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(57) ABSTRACT

Methods and devices for measuring the size of a body lumen
and a method for ablating tissue that uses the measurement to
normalize delivery of ablational energy from an expandable
operative element to a luminal target of varying circumfer-
ence are provided. The method includes inserting into the
lumen an expandable operative element having circuitry with
resistivity or inductance that varies according to the circum-
ference of the operative element, varying the expansion of the
operative element with an expansion medium, measuring the
resistivity of the circuitry, and relating the resistivity or induc-
tance to a value for the circumference of the operative ele-
ment. In some embodiments the sizing circuit includes a
conductive elastomer wrapped around the operative element.
Other embodiments of the method apply to operative ele-
ments that include an overlapping energy delivery element
support in which the overlap varies inversely with respect to
the state of expansion, and which is configured with sizing
electrodes that sense the amount of the overlap.
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inserting into a lumen an expandable operatiVe element
having size-sensing circuitry with resistivity that
varies according to the size of the operative element

expanding the operative element to contact
the lumen at a predetermined pressure

varying the sensing circuitry in accordance with
the size of the operative element

measuring the resistivity of the sensing circuitry

determining the size of the lumen based on the resistivity

Y

controlling the delivery of energy to the
operative element according to the size of the lumen

FIG. 7
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ELECTRICAL MEANS TO NORMALIZE
ABLATIONAL ENERGY TRANSMISSION TO
A LUMINAL TISSUE SURFACE OF VARYING

SIZE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Patent Application No. 60/936,865 of Wallace et al., entitled
“Electrical means to estimate diameter measurements and an
unfurling electrode concept to adapt to any body orifice”, as
filed on Jun. 22, 2007.

INCORPORATION BY REFERENCE

[0002] All publications, patents and patent applications
mentioned in this specification are herein incorporated by
reference to the same extent as if each individual publication,
patent or patent application was specifically and individually
indicated to be incorporated by reference.

FIELD OF THE INVENTION

[0003] The present invention relates generally to medical
methods and systems for treatment of body lumens. More
particularly, the invention is directed determining physi-
ologic characteristics of body lumens such as the esophagus
in preparation for medical treatment such as ablational
therapy.

BACKGROUND OF THE INVENTION

[0004] The human body has a number of internal body
lumens, as in the gastrointestinal tract, with an inner lining or
layer that can be susceptible to disease. As an example, gas-
troesophageal reflux disease (GERD), which involves inap-
propriate relaxation of the lower esophageal sphincter, mani-
fests with symptoms of heartburn and regurgitation of gastric
and intestinal contents. Patients with severe forms of gastroe-
sophageal reflux disease can sometimes develop secondary
damage of the esophagus due to the interaction of gastric or
intestinal contents with esophageal cells not designed to
experience such interaction.

[0005] The esophagus is composed of three primary tissue
layers; a superficial mucosal layer lined by squamous epithe-
lial cells, a middle submucosal layer and a deeper muscle
layer. When gastroesophageal reflux occurs, the superfacial
squamous epithelial cells are exposed to gastric acid, along
with intestinal bile acids and enzymes. This exposure may be
tolerated, but in some cases can lead to a condition known’s as
Barrett’s esophagus, in which damage and alteration of the
squamous cells causes them to change into taller, specialized
columnar epithelial cells. Barrett’s esophagus has important
clinical consequences, as the columnar cells can become dys-
plastic, and then further progress to adenocarcinoma of the
esophagus.

[0006] Accordingly, attention has been focused on identi-
fying and removing this abnormal Barrett’s columnar epithe-
lium in order to mitigate more severe implications for the
patient. Devices and methods for treating abnormal body
tissue by application of various forms of energy to such tissue
have been described, such as radio frequency ablation. How-
ever, precise control of the depth of penetration of the energy
means, these methods and devices is critical to the success of
such ablational therapy. Uncontrolled energy application can
penetrate too deeply into the esophageal wall, beyond the
mucosa and submucosal layers, into the muscularis extema,

Dec. 25, 2008

potentially causing esophageal perforation, stricture or bleed-
ing. Among the factors and information needed for adminis-
tration of the correct amount of treatment energy to the tissue
is knowledge of the size of the esophagus and area to be
treated.

[0007] Medical procedures for treating Barrett’s esophagus
typically involve deployment of an expandable catheter
inside the esophagus. Expandable catheters are preferred
because the profile of the catheter is ideally as small as pos-
sible to allow for ease of delivery, while treatment of the
esophagus is most efficiently performed when the catheter is
at or slightly larger than the diameter of the esophageal wall.
Proper sizing and/or pressurization of the delivery device is
desirable to prevent over-distension of the organ, which can
result in harm to the organ, or under-expansion of the catheter,
which can results in incomplete treatment. Accordingly,
accurate and simple measurement of the size of the lumen and
control of the pressure of the catheter on the lumen surface
promotes the proper engagement and delivery of energy to the
luminal wall so that a uniform and controlled depth of treat-
ment can be administered.

[0008] Ablational devices typically need to make an appro-
priate and reproducible therapeutic contact between an abla-
tional surface and the surface of a tissue area targeted for
ablation. A number of ablational devices and methods for
using them have been described in US patents and applica-
tions (U.S. Pat. No. 6,551,310 of Ganz issued on Apr. 22,
2003, application Ser. No. 10/370,645 of Ganz published as
US2003/0158550 on Aug. 21, 2003, application Ser. No.
10/426,923 of Stern published as US2004/0087936 on May
6, 2004, application Ser. No. 10/754,452 of Jackson pub-
lished as US2004/0215235 on Oct. 28, 2004, application Ser.
No. 10/754,445 of Ganz published as US2004/0215296 on
Oct. 28, 2004, application Ser. No. 11/244,385 of Jackson
published as US2006/0095032 on May 4, 2006, and applica-
tion Ser. No. 11/633,938 of Jackson published as US2007/
0100333 on May 3, 2007) that make use of an expandable
balloon to exert pressure from behind the ablational surface to
press it against the target tissue area. Inasmuch as the inner
diameter of luminal organs, such as gastrointestinal organs,
vary insize, the extent or volume to which a balloon is inflated
to achieve therapeutic contact will vary accordingly.

[0009] One currently available approach to creating consis-
tency in the pressure that supports an appropriatec or desir-
able level of therapeutic contact is to pre-test the target abla-
tion site in order to know what inflated air volume is
appropriate. Accordingly, measurements may be taken while
pressurizing an oversized balloon to a specific pressure (for
example, 4 psig) and then used to estimate the diameter of the
esophagus, as described in U.S. patent application Ser. No.
11/244,385 of Jackson, published as US 2006/0095032.
While this technique works well under ideal circumstances,
in practical circumstances, leaks in the system can cause the
production of inaccurate diameter estimates. Preventing leaks
has been shown to be difficult as there are various locations in
the system where a leak may occur.

[0010] Therefore, there is a need for alternative means of
measuring the diameter or circumference of a body lumen in
anticipation of a treatment, such as an ablation. This disclo-
sure describes alternative devices and methods of accom-
plishing this task.

SUMMARY OF THE INVENTION

[0011] The present invention comprises methods and sys-
tems for sizing a body lumen, such as the esophagus. The
sizing of a body lumen can provide information that is useful
for determining values for various parameters of therapeutic
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treatments as exemplified by ablation treatment, such as nor-
malizing the energy density delivered from an ablating sur-
face to a tissue surface. Although the following description
focuses on exemplary embodiments configured for treatment
ofthe esophagus, other embodiments may be used to treat any
other suitable lumen in the body. Further, although ablational
treatment is described as an exemplary therapeutic treatment,
the invention may be applied to any form of therapeutic
treatment in which it is beneficial to normalize the delivery of
treatment to the size of a lumen being treated. In particular,
the methods and systems of the present invention may be used
whenever accurate measurement of a body lumen or uniform
delivery of energy is desired to treat a controlled depth of
tissue in a lumen or cavity of the body, especially where such
body structures may vary in size.

[0012] Embodiments of the invention relate to methods of
measuring the size of a body lumen, as for example an inner
circumference, devices for measuring such a lumen, and
methods for ablating targeted tissue in a body lumen that
make use of the size measurement to control the delivery of
ablative energy. The inner circumference may be considered
the parameter most directly measured by the method, as sens-
ing elements are arranged linearly along a surface aligned
with the circumference of the lumen, but such measurements
may also be related directly to diameter and cross-sectional
surface area of the lumen, as such values may be beneficial in
some applications. Further, by a calculation that includes a
longitudinal measure of a portion of the lumen, values may be
calculated for a luminal surface area, as may be treated, for
example, by an ablational device. Still further, if treatment is
being directed to a fractional portion of the circumference of
a lumen, those surface area values can be calculated as well.

[0013] Measuring the size of a body lumen, as exemplified
by a measure of the inner circumference of a body lumen
includes expanding the size of an operative element within
the lumen, the operative element having sensing circuitry
with resistivity that varies according to the size of the opera-
tive element, varying the sensing circuitry in accordance with
the expansion of the operative element, measuring the resis-
tivity of the sensing circuitry, determining the size of the
lumen based on the measuring step. This summary will focus
on resistivity as the exemplary feature of the circuitry that
varies in accordance with the size of the operative element of
the lumen it occupies, but all that which is said with regard to
resistivity may be applied to inductance as well. Embodi-
ments that make use of inductance will, however, be briefly
summarized further below.

[0014] Varying the size of the operative element, for
example by expanding it, may be performed by expanding an
inflatable balloon within the operative element, and may
include expanding the size of the operating element to exert a
predetermined pressure on the lumen. The expansion medium
may be either a liquid or a gas. In some embodiments, the
pressure is typically between about 1 psig and about 7 psig; in
some embodiments it is between about 3 psig and about 5
psig, and in particular embodiments the pressure is about 4
psig. In some embodiments of the method, varying the degree
of expansion of the operative element includes automatically
inflating and/or deflating a balloon. These pressures have
been determined to be appropriate for effecting a coaptive
ablation of gastrointestinal luminal walls. In embodiments of
the invention that are directed toward other target sites or
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directed toward other types of treatment with other objec-
tives, other pressures may be beneficial and are included as
embodiments of the method.

[0015] In some embodiments of the method, varying or
expanding the size of the operative element includes expand-
ing the size of the operative element to achieve a predeter-
mined resistivity of the size-sensing circuitry included within
the operative element. In some embodiments, the circuitry
includes size-sensing elements that include points of electri-
cal contact. In other embodiments, the circuitry may include
size-sensing elements that have any one or more of brush
elements, optical sensors, magnetic contact points, or electro-
mechanical contact points.

[0016] In some embodiments of the method, varying the
size-sensing circuitry includes or causes stretching a conduc-
tive elastomer that is included within the circuit, the conduc-
tive elastomer being wrapped around at least a portion of the
expandable operative element, the resistivity of the conduc-
tive elastomer increasing as it stretches in accordance with the
expansion of the size of the operative element.

[0017] Inother embodiments of the method, expanding the
operative element includes decreasing an area of overlap
between two longitudinal edges of a circumferentially-ex-
pandable energy delivery support having two longitudinal
edges that overlap each other, the amount of overlap between
the two edges decreasing in accordance with the size of the
operative element expanding. In these embodiments, decreas-
ing the area of overlap between the two edges of the energy
delivery support varies the sensing circuitry, such circuitry
being formed by sensing elements that arranged on both
edges of the energy delivery support in the region of overlap,
the resistance of the formed circuitry varying in accordance
with the amount of the area of overlap.

[0018] Some embodiments of the method may include
more than one approach to sizing the lumen by varying the
sensing circuitry as have been summarized. For example,
some embodiments may make use both of size-sensing cir-
cuitry that includes a conductive elastomer as well as circuitry
that is responsive to changes in the amount of overlap of two
ablational element delivery support edges.

[0019] Embodiments of the invention include devices for
measuring the size of a body lumen, as for example the
circumference of the body lumen as reflected in the circum-
ference of an expandable operative element that is expanded
within the lumen. Such devices include an expandable opera-
tive element having a circuitry whose resistivity (or induc-
tance) varies according to the size, the circumference, for
example, of the operative element. Some embodiments of the
device include an inflatable balloon that is substantially
responsible for expanding the operative element, but other
embodiments may include operative elements that expand by
mechanical means that are equally capable of exerting pres-
sure against a lumen.

[0020] In some embodiments of the device, the operative
element further includes one or more energy delivery ele-
ments, as for example, radiofrequency delivery elements to
effect an ablation treatment on target tissue. These energy
delivery elements may include a radiofrequency electrode, an
array of electrodes, or solid-state circuitry. In various embodi-
ments, the ablative energy elements may be arranged directly
on the expandable balloon, or arranged on an electrode sup-
port that is itself engaged around the balloon. In other
embodiments, alternative forms of energy and appropriate
delivery elements may be included, such as microwave
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energy emanating from an antenna, light energy emanating
from photonic elements, thermal energy transmitted conduc-
tively from heated ablational structure surfaces or as con-
veyed directly to tissue by heated gas or liquid, or a heat-sink
draw of energy, as provided by cryonic cooling of ablational
structure surfaces, or as applied by direct cold gas or fluid
contact with tissue.

[0021] In some embodiments of the device, the circuitry
includes a portion of a band of conductive elastomer wrapped
around a circumferentially expandable portion of the opera-
tive element, such as around an inflatable balloon, such that
when the balloon is contracted, the length of the conductive
elastomer band is contracted, and when the balloon is
expanded, the length of the conductive elastomeric band is
expanded. In other embodiments, the device includes an abla-
tional energy delivery element support arranged around the
balloon, and the band of conductive elastomer is wrapped
around the support. The conductive elastomeric portion of
size sensing circuits of these embodiments is configured to
relate size-sensing data by virtue of the electrical properties
such as resistivity or inductance that vary according to the
degree of contraction or stretch of the conductive elastomer.
[0022] Embodiments of circuitry that include a conductive
elastomer within a size-sensing circuit thus depend on the
particular construction of the device. For example, the con-
ductive elastomer may be wrapped around an expandable
member included within the operative element, such as an
inflatable balloon. In some embodiments, treatment delivery
elements such as ablation energy delivery elements may be
arranged directly on the balloon, and in other embodiments,
an intervening ablation energy delivery element support car-
rying the energy delivery elements may be wrapped around
the balloon. In all these embodiments, a conductive elastomer
may be wrapped around any portion of the operative element
that expands ina manner that accords with the circumferential
expansion of the operative device as a whole. In still other
embodiments, the conductive elastomer may be applied to an
internal surface of the balloon, or the internal surface of any
portion of the operative element that expands in a manner that
accords with he circumferential expansion of the operative
device as a whole.

[0023] Inother embodiments of the device, as noted above,
the device includes an ablational energy delivery element
support arranged around an inflatable balloon. The support of
these device embodiments has a first edge and a second edge
that mutually overlap each other, and the support is circum-
ferentially expandable by the balloon such that when the
balloon is contracted an area of mutual overlap of the two
edges is inversely related to the amount of expansion of the
balloon. For example, when the balloon is contracted or not
expanded, the area of mutual overlap is relatively large, and
when the balloon is expanded, the area of mutual overlap of
the two edges is relatively small. In these embodiments, the
circuitry includes size sensing elements on both edges of the
overlapping support; such elements are configured to make an
electrical connection across the area of mutual overlap to
form a circuit with a particular resistivity, and the elements
are also configured such that the particular circuit-forming
electrical connection between sensing elements varies
according to the amount of mutual overlap of the two edges.
[0024] In these device embodiments, configuration of the
sensing elements and their pattern or distribution between the
two longitudinal edges of an ablational energy delivery sup-
port may take various forms; three exemplary embodiments
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will be summarized. In some embodiments of the device, the
first edge includes a single size-sensing element and the sec-
ond edge includes a plurality of spaced-apart size-sensing
elements, the particular element among the plurality of ele-
ments on the second edge that makes a connection to the
element on the first edge varies according the amount of
mutual overlap of the two edges, and the resistivity of circuit
thus formed varies according to which of the elements on the
second edge is included in the circuit. In other embodiments
of the device, the first edge includes a single sensing element
and the second edge includes a plurality of closely-spaced
sensing elements, the elements configured such that the ele-
ment on the first edge can make a connection with one of the
plurality of the elements on the second edge or with two
adjacent elements, and the resistivity of circuit formed varies
according to which one or which two of the elements on the
second edge are included in the circuit. In still other embodi-
ments of the device, the first edge includes a single sensing
element and the second edge includes an elongated sensing
element; the elements are configured such that the single
element on the first edge forms a circuit by making contact
with the elongated element on the second edge at a point that
varies along its length, thereby creating a circuit of varying
length, and the resistivity of the circuit varies according to the
length of the element on the second edge that is included in
the circuit. All three of these approaches provide data from the
size-sensing elements that relates to the size of the operative
element in real time.

[0025] Embodiments of the invention further include meth-
ods for ablating target tissue in a body lumen. These methods
basically include sizing steps as have been summarized that
are coupled with the delivery of ablation energy at a level that
is normalized per the sizing data provided by the sizing steps.
The method includes inserting an expandable operative ele-
ment into the lumen, the operative element having sensing
circuitry with resistivity that varies according to the size of the
operative element, expanding the operative element to con-
tact the target tissue at a predetermined pressure, varying the
sensing circuitry in accordance with the expansion of the
operative element, measuring the resistivity of the sensing
circuitry, determining the size of the lumen based on the
measuring step, and controlling the delivery of energy to the
operative element according to the size of the lumen.

[0026] Controlling delivery of energy may manifest or be
expressed in terms of delivery of energy to the operative
element, or in terms of delivery of energy from the operative
element to the tissue. Further, ablation may be controlled in
terms of energy, power, or power density as it is normalized to
target tissue surface area. Thus, embodiments of the method
make may use of an operative element that includes an
expandable balloon for expanding the operative element, an
ablational energy delivery surface for ablating tissue, and
circuitry with a variable resistivity for measuring the circum-
ference of the operative element.

[0027] In some embodiments of the method, controlling
delivery of energy includes delivering energy in proportion to
the surface area of the targeted tissue with which the operative
element is in contact. In various embodiments of the method,
controlling delivery of energy includes controlling delivery of
energy from the operative element into the tissue, and more
specifically, may include controlling the depth to which tissue
is ablated.

[0028] In various embodiments of the method, controlling
delivery of energy includes controlling an amount of power
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delivered to the tissue over time, and more specifically may
include normalizing power delivered to the tissue over time.
In various embodiments of the method, controlling delivery
of energy includes controlling an amount of energy delivered
to the tissue over time, and may include controlling delivered
energy density. In other embodiments of the method, control-
ling delivery of energy includes monitoring and controlling
tissue impedance over time, or controlling delivery of energy
includes monitoring and controlling tissue temperature over
time.

[0029] In other embodiments of the method, controlling
delivery of energy may further include controlling an amount
of power delivered to the tissue by rapidly increasing the
power until it reaches a set target value; and in some embodi-
ments it may include the amount of power delivered is per-
formed using a proportional integral derivative controller.
[0030] As mentioned above, embodiments of the methods
and devices provided here may make use of inductance in
place of or in addition to resistivity as an electrical means by
which to measure the size, the circumferential length for
example, of an expandable operative element, and by infer-
ence, the circumference and related dimensions of a lumen in
which the device has been place. Thus, for example, the
method of measuring the size of a body lumen may include
expanding an operative element within the lumen, the opera-
tive element having sensing circuitry with inductance that
varies according to the size of the operative element, varying
the sensing circuitry in accordance with the expansion of the
operative element, measuring the inductance of the sensing
circuitry, and determining the size of the lumen based on the
measuring step.

[0031] By way ofanother example of using inductance as a
size-measuring parameter of sensing circuitry, a device for
measuring the size of a body lumen may include an expand-
able operative element including circuitry whose inductance
varies according to the size of the operative element. By way
of a further example of implementing inductance as an
approach to sizing a body lumen in the context of an abla-
tional treatment, a method for ablating targeted tissue in a
body lumen may include inserting an operative element into
the lumen, the operative element having sensing circuitry
with inductance that varies according to the size of the opera-
tive element, expanding the operative element to contact the
target tissue at a predetermined pressure, varying the sensing
circuitry in accordance with the expansion of the operative
element, measuring the inductance of the sensing circuitry,
determining the size of the lumen based on the measuring
step, and controlling the delivery of energy to the operative
element according to the size of the lumen.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1A-1D provide perspective views of an abla-
tion device with an overlapping electrode support furled
around an expandable balloon, the operative element includ-
ing a balloon and an electrode support in an expanded state.
FIG. 1A shows the support pulled away from the balloon to
clarify that a portion of the support and an edge is adherent to
the balloon, and another portion and its edge is not connected
to the balloon.

[0033] FIG. 1B shows the operative element of the device
with the non-adherent portion of the support furled around the
balloon in a deployable configuration, the non-adherent por-
tion and its edge overlapping around the adherent portion.
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[0034] FIG. 1C shows the device of FIGS. 1A and 1B with
an optional feature of the operative element 140, one or more
elastic bands 180 wrapped around the electrode support 160.
[0035] FIG. 1D shows the device of FIG. 1C in a collapsed
state, with balloon portion being uninflated (or deflated), this
being the state of the device when it is being deployed into a
lumen and being positioned at a target site, as well as the state
of'the device after delivering ablation energy and about to be
removed from the lumen.

[0036] FIGS. 2A and 2B provide views of an embodiment
of a circumferentially overlapping electrode support with a
set of discrete measuring electrical contacts linearly arranged
in a circumferential orientation on the outer aspect of an
inner-laying edge of the support and a single contacting elec-
trode on the inner aspect of the outer-laying edge of the
support, the contacts within the area of mutual overlap on
their respective edge. FIG. 2A is a view of the support in a
circumferentially-contracted state, with extensive overlap
between the inner-laying and outer-laying edges of the sup-
port.

[0037] FIG. 2B is a view of the support in a circumferen-
tially-expanded state, with a small amount of overlap
between the edges of the support.

[0038] FIGS. 3A and 3B provide views of an embodiment
of a circumferentially overlapping electrode support with a
set of closely-spaced measuring electrical contacts linearly
arranged in a circumferential orientation on the outer aspect
of'an inner-laying edge of the support and a single contacting
electrode on the inner aspect of the outer-laying edge of the
support, the contacts within the area of mutual overlap on
their respective edge. FIG. 3A is a view of the support in a
circumferentially-contracted state, with extensive overlap
between the edges of the support.

[0039] FIG. 3B is a view of the support in a circumferen-
tially-expanded state, with a small amount of overlap
between the edges of the support.

[0040] FIGS. 4A and 4B provide views of an embodiment
of a circumferentially overlapping electrode support with a
size-sensing circuit that includes a connection between an
electrical contact on the inner aspect of an outer-laying edge
and a site along the length of an electrode in the form of a
conductive material linearly arranged in a circumferential
orientation on the outer aspect of the inner-laying edge of the
support, the contact occurring within the area of mutual over-
lap. FIG. 4A is a view of the support in a circumferentially-
contracted state, with extensive overlap between the edges of
the support.

[0041] FIG. 4B is a view of the support in a circumferen-
tially-expanded state, with a small amount of overlap
between the edges of the support.

[0042] FIGS. 5A-5C show cross-sectional views of the
deployable embodiment depicted in FIG. 4B with the balloon
at varying levels of expansion, and they further depict an
elastic band surrounding the furled support which urges col-
lapse of the balloon and the slidable return of the overlapping
edges to their state of maximal overlap. FIG. 5A shows the
balloon in a contracted state, with the support in a state of
maximal overlap.

[0043] FIG. 5B shows a cross-sectional view of the balloon
in a state of partial expansion, with the support in a state of
partial overlap.

[0044] FIG. 5C shows a cross-sectional view of the balloon
in a state of full expansion, with the support in a state of
minimal overlap.
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[0045] FIGS. 6A-6C provide schematic views of a band of
conductive elastomer in various states of collapse to expan-
sion, as in the configurations that would correspond to the
embodiments depicted in FIGS. 5A-5C, with an ohmmeter
measuring the resistivity at each state. FIG. 6A shows the
band of conductive elastomer in a state of minimal expansion,
the ohmmeter displaying low resistivity.

[0046] FIG. 6B shows the band of conductive elastomer in
a state of moderate expansion, the ohmmeter displaying mid-
level resistivity.

[0047] FIG. 6C shows the band of conductive elastomer in
a state of full expansion, the ohmmeter displaying high resis-
tivity.

[0048] FIG. 7 provides a flow diagram of a method for
ablational treatment that includes normalizing ablational
energy per unit surface area of target tissue.

DETAILED DESCRIPTION OF THE INVENTION

Principles and General Considerations

[0049] An object of this invention is to provide high-reso-
lution measurements of the size of a body lumen in real time,
when an ablative operational element is positioned in the
lumen. The measurement relates most directly to the opera-
tive element itself, however, as the operative element fills the
lumen upon its expansion, the measurement also reflects the
size of the lumen. Body lumens are typically compliant and
variable in size according to their contents or moment-to-
moment physiological status, as lumens typically have no
hard structural or immediately constraining features such as
bone. The sizing methods provided herein thus focus on the
size of the lumen, as reflected by the size of a space-filling
operative element, in the moment as the operative element
resides in the lumen, which is typically immediately prior to
delivery of a form of therapy, such as ablational energy, from
the operative element to the inner surface of the lumen. The
fundamental parameter upon which these measurements are
based includes resistivity of one or more size-sensing circuits,
as the circuits are configured to provide an informative signal
that relates to the size of the operational element filling the
lumen. The size dimension being measured can relate to any
of radius, diameter, or circumference, as all these values are
interrelated, however the signal typically relates most directly
to circumference. In addition to resistivity, other electrical
parameters of the circuits that may be directed to this same
object include inductance.

[0050] Two basic approaches to the measurement are pro-
vided by methods and devices provided herein. One approach
relates to the use of a conductive elastomer arranged around
the circumference, or a portion of the circumference of the
expandable operative element. In this approach, a size-sens-
ing circuit measures the resistivity of the operative element as
changes shape, for example, as it expands or stretches. A
second approach to measurements of expandable operative
elements relates to the use of operative element embodiments
that include slidably overlapping leaves as part of the mecha-
nism by which they radially expand. These two approaches
are described below, first in terms of the basic operating
principles, structures, and methods, and then later, in the
context of specific illustrated examples. Still further, these
embodiments are described in the larger context of the use of
these operative elements on ablation catheters.

[0051] In some embodiments of the invention, in accor-
dance with the first approach noted above, an elastic element
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or elastomer is electrically-conductive, as provided by the
use, for example by inclusion of silver-filled silicone. The
resistivity of an electrically-conductive elastomer varies as a
function of the extent to which the elastomer is stretched;
when electrically-conductive elastomer is stretched, it has
relatively high resistivity, and when contracted it has rela-
tively low resistivity. Thus, by monitoring the resistivity of an
electrically-conductive elastomer wrapped around an
expanding balloon, a measure of the size (as exemplified by
the circumference) of the balloon is provided. The system
may be empirically calibrated prior to use in a body lumen, by
testing resistivity as a function of the degree of expansion of
the balloon, for example, when collapsed, and when at vary-
ing degrees of expansion to a state of the maximal expansion
anticipated in normal use. Based on this information and
other empirical information, these resistivity values permit
estimates of the balloon diameter.

[0052] Some alternative embodiments of the invention
make use of strain measurements to estimate the size of body
lumen, such as an esophagus, prior to performing an ablation
treatment. Elastic members such as bands may be wrapped
around the edges of an expansion balloon, attached to the
surface of the balloon such that when balloon is expanded, the
elastic elements stretch to coincide with the expansion of the
balloon. This balloon expansion forces the elastic member to
elongate, which causes an increase in axial load to the elastic
element between the attachment points of the elastic element-
balloon interface, such load can be measured as strain which
can in turn be related to size.

[0053] Inalternative embodiments of the invention, instead
of using a conductive elastomer, the elastic element may be
attached to the operative element (or a portion thereof whose
expansion relates to the expansion of the element as a whole)
through an intermediary element used for measuring forces or
strain. For example, a strain gauge element may be attached
directly to the balloon and to the end of the elastic element. As
the elastic element stretches it increases the strain on the
strain gauge, and such strain data can be used to provide size
information, which can be used in turn, to normalize the
delivery of treatment to size parameters, such as luminal
circumference or surface area.

[0054] Inaccordance with the second approach to device or
lumen measurements as noted above, some embodiments of
the invention include features that allow the operative ele-
ment 140 to determine its own size, as its size varies by
expanding and contracting within a body lumen, in prepara-
tion for the delivery of ablational energy. More specifically,
the expansion state or size can be related to absolute dimen-
sions of radius, diameter, or circumference. These values,
derived from the operative element and associated size-sens-
ing circuitry, can be related to the real time dimensions of the
lumen at the site where the operative element is situated.
More particularly, these dimensions, in combination with a
longitudinal measure of a portion of a lumen, can all be
related to the surface area of mutual contact between an
ablational energy delivery element such as an array of radiof-
requency electrodes and the target tissue. The object of know-
ing this surface area dimension is to enable the delivery of a
specific power density (Watts/cm?) or energy density (Joules/
cm?) to the tissue area that is targeted for ablation. In contrast
to the pressure-based sizing balloon-based approach
described in U.S. patent application Ser. No. 11/244,385 of
Jackson (US Patent Pub. No. 2006/0095032), the approach
described herein is based on resistivity or inductance of size-
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sensing circuits whose resistance varies according to the
amount of overlap of electrode support edges.

[0055] Asshown generally in FIGS. 2A-4C, as the diameter
of the expandable balloon expands, the overlapping region
190 of the two ends of the unfurling ablational energy deliv-
ery element (radiofrequency electrodes being an exemplary
ablational energy delivery element) support 160 decreases.
Thus, the amount of surface area of the electrode support
exposed to the tissue is inversely proportional to the overlap-
ping surface of the electrode support. Described below in
greater detail are various electrical approaches with which to
estimate that overlapping surface area, and thereby estimate
the area of tissue exposed to the ablational surface. Briefly,
electrical contacts 170 are placed in the overlapping region
190 on both sides of the electrode support 160 within the
overlapping region. The electrical contacts are configured in
such a way that those that are able to form a complete circuit
provide information that relates to the degree of overlap, and
thus to the circumference of the operative element at that
point in time.

[0056] In some embodiments of the invention, the size-
sensing electrical contact points can be alternatively replaced
with optical sensors, magnetics, or other electrical, electro-
mechanical or optical means to determine the amount of
electrode overlap. The opposing outward force of the balloon
inflating from pressure with the constraining inward force
from elastic members provides pressure that keeps the sens-
ing elements in contact. Multiple circuits may be included
within the system to provide redundancy, as for example to
reduce the likelihood of the tissue or other material prevent-
ing physical contact between the two layers, or to provide
multiple signals that can be integrated to provide higher reso-
lution measurement. As another approach to protecting from
interfering debris, the undersurface of the electrical contact
points can include a metallic brush element to improve con-
tact in the presence of tissue or other debris.

[0057] In other embodiments of the invention, rather than
using resistive feedback, the inductive changes between the
electrical circuit formed from contacts on the facing edges of
the inner-laying and out-laying overlapping edges of the elec-
trode support may be monitored. Inductance is a function of
both the gap between the two circuits (it is desirable to keep as
constant as possible) and the amount of overlap of the elec-
trode/circuit areas.

[0058] Methods of estimating the surface area of luminal
tissue with which electrodes are in contact include using
measurements of electrical resistance with respect to tissue,
and include the application of related Formulas 1 and 2, as
described below.

R=p(L/4)

[0059] p=resistivity=1/electrical conductivity of the cir-
cuit. (This is an inherent function of electrode and wire
compositions, and the conductivity of the tissue, the
latter being different for each patient.)

[0060] L=length of the electrode

[0061] A=area of the electrode

[0062] R=resistance of electrode circuit

[0063] Therefore, based on the Formula 1, to develop a
predictable correlation between the electrode resistance and
contact area, the following information is needed:

Formula 1

Area in contact with tissue=p(L/R) Formula 2

[0064] Thus, to determine area, measurements of p and R
are needed. The p estimate is obtained by measuring resistiv-
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ity of the tissue, and an R estimate is obtained by measuring
the starting resistance of the exposed circuit that is in contact
with the tissue.

[0065] Typically, the manufacturing process by which
embodiments of the invention are made includes specifica-
tions that provide a match between resistivity of size-sensing
circuits and circumference of the operative element, such that
these relationships are known. Manufacturing processes may
also include quality control steps such that the relationship
between resistivity of sensing circuits and circumference of
the operating element at various levels of expansion is vali-
dated. In another approach to providing assurance of the
validity of circumference measurements, an end-user can
validate such measurements by checking individual operat-
ing elements with measurements of tubes of known dimen-
sion. By any of these approaches, when practicing the inven-
tive method described herein, the expansion of an operative
element to a predetermined pressure will yield a given resis-
tivity that can be related to size of an operating element.
According, in the practice of the method, it may be beneficial
to use resistivity as a target value, and when using the opera-
tive element as a treatment device, the method can include
expanding the operative element to achieve a given target or
predetermined resistivity.

ILLUSTRATIVE EXAMPLES AND
EMBODIMENTS

[0066] Turning now to illustrative examples of the
approaches to measuring the internal dimension of a body
lumen, embodiments of operative elements that that include
an electrode support 160 that wraps overlappingly around an
expandable balloon 150 and which provides a base from
which size-sensing elements operate will be described first;
embodiments that make use of an electrically conductive
elastomer as a measuring element are described further
below.

[0067] FIGS.1A-1D provide perspective views of an abla-
tion device 140 with an operative element 140 that includes
overlapping electrode support 160 furled around an expand-
able balloon 150. An array of ablational energy delivery ele-
ments 165 such as radiofrequency electrodes is arranged on
the exterior surface of the electrode support. The operative
element is mounted on the distal end of an ablation catheter,
of which the distal portion of a shaft 142 is seen, and around
which the balloon 150 is configured. FIG. 1A shows the
electrode support 160 pulled away from the balloon 150 to
clarify that a portion of the support and an inner edge 162 is
adherent to the balloon, and another portion and its outer edge
164 is not connected to the balloon. FIG. 1B shows the non-
adherent portion of the electrode support 160 furled around
the balloon 150 in a deployable configuration, the non-adher-
ent portion and its edge overlapping around the adherent
portion. FIG. 1C shows an optional feature of the operative
element 140, one or more elastic bands 180 wrapped around
the electrode support 160. In some embodiments, the elastic
band 180 material is a conductive elastomer, as described in
greater detail below, which can be included in a size-sensing
circuit to provide information related to the degree of expan-
sion of the operative element. FIG. 1D shows the device of
FIG. 1C in a collapsed state, with balloon portion 150 being
uninflated (or deflated), this being the state of the device when
it is being deployed into a lumen and being positioned at a
target site, as well as the state of the device after delivering
ablation energy and about to be removed from the lumen.
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[0068] FIGS. 2A-6C focus on the overlapping electrode
support 160, and the features that allow determination of the
state of expansion of the support; not seen in these particular
views is an expandable balloon 150 (see FIGS. 1A-1D) that
resides internal to the support and which provides the expan-
sive force. Thus, FIGS. 2A and 2B provide views of an
embodiment of a circumferentially overlapping electrode
support 160 with a set of discrete measuring electrical con-
tacts 170 linearly arranged in a circumferential orientation on
the outer aspect of an inner-laying edge 162 of the support
160 and a single contacting electrode 170 on the inner aspect
of the outer-laying edge 164 of the support. The contacts on
both edges of the support lie within the area of mutual overlap
190 on their respective edge. The number of sensing electrical
contacts on inner-laying edge, in various embodiments, may
vary typically between three and ten, but may include any
appropriate number suitable for the dimensions of the con-
tacts and the support. FIG. 2A shows the support 160 in a
circumferentially-contracted state, with an extensive region
of overlap 190 between the edges of the support. In this
configuration, the circuit that is completed by connection
between the sensing electrode on the outer-laying edge and
the one sensing electrode of five possible electrodes is one
that forms a circuit (bold line) with resistance R5. FIG. 2B
shows the support 160 in a circumferentially-expanded state,
with a small amount of overlap 180 between the edges of the
support. In this configuration, the circuit that is completed by
connection between the sensing electrode on the outer-laying
edge and the one sensing electrode of five possible electrodes
is one that forms a circuit (bold line) with resistance R2.

[0069] Another feature associated with the manner in
which the inner-laying edge 162 and the outer-laying edge
164 of the energy-delivery support 160 interact involves their
ability to slide past each other without disturbing the integrity
or their generally flattened aspect; this feature derives from
the stiffness of the material forming the support 160, and its
general non-self sticking nature. Embodiments of the support
160 typically comprise a flexible, non-distensible backing,
formed from a thin, rectangular sheet of polymer materials
such as polyimide, polyester or other flexible thermoplastic or
thermosetting polymer film. The support 160 may also com-
prise polymer covered materials, or other nonconductive
materials. Additionally, the backing may include an electri-
cally insulating polymer, with an electro-conductive material,
such as copper, deposited onto a surface so that an electrode
pattern can be etched into the material to create an array of
electrodes. The slidability of the two longitudinal edges
across each other is not particularly visible in FIGS. 1A-1C,
however it is depicted in FIGS. 2A-5C. For example, the
overlapping region 190 is comparatively large in FIGS. 2A,
3A, and 4A, and comparatively small in FIGS. 2B, 3B, and
4C, the change having occurred by the inner 162 and outer
164 edges having slid past each other. The slidability is of
particular note in FIGS. SA-5C, as in this embodiment an
elastic band 180 surrounds the overlapping edges. The elastic
band exerts a compressive force that urges the collapse of the
operative element as the balloon deflates, but the overall
balance of compressive force and the slidability of the over-
lapping edges is still one that allows slidability to prevail in
spite of the compression being exerted by the elastic band.

[0070] FIGS. 3A and 3B provide views of an embodiment
ofa circumferentially overlapping electrode support 160 with
a set of closely-spaced measuring electrical contacts 170
linearly arranged in a circumferential orientation on the outer
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aspect of an inner-laying edge 162 of the support and a single
contacting electrode 170 on the inner aspect of the outer-
laying edge 164 of the support 160, the contacts within the
area of mutual overlap 180 on their respective edge. FIG. 3A
shows the support 160 in a circumferentially-contracted state,
with extensive overlap between the two longitudinal edges of
the support, while FIG. 3B shows the support 160 in a cir-
cumferentially-expanded state, with a small amount of over-
lap between the edges of the support. In FIG. 3A, the sensing
electrode on the outer-laying edge is in contact with a single
sensing electrode on the inner-laying edge that completes a
circuit with a resistance R6. In FIG. 3B, the sensing electrode
on the outer-laying edge is in contact with two adjacent sens-
ing electrodes on the inner-laying edge which by themselves
would form circuits with resistances of R1 and R2 respec-
tively. In the circumstance, as illustrated, where the circuit
formed includes both inner-laying sensing electrodes yield a
circuit with a resistance, as noted in the figure, where R=1/
(1/R1+1/R2). The difference between the embodiments
depicted in FIGS. 2(A and B) vs. those in 3(A and B) is that
the latter embodiment yields greater resolution or granularity
in the circumferential measurement. Other dimensions of
sensing electrodes being equal, the embodiment of FIG. 3
provides twice as many value points than are provided by the
embodiment of FIG. 2. Resolution of measurements can also
be generally understood as being a function of the number (or
dimensions) of sensing electrodes distributed along the
region of overlap 190.

[0071] FIGS. 4A and 4B provide views of an embodiment
of'acircumferentially overlapping electrode support 160 with
a size-sensing circuit 175 that includes a connection between
an electrical contact on the inner aspect of an outerlaying edge
164 and a site along the length of an elongated sensing elec-
trode 172 in the form of a conductive material linearly
arranged in a circumferential orientation on the outer aspect
ofthe inner-laying edge 162 of the support, the contact occur-
ring within the area of mutual overlap 180. FIG. 4A shows the
support 160 in a circumferentially-contracted state, with
extensive overlap between the edges of the support, while
FIG. 4B shows the support 160 in a circumferentially-ex-
panded state, with a small amount of overlap between the
edges of the support. In this expanded configuration, the
elongated electrode 172 can be seen to functionally-divided
into two segments, a portion of the electrode 172i is included
within the circuit 175, and a portion of the electrode 1720 is
outside of the circuit. This situation differs from that of the
elongated electrode 172 in the contracted configuration of the
electrode support 160 as seen in FIG. 4A, where the whole of
the electrode or where nearly the whole of the electrode is
included within the circuit 175. Inasmuch as the resistivity of
the circuit is increased by the length of the electrode included
in the sensing circuit, the resistivity Rvar of the circuit 175
formed in FIG. 4A is relatively high, and the resistivity Rvar
formed in FIG. 4B is relatively low. From such differences in
resistivity (or inductance, in alternative embodiments), the
sensing circuitry provides data that are informative with
regard to the circumference of the support 160.

[0072] FIGS. 5A-5C show cross-sectional views of the
deployable embodiment of an operative element depicted in
FIG. 4B with the balloon 150 at varying levels of expansion,
and they further depict an elastic band 180 surrounding the
furled support 160 which urges collapse of the balloon and the
slidable return of the overlapping edges to their state of maxi-
mal overlap. In some embodiments, this elastic band is
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formed from a conductive elastomer that can be included in a
size-sensing circuit 175, as described below. FIG. SA shows
the balloon 150 in a contracted state, with the support in a
state of maximal overlap. FIG. 5B shows a cross-sectional
view of the balloon 150 in a state of partial expansion, with the
support in a state of partial overlap. FIG. 5C shows a cross-
sectional view of the balloon 150 in a state of full expansion,
with the support in a state of minimal overlap.

[0073] Turning to some general considerations, FIGS.
2A-4B show embodiments in which the inner or center-facing
aspect of the outer-laying edge 164 has a single electrical
contact that makes contact and complete size-sensing circuits
175 with varying forms of electrodes on the outer-facing
aspect of the inner laying edge 162 of overlapping edges of an
electrode support 160. For the purposes of description it can
be understood that the outer-laying edge 164 is a first edge of
the support and that the inner-laying edge 162 is a second
edge of the support. However, it can also be understood that
the labels of first and second are arbitrary, and that further, in
alternative embodiments, the distribution of electrodes
between inner- and outer-laying support edges may reversed
such that the outer-laying edge 164 is a second edge of the
support and has multiple sensing electrodes, and the inner
laying edge 162 is a first edge with a single sensing electrode,
such configuration having no substantive difference between
the function and the information related to the size-sensing
circuitry.

[0074] Turning now to illustrative examples of the
approaches to measuring the internal dimension of a body
lumen, embodiments of operative elements that that include a
piece of conductive elastomer wrapped around the operative
element will be described. FIGS. 6 A-6C provide schematic
views of a band of conductive elastomer 180 in various states
ranging from minimal circumference to full or nearly-full
circumferential expansion (as in the configurations that
would correspond to the embodiments depicted in FIGS.
5A-5C) with an ohmmeter measuring the resistivity a sensing
circuit 175 at each state of expansion. The conductive elasto-
meric band 180 includes a non-conductive gap 180a, the
circuitry connecting to the conductive band on either side of
the non-conductive gap. The composition of embodiments of
the conductive elastomer includes conductive elements dis-
tributed within a polymeric matrix. When the polymeric
matrix is in its preferred or fully contracted state, the absolute
spatial density of the conductive elements is maximal, and
consequently conductivity is maximal and resistivity is mini-
mal. On the other hand, when the polymeric matrix is
stretched, the spatial density of the conductive elements is
diminished, conductivity decreases, and resistivity increases.
[0075] A circuit that includes a conductive elastomer
arranged around an operative element in a manner such that
the length of the elastomer reflects the degree of expansion of
the circumference of the operative element thus provides a
signal that can be related to the circumference of the operative
element. FIG. 6A shows the band of conductive elastomer
180 in a state of minimal expansion, the ohmmeter displaying
low resistivity. FIG. 6B shows the band of conductive elas-
tomer 180 in a state of moderate expansion, the ohmmeter
displaying mid-level resistivity. FIG. 6C shows the band of
conductive elastomer 180 in a state of full expansion, the
ohmmeter displaying high resistivity.

[0076] Two bands of conductive elastomer are shown in the
operative element embodiment shown in FIG. 1C, one at
either longitudinal end of the electrode support 160. The
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cross-sectional views provided in FIGS. 5A-5C and 6A-6C
show a single band of conductive elastomer. Embodiments of
the invention thus include those provided with one or more
conductive elastomer bands. Further, the configuration of the
conductive elastomer pieces may vary according to the prac-
tical needs of securing the electrode support, or securing or
supporting, or otherwise constraining the expandable bal-
loon. In some embodiments, the conductive elastomer may
take the form of a web or a net. In some embodiments it need
not necessarily embrace the full circumference of the opera-
tive element; embracing a representative partial expanse of an
expandable circumference can be sufficient to derive circum-
ferential sizing information. In addition to positioning the
conductive elastomer on a surface exterior to an expanding
portion of the operative element, in some embodiment, a
conductive elastomer may be adhered to an inner surface ofan
expanding member such as a balloon. The only requirement
in serving the object of the present invention is that the degree
of linear stretch of the elastomer relates to the circumference
ofthe operative element. Some embodiments of the invention
may include both of the basic forms of resistivity sizing
features as described herein, i.e., some embodiments may
include circuits that include sections of size-sensing conduc-
tive elastomer, as described, as well as size-sensing circuits
associated with the mutual area of overlap of overlapping
expandable electrode supports. In such embodiments, algo-
rithms may be employed to integrate separate sources of
sizing information to yield an optimal result.

[0077] The provision of one or more bands of conductive
elastomer 180 to provide information that relates directly to
the circumference of an operative element is broadly appli-
cable to many ablational operative elements that expand to
make therapeutic contact with a body lumen. U.S. Pat. No.
7,150,745 of Stern et al. (incorporated herein, in its entirety),
for example depicts embodiments of operative elements in
FIGS. 2-4; further embodiments are shown in FIGS. 8-18.
Each of these embodiments can be fitted with one or more
conductive elastomeric bands 180, and thus are included as
embodiments of the present invention.

[0078] Various of the ablational system and method
embodiments provided in U.S. Pat. No. 7,150,745 of Stern
also include an overlapping ablational energy delivery ele-
ment support in which a region where the longitudinal edges
of the support mutually overlap is related to the degree of
circumferential expansion provided by an expandable
mechanism configured within the circumferential space of
the support. These embodiments include those depicted in
FIGS. 14A and 14B, 15A-15C, 16, and 17 (of U.S. Pat. No.
7,150,745). FIG. 15C is an embodiment that varies from the
others by having two such regions where longitudinal edges
of supports overlap. Each of these operative elements can be
fitted with electrodes that provide sizing information as
depicted in FIGS. 2A-4C of the present disclosure, and thus
are included as embodiments of the present invention.

[0079] U.S. Pat. No. 7,150,745 of Stern et al. (incorporated
herein, in its entirety) further includes description of various
configurations of ablational energy delivery elements in the
form of electrode arrays that may be place on an expandable
electrode support (see FIGS. 13a-14d of U.S. Pat. No. 7,150,
745). All of these ablational energy delivery elements may be
included on embodiments of operative elements and their
overlapping electrode supports as described in this specifica-
tion and are hereby included as embodiments of the present
invention.
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[0080] Typical embodiments of the device of the present
invention include radiofrequency delivery elements as the
means by which to distribute ablative energy into targeted
luminal tissue. The radiofrequency elements may be
monopolar or biopolar electrodes, an electrode array of any
pattern, or solid-state circuitry. As described above, these
elements may, in some embodiments be arranged directly on
an inflatable member such as a balloon, and in other embodi-
ments be arranged on an electrode support, which itself is
engaged at least partially around a balloon. Although the
exemplary embodiments described herein typically distribute
radiofrequency energy delivered by appropriate means, some
embodiments may make use of other forms of ablative energy
and appropriate distribution elements, such as microwave
energy emanating from an antenna, light energy emanating
from photonic elements, thermal energy transmitted conduc-
tively from heated ablational structure surfaces or as con-
veyed directly to tissue by heated gas or liquid, or a heat-sink
draw of energy, as provided by cryonic cooling of ablational
structure surfaces, or as applied by direct cold gas or fluid
contact with tissue.

[0081] U.S. patentapplication Ser. No. 12/114,628 of Kelly
et al.,, entitled “Method and apparatus for gastrointestinal
tract ablation for treatment of obesity”, as filed on May 2,
2008 further includes embodiments of electrode arrays can
effect a fractional ablation (see FIGS. 48 A-54B); a fractional
ablation being one in which a portion of the tissue within the
target area is ablated and another portion is not significantly
affected. The result of such partial or fractional ablation is
depicted in FIG. 55 of the Kelly application (U.S. Ser. No.
12/114,628). All of these ablational energy delivery element
arrays are compatible devices and methods for determining
the dimensions of a body lumen site targeted for ablation as
described in the present disclosure, and are hereby included
as embodiments of the invention described herein.

[0082] U.S. Pat. No. 7,150,745 of Stern et al. further
includes extensive description of a generator as a component
of a larger system that controls the operation of an ablational
operative element. More particularly the generator controls
the delivery of power, such as radiofrequency power, to the
operative element, for distribution therefrom into target tis-
sue. Further factors that participate in controlling the delivery
of energy or power from the operative element include the
time-course over which energy is delivered, and the tempera-
ture and impedance of target tissue. A constancy in the rate of
power delivery is provided by a proportional derivative con-
troller, which increases power level, and thus inherently the
voltage level, until power reaches a set target value. In one
embodiment, the generator is adapted to control the amount
of energy delivered to the tissue over time based on the
measured diameter of the esophagus as provided by resistiv-
ity values from the size-sensing circuits described in this
disclosure, and as depicted in FIGS. 2A-4B (for operative
elements that include overlapping electrode supports), and in
FIGS. 6 A-6C, for operative elements that include conductive
elastomeric circuits. Further, the generator can be adapted to
normalize the density of energy delivered to the tissue over
time based on the measured diameter of the esophagus so that
equivalent energy densities, such that a predetermined level
of energy per unit area of electrode surface area (Joules/cm?)
can be delivered to esophagi of differing diameters. In another
embodiment, the generator is adapted to control the amount
of power delivered to the tissue over time based on the mea-
sured diameter of the esophagus so that equivalent power
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densities, such that a predetermined and constant level of
power per unit area of electrode surface area (Watts/cm?) can
be delivered to esophagi of differing diameters.

[0083] Embodiments of the present invention include a
method for ablating tissue in a body lumen that normalizes
ablational energy per unit surface area of target tissue, as
shown in FIG. 7. The system makes use of size-sensing elec-
trical circuits associated with the operative element of an
ablative device to deliver information that inform a larger
system overseeing the operative element of the size of the
lumen about to receive ablative energy. The target tissue is
typically abnormal, as for example columnar epithelium
characteristic of Barrett’s esophagus. However, the tissue
itself may not necessarily be abnormal, as for example, abla-
tion of apparently or presumptively normal tissue may serve
a larger therapeutic purpose such as treating obesity (see, for
example, the above-referenced U.S. patent application Ser.
No. 12/114,628). The ablative method includes inserting an
expandable operative element (with an expandable balloon,
for example) an ablational energy delivery surface, and size-
sensing circuitry with a resistivity that varies according to the
circumference of the operative element into a lumen where
targeted tissue is located, expanding the operative element to
a predetermined pressure so as to contact a target site in the
lumen, varying the sensing circuitry in accordance with the
size of the operative element, measuring the resistivity of the
circuitry associated with the operative element, relating or
determining the resistivity to a value for the size (e.g., the
circumference) of the operative element, and delivering an
amount of ablational energy to achieve a predetermined level
of energy delivery per unit surface area of abnormal tissue
being ablated.

[0084] Devices and methods related to the present inven-
tion are described in detail in U.S. patent application Ser. No.
11/244,385 of Jackson (US 2006/0095032), which specifica-
tion, as noted above, is incorporated in its entirety into this
application. That application describes the use of pressure
and mass-flow information related to the influx of an expan-
sion medium into an expandable balloon to derive sizing
information. The present application also makes use of pres-
sure information in order to allow the balloon to be inflated to
a predetermined pressure. The appropriate pressure is one
that varies over a range from about 1 psig to 7 psig, in some
particular embodiments from about 3 psig to 5 psig and in
some particular embodiments to a pressure of about 4 psig.
This pressure, which may in some embodiments be deter-
mined on a case-by-case basis, but is more typically derived
from general knowledge and experience with the target site.
One of the factors underlying the rationale for the appropriate
pressure includes the intention to effect a coaptive ablation,
one in which the flow of blood into vessels of the region,
capillaries in particular, is stopped by the local application of
pressure from the expanded operative element, as described
in U.S. patent application Ser. No. 11/244,385. Another
aspect of the rationale for determining a target pressure to
which balloon should be appropriately inflated relates to the
compliance of the targeted lumen, i.e., the degree of change in
circumference per unit outwardly applied pressure from
within the lumen. These aspects of rationale thus underlie the
step of the presently described method in which the balloon is
inflated to a predetermined pressure, typically about 4 psig. In
other embodiments of the invention that could be applied to
other target sites, or to further another therapeutic objective,
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other pressures may be appropriately applied, and thus the use
any appropriate pressure is included as an embodiment of the
present invention.

[0085] Various terms have been used in the description to
convey an understanding of the invention; it will be under-
stood that the meaning of these various terms extends to
common linguistic or grammatical variations or forms
thereof. Terminology that is introduced at a later date that may
be reasonably understood as a derivative of a contemporary
term or designating of a subset of objects embraced by a
contemporary term will be understood as having been
described by the now contemporary terminology. While some
theoretical considerations have been advanced in furtherance
of providing an understanding of the invention the claims to
the invention are not bound by such theory. For example, the
level of pressure appropriate for inflating the balloon prior to
the delivery of ablational energy is related by theory to the
pressure in capillaries of the ablation site in order that a
coaptive ablation may be effected. Moreover, any one or more
features of any embodiment of the invention can be combined
with any one or more other features of any other embodiment
of the invention, without departing from the scope of the
invention. Further, it should be understood that while these
inventive methods and devices have been described as pro-
viding therapeutic benefit to the esophagus by way of
example, such devices and embodiments may also have thera-
peutic application in other lumen or cavity sites within the
body. Still further, it should be understood that the invention
is not limited to the embodiments that have been set forth for
purposes of exemplification, but is to be defined only by a fair
reading of claims that are appended to the patent application,
including the full range of equivalency to which each element
thereof is entitled.

What is claimed is:

1. A method of measuring the size of a body lumen com-
prising:

expanding a size of an operative element within the lumen,

the operative element having sensing circuitry with a
resistivity that varies according to the size of the opera-
tive element;

varying the sensing circuitry in accordance with the size of

the operative element;

measuring the resistivity of the sensing circuitry; and

determining the size of the lumen based on the measuring

step.

2. The method of claim 1 wherein expanding the size of the
operative element includes expanding the circumference.

3. The method of claim 1 wherein determining the size of
the lumen includes determining the inner circumference of
the lumen.

4. The method of claim 1 wherein expanding the size of the
operative element includes expanding the operative element
to exert a predetermined pressure on the lumen.

5. The method of claim 1 wherein expanding the size of the
operative element includes inflating a balloon.

6. The method of claim 5 wherein inflating the balloon
includes inflating to a predetermined pressure.

7. The method of claim 6 wherein the predetermined pres-
sure is about 1 psig to about 7 psig.

8. The method of claim 6 wherein the predetermined pres-
sure is about 3 psig to about 5 psig.

9. The method of claim 6 wherein the predetermined pres-
sure is about 4 psig.
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10. The method of claim 5 wherein inflating the balloon
includes inflating with a gas.

11. The method of claim 5 wherein inflating the balloon
includes inflating with a liquid.

12. The method of claim 5 inflating the balloon includes
automatically inflating the balloon.

13. The method of claim 1 wherein expanding the size of
the operative element includes expanding the operative ele-
ment to achieve a predetermined resistivity of the circuitry.

14. The method of claim 1 wherein varying the circuitry in
accordance with the expansion of the operative element
includes forming circuits from size-sensing elements that
differ according to the size of the operative element.

15. The method of claim 1 wherein the size-sensing ele-
ments may include any of electrical contacts, brush elements,
optical sensors, magnetic contact points, or electromechani-
cal contact points.

16. The method of claim 1 wherein varying the circuitry
includes stretching a conductive elastomer included in the
circuit, the conductive elastomer wrapped around at least a
portion of the operative element, the resistivity of the conduc-
tive elastomer increasing as it stretches in accordance with the
expansion of the size of the operative element.

17. The method of claim 1 wherein expanding the operative
element includes decreasing an area of overlap between two
longitudinal edges of a circumferentially-expandable energy
delivery support with two longitudinal edges that overlap
each other, the amount of overlap between the two edges
decreasing in accordance with the size of the operative ele-
ment expanding.

18. The method of claim 17 wherein decreasing the area of
overlap between the two edges of the energy delivery support
varies the sensing circuitry, the circuitry formed by sensing
elements arranged on both edges of the energy delivery sup-
port in the region of overlap, the resistance of the formed
circuitry varying in accordance with the amount of the area of
overlap.

19. A device for measuring the size of a body lumen com-
prising an expandable operative element including a sensing
circuitry whose resistivity varies according to the size of the
operative element.

20. The device of claim 19 wherein the expandable opera-
tive element includes an expandable balloon.

21. The device of claim 19 wherein the operative element
further includes an ablative energy delivery element.

22. The device of claim 21 wherein the ablative energy
delivery element includes any of a radiofrequency electrode,
a radiofrequency electrode array, or solid-state circuitry.

23. The device of claim 19 wherein the circuitry comprises
a portion of a band of conductive elastomer wrapped around
the operative element such that when the operative element is
contracted the length of the conductive elastomer band is also
contracted, and when the operative element is expanded, the
length of the conductive elastomeric band is stretched.

24. The device of claim 23 wherein the operative element
includes an ablational energy delivery element support
arranged around an inflatable balloon, and the band of con-
ductive elastomer is wrapped around the ablational energy
delivery element support.

25. The device of claim 19 further comprising an ablational
energy delivery element support arranged around an inflat-
able balloon, the support having a longitudinal first edge and
a second longitudinal edge that overlap each other to form an
area of mutual overlap, the support circumferentially expand-
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able by the balloon such that the area of mutual overlap is
inversely related to the amount of expansion of the balloon.

26. The device of claim 25 wherein the circuitry includes
sensing elements on both edges of the ablational energy deliv-
ery element support in the area of mutual overlap, such ele-
ments configured to connect across the area of mutual overlap
to form a circuit with a particular resistivity, the elements
further configured such that the connection formed between
sensing elements varies according to the amount of mutual
overlap of the two edges.

27. The device of claim 26 wherein the first edge includes
a single sensing element and the second edge includes a
plurality of spaced-apart sensing elements, the particular ele-
ment among the plurality of elements on the second edge that
connects to the element on the first edge varying according
the amount of mutual overlap of the two edges, the resistivity
of circuit thus formed varying according to the particular
element on the second edge that is included in the circuit.

28. The device of claim 26 wherein the first edge includes
a single sensing element and the second edge includes a
plurality of closely-spaced sensing elements, the elements
configured such that the element on the first edge connects
with one of the plurality of the elements on the second edge or
with a pair of adjacent elements on the second edge, the
resistivity of circuit formed varying according to which of the
one or which adjacent pair of the elements on the second edge
is included in the circuit.

29. The device of claim 26 wherein the first edge includes
a single sensing element and the second edge includes an
elongated sensing element, the elements configured such that
the single element on the first edge forms a circuit by con-
necting with the elongated element on the second edge at a
point that varies along its length thereby creating a circuit of
varying length, the resistivity of the circuit varying according
to the length of the element on the second edge that is
included in the circuit.

30. A method for ablating target tissue in a body lumen
comprising:

inserting an expandable operative element into the lumen,

the operative element having sensing circuitry with a
resistivity that varies according to the size of the opera-
tive element;

expanding the operative element to contact the target tissue

at a predetermined pressure;

varying the sensing circuitry in accordance with the size of

the operative element;

measuring the resistivity of the sensing circuitry;

determining the size of the lumen based on the measuring

step; and

controlling the delivery of energy to the operative element

according to the size of the lumen.

31. The method of claim 30 wherein expanding the opera-
tive element includes inflating a balloon to a predetermined
pressure.

32. The method of claim 30 wherein controlling delivery of
energy includes delivering energy in proportion to the surface
area of the targeted tissue with which the operative element is
in contact.
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33. The method of claim 30 wherein controlling delivery of
energy includes controlling delivery of energy from the
operative element into the target tissue.

34. The method of claim 30 wherein controlling delivery of
energy includes controlling the depth to which target tissue is
ablated.

35. The method of claim 30 wherein controlling delivery of
energy includes controlling an amount of power delivered to
the target tissue over time.

36. The method of claim 30 wherein controlling delivery of
energy includes normalizing power delivered to the target
tissue over time.

37. The method of claim 30 wherein controlling delivery of
energy includes controlling an amount of energy delivered to
the target tissue over time.

38. The method of claim 30 wherein controlling delivery of
energy includes controlling delivered energy density.

39. The method of claim 30 wherein controlling delivery of
energy includes monitoring and controlling target tissue
impedance over time.

40. The method of claim 30 wherein controlling delivery of
energy includes monitoring and controlling target tissue tem-
perature over time.

41. The method of claim 30, further comprising controlling
an amount of power delivered to the tissue by rapidly increas-
ing the power until it reaches a set target value.

42. The method of claim 41 wherein controlling the
amount of power delivered is performed using a proportional
integral derivative controller.

43. A method of measuring the size of a body lumen com-
prising:

expanding an operative element within the lumen, the

operative element having sensing circuitry with induc-
tance that varies according to the size of the operative
element;

varying the sensing circuitry in accordance with the expan-

sion of the operative element;

measuring the inductance of the sensing circuitry; and

determining the size of the lumen based on the measuring

step.
44. A device for measuring the size of a body lumen com-
prising an expandable operative element including a sensing
circuitry whose inductance varies according to the size of the
operative element.
45. A method for ablating targeted tissue in a body lumen
comprising:
inserting an operative element into the lumen, the operative
element having sensing circuitry with inductance that
varies according to the size of the operative element;

expanding the operative element to contact the target tissue
at a predetermined pressure;

varying the sensing circuitry in accordance with the expan-

sion of the operative element;

measuring the inductance of the sensing circuitry;

determining the size of the lumen based on the measuring

step; and

controlling the delivery of energy to the operative element

according to the size of the lumen.
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