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ABSTRACT

An antenna for microwave tumor ablation provides coaxial
antenna conductors surrounded by an insulated sleeve of
length and size promoting destructive interference of axial
microwave energy passing inside and outside of the sleeve to
limit the tail of SAR power toward the skin.
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FLOATING SLEEVE MICROWAVE ANTENNA
FOR TUMOR ABLATION

ductor and an outer conductor extending along an axis to
allow positioning of a proximal end of the coaxial antenna
within a patient at a site of the tumor, and the distal end of the
coaxial antenna outside of a patient to be connected to a
microwave source having a microwave frequency. A sleeve is
positioned outside of, and electrically insulated from, the
outer conductor, and the sleeve extends along the axis to
provide a relative phase shift between microwave energy
traveling axially outside the outer conductor and within the
sleeve, and microwave energy traveling axially outside the
sleeve, where the relative phase shift is substantially an odd,
multiple of pi radians.
It is thus an object of the invention to use destructive
interference to shape the SAR pattern, concentrating the SAR
pattern at the proximal tip and away from the distal end of the
antenna.
The microwave frequency may be at least 500 megahertz.
It is thus another object of the invention to provide an
antenna structure suitable for high frequency microwave
ablation.
The sleeve may be metal and separated from the outer
conductor with an insulator.
Thus it is another object of the invention to provide a
simple structure allowing an arbitrary control of wavelength
through the selection of insulator properties. It is another
object of the invention to provide a simple structure that does
not require electrical connection to the other coaxial conductors.
This sleeve may be a continuous coaxial tube.
Thus it is another object of the invention to provide axially
symmetric different paths of energy flow.
The antenna may further include an insulator outside of the
sleeve.
It is thus another object of the invention to provide a biocompatible outer antenna material. It is a further object of the
invention to provide an insulation layer from the antenna that
may reduce tissue heating from conductor heating.
The sleeve is sized to be wholly within the patient during
use.
It is therefore an object of the invention to ensure destructive cancellation of microwave energy in the distal region of
the antenna and thereby minimize damage to normal tissue
along the axis of the antenna.
The sleeve may provide a wavelength of microwave energy
traveling axially outside of the outer conductor and within the
sleeve of at least 5 times the wavelength of microwave energy
traveling axially outside of the sleeve. The sleeve may be
substantially one-half the wavelength of the microwave
energy traveling axially outside the sleeve.
It is thus an object of the invention to minimize the length
of the sleeve by maximizing the difference between the wavelengths inside and outside of the sleeve.
The sleeve may be less than 100 millimeters in axial extent.
It is thus another object of the invention to provide an
antenna practical for use with relatively shallow tumors.
The sleeve may be free to slide axially with respect to the
outer conductor.
It is thus another object of the invention to provide a simple
means of adjusting the ablation pattern using a sleeve that is
not electrically connected to the other antenna conductors.
The antenna may further include a capacitive and inductive
element reducing current flow on the outer conductor.
It is thus another object of the invention to provide a
method of directly shaping the SAR pattern that may be
combined with methods of suppressing current flow on the
outside of the outer coaxial conductor.
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BACKGROUND OF THE INVENTION
The present invention relates to microwave probes for tissue ablation and in particular to a microwave antenna providing improved localization during tissue heating.
Microwave ablation may be used to treat tumors, for
example in the liver, in patients who are not eligible for
surgical removal of the tumor. In such microwave ablation, a
coaxial microwave antenna is inserted into the tissue to the
point of the tumor to conduct microwave energy to that location. Tissue ablation is caused by depositing energy in the
region surrounding the antenna and its conversion to heat.
Energy deposited into the tissue is often characterized by the
Specific Absorption Rate (SAR). The SAR pattern, and thus
the size and shape of the ablation region, is a function of the
microwave power, the duration of the application of power,
and the design of the antenna. Microwave ablation does not
require a separate ground pad attached to the patient, and thus
may be distinguished from ablation at lower frequencies.
Currently, microwave ablation can effectively treat tumors
only less than about two centimeters in diameter. This is
because microwave power to the antenna must be limited to
prevent excessive heating along a "tail" away from the tumor
and along the length of the antenna. During percutaneous
treatment, this tail of heating may damage healthy tissue and
burn the skin.
This heating in the tail along the antenna results from a
number of effects including the SAR pattern of the antenna,
resistive heating of the shield of the coaxial antenna structure,
and thermal conduction of heat along the metallic conductors
of the antenna from the tumor site. Different types ofantennas
have been developed to prevent or reduce this heating tail
including designs that use gaps and ring structure attached to
the center and/or outer antenna conductor to provide capacitive and inductive elements to form resonant traps blocking
current flow on the outer conductor.
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BRIEF SUMMARY OF THE INVENTION
The present invention suppresses the tail of the SAR pattern by use of a floating sleeve, which creates two paths of
microwave propagation along the axis of the antenna from the
tumor site to the skin. A dielectric along one path shifts the
phase of the microwave energy to destructively interfere with
the microwave energy along the second path thus effectively
reducing the microwave energy near the distal portion of the
antenna. The present invention may be used with other techniques for reducing the heating tail, such as suppressing
shield current flow, and thus shield current heating with resonant traps and thermal insulation of the shield from tissue.
Specifically, the present invention provides a microwave
ablation antenna having a coaxial antenna with a center con-
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A kit of antennas may be produced with sleeves positioned
at different distances from the proximal ends of the antennas
to provide different ablation volumes.
It is thus another object of the invention to provide a set of
antennas that may be selected among to match a particular
tumor to be ablated.
These particular objects and advantages may apply to only
some embodiments falling within the claims and thus do not
define the scope of the invention.

provide tuned structures reducing current flow on the outside
of the outer coaxial conductor 36.
The application of microwave energy to the antenna 18
produces a heating pattern 30 concentrated in the tumor site
22 but having a heating tail 32 leading back to the distal end
28. Generally, for the antenna 18 to accept higher power to
ablate larger tumors, the heating tail 32 must be minimized to
reduce damage to healthy tissue outside the tumor site 22 and
the near the skin.
Referring now to FIG. 3, the present invention provides an
antenna 48 that may be used with the standard microwave
power supply 12 and feed line 16. The antenna 48 also has an
inner conductor 34 and outer coaxial conductor 36, and
optionally also has a structure such as a conductive cylindrical slug 40 and gap 42 for shield current suppression, but
further includes a floating sleeve 50 electrically insulated
from the outer coaxial conductor 36. Generally, the location
of the floating sleeve 50 along the axis of the antenna 48 may
be freely varied, however, the length 52 of the sleeve must be
controlled according to the frequency of the microwave
power supply 12 and the relative properties of the sleeve
materials and the surrounding tissue. The floating sleeve 50 is
positioned so as to not cover gap 42 and to provide the desired
dimension of the heating pattern 3 0 near the proximal end 26
and generally will have a length less than 100 millimeters in
axial extent.
Referring now to FIG. 4 in a first embodiment, the floating
sleeve 50 includes an outer conductor 57, for example a
metallic tube, separated from the outer coaxial conductor 36
by a dielectric material 56 which need not, but can be, the
same material as dielectric layer 38. The dielectric material
56 may be of the same axial length as the outer conductor 57
or longer or shorter subject to the constraints described below.
In this simple embodiment, the outer conductor 57 is in direct
contact with tissue 54 of the patient as is the coaxial outer
conductor 36. In a second embodiment, described below, the
outer conductor 57 may be covered with a second dielectric.
While the inventors do not wish to be bound by a particular
theory, they believe the present invention works as follows:
Microwave energy emanating from the proximal end 26 of the
antenna 48 produces a wave front including waves 58 and 60
passing axially from the proximal end 26 of the antenna 48 to
the distal end 28. As the wave front arrives at the proximal end
of the floating sleeve 50, waves 58 and 60 being part of the
same wave front are approximately in phase. Wave 60 enters
the dielectric material 56 between the outer coaxial conductor
36 and the floating sleeve 50, which typically has a much
smaller relative permittivity than the permittivity of the tissue
54. As a result, the wavelength of the wave 60 is longer,
leading to a smaller phase shift of the wave, so that when
waves 58 and 60 arrive at the distal end of the floating sleeve
50 they may be out of phase. The axial length of the floating
sleeve 50 is set so that the phase difference between waves 58
and 60 is substantially 180 degrees (pi radians) upon exiting
the floating sleeve 50 resulting in a destructive cancellation of
the electromagnetic energy.
The wavelength of the waves 58 and 60 will be a function
of the permittivities of the material through which they travel.
In a preferred embodiment, the floating sleeve 50 will be a
conductive metal and the dielectric material 56 a material
such as Teflon having a permittivity of approximately 2 in
contrast to the permittivity of tissue 54 which will typically be
more than five times greater, being for example, 43 at 2.45
gigahertz in liver. As such, the wavelength of wave 60 inside
the sleeve 50 may be ten times longer than the wavelengths of
wave 58 outside the floating sleeve 50, and accordingly, the
sleeve length 52 may be acceptably set to one-half the wave-
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a simplified representation of a prior art microwave ablation system showing a microwave source connected
to a microwave antenna positioned at the site of the liver
tumor and showing the SAR pattern that produces a substantial heating tail at high powers;
FIG. 2 is an axial cross-section of the antenna of FIG. 1
showing the coaxial inner and outer conductors including a
capacitor structure for reducing shield current flow;
FIG. 3 is a figure similar to that of FIG. 2 showing the
addition of a floating sleeve conductor per the present invention;
FIG. 4 is an enlarged fragmentary view of a first embodiment of the antenna of FIG. 3 showing two paths of microwave energy inside and outside of the floating sleeve having
a metal conductor separating tissue from an insulating layer;
FIG. 5 is a figure similar to that of FIG. 4 showing an
alternative embodiment having an insulating covering outside of the metal conductor and adjusted for minimal sleeve
length; and
FIG. 6 is a side view of the distal ends of three antennas
providing for different shield locations to control the effective
volume of the SAR pattern.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT
Referring now to FIG. 1, a microwave ablation antenna 10
may include a microwave power supply 12 of standard design
providing microwave energy at frequencies from 0.5 to 5
gigahertz. The microwave power supply 12 may be connectable through connector 14 to feed line 16. The feed line 16
may be a standard coaxial cable providing a standard impedance (typically 50 ohms) between a center conductor that is
surrounded by a dielectric and braided shield, which is in turn
covered with an insulating sheath.
The feed line 16 attaches to a microwave antenna 18 sized
for percutaneous insertion into a patient 20 to a tumor site 22,
for example, within a liver 24. During use, the proximal end
26 of the microwave antenna 18 is placed within the tumor
site 22 while a distal end 28 remains outside of the patient to
connect to the feed line 16.
As shown in FIG. 2, the microwave power supply 12
through the feed line 16 provides an alternating voltage across
a center conductor 34 of the antenna 18 and an outer coaxial
conductor 36 (also termed the shield). The space between the
conductors 34 and 36 may be filled with a dielectric layer 38
which may be continued outside of the outer coaxial conductor 36 to provide for electrical and thermal insulation of the
antenna 18.
The center conductor 34 may terminate at a conductive
cylindrical slug 40 providing an effective axial capacitance
across a gap 42 to the outer coaxial conductor 36. This design
as well as similar capacitor choke designs in which additional
structures are attached to the outer coaxial conductor 36 can
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length of the wave 58 outside of the floating sleeve 50 (or an
odd multiple). A large difference between permittivities (and
thus wavelengths) increases the difference between the
phases of the waves 58 and 60 per distance along the axis, thus
decreasing the necessary length of the floating sleeve 50. A
short length 52 of floating sleeve 50 may be desired to ensure
that the floating sleeve 50 remains within the patient so that
the region of destructive interference is much below the
patient's skin.
Typically the thickness of the dielectric material 56
between the floating sleeve 50 and the outer coaxial conductor 36 should be at least 0.1 millimeter and as much as 0.3
millimeters to admit sufficient energy to provide effective
destructive cancellation of wave 58.
Referring now to FIG. 5 in a second embodiment, the
floating sleeve 50 will be covered by an insulating layer 59,
for example, also Teflon, as will the outside of outer coaxial
conductor 36. This insulating layer 59 outside of floating
sleeve 50, having a lower permittivity than tissue 54, effectively increases the average wavelength of the wave 58 over
that of the embodiment of FIG. 4. This increase in wavelength
may be accommodated by increasing the length 52 of the
floating sleeve 50. Again, a minimum length 52 of floating
sleeve 50 is obtained when the length 52 of the sleeve is equal
to one-half of the wavelength of wave 58.
Referring now to FIG. 6, the independence of the mechanism of destructive cancellation provided by the floating
sleeve 50 from the electrical elements of the outer coaxial
conductor 36 and center conductor 34 (not shown in FIG. 6)
allow the floating sleeve 50 to be easily repositioned. In this
way, a number of different antennas 48a through 48c may be
created where the distance 62a through 62c between the
proximal ends of the sleeves 50 and the proximal ends 26 of
the antennas 48 is varied so as to change the effective size of
the heating pattern 30. Sleeves 50 may slide axially over the
outer coaxial conductor 36 (for example, as shown in FIG. 4)
with sufficient friction to be held in place during use, or may
be manufactured with different fixed distances 62 and held in
place with an outer insulating coating. The distances 62 may
be limited to convenient sizes, for example, of one-half centimeter or one centimeter increments.

We claim:
1. A microwave ablation antenna comprising:
a substantially non-helical coaxial antenna having a center
conductor and an outer conductor extending along an
axis to allow positioning of a proximal end of the coaxial
antenna within a patient at a site of a tumor and a distal
end of the coaxial antenna outside of a patient to be
connected to a microwave source having a microwave
frequency; and
a sleeve outside and electrically insulated from the outer
conductor and the center conductor, the sleeve extending
along the axis to provide a relative phase shift between
microwave energy traveling axially outside the outer
conductor and within the sleeve, and microwave energy
traveling axially outside the sleeve, the relative phase
shift equal substantially to an odd multiple of one half a
wavelength of the microwave frequency;
whereby microwave energy distal to the sleeve is suppressed by destructive cancellation of the microwave
energy at an exit of the sleeve.
2. The microwave ablation antenna of claim 1 wherein the
microwave frequency is at least 500 megahertz.
3. The microwave ablation antenna of claim 1 wherein the
sleeve is metal and separated from the outer conductor with
an insulator.
4. The microwave ablation antenna of claim 1 wherein the
sleeve is a continuous coaxial tube.
5. The microwave ablation antenna of claim 1 further
including an insulator outside of the sleeve.
6. The microwave ablation antenna of claim 1 wherein the
sleeve is sized to be wholly within the patient during use.
7. The microwave ablation antenna of claim 1 wherein the
sleeve provides a wavelength of microwave energy traveling
axially outside the outer conductor and within the sleeve of at
least five times the wavelength of the microwave energy traveling axially outside the sleeve.
8. The microwave ablation antenna of claim 7 wherein the
sleeve is substantially one half the wavelength of the microwave energy traveling axially outside the sleeve.
9. The microwave ablation antenna of claim 1 wherein the
sleeve includes an insulator having a dielectric of at least five
times less than the dielectric of tissue of the patient.
10. The microwave ablation antenna of claim 1 wherein the
sleeve is less than 100 mm in axial extent.
11. The microwave ablation antenna of claim 1 wherein the
sleeve may slide axially with respect to the outer conductor.
12. The microwave ablation antenna of claim 1 further
including a microwave source having a frequency in a range
from 0.5 to 5 GHz.
13. The microwave ablation antenna of claim 1 further
including at least one of a capacitive and inductive element
reducing current flow on the outer conductor.
14. The microwave ablation antenna of claim 1 wherein the
sleeve has an electrical length equal substantially to an odd
multiple of the microwave energy traveling outside the sleeve
and substantially unequal to an odd multiple of the microwave
energy traveling within the sleeve.
15. A method of treating a tumor comprising the steps of:
(a) positioning a substantially non-helical coaxial antenna
having a center conductor and an outer conductor
extending along an axis with a proximal end of the
coaxial antenna within a patient at a site of a tumor and
a distal end of the coaxial antenna outside the patient;
and
(b) connecting the coaxial antenna to a microwave source
having a microwave frequency;

Example
An antenna 48 constructed according to the above-described principles may be based on 50 ohm UT-085 semirigid
coaxial cable wrapped with a thin layer of Teflon tape. Generally, the impedance of the antenna is set to be substantially
equal to the impedance of the feed line of approximately 50
ohms. The floating sleeve 50 may be made of a section of
copper tubing having a 3.2 millimeter outer diameter and a
2.5 millimeter inner diameter and approximately 19 mm in
length having a proximal end about 22 mm from the proximal
tip of the antenna. The whole assembly may then be
rewrapped in Teflon tape and heat shrunk to the coaxial cable.
The overall radius of the antenna is relatively small and suitable for intraoperative percutaneous therapies. The power
supply may, for example, be a 300-watt power supply aperating at 2.45 GHz.
It is specifically intended that the present invention not be
limited to the embodiments and illustrations contained
herein, but include modified forms of those embodiments
including portions of the embodiments and combinations of
elements of different embodiments as come within the scope
of the following claims.
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wherein the coaxial antenna includes a sleeve outside and
electrically insulated from the outer conductor and the
center conductor, the sleeve extending along the axis to
provide a phase shift between microwave energy traveling axially outside the outer conductor and within the
sleeve, and microwave energy traveling axially outside
the sleeve of substantially an odd multiple of pi radians
so as to cause destructive cancellation of the microwave
energy at an axial exit of the sleeve between the energy
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traveling axially within the sleeve and energy traveling
axially outside the sleeve.
16. The method of claim 15 wherein the sleeve has an
electrical length equal substantially to an odd multiple of the
microwave energy traveling outside the sleeve and substantially unequal to an odd multiple of the microwave energy
traveling within the sleeve.
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