the tissue. The navigation system
establishes a three-dimensional reference coordinate system
and determines a position of the energy delivery device
within the coordinate system. The controller switches
between the power supply and navigation system so that the

navigation system operates without significant interference
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from the power supply current during ablation of the
tissue.

In accordance with another embodiment, a system for
positioning a medical device and ablating a tissue within a
body includes a power supply, an energy delivery device, a
navigation system, and a controller. The power supply
generates current for ablating the tissue and provides the
current to the energy delivery device, which provides
current to the tissue. The energy deliver device includes
isotropic ultrasound transducers. The navigation system
includes a reference catheter having a plurality of
isotropic ultrasound transducers. The reference catheter
transducers emit ultrasound signals to establish a three-
dimensional reference coordinate system, and the position
of the energy delivery device is determined relative to the
coordinate system based on ultrasound signals transmitted
and received between the energy delivery device transducer
and the reference catheter transducers. The controller
switches between activating said power supply and said
transducers of the reference catheter and the energy

delivery device.

Other embodiments of the gating or switching systems
will become apparent from consideration of the following
description taken in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the drawings, in which like reference
numbers represent corresponding parts throughout, and in
which:

Figure 1 illustrates a block diagram of an embodiment

of a gating system having a controller in a power supply

PCT/US2005/017558
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that switches between ultrasound navigation and RF
ablation;

Figure 2 illustrates a block diagram of an embodiment
of a gating system having a controller in an ultrasound
navigation system that switches between ultrasound
navigation and RF ablation;

Figure 3 illustrates timing siénals for switching
between ultrasound navigation and RF ablation;

Figure 4A illustrates timing signals that include a
delay Dbefore initiating ultrasound acquisition for
switching between ultrasound navigation and RF ablation;

Figure 4B illustrates timing signals that include a
delay for use in alternative embodiments;

Figure 5 illustrates a more detailed block diagram of
an embodiment of a switching or gating system;

Figure 6 illustrates a more detailed block diagram of
an embodiment of switching or gating system having an
optional energy trap or RF decay circuit;

Figure 7 is a circuit diagram corresponding to
portions of gating logic shown in Figures 5 and 6;

Figure 8 is a circuit diagram illustrating 1ogic and
timing components of the gating logic circuit;

Figure 9 illustrates timing signals of the gating
logic circuit;

Figure 10 is a circuit diagram illustrating an optical
transmittef of the communications interface;

Figure 11 is a circuit diagram corresponding to
portions of an energy trap or AF decay circuit;

Figure 12 is circuit diagram illustrating connections
between gating system components;

Figure 13 1is another circuit diagram illustrating
connections between gating system components;

Figure 14 is a schematic representation of major

components of an ultrasound navigation system;
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Figure 15 is a schematic representation illustrating
the manner in which a 3-D reference coordinate system is
established;

Figure 16 is a side elevation view of a reference
catheter that can be used to establish a 3-D reference
coordinate system;

Figure 17 is a side elevation view of another
reference catheter;

Figure 18 is a side elevation view of an additional
reference catheter; \

Figure 19 illustrates an elevation view of a further
reference catheter having a different suitable transducer
and electrode arrangement; and

Figure 20 illustrates an elevation view of another
suitable reference catheter with another  suitable

transducer and electrode arrangement.

DETAILED DESCRIPTION OF ILLUSTRATED EMBODIMENTS

Embodiments of a system for gating, alternating or
switching between RF ablation of tissue and ultrasound
navigation or 1oca1i;ation. In the following description,
reference is made to the accompanying drawings, which show
by way of illustration specific embodiments. It is to be
understood that other embodiments may be utilized as
various changes to system components and configurations may
be made.

Referring to Figure 1, one embodiment of a gating
system 100 for switching‘between ultrasound navigation or
localization and RF ablation of tissue includes a power
source or supply 110, an energy delivery device 120, an
ultrasound navigation or localization system 130, a
communications interface 140, a display 150, and a
controller 160. The navigation system 130 wutilizes

reference catheters 132 having ultrasound transducers 131.

-6-
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The energy delivery device 120 includes an ablation
catheter 122 with ultrasound transducers 121 and an
electrode 127 for delivering energy 112 from the RF
generator 111 of the power supply to the patient 170.
Persons of ordinary skill in the art will appreciate that
embodiments of a gating system can also be used with
navigation of non-ablation catheters. For example,
electrophysiology (EP) catheters, the gating system can be
used to guide “mapping catheters”. Thus, although some
catheters.may npt support ablation and thermometry, they
can include eleétrodes and navigation transducers so that
their position can be tracked or navigated during RF
ablation with another catheter. This specification,
however, refers to ablation catheters for purposes of
explanation, not limitation.

The controller 160 generates timing gsignals 162 for
driving the RF generator 111 of the power supply 110, and
timing signals 164 for driving the navigation system. If
necessary, the interface 140, such as an optical interface,
can format or configure the timing signals 164 into timing
signals 165 that are suitable for driving the navigation
gsystem 130. The navigation system 130 establishes a
reference system 137 using ultrasound energy or signals 133
(generally “signals”) between transducers 131. The
navigation system also obtains and processes data 124
related to ultrasound energy or signals (generally
vgignals”) sent and received between ’ablation catheter
transducers 121 of the energy delivery device 120 and
reference catheter transducers 131.

The embodiment shown in Figure 1 includes a controller
160 that is a component of the power supply 110. Other
system configurations can also be utilized. For example,
as shown in Figure 2, the controller 160 is a component of

the navigation system 130. In the embodiment shown in
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Figure 2, the controller 160 generates timing signals 264
to drive the navigation system 130 and timing signals 262
to drive the RF generator 111. If necessary, the interface
140 can format or configure the timing signals 262 into
timing signals 263 that are suitable for driving the RF
generator 111.

Persons of ordinary skill in the art will recognize
that various controller 160 configurations can be utilized.
For example, the navigation system 130 can have exclusive
control over timing signals, the power supply 110 can have
exclusive control over timing signals, or the control can
be distributed or shared between the power supply 110 and
the navigation system 130. For purposes of explanation and
illustration, but not limitation, this specification
primarily refers to the configuration shown in Figure 1, in
which the controller 166 is a component of the power supply
110. ‘

The navigatioh or localization system 130 generates a
3-D reference coqrdinate system 137, grid or map using the
ultrasound transducers 131 of the reference catheters 132.
The reference catheters 132 are inserted through the body
to a target area in the patient 170, such as ‘the heart.
The system 100 can be used in other regions of the body,
but this specification describes applications involving. the
heart for purposes of explanation, not limitation.~

The transducers 131 carried by the reference catheters
132 send and receive signals (generally 133) to and from
each other. A processor 135 acquires data (generally 134)
related to the time it takes for the signals 133 to be
transmitted and received between each of the reference
catheter transducers 131. The processor 135 uses this data
134 to determine the distances between transducers 131
within the body using, for example, “time of £light”

calculations. The processor 135 triangulates these
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distances to establish the positions of the reference
transducers 132 relative to each other and to establish the
3-D coordinate system 137. The established coordinate
system 137 can be represented graphically in 3-D on the
graphics display 150 for use by a clinician or physician.
The time of flight and triangulation determinations are
explained in further detail with reference to Figures 14
and 15.

Once a 3-D coordinate system 137 is established, a
physician can guide an energy delivery device, such as a
mapping or ablation catheter 122, to the target area 170.
The location of an ultrasound transducer 121 of the
ablation catheter 122 can be determined in relation to the
established coordinate system 137 with signals 123 that are
transmitted between one or more transducers 121 of the
ablation catheter 122 and one or more transducers 131 of
the referenced catheters 132. The processor acquires data
124 related to the relative position of a transducer 121
relative to a transducer 131 to accurately determine the
position of the catheter 123 within the reference grid 137
and the heart 170.

After an ablation catheter 122 is properly positioned,
the RF generator 111 is activated to provide current 112
through an electrode 127 of the ablation catheter 120 to
the target heart tissue 170.

Thus, the transducers 121 and 131 used in the
navigation system 130 are different than typical ultrasound
transducefs of conventional imaging or visualization
gystems. For examplé, the transducers 121 and 131 of the
ablation catheter 120 and the reference catheter 132 are
used to establish a reference system and to determine
positions with the reference system. Further, the
transducers 121 and 131 are isotropic, i.e., they emit

unfocused ultrasound energy in all directions so that the
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ultrasound energy can be detected by other transducers. In
contrast, in conventional ultrasound imaging or
visualization systems, ultrasound transducers typically
emit focused, controlled wultrasound energy, which is
directed to a particular target area. This focused energy
is reflected, detected, and processed to produce an image
of the target area. ‘

Timing signals 162 and 164 activate the RF generator
111 and navigation system 130 at different times, so that
the current 112 produced by the RF generator 111 does not
significantly interfere or does not interfere with the
transmission of ultrasound signals Dbetween various
transducers, including the receiving and transmitting such
signals. Thus the RF current 112 does not significantly
interfere with ultrasound signals 123 that are transmitted
between ultrasound"transducers 121 and 131 of cathetexrs 120
and 132, signals 133 transmitted between various ultrasound
transducers 131 of reference catheters, and acquisition of
the corresponding data 124 by the processor 135.

The phase and duty cycle of the timing signals 162 and
164 are programmed so that they “alternate” with respect to
each other. Thus, the RF generator 111 and output 112 are
active when the navigation system 130 and ultrasound
signals 123 are inactive. Conversely, the wultrasound
signals 123 are active when the RF generator 1li and output
112 are inactive.

As a result, the position of an ablation catheter 120
that includeg an ultrasoﬁnd transducer 121 can be monitored
and adjusted, as necessary, before and during RF ablation
since the position of the ultrasound transducer 121 of the
catheter 120 is accurately monitored relative to the
established 3-D reference coordinate system 137. The

position of the ablation catheter 120 can be presented as a
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graphic rendering or representation on the display 150 for
the clinician.

Persons of ordinary skill in the art will recognize
that the same ‘“interference” problems and gating or
alternating technique can be used with other navigation
signals, including electromagnetic (EM) navigation or
localization systems. For example, high or maximum power
RF energy can interfere with EM signals emitted by
reference or ablation catheters. This specification,
however, refers to ultrasound transducer signals for
purposes of explanation, but not limitation.

General timing principles are illustrated in Figures 3
and 4A, and a specific implementation is illustrated in
Figure 4B. These signals and control of the timing can be
implemented in hardware and/or software to drive the RF
generator 111 and ultrasound transducers 121 and 131 so
that the current produced by the RF generator does not
interfere or does not significantly interfere with the
transmitting and/or receiving of ultrasound signals by the
navigation / localization system 130.

in one embodiment, as shown generally in Figure 3, the
RF generator 111 is active to perform RF ablation 300 when
the timing signal 162 to the RF)generator 111 in the power
supply 110 is high 302, whereas the RF generator 111 and RF
ablation 300 are inactive when the timing signal 162 is low
304. 1In one embodiment, the RF generator 111 is active for
a longer time relative to the ultrasound gignals. For
example, the control circuit 160 can be programmed to have
a 80%-90% duty cycle. In other words, the RF generator 111
(and RF ablation 300) are active for about 80-90% of a time
period and inactive for about 10-20% of the time period.

For example, for every 1 ms, the RF generator 111 and
ablation 300 are active for about 800-900 microseconds,

preferably about 825-875 microseconds, and inactive for
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about 100-200 microseconds, preferably for about 125-175
microseconds. Other heat treatment of the tissue, e.g.,
convective heating, may also continue during the off
periods 304 since heat energy remaining in the tissue may
still treat the tissue during the short time that the power
supply RF generator 111 and RF ablation are de-activated.
Similarly, ultrasound signals and acquisition and
navigation 310 are inactive during periods 312 (when the RF
generator 111 is on) and active during periods 314 (when
the RF generator 111 is off).

The power over time or average Or “RMS” power
resulting from these duty cycles has been determined to
provide sufficient current and power to effectively ablate
tissue, while reducing or preventing tissue charring and
blood coagulation. These duty cycles also allow a
sufficient amount of ultrasound information 121 to be
acquired so that the position of the ablation catheter 120
can be accurately determined and monitored before and
during RF ablation. If variable ablation capabilities are
necessary, the peak power level of the power supply 110 can
be adjusted, as necessary, to provide more or less ablation
power. For example, an operator can adjust the “average
power” or “rms power”‘setting on the power supply 120,
which results in the peak power being adjusted to provide
the selected average or rms power output.

Persons of ordinary skill in the art will recognize
that a beginning of an ultrasound cycle may not perfectly
align with an end of a RF ablation cycle due to, for
example, system or component tolerances. Thus, while
Figure 3 illustrates .substantially non-overlapping timing
signals, in use, there may be a small degree of overlap
that can be tolerated, while still effectively switching

between RF ablation 300 and ultrasound navigation 310.
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In an alternative embodiment, as shown generally in
Figure 4A, the ultrasound navigation timing signals 164 may
be delayed as necessary in order to compensate for residual
RF signals and system and component tolerances. For
example, as shown in Figure 4A, the controller 160 may
introduce a delay 400, e.g., about 0 to about 100
microseconds, preferably about 25 microseconds, before
activating signals between transducers and ultrasound
acquisition. The delay 400 ensures that residual RF
signals that exist in filter and magnetic components of the
power supply 110 decay to a zero or substantially low level
so that they do not interfere with the ultrasound signals
121 and acquisition 124. 1In an alternative embodiment, the
system 100 includes an ‘“energy trap” circuit that
accelerates the decay of residual RF signals Dbefore
beginning an ultrasound cycle, as discussed in further
detail below with reference to Figures 6 and 11.

A more specific timing implementation of one
embodiment is shown in Figure 4B. This embodiment provides
flexibility to change the time that the navigation /
localization system 130 activates a transducer to transmit
ultrasound signals. This flexibility is particularly
useful if ultrasound signals are transmitted for longer
distances. For example, typical ultrasound transmission
distances may be for about 200 mm, and longer distances,
such as from ébout 150 mm to about 300 mm may result from
receivers being placed on the skin of the patient.
Accordingly, various embodiments are adaptable to systems
that use internal ultrasound transmitters and receivers and
a mixture of internal and external transmitters and
receivers.

Referring to Figure 4B, four signals are utilized to
control the timing of RF ablation and ultrasound

transmissions: RF Control (RFC) 450, RF On/Off 460,
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Transmit 470 and Receive 480. The RFC signal 450 is
provided from the power supply 110 or RF generator 111 and
to the navigation / localization system 130. The RF On/Off
signal 460 is the output of the power supply 110 or RF
generator 111. As illustrated in Figure 4B, the RF On/Off
signal 460 is an “active high” signal. 1In other words, the
RF generator 111 is off when low and on when high. In
practice, the RF On/Off signal 460 may be active low - the
RF generator 111 is on when the signal 460 is low and off
when the signal is high. The Transmit signal 470 is a
signal generated by the navigation / localization system
130 to control when a transducer is activated to emit
ultrasound signals. The Receive signal 480 is also
generated by the navigation / localization system 130 to
enable the receiver detection circuitry during a receive
window 482.

. In use, the transition of the RFC signal 450 from low
to high serves to mark the beginning of a window 455 (100
microseconds in this example) before which the RF generator
111 is activated by the RF on/Off signal 460. Thus, as
illustrated, the ultrasound navigation system 130 triggers
the Transmit signal 470 shortly after the RF generator 111
is turned off - about 25 microseconds 465 after the RF
generator 111 is de-activated in this example. Similarly,
the ultrasound / navigation systeﬁ 130 provides the
Receive signal 480 to activate one or more transducers to
enable receiver detection circuits during the receive
Window 482 of about 129 microseconds.

If longer transmission distances are utilized, the
Transmit signal 470 can be triggeréd earlier. For example,
the Transmit signal 470 can be triggered earlier, i.e.,
while the RF generator is still on, as shown by 475. 1In
other words, the trigger can be activated during the 100

microsecond window 455 and while the RF generator is on.
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As a result, the ultrasound signals can be transmitted for
a longer time, and thus, a longer distance, while being
received during the window 482 and while the RF generator
is not active.

Indeed, persons of ordinary skill in the art will
appreciate that the previous exemplary durations of signals
are merely representative of other durations that can be
used with various embodiments and applications.
Accordingly, the specific examples involving 25, 100, 125,
129 and 254 microsecond timing intervals are not to be
considered to limit the various embodiments.

Figure 5 illustrates a gating system 100 in further
detail. The illustrated embodiment includes the interface
140 within the power supply 110, however, the interface 140
can also be external to the power supply 110, as shown in
Figure 1. In the illustrated embodiment, the system 100
includes a controller 160, such as a micro-controller,
microprocessor, programmable logic device (PLD), discrete
logic or other suitable logic device (generally, “gating
logic” 500). Various logic languages can be used to
program different logic devices, as necessary, including
but not limited to Hardware Description Language (HDL) and
VHSIC Hardware Description Language (VHDL) .

The gating logic 500 is initially activated by a usér
via a switch 502. An indicator 504 informs the user that
the gating logic 500 has been activated. The indicator 504
may be, for example, a visual indicator, such as a Light
Emitting Diode (LED), or an audible indicator, such as a
beep or a tone.

The gating logic 500 generates timing éignals 162 (RF
Clock) to drive the RF generator 111 and timing signals 164
(Gating Sync - Optical Out) to drive the navigation system
130. The timing signals 162 and 164 are synchronized so
that during a gating interval 510, the RF Clock timing

~-15-

PCT/US2005/017558



10

15

20

25

30

WO 2005/112775

signal 162 is switched low to de-activate the RF generator
111, and the Gating Sync timing signal 164 is switched high
to drive the ultrasound transducers 121 and 131 and
ultrasound acgquisition. Ags a result, ultrasound
transmissions and detections of signals between transducers
121 and 131 can occur during the “quiet” gating period 510
without interference from ablation current 112. This data
124 can be acquired by the processor 135 to determine the
location of the ablation catheter transducer 121 relative
to the reference system 137.

The RF generator 111 can be various known switching
generators that provide electrical current 112 having
frequencies between about 200 kHz and about 800 KkHz,
preferably about 500 kHz, and up to 2 A of current and 170
V. The RF‘generator output 112 is Coupled by a transformer
530. A bandpass filter 540 (a series LC network) shapes
the transformed output 112 to a 0-170 volt ginusoidal
signal having a frequency of about 500 kHz for the ablation
catheter 120.

Referring to Figure 6, an alternative embodiment of a
gating system includes an “energy trap” or RF decay circuit
600, such as a solid state switch. The energy trap circuit
600 accelerates the decay of residual RF signals that exist
in, for example, the bandpass filter 540 and magnetic
components of the transformer 530, after the RF energy has
been de-activated, i.e., at the beginning of each “gating”
period 510 prior to ultrasound acquisition 124.

More particularly, during a gating interval 510, the
gating logic 500 stops the RF clock 162 and closes the
energy trap switch 600. As a result, RF energy within a
bandpass filter 540 does not leak to the ablation electrode
127 output. The energy trap 600 provides a faster
transition from an active or high RF signal to a zero or

low level that does not interfere with ultrasound signals
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121 and 131 and acquisition 124. If necessary, the gating
logic 500 can introduce a small delay, e.g., about omne
microsecond, after the RF generator 111 is switched off and
before closing the energy trap switch 600, to ensure that
the RF generator 111 is turned off.

Figures 7-13 illustrate circuit, logic and timing
diagrams that correspond to portions of components of the
system block diagrams of Figures 1, 2, 5 and 6. These
particular circuit diagrams are configured for use with
existing ultrasound navigation products, including PAM
model no. 8200 and PAMi part no. 09-1685-000 manufactured
by Boston Scientific Corporation 2710 Orchard Parkway, San
Jose, California 95134, and generally described in U.S.
Patent No. 6,490,474. Accordingly, persons of ordinary
skill in the art will recognize that embod;ments of a
gatihg system can include different circuit components and
can be configured for other navigation systems and
applications as necessary. Thus, the circuit and logic
schematics shown in Figures 7-13 are illustrative of
various other circuit designs that can be utilized to
implement switching between ultrésound navigation 300 and
RF ablation 310. The manner in which the ultrasound
navigation system 130 components operate to generate the 3-
D reference coordinate system using time of flight and
triangulation determines 1s now described in further
detail.

Referring to Figure 14, as previously discussed
generally, the navigation or localization system 300 and
procedure utilize ultrasound transducers 131 of reference
catheters 132 to establish a 3-D reference coordinate
system 137 within a patient's heart 170. Each reference
catheter 132 includes a plurality of ultrasound transducers
131 - preferably at least four such transducers 131. The

reference catheter transducers 131 function as ultrasound
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receivers by converting acoustic pressure to voltage, and
as ultrasound transmitters by converting voltage to
acoustic pressure.

Using known techniques and calculations, the distance
between each reference catheter transducer 131 and other
ones of the .reference catheter transducers 131 may be
computed by measuring the time for an ultrasound pulse to
travel from a transmitting transducer 131 to each receiving
transducer 131. These distance measurements are preferably
carried out in parallel so that when an ultrasound pulse is
emitted by a reference catheter transducer 131, the system
simultaneously measures the respective times it takes for
the pulse to reach each of the other transducers being used
in the system.

These determinations are made based on the velocity of
an acoustic signal in the heart being approximately 1570-
1580 mm/msec, with small variations caused by, for example,
blood and tissue. The time for an acoustic pulse to travel
from one transducer 131 to another may thus be converted to
the distance between the transducers 131 by multiplying the
time of flight by the velocity of an acoustic pulse in the
heart (i.e. by 1570-1580 mm/msec) .

Time of flight principals, in combination with the
geometric principal of triangulation, establish the 3-D
coordinate system 137 using the processor 135, amplifier
and localization hardware 1400 and catheters (generally
1410) . One or more of the reference catheters 132 is
introduced into the heart 170 or the surrounding
vasculature (or other areas such as the esophagus) and is
left in place for the duration of the procedure. Once
reference catheter(s) 132 are positioned within or near a
patient's heart 170, the system first measures the
distances between each of the reference catheter

transducers 131 using "time of flight" principles. The
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processor 135 uses these distances to establish the
relative positions of the reference transducers 131 and to
establish a 3-D coordinate sgystem 137.

For example, referring to Figure 15, a 3-D coordinate
system 137 is established by using a reference catheter 132
that includes at least four reference transducers 131,
designated T1-4. These transducers T1-T4 define a 3-D
coordinate system 137 as follows: T1 through T3 define the
plane P at z=0; one reference transducer Tl defines the
origin of the coordinate system; a line between T3 and T2
defines the x-axis of the system; and T3 lies in the plane
z=0. The fourth reference transducer, T4, lies on one side
of the plane P, at z>0.

The reference catheter 132 preferably includes at
least four such transducers 131 so that a 3-D coordinate
system 137 can be established using a single reference
catheter 132. If desired, the reference catheter 132 may
have more transducers 131 or it may have fewer transducers
131 if more than one reference catheter 132 is to be used
to establish the three-dimensional coordinate system 137.

Using more than four reference transducers 131 is
advantageous in that it adds redundancy to the system and
thus enhances the accuracy of the system. When ﬁore than
four reference transducers 131 are used, the prbblem of
determining the location of catheter transducers 131 is
over determined. The additional redundancy may provide
greater accuracy if the measured distances between the
reference transducers 131 and catheter transducers 121 are
noisy. The overdetermined problem can be gsolved using
multi-dimensional scaling as described in "Use of
Sonomicrometry and Multidimensional Scaling to Determine 3D
Coordinates of Multiple Cardiac Locations: feasibility and
implementation", Ratciffle et. al, IEEE Transactions

Biomedical Engineering, Vol. 42, no. 6, June 1995.
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The coordinates of the reference transducers 131 can
be computed using the law of cosines. See, for example,
Advanced Mathematics, A preparation for calculus, 2nd Ed.,
Coxford, A. F., Payne J. N., Harcort Brace Jovanovich, New
York, 1978, p. 160. Each reference transducer 131 must be
capable of both receiving and transmitting ultrasound
pulses, and is separately made to emit acoustic pulses that
are received by each of the other reference transducers
131. The distances dl through dé shown in FIG. 15 are
calculated using the respective times it takes for an
acoustic pulse to travel between each pair of the reference
transducers 131. These distances are triangulated to
establish the positions of the reference transducers 131
relative to each other, and therefore to establish a 3-D
coordinate gystem 137.

Referring again to Figure 14, once a 3-D coordinate
system 137 is established, the location of an additional
transducer 121 of a medical device 120, such as a mapping
or an ablation catheter (generally 1410 in Figure 14)
placed near or within the heart can be calculated within
the 3-D coordinate system 137 as follows. First, using the
"time of flight" method, the distances between each of the
reference transducers 131 T1 through T4 and the additional
catheter transducer 121 (designated TCATH in FIG. 15) are
established, in parallel. These distances are preferably
also performed in parallel with the distance measurements
that are made to establish the coordinate system 137.
Next, using basic algebra and the law of cosines (see,
e.g., the Advanced Mathematics text cited above), the
coordinates of TCATH 121 relative to the reference
transducers 131 are calculated using the measured distances
from T1 through T4 to TCATH 121, referred to as

triangulation.
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The locations of all or portions of the reference
catheters 132 may be displayed as well. The system is
preferably programmed to extrapolate catheter position from
the coordinates of the transducer locations based on models
of the various catheters pre-programmed into the system,
and to display each catheter's position and orientation on
a graphical user display (see display 150 in FIG. 1) . The
locations of all or portions of the additional catheters
120 and transducers 121 (such as, for example, their distal
tips, their electrodes or ablation sections, if any, or
other sectiong which may be of interest) are displayed.
The reference catheter(s) 132 thereby establish an internal
coordinate system 137 by which the relative positions of EP
catheter transducers 121 in the heart may be calculated
using triangulation and shown in real-time on a three
dimensional display 150.

A location of a distal tip of a catheter 122 (and thus
the location of the anatomical site) can also be
extrapolated from the transducer 121 location using a pre-
programmed model of the catheter 122. For example, the
processor 135 can graphically reconstruct a representation
of a heart chamber based on anatomical points acquired by
the mapping / ablation catheter 122. More specifically,
the processor 135 deforms a spherical surface model to the
anatomical points as each is acquired within the hearf.
These constructed representations or renderings can be more
accurate and useful than images generated by known
ultrasound visualization systems, which typically generate
images of a heart using conventional ultrasonic generation,
reflection and detection, and image formation techniques.
Additional details regarding a navigation system can be
found in U.S. Patent No. 6,490,474. |

Figures l6-18 illustrate exemplary catheters.

Referring to Figure 16, one exemplary reference catheter
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1600 that can be used in an ultrasound navigation system
300 is an elongate catheter having a plurality of
ultrasound transducers 131 positioned at its distal end.
The transducers 131 are piezoelectric transducers capable

of transmitting and receiving ultrasound signals. The

‘reference catheter 1600 can be integrated with typical EP

catheters by providing the ultrasound transducers described
above. This allows the system to utilize the localization
and navigation functions using catheters which are already
needed for the EP‘procedure. Thus, use of the system does
not require the physician to use more catheters than would
be used had the EP procedure been carried out without the
localization function.

Another exemplary catheter is shown in FIG. 17. The
reference catheter 1700 may be an RV apex catheter having a
distal pair of EP electrodes 1710, an ultrasound transducer
131 at the distal tip, and additional wultrasound
transducers 131 proximally of the distal tip. A further
alternative catheter is a coronary sinus reference catheter
1800 (FIG. 18) that includes at least three bipole pairs of
EP electrodes 1710 distributed over the section of the
catheter that is positioned in the coronary sinus, and
having at least three ultrasound transducers also
distributed over the section of the catheter that is in the
coronary sinus. Réference catheters that db utilize distal
electrodes 1711, can also be utilized, such as the
reference catheters.shown in Figures 19 and 20.

The optimal operating frequency for the navigation
system is determined Dby considering the resonant
frequencies of the ultrasound transducers 121 and 131. It
has been found that, given the dimenéions and thus the
resonances of the transducers being used in the system, the
transducers are most preferably operated at a frequency of

approximately 0.5 MHz, which can be the transducer

-20-

PCT/US2005/017558



WO 2005/112775

10

15

25

30

resonance in the length mode. The transducers 121 and 131
are isotropic and have a beam width of approximately 114
degrees, where the beam width is defined as the angle over
which the signal amplitude does not drop below 6 dB from
the peak amplitude. If desired, a diverging lens in the
form of a spherical bead of epoxy or other material may be
formed over the ceramic cylinder to make the signal
strength more uniform over the beam width.

A location of a distal tip of a catheter 122 (and thus
the location of the anatomical site) can also be
extrapolated from the transducer 121 1ocati§n using a pre-
programmed model of the catheter 122. The processor 135
can graphically reconstruct a representation of a heart
chamber 170 based on anatomical points acquired by the
mapping / ablation catheter 122. More specifically, the
processor 135 deforms a spherical surface model to the
anatomical points as each is acquired within the heart.
These constructed representations or renderings can be more
accurate and useful than images generated by known
ultrasound visualization systems, which typically generate
images of a heart using conventional ultrasonic generation,
reflection and detection, and image formation techniques.

EP data can be acquired by positioning a mapping /

"ablation catheter 122 within an appropriate mapping

location and activating the system to record EP data or
activation pointg, which are sensed by pertinent mapping
electrodes. Mapping electrode coordinates can Dbe
approximated and associated within the acquired EP data.
If desired, an isochronal map (i.e., a color-coded image of
activation time for underlying cardiac tissue) can be
generated from the EP data and displayed in a 3-D context
by superimposing the EP data over a graphical

reconstruction of a heart chamber.
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Alternatively, the physician can display a discrete
map of activation points, in which case, the reconstructed
heart chamber will not be displayed. Once the EP data is
acquired and wmapped onto the heart model surface, the
mapping / ablation catheter can be steered to target sites
identified by the EP data, and then operated to
therapeutically ablate tissue at these sites.

Tn addition to monitoring the position of mapping or
ablation catheters in the heart, impedance and temperature
can be monitored during ablation. The system can be
operated so that a power level or impedance level can alter
the peak power of the power supply 110. For example, if
the RF energy begins to char the heart tissue or if blood
coagulates, the impedance and power wattage may increase,
thereby signaling to the clinician that the power level
should be reduced or the catheter can be re-positioned.

U.Ss. Patent No. 6,490,474 includes additional
information relating to the 3-D reference coordinate
system, tiﬁe of flight, triangulation, reference catheters,
and exemplary mapping and ablation catheter configurations
1500.

Persons of ordinary gkill in the art will recognize
that illustrated embodiments can be utilized to treat body
tissues other than heart tissues. Further, other circuits
and system configurations can be utilized as needed, as the
illustrated circuit diagrams ‘are provided to illustrate
exemplary cilrcuit components. Additionally, although this
specification  describes embodiments primarily  with
reference to reducing or eliminating interference with
ultrasound signals, the same or similar principles and
components can be used with electromagnetic signals.
Further control over the timing signals can be exclusive or
shared, and other duty cycles and delays can be utilized as

necessary for different applications. Accordingly, the
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gating system is not limited to the particular exemplary
embodiments described and illustrated, but modifications,
alterations, and substitutions can be made to the described

embodiments without departing from the accompanying claims.
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CLAIMS

1. A system for positioning a medical device and ablating
a tissue within a body, comprising:

a power supply, the power supply generating a current
that is suitable for ablating the tissue and providing the
current to an energy delivery device, the energy delivery
device configured to provide the current to the tissue to
ablate the tissue;

a navigation gsystem, the navigation gystem
establishing a three-dimensional reference coordinate
system and determining a position of the energy delivery
device within the reference coordinate system; and

a controller, the controller switching between
activating the power supply and the navigation system so
that the navigation system operates without significant
interference from the power supply current during ablation

of the tissue.

2. The system of claim 1, the power supply including a

radio-frequency generator.

3. The system of claim 1, the current having a frequency

of about 500 kHz.

4. The system of claim 1, the power supply having a

variable average or RMS power.

5. The system of claim 4, the average or RMS power being

user adjustable.
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6. The system of claim 1, the navigation system including
a reference catheter positionable within the body, the
reference catheter having a plurality of ultrasound
transducers mounted thereon, signals between the plurality
of ultrasound transducers being used to establish the

reference coordinate system.

7. The system of claim 6, the reference catheter having

at least four ultrasound transducers.

8. The system of claim 6, the plurality of ultrasound

transducers being isotropic.

9. The system of claim 6, the plurality of ultrasound
transducers‘sending and receiving signals between each of

the other of the plurality of ultrasound transducers.

10. The system of claim 1, the controller comprising a

i

microprocessor.

11. The system of claim 1, the controller being a

programmable logic device or discrete logic.

12. The system of claim 1, the controller providing timing
signals for the power supply having a duty cycle of about
80%-90%.

13. The system of claim 12, for a duration of about 1 ms,
the power supply being activated £for about 800-500

microseconds.
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14. The system of claim 12, the controller providing
timing signals for the navigation system having a duty

cycle of about 10%-20%.

15. The system of claim 14, for a duration of about 1 ms,
the navigation system being activated for about 100-200

microseconds.

16. The system of claim 12, the duty cycle being

programmed in the controller.
17. The system of claim 12, the duty cycle being fixed.

18. The system of claim 1, the navigation system including
a transmitting transducer and a receiving transducer, the
transmitting transducer emitting signals and the receiving
transducer receiving the emitted signals while the power

gsupply is does not generate current.

19. The system of claim 1, the navigation system including
a transmitting transducer and a receiving transducer, 'the
transmitting transducer emitting signals while the power
supply generates current, and the receiving transducer
receiving the emitted signals while the power supply does

not generate current.

20. The system of c¢laim 1, the controller being a

component of the power supply.

21. The system of claim 1, the controller being a

component of the navigation system.
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22. The system of claim 1, the controller being
distributed between the power supply and the navigation

system.

23. The system of claim 1, the controller further
comprising a circuit for accelerating a decay of the
current provided by the power supply before activating the

navigation system.

24. The system of claim 23, the decay circuit comprising a

solid state switch.

25. The system of claim 1, further comprising an interface
between the controller and the navigation system,

controller signals being sent and received through the

interface.

26. The system of claim 25, the interface comprising an

optical interface.
27. The system of claim 1, the navigation system operating
without interference from the power supply during ablation

of the tissue.

28. The system of claim 1, the tissue comprising heart

tissue.

29. The system of claim 1, the energy delivery device

comprising an ablation catheter.
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30. The system of claim 1, further comprising:

the energy delivery device, whereinu the energy
delivery device has an igotropic ultrasound transducer
mounted thereon;

wherein the navigation system includes a reference
catheter having a plurality of isotropic ultrasound
transducers mounted thereon, the reference catheter
transducers emitting ultrasound signals to establish the
reference coordinate system, the position of the energy
delivery device being determined relative to the reference
coordinate system based on ultrasound signals transmitted
and receivéd between the energy delivery device transducer
and the reference catheter transducers;

| wherein the controller is configured for switching

petween activating the power supply and the transducers of
the reference catheter and the energy delivery device soO
that the navigation system operates without significant
interference from the power supply current during ablation

of the tissue.

-30-

PCT/US2005/017558



PCT/US2005/017558

WO 2005/112775

01/26

wavd
2 % X /1]
I£1 . &
A N39
\ 711 N
5l \ ¢9l J
“ ATIONINGD N
/ %Nk
el N -
59 «
iel bel A | v A ol
E
. SO} ~— JOV-MAIN
e e solLyoNnwoo [ %
/[%\
0G1———|  AYIdSI]




PCT/US2005/017558

WO 2005/112775

02/26

INGILVd
WM«“ 'NI9
N///// cm
£eIN ,/J
ANNNNW4 011
i £97/292 #
meA waN
091
56T~ wamoumnoo - & Ny 071
oc— | 7% SNOLLYOINTWNOD 0
NOLLYZITYO01
INOLLYDIAYN
///;,QQ\
05— widsia




PCT/US2005/017558

WO 2005/112775

03/26

£ OIA

| | | | i

| | | ] |

| | | | |

| | | | |

| | _ | _

| | | | |

| | | | i

|

1

|

“

|

2 ele | zie L ovie ZIg |

| | | | |

| | | | |

N | I { !

| | | | |

| ] | | |

L | %0201, |

“ “ ! “ 40608 |

|

w0 - "

"§," 208 | 108 | A _
] | | |
_ | _ _

{0ig)
NOLIVOIAVN
aNNOSYHLIN

(60e)
NOLL¥IaY 24



PCT/US2005/017558

WO 2005/112775

04/26

V¥ "OId

00% 00%

— -
| P | |1 |
| I | ] |
| [ | [ |
| P | Il |
| I | I |
| |1 | [ |
| | | | I ]
: | |
| | |
| | |
“ | |
i zif RCEE zie |
o o "
| __ ! __ |
| | | i
“ | | |
_ ! %0201 "
. | | %06-08 !
| | _ | _
m . “
“wam | 208 | »0¢ | 20¢ !

| | | |

_ _ _ _

(0i5)
NOLIVOIAYN
ANNOSYHLIN

(00e)
NOILYIEY



PCT/US2005/017558

WO 2005/112775

05,/26

|
|
“ sTyG2
_ ol ol N
| s1lg2T “lergglsrgor !
! (¢8%) | (59%) L (65%) |
_ ( _ | |
_ | | .
_ | | _
| m
MOANIM FAIZ03Y " “
_ _ | |
_ _ | _
_ _ [ |
_ ! | |
| " “
e _rllJ_ |
i _hbv _ |
| _ ! ! |
_ I | _ i
_ _ _ ! _
F I
H0 3 ! | |
| “ |
_ | | NOSM |
! _ ! !
! _ | !
_ | | !
_ _
| | _ ,
_ _
I 1 1
_ _ _ _
_ _ |
_ | |

ar “OId

02} WOY4
INEFITY
~(08)

061 WOu4
LINSNVYL
)

LLEOML WOYS
440/NO 4Y
(0ap)

LLH/0L) NOYS
(944) T08INOD N
(osp)



PCT/US2005/017558

WO 2005/112775

e8!l

Lsel |
0f [—— NOILVZITVOO1
INOILYOIAYN
05l—— AVIdSIa

¥aL/Esl

0i§

0cs

cll

No;

_._ _._ _._ 01§ _._ _._ :
JOVAHEINI =
£91 a1901
ONILYD
! /

orl 00§

@O@h
N

c0s

/(Q:



PCT/US2005/017558

WO 2005/112775

07/26

0/1

INAILV Am“““uv | -
A \ J
% xIKP 4 . h
. ¢
Ay | F—aaanw
ol me..\\\\\‘
Ty o ® \_.
009—""| a1 rouang Nm_ﬂ
meA V%NN .
ER s ==l
08— NOWVZI0T | ~— - SOVUIINI
_ | NowveiwN 91 21901
\ ONILYD
0i§ v v
j ]
01— AVIdSIa 01 005

//Q:



WO 2005/112775 PCT/US2005/017558

08/26

FIG. 7-1\FIG. 7-2\FIG. 7-3

FIG. 7 pre w-1

FIG. 7-4|FIG. 7-5\FIG. 7-6

QUIETING

CIRCUIT DRIVE
P4 P2
H Ve
— %3
aRiksids ;
J-U33 — %é
HEADER DIF14 | BERG 5PN =
o mlsl:f ° J:—r vVee
| ? o
o | R d—
FDV304P Nt
c3
4.7n 2% MF
3
FDV30M -
P3O | <




WO 2005/112775 PCT/US2005/017558

09/26
FIG. 7-2
T
12 100u
—e
6 C5
Nt T~ T~ 47n2%MF " VCC
F-1/2A
1
- . 02
FDV304P
¢
WY
=| FDV303N
N

o—()TP4




WO 2005/112775 PCT/US2005/017558

10/26

CPU BOARD
INTERFACE

J3 BERG3PIN

| I

~ [E\L[CD

Y%

- FIG. 7-3




WO 2005/112775 PCT/US2005/017558

11/26
J-U34 [ '
HEADER DIP14
o> el:: o f_’f Ve ——
L ©
2 Vee
Vee -
vee O ‘31_?
0 PAM ;
C2 C1 ' SYNCH R ¢
100077 7 100 . %7
BERG4PIN 9

NV TP7

FIG. 7—4 @



WO 2005/112775

12/26

PCT/US2005/017558

>~/

33
32
3
30
29
28

26|
25

23

SEEEEEREEEE
== 3 3
oz 1020 -2 —
- 1029 TDONO19 [-55—
% 11030 11018 KT
= 1 1031 017 -a—
. %5 Veco 1016 1
o Blow  CYS7G4P44  eDHI—
X—‘ﬁ— 1100 VCC K
o1 1015 -
o2 0 {—z—
1103 TMSIIO13 (25—
<~ o4 o2 |4—
S =7 =
- 585558388588
\/
O
TP10
3 S 4
TAHCH4
U2E
’ M o P11
? T 7AHC
JUI7
FIG. 7-5
o mlel:: ﬁlﬂiﬁ VCe
|9
s, B,
T4HC14 T4HC A4




WO 2005/112775

PCT/US2005/017558

13/26
vee
i 1 9 R
s | = ey F
7 [ 0 3
AV z Ll e
100
U HEADER10PN i "
vee
R3 R4
1 ?59 , e 150
VWA
T S
10n
vee

| g U2D 5
-
T4HC14

ool

]

Vi

I

5 U2C 8
T4HC14

J5 BERG3PIN

L

GATING FIG. 7—-6
SWITCH



WO 2005/112775 PCT/US2005/017558

14/26
(FOR GENERATING
ISOLATED POWER
(ENABLE (GATING FOR ENERGY TRAP)
GATING)  (TRANSPARENT ENABLED) / (FOR LED)
GATE_ENO \ WHENEN=) ,/ > 0/ GATING_ENABLED
=3 {>c D @
GATE_EN1
= EN' LK o XCLK_250K
oVERUP T =INOT_XCLKC 250K
= 5YCLK 250K
11 D oI NOT YCLK_250K
$— COUNTER -
’ RESET 1<C | |
: | Do——lglPAM SYNG OUT
* [
— 305<C <650 [LONC
CLK1_1M 0— 999 | QUIET
U343 =2 > COUNTER |: | |—_
RESET 496 < ¢ < s [ QUET
| (RF GATE COMPARED)
495<C <650 |~
U CK 500K
| - = U345
Q _}————iXIIB
> CLK : i U338
\V4 | ReGATEREADY)
JRESET A
U332 o— —_—>_®/A
> U336
IVI.OL .
U33 i N\
JHSBUFF 21—4—{>c — / {>° Z’@ZTZB
Do————EHSENB
U174
(SHUTDN_TMR'CLK_M)T_5 ~ 52 HUENB
HVENCLK - : U349
U341 > RESET {>c 152 HVENB
T U348

FIG. 8



WO 2005/112775 PCT/US2005/017558

15/26
JPAM SYNC OUT |
JQUIET | |
B
U U
A
U U
JHSENB ——— |
U10
'OPTICAL TRANSMITTER 2 | .
6 lln
T <7 7
wy. 3 |
o R10 c
150 HFBR-14E4
3
2 R20
: N
U20
r— o~
BERG 4 PIN 6
>—vee
ouT —
3 7%
e
2
HFBR-24E6

FIG. 10



WO 2005/112775 PCT/US2005/017558

16/26

1T 5
ol |@ Pt
D1 D2
61 N5819 1N5819 c2

10u25V ~
4 § g 8 FI )

4
PE636% D4
1N5819 1N5819

: AIII—-FL—.

ml
g N
- 10
2 1GND 2
L ®
= =
- | S
= (o]
(@] oD

>

J1

;_x Ct
3 ||"——) I——o ¢ *
4 1u 1 _c3
5 Ut - T
~ 1 Vee|8 =
CON gg 4 [INC [ R
TRBLKS 475 % 2lCA :
S s
AN
L4
*X—NC GND
HCPL2611

FIG. 11

i

Q3
IRF840 _]El
N2

Q3 DRAIN



WO 2005/112775 PCT/US2005/017558
17/26
ENERGY TRAP LINE-CONNECTED
DAUGHTERBOARD CIRCUTRY UNDER-
i VOLTAGE
] ue INRUSH MONITOR
LT
CRCUT UV SHUTDWN
NEUT % Y
LNE £ FLYBACK
LNE PRMARY
—NC RECTIFIER FILTER DRIVE
ACLINE RECTLINE CIRCUIT
INPUT — T
e 0
— PRIMARY _nL
o CURRENT
HV GND SENSE w—
NP1 [E— T
NEUT ] = %
LINE VOLTAGE 2 |5 =
SELECT = |z
2
H-15 o ‘ =
REGULATORS O -5V VARIABLE
an CONTROLLER . -
RECTIFER N —
FITERCAT SWSYNCU 1
_________________ B = S S o S 12T N
ISOLATION BARRIER - CovoK - 25
VeCo L ¢ ]
| I W
= ‘625KHZ s
. 125KHZ -
OV
s -
oW o ATED, LOWY,
ol SWTCHIG :
0 POWERSUPPLY
—— FIG. 12—-1
LWV LOBIe
DCINPUT  GROUND -
N S—
POWER 42y o—
TOOTHERR
BOARDS ‘?:]
FIG, 18=1| FIG, 18=R| FIG, 18-8

FIG. 12




WO 2005/112775 PCT/US2005/017558

18/26
SNUBBER
LOAD
CH—1
RI5
|
1
]
!
T :
ot 8 g}g Py |2 cra DCHVF .
'
PRI i FLYBACK
. 3lee RECTIFIER }
- ) FILTER 5 DCHV
1 >SEC CRCUT == FLTER —=
S N o3 CHARGE 035
1
X <
4 i 5 .
[ i A ® I :
DCHV i SHUTDOWN ‘ loglc =
SEARE { 'NQ}EEADT)OR SO0 HVENR O CURRENT| |VOLTAGE
| TMER - SENSOR| | SENSOR
]
fLcom  [voLsie
! U2 L CURRENT _JHP - A
: < TR INESEL] %  OVERCURRENT,
4 2 gwmen|  |Reewe OVERVOLTAGE
- \ VOLTAGE s DETECT
RF MoL  UNESEL s )
ENABLE
CIROUIT IRESET
3
! THSENB i
GAIN
ADJ
R23
Ve
— INSENB CENB o [P
ON
RESET
LOWPASS 9
TR LOWPASS FILTERS
: ] X Mz
ECON HANDSW CVIENB = 1

SYSTEM CONTROL INTERFACE



WO 2005/112775 PCT/US2005/017558

19/26
RF PRIMARY
DRIVE CIRCUIT
. ISOLATED
) RF [T
TRANSFORMER | :
D—' . 3
o |
RFO . : RF
-1 | REORTY ;j]" 1
= s g RERIN
o U pATENT-
L CONNECTED
I RF
1 l QUTPUT
- ENERGY TREP 4KV ISOLATION
DAUGHTER BOARD
&,
;__\> TOOPTICAL
SYNCH.
RF CLK
T | GENERATOR <:> TRARSHITER
- GATING LOGIC ‘ FROM GATING ENABLE
DAUGHTERBOARD [ SWITCH
TOGATING
ENABLED
LED

FIG. 12-3



|]]|

WO 2005/112775 PCT/US2005/017558
oo 20/26
ol > _
-
VARIABLE RR2
PTG.30220V
DGHY N 0
" MTPBNSOE
2
. - RSt 1K
DCHV RIN > A 1
H CAP DIS DR
104F 46V
i D5 Di4
NG819. 15810
1000pF “ 87
Veo 1 U7
‘f_ NG NG NG
L A0
ICAP_DI§ [ >——0B| ) oo
0 0
= ucsrs HY Dl 1 '
= NB819 !
1016V 88 4 3%
U )}-}. \ 4 '-H l i
: 000pF ¢y CB9 D43 = ASSY. XFMRS
(FROM GATING Logic § 1 15819 1242
DAUGHTERBOARD) K Us ; Di7 "
e Nop—iinG [ NGB
% 5 W, 10
RS D>——q8l 80 I "
UCET09 Ug

9 ASSY.XFURS

= 1
FIG. 13-1

ALO

HG. 13-1|FIG. 13-21 FIG, 13-3 BLO

FIG. 13

JMPg

ll.coM[—_—> © ©

s o/
TRACE



WO 2005/112775 PCT/US2005/017558
21/26
e . DCHVF W
ASSY L3 151 TESTPT2
ES003
Xt e %08 @
WEEW|  GFRNV @ s ¢
BOLDLINES
INDICATE
HIGH CURRENT
PATHWAYS
(FROM GATING
LOGIC GAUGHTER
BOARD)
5
i
09t 4y HiF /
5 i
gy, i
‘ Rt | Gt =] | MTPBNSOE
8 K
—_—
ENERGY TRAP
DAUGHTERBOARD _
c I
S otF 2500
Y
ouEswg DRI
MTPONSIE VTPENGIE
RA0 o )
!
R19
1K

Re4 CQJ.
0.10,16W 0'1UF[
i A

FIG. 15-2

RF SWITCHING
CIRCUTTRY

/ 1 COMMONREF
POINTFOR



WO 2005/112775 PCT/US2005/017558

22/26

F4

A8 RID2 VoL 56
———o/\/c AN AWMV = V0L S
FINOAZSIV 20K 2K

i
PATIENT, ISOLATION
A oA
1
Rag ! ISOLATED SDE
1
K i
1
i
|
| RF QUTRUT
DIt Reg | TORLTER!
NGB0 1K ; MEASURENENT
: . BOARD
1
et 2 (1]t
OAFZ50VAG | B
SR li<r NI —
i 2X1BAWG i ——Q3
S, RERIH
v ; HOR, 1563
RS ; ES00, 33
% !
RE2 }
1K e e e e o e e e e e e e e o e e e e e e Y i i
1 18
= ok

FIG. - 13-3



PCT/US2005/017558

WO 2005/112775

23/26

vl OIld

ONINIL viva .
any JONVISIA | oNISSII0ONd
TOMINOD NOLLYTNONVIML
NILIHLYD IONTNIHTY A . — TNOIS dd
\ 1  ONIONVY MNSIS any
HALIHLYD NOLLYTEV/ONIUYIN -o-—={ ONNOSWILTN [ 1vaunors A1
HILTHLVD ONIddYW —r Noitvoo1
Y Suglndny | ©OMING? a<€
VNOIS WY
HILIHLYD NOISTT ¥YaNIT Jrlv d3
21 T\ plpl
NN
SH3LIHIVD FYMAdVH NOILV.LSYYOM
|\\ NOILYZITVOOT H0SSIO0UOHIIN
0Lyl aNv
YTy /(3
A3LYHOILNI
%mk\

/(%E




WO 2005/112775 PCT/US2005/017558

24/26

V4 137
\ ;o

131

Y T
AT CONSTRAINED TO BE IN

/N THEHALF SPACEZ>0

A\Y
ds—\g TREF3 131

"\~ CONSTRAINED TO BE N
N\ THEPLANEZ=0

TREFIN_ . dy TREF2
137 A\\CONSTRAINED CONSTRANED " 151
TO BE AT THE TO BE AT THE
ORIGIN X-AXIS

FIG. 15



WO 2005/112775

25/26

PCT/US2005/017558

Sl
e

FIG. 16

,/—7700

— ~—

Lo

1710 1710

131

FIG. 17

L~



WO 2005/112775 PCT/US2005/017558

26/26
1900
131 1710 1710
131 ( 131
% 7RI IHRZEI Hil e 10 1o
1710
1711
FIG. 19
2000
—

131 . R
= - )
%) Z % IHINZ D

1710 1710

FIG. 20



INTERNATIONAL SEARCH REPORT

Intermmronal Application No

PCT/US2005/017558

CLASSIFICATION OF SUBJECT MATTER

P CAG1BB 08 " AE1R18/12

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

B. FIELDS SEARCHED

IPC 7 A61B

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

EPO-Internal

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

figures 1,2,8

page 1, Tine 5 - page 2, Tline 7
page 3, line 20 - page 12, line 10;

Y US 2003/036696 Al (WILLIS N. PARKER ET AL) 1-11,
20 February 2003 (2003-02-20) 18-23,
25-30
paragraph ‘0052! - paragraph ‘0137!;
figures 1,3-5,9-12
Y WO 98736679 A (ACUSON CORPORATION{ CURLEY , 1-11,
MICHAEL, G) 27 August 1998 (1998-08-27) 18-23,
25-30

-

Further documents are listed in the continuation of box C.

Patent famity 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 s cited 1o establish the publication date of another
citation or other special reason (as specified)

"0" document referring to an oral disclosure, use, exhibition of
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
cannat 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 stsp when the
document is combined with one or more other such docu—
me}r: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

12 September 2005

Date of mailing of the international search report

23/09/2005

Name and mailing address of the 1SA
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

Artikis, T

Form PCT/ISA/210 (second shest) {January 2004)

page 1 of 2

Relevant to claim No.




INTERNATIONAL SEARCH REPORT

Interiwmonal Application No

PCT/US2005/017558

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 2004/030249 A1 (WILLIS N. PARKER)
12 February 2004 (2004-02-12)

abstract

paragraph ‘0032! - paragraph ‘0041!
paragraph ‘0065! - paragraph ‘0078!
figures 3,11

US 5 840 030 A (FEREK-PETRIC ET AL)
24 November 1998 (1998-11-24)

column 3, line 44 - column 8, Tine 52;
figures 1,3,4

24 July 2001 (2001-07-24)

column 4, line 7 — 1ine 62; figure 1
column 7, line 45 - column 9, line 11;
figure 5

1,6-9,
18,19,
28-30

Form PCT/ISA/210 (continuation of second sheet) (January 2004)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

Inter’énal Application No

PCT/US2005/017558
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2003036696 Al 20-02-2003  US 6490474 Bl 03-12-2002
WO 9905971 Al 11-02-1999
1N 6216027 Bl 10-04-2001
WO 9836679 A 27-08-1998 US 5788636 A 04-08-1998
AU 6437698 A 09-09-1998
DE 19882137 TO 18-05-2000
JP 2001513664 T 04-09-2001
Wo 9836679 A2 27-08-1998
US 2004030249 Al 12-02-2004 AU 2003256859 Al 23-02-2004
CA 2493711 Al 12-02-2004
EP 1527357 Al 04-05-2005
WO 2004013651 Al 12-02-2004
US 2005038341 Al 17-02-2005
US 5840030 A 24-11-1998 HR 931513 Al 30-04-1996
HR 931514 Al 30-04-1996
DE 69417580 D1 06-05-1999
DE 69417580 T2 16-12-1999
EP 0735842 Al 09-10-1996
Wo 9517131 Al 29-06~-1995
ES 2129803 T3 16-06-1999
US 6266552 Bl 24-07-2001 EP 0959762 Al 01-12-1999
IL 126617 A 10-11-2002
JP 2000516111 T 05-12-2000
WO 9800060 Al 08-01-1998

Form PCT/ISA/210 (patent family annex) (January 2004)




THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

KRN

IPCH XS
CPCHRF
R 54X

Hfth 237 STk
EING

BE@®F)

RATRENRERETRENVENERANALNRSE, ZRETER
B, SRR BEK, BRFEESTHRALKNER ,
N, SMEERY =4S EZLRRHAFRERILRERN TEIHN
PIRRMOVE. B BEREREERNRIESBFEBRIRE

HN

SHTUHBE R R = E B E S
EP1758506A1

EP2005750558

TR FERRAT

BOSTON SCIENTIFIC LIMITED
BOSTON SCIENTIFIC LIMITED

WILLIS NATHANIEL P
CULP JAMES M
SULLIVAN VINCENT N

WILLIS, NATHANIEL, P.
CULP, JAMES, M.
SULLIVAN, VINCENT, N.

A61B8/08 A61B18/12
A61B8/0833 A61B8/0841

10/850845 2004-05-21 US
EP1758506B1

Espacenet

BEHFERNEEINLERANETRENLE.

2007-03-07

2005-05-19

patsnap


https://share-analytics.zhihuiya.com/view/50abeb2b-bf8c-4d58-96fa-cd995be16c46
https://worldwide.espacenet.com/patent/search/family/034970163/publication/EP1758506A1?q=EP1758506A1

