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(57) ABSTRACT 

A method and apparatus for treating abnormal mucosa in the 
esophagus is disclosed, such that the depth of the treated 
tissue is controlled. The depth of ablation is controlled by 
monitoring the tissue impedance and/or the tissue tempera 
ture. A desired ablation depth is also achieved by controlling 
the energy density or poWer density, and the amount of time 
required for energy delivery. A method and apparatus is 
disclosed for measuring an inner diameter of a body lumen, 
Where a balloon is in?ated inside the body lumen at a ?xed 
pressure. 
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METHODS AND SYSTEMS FOR DETERMINING 
PHYSIOLOGIC CHARACTERISTICS FOR 
TREATMENT OF THE ESOPHAGUS 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation-in-part of 
commonly assigned, co-pending US. patent application Ser. 
No. 10/754,452 ?led Jan. 9, 2004, Which is a continuation 
in-part ofU.S. application Ser. No. 10/370,645 ?led Feb. 19, 
2003, Which is a divisional of Ser. No. 09/714,344 ?led Nov. 
16, 2000, now US. Pat. No. 6,551,310, Which claims the 
bene?t under 35 USC 119(e) of US. Provisional Application 
No. 60/165,678 ?led Nov. 16, 1999, the full disclosure of 
Which are fully incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates generally to medical 
methods and systems. More particularly, the invention is 
directed to methods and systems for treating and determin 
ing physiologic characteristics of body lumens such as the 
esophagus. 
[0004] The human body has a number of internal body 
lumens or cavities located Within, many of Which have an 
inner lining or layer. These inner linings can be susceptible 
to disease. In some cases, surgical intervention can be 
required to remove the inner lining in order to prevent the 
spread of disease to otherWise healthy tissue located nearby. 

[0005] Those With persistent problems or inappropriate 
relaxation of the loWer esophageal sphincter can develop a 
condition knoWn as gastro esophageal re?ux disease, mani 
fested by classic symptoms of heartburn and regurgitation of 
gastric and intestinal contents. The causative agent for such 
problems may vary. Patients With severe forms of gastroe 
sophageal re?ux disease, no matter What the cause, 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. 

[0006] The esophagus is composed of three primary tissue 
layers; a super?cial mucosal layer lined by squamous epi 
thial cells, a middle submucosal layer and a deeper muscle 
layer. When gastroesophageal re?ux 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 damage and 
alteration of the squamous cells, causing them to change into 
taller, specialiZed columnar epithelial cells. This metaplastic 
change of the mucosal epithelium from squamous cells to 
columnar cells is called Barrett’ s esophagus, named after the 
British surgeon Who originally described the condition. 

[0007] Barrett’s esophagus has important clinical conse 
quences, since the Barrett’s columnar cells can, in some 
patients, become dysplastic and then progress to a certain 
type of deadly cancer of the esophagus. The presence of 
Barrett’s esophagus is the main risk factor for the develop 
ment of adenocarcinoma of the esophagus. 

[0008] Accordingly, attention has been focused on iden 
tifying and removing this abnormal Barrett’s columnar 
epithelium in order to mitigate more severe implications for 
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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. 
HoWever, Without precise control of the depth of penetration 
of the energy means, these methods and devices are de? 
cient. Uncontrolled energy application can penetrate too 
deeply into the esophageal Wall, beyond the mucosa and 
submucosal layers, into the muscularis externa, potentially 
causing esophageal perforation, stricture or bleeding. 
Accordingly, proper administration of the correct amount of 
treatment energy to the tissue can be facilitated by knoWl 
edge of the siZe of the esophagus and area to be treated. 

[0009] Additionally, medical procedures for treating Bar 
rett’s esophagus typically involve deployment of an expand 
able catheter inside the esophagus. Expandable catheters are 
preferred because the pro?le of the catheter is ideally as 
small as possible 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 therefore desirable to prevent over 
distension of the organ, Which could result in harm to the 
organ, or under-expansion of the catheter, Which often 
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 treatment can 
be administered. In addition to calculating luminal dimen 
sions, the compliance of the lumen can be determined by 
measuring the cross section of the lumen at tWo or more 
pressure values. 

[0010] Therefore, it Would be advantageous to have meth 
ods and systems for accurately determining in vivo the siZe 
and optionally the compliance of a body lumen such as the 
esophagus. In addition, it Would be desirable to provide a 
method and system for treating the body lumen once having 
determined its siZe. At least some of these objectives Will be 
met by the present invention. 

[0011] 2. Description of the Background Art 

[0012] US. Pat. No. 5,275,169 describes apparatus and 
methods for determining physiologic characteristics of 
blood vessels. The device measures the diameter and Wall 
compliance of the blood vessel, and does not administer 
treatment. Additionally, the method relies on using only an 
incompressible ?uid to in?ate a balloon inside a blood 
vessel. Other patents of interest include US. Pat. No. 
6,010,511; 6,039,701; and 6,551,310. 

BRIEF SUMMARY OF THE INVENTION 

[0013] The present invention comprises methods and sys 
tems for siZing a body lumen, such as the esophagus. 
Methods and systems are also provided for treating the body 
lumen once the proper measurements have been made. 

[0014] Although the folloWing description Will focus on 
embodiments con?gured for treatment of the esophagus, 
other embodiments may be used to treat any other suitable 
lumen in the body. In particular, the methods and systems of 
the present invention may be used Whenever accurate mea 
surement of a body lumen or uniform delivery of energy is 
desired to treat a controlled depth of tissue in a lumen or 
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cavity of the body, especially Where such body structures 
may vary in size. Therefore, the following description is 
provided for exemplary purposes and should not be con 
strued to limit the scope of the invention. 

[0015] In general, in one aspect, the invention features a 
method for measuring an inner diameter of a body lumen 
including inserting a balloon in the body lumen; in?ating the 
balloon inside the body lumen using an expansion medium; 
and monitoring a mass of the expansion medium inside the 
balloon. 

[0016] Implementations of the invention can include one 
or more of the folloWing features. Monitoring the mass of 
the expansion medium can be performed using a mass ?oW 
sensor. Additionally, the expansion medium can be a gas or 
a liquid. The balloon can be in?ated at a ?xed pressure, and 
the ?xed pressure can be approximately 4 psig. 

[0017] In general, in another aspect, the invention features 
a method for treating tissue in a body lumen including 
deploying a selected electrode structure at the surface of the 
tissue; delivering energy to the electrode structure to ablate 
the tissue to a depth from the surface; and controlling the 
depth of ablated tissue by monitoring a change in tissue 
impedance. 

[0018] Controlling the depth of ablated tissue can include 
monitoring When the tissue impedance reaches a targeted 
impedance value. In one implementation, the targeted 
impedance value ranges from approximately 0.5 ohms to 10 
ohms. In another implementation, controlling the depth of 
ablated tissue can additionally include monitoring When the 
tissue impedance changes a speci?ed percentage from an 
initial tissue impedance level. In a further implementation, 
controlling the depth of ablated tissue can include monitor 
ing When the tissue impedance reaches its minimum value. 
In a particular implementation, the desired depth of ablated 
tissue is approximately betWeen 0.5 mm and 1 mm. 

[0019] In general, in another aspect, the invention features 
a method for treating tissue of a body lumen, including: 
deploying an electrode structure at a surface of the tissue; 
delivering energy to the electrode structure to ablate the 
tissue to a depth from the surface; and controlling the depth 
of tissue ablation of the tissue by monitoring a change in the 
tissue temperature. 

[0020] In one embodiment of this aspect of the invention, 
controlling the depth of tissue ablation includes monitoring 
When the tissue temperature reaches a target range. The 
temperature target range can be betWeen approximately 65° 
and 95° C., and the energy can be delivered as long as the 
measured tissue temperature does not exceed a maximum 
temperature. In one implementation, the maximum tempera 
ture is approximately 95° C. 

[0021] In general, in another aspect, the invention features 
a method for treating abnormal tissue inside a body lumen, 
including: automatically determining an inner diameter of 
the body lumen at a location proximal to the abnormal 
tissue; deploying an electrode structure at a surface of the 
tissue at the proximal location; and delivering energy to the 
electrode structure for treating the tissue. 

[0022] In one embodiment of this aspect of the invention, 
the inner diameter of the body lumen can be determined by 
automatically in?ating and de?ating a balloon inside the 
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body lumen using an expansion medium. This embodiment 
can further include monitoring a mass of the expansion 
medium inside the balloon and controlling a depth of treated 
tissue. In one implementation, controlling the depth of 
treated tissue includes controlling an amount of poWer 
delivered to the tissue over time. In other implementations, 
controlling the depth of treated tissue includes normaliZing 
poWer delivered to the tissue over time; and/or controlling 
the depth of treated tissue by controlling an amount of 
energy delivered to the tissue over time; and/or controlling 
the depth of treated tissue by controlling delivered energy 
density; and/or controlling the depth of treated tissue by 
monitoring and controlling tissue impedance over time; 
and/or controlling the depth of treated tissue by monitoring 
and controlling tissue temperature over time. 

[0023] Implementations of the invention can include one 
or more of the folloWing features. Controlling an amount of 
poWer delivered to the tissue by rapidly increasing the poWer 
until it reaches a set target value and/or controlling the 
amount of poWer delivered by using a proportional integral 
derivative controller. 

[0024] In general, in another aspect, the invention features 
an apparatus for treating a tissue inside a body lumen 
including: an electrode structure adapted to be positioned at 
a surface of the tissue inside the body lumen, Wherein the 
electrode structure is coupled to an expansion member; and 
a generator for producing and delivering energy to the 
electrode structure; Wherein the generator is adapted to 
automatically in?ate the expansion member inside the body 
lumen and control the pressure inside the expansion member 
during treatment of the tissue. 

[0025] Implementations of the invention can include one 
or more of the folloWing features. The expansion member 
can be a balloon coupled to a catheter. The apparatus can 
further include a storage device for storing generator set 
tings. In one implementation, the storage device is an 
EEPROM. The apparatus can further include a pump for 
automatically in?ating and de?ating the expansion member. 
[0026] The generator of the apparatus can be adapted to 
determine an inner diameter of the body lumen using an 
in?atable balloon. In one implementation, the generator is 
adapted to control the amount of energy delivered to the 
tissue over time based on the measured diameter of the 
esophagus. In another implementation, the generator is 
adapted to normaliZe the density of energy delivered to the 
tissue based on the measured diameter of the esophagus. In 
yet another implementation, the generator is adapted to 
control the amount of poWer delivered to the tissue over time 
based on the measured diameter of the esophagus. In another 
implementation, the generator is adapted to control the 
energy delivered to the electrode structure. In another imple 
mentation, the generator is adapted to control the poWer 
delivered to the electrode structure. In yet another imple 
mentation, the generator is adapted to normaliZe the amount 
of poWer delivered to the tissue over time based on the 
measure diameter of the esophagus. In a further implemen 
tation the generator is adapted to detect Whether a catheter 
is attached thereto and to identify a characteristic of the 
attached catheter. In a related implementation, the apparatus 
can further include a storage device adapted to store infor 
mation about the attached catheter. 

[0027] The apparatus can further include a footsWitch 
coupled to the generator and adapted to control the energy 
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delivered to the electrode structure and/or a display for 
displaying information to a user. 

[0028] In another implementation, the generator is adapted 
to be manually controlled by a user such that the user 
controls the energy delivered to the electrode structure over 
time. 

[0029] The apparatus can further include a proportional 
integral derivative controller adapted to gradually increase 
poWer delivered to the electrode structure until it reaches a 
set target value. 

[0030] In general, in another aspect, the invention features 
an apparatus for treating a tissue inside a body lumen 
including: an electrode structure adapted to be positioned at 
a surface of the tissue inside the body lumen, Wherein the 
electrode structure is coupled to an expansion member; and 
a generator for producing, delivering and controlling energy 
delivered to the electrode structure; Wherein the generator is 
adapted to determine an inner diameter of the body lumen.. 

[0031] In one aspect of the invention, a method for treating 
a body lumen at a treatment location comprises measuring a 
luminal dimension at the treatment location of the lumen, 
selecting an electrode deployment device having an array of 
electrodes or other electrode structure With a pre-selected 
deployed siZe Which corresponds to the measured dimen 
sion, positioning the electrode deployment device at the 
treatment location Within the lumen, deploying the electrode 
array to the pre-selected deployed state to engage a Wail of 
the lumen, and delivering energy to the electrodes for 
treatment of the luminal tissue. 

[0032] In some embodiments, measuring the luminal 
dimension comprises positioning a siZing member at the 
treatment location Within the lumen, expanding the siZing 
member until it engages an inside Wall of the lumen, and 
calculating the luminal dimension at the treatment location 
of the esophagus based on the expansion of the siZing 
member. Often, expanding the siZing member comprises 
in?ating a siZing balloon by introducing an expansion 
medium. The expansion medium may be a compressible or 
non-compressible ?uid. In some embodiments, the lumen 
dimensions are calculated by determining the amount of the 
expansion medium introduced to the siZing balloon While it 
is in?ated. For example, the mass or volume of the expan 
sion medium can be measured by use of a mass-?oW meter 
or the like. Optionally, a pressure sensor may be coupled to 
the siZing balloon, so that the luminal dimension can be 
calculated from the measured amount of expansion medium 
introduced to the balloon at a given pressure. Alternatively, 
the siZing member may comprise a basket, plurality of struts, 
or calipers, or the like. The lumen may also be measured by 
ultrasound, optical, or ?uoroscopic imaging or by use of 
measuring strip. 
[0033] In embodiments Where a siZing balloon is 
employed, the siZing balloon may comprise any material or 
con?guration. In general, the siZing balloon is cylindrical 
and has a knoWn length and a diameter that is greater than 
the diameter of the target lumen. In this con?guration, the 
siZing balloon is non-distensible, such as a bladder having a 
diameter in its fully expanded form that is larger than the 
lumen diameter. Suitable materials for the balloon may 
comprise a polymer such as polyimide or polyethylene 
terephthalate (PET). Alternatively, the balloon may com 
prise a mixture of polymers and elastomers. 
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[0034] Once the lumen dimensions are determined, an 
electrode deployment device matching the measured lumi 
nal dimension may be selected from an inventory of devices 
having different electrode deployment siZes. In some 
embodiments, the electrode deployment device is transe 
sophageally delivered to a treatment area Within the esopha 
gus. For example, delivering the device may be facilitated 
by advancing a catheter through the esophagus, Wherein the 
catheter carries the electrode array and an expansion mem 
ber. The expansion member may comprise any of the 
materials or con?gurations of the siZing member, such as an 
in?atable cylindrical balloon comprising a polymer such as 
polyimide or PET. 

[0035] In some aspects of the invention, the array of 
electrodes or other electrode structure is arranged on a 
surface of a dimensionally stable support such as a non 
distensible, electrode backing. The backing may comprise a 
thin, rectangular sheet of polymer materials such as poly 
imide, polyester or other ?exible thermoplastic or thermo 
setting polymer ?lm, polymer covered materials, or other 
nonconductive materials. The backing may also comprise an 
electrically insulating polymer, With an electro-conductive 
material, such as copper, deposited onto a surface. For 
example, an electrode pattern can be etched into the material 
to create an array of electrodes. The electrode pattern may be 
aligned in an axial or traverse direction across the backing, 
formed in a linear or non-linear parallel array or series of 
bipolar pairs, or other suitable pattern. In many embodi 
ments, delivering energy comprises applying radiofrequency 
(RF) energy to tissue of the body lumen, through the 
electrodes. Depending on the desired treatment effect, the 
electrodes may be arranged to control the depth and pattern 
of treatment. For treatment of esophageal tissue, the elec 
trode Widths are less than 3 mm, typically a Width in the 
range from 0.1 mm to 3 mm, preferably 0.1 mm to 0.3 mm, 
and adjacent electrodes are spaced apart less than 3 mm, 
typically in the range from 0.1 mm to 3 mm, preferably from 
0.1 mm to 0.3 mm. Alternatively, energy may be delivered 
by use of structures other than those having an array of 
electrodes. For example, the electrode structure may com 
prise a continuous electrode arranged in a helical pattern 
over the balloon. 

[0036] In another method of the present invention, the 
measurement of the luminal dimension may be used to 
determine the amount of energy delivered to the tissue of the 
lumen. For example, a method for treating the tissue of a 
body lumen at a treatment location comprises measuring a 
luminal dimension at a location of the lumen, positioning an 
electrode deployment device at that location, deploying the 
expansion member to engage an electrode array to a Wall of 
the lumen; and delivering su?icient energy to the electrode 
array for treatment of the luminal tissue based on the 
measured dimension of the lumen. In general, the amount of 
poWer delivered to the electrodes Will vary depending on the 
type of treatment and the overall surface area of the luminal 
tissue to be treated. In some embodiments, the expansion 
member can variably expand to engage the Wall of the lumen 
independent of the siZe of the lumen. For esophageal treat 
ment, the expansion member may comprise a balloon that 
can expand to a range of diameters between 12 mm and 50 
mm. Typically, the total energy density delivered to the 
esophageal tissue Will be in the range from 1 J/cm2 to 50 
J/cm2, usually being from 5 J/cm2 to 15 J/cm2. In order to 
effectively ablate the mucosal lining of the esophagus and 
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allow re-groWth of a normal mucosal lining Without creating 
damage to underlying tissue structures, it is preferable to 
deliver the radiofrequency energy over a short time span in 
order to reduce the effects of thermal conduction of energy 
to deeper tissue layers, thereby creating a “searing” effect. It 
is preferable to deliver the radiofrequency energy Within a 
time span of less than 5 seconds. An optimal time for 
effective treatment is less than 1 second, and preferably less 
than 0.5 second or 0.25 seconds. The loWer bound on time 
may be limited by the ability of the RF poWer source to 
deliver high poWers. 

[0037] In one aspect of the invention, a method for mea 
suring an internal dimension at a location in a body lumen 
comprises positioning a cylindrical balloon at a location 
Within the lumen, in?ating the balloon With an expansion 
medium to engage an inside Wall of the lumen, monitoring 
the extent of engagement of the balloon, determining the 
amount of expansion medium in the balloon While in?ated 
at the location, and calculating the internal dimension of the 
esophagus based on the length of the balloon and the 
measured amount of expansion medium inside the balloon. 
In some embodiments, the balloon is transesophageally 
delivered to a treatment area Within the esophagus by 
advancing a catheter carrying the balloon through the 
esophagus. Often, the balloon is non-distensible and has a 
diameter that is greater than the diameter of the inside Wall 
of the lumen. The balloon may be ?lled With an expansion 
medium that is a compressible ?uid, such as air. 

[0038] Monitoring the extent of engagement comprises 
determining the expansion of the balloon via a pressure 
sensor coupled to the balloon, Wherein the extent of engage 
ment is determined by the internal pres sure exerted from the 
expansion medium as measured by the pressure sensor and 
by visual veri?cation. The pressure sensor may comprise 
any device for determining the pressure inside a vessel, such 
as a strain gauge. Alternatively, the extent of engagement 
may be monitored by determining the expansion of the 
balloon via visual inspection. In some embodiments, the 
balloon may be expanded to apply pressure to the inside Wall 
of the lumen, thereby causing the lumen to stretch. 

[0039] In one aspect of the invention, a method for deter 
mining Wall compliance of an esophagus comprises posi 
tioning a balloon at a location Within the esophagus, in?ating 
the balloon With a compressible ?uid, measuring the static 
pressure Within the balloon, measuring the total amount of 
?uid Within the balloon at least tWo static pressure values, 
and calculating the Wall compliance based on the variation 
in the amount of ?uid betWeen a ?rst measured pressure and 
a second measured pressure. For esophageal treatment, the 
static pressure values to be used are typically below 10 psig, 
and preferably at or beloW 7 psig. 

[0040] In another aspect, a system for treating tissue of a 
body lumen comprises a siZing member for measuring the 
cross section at a location of the lumen and a catheter having 
a set of individual treatment devices, each device compris 
ing an electrode array adapted to treat a target location, 
Wherein at least some of the arrays are adapted to treat 
locations having different siZes determined by the siZing 
member. In some embodiments, the siZing member com 
prises an in?atable, noncompliant siZing balloon that is 
oversiZed With respect to the inside Wall of the lumen. The 
siZing balloon may be cylindrical With a diameter that is 

May 4, 2006 

oversiZed With respect to the inside Wall of the lumen. The 
siZing balloon may further be coupled to a pressure sensor 
for determining the internal pressure in the balloon from the 
introduction of the expansion medium. In addition, the 
system may further comprise a measuring means, such as a 
mass ?oW meter, for determining the amount of ?uid in the 
siZing balloon. 

[0041] In some embodiments, each of the individual treat 
ment devices further include an expansion member com 
prising an in?atable balloon. Generally, each balloon is 
cylindrical and ranges in diameter from 12 mm to 50 mm 
When expanded. A balloon Within the range is selected based 
on the measurement made from the siZing balloon so that 
When the balloon is expanded to its fully in?ated shape, it 
properly engages the Wall of the lumen. Typically, the 
expansion member is in?ated With the same medium as the 
siZing balloon. Optionally, the treatment device may further 
include a pressure sensor as an extra precaution against 
over-distension of the organ. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] FIG. 1 is a schematic vieW of portions of an upper 
digestive tract in a human. 

[0043] FIG. 2 is a cross sectional vieW of a device of the 
invention inserted in to an esophagus in its relaxed, col 
lapsed state. 

[0044] FIG. 3 is a cross-sectional vieW of a device of the 
invention deployed in an expanded con?guration in the 
esophagus. 

[0045] FIG. 4 is a schematic vieW of a siZing device of the 
invention. 

[0046] FIG. 5 is a ?oW chart of a method of the invention 
for siZing a luminal dimension. 

[0047] FIG. 6 is a ?oW chart of a method of the invention 
for treating luminal tissue 

[0048] FIG. 7 is a chart of test results performed on 
calculating the diameter of a vessel by measuring the 
volume of air used to in?ate the balloon. 

[0049] FIG. 8 is a chart of test results for the air mass 
required to achieve various pressure levels in di?ferently 
siZed rigid containers. 

[0050] FIG. 9 is a schematic vieW of a treatment device of 
the invention in a compressed con?guration in the esopha 
gus. 

[0051] FIG. 10 is a schematic vieW of a treatment device 
of the invention in an expanded con?guration in the esopha 
gus. 

[0052] FIG. 11 is a schematic vieW of another embodi 
ment of a treatment device of the invention. 

[0053] FIG. 12 shoWs a top vieW and a bottom vieW ofan 
electrode pattern of the device of FIG. 11. 

[0054] FIG. 13a-c shoWs the electrode patterns that may 
be used With a treatment device of the invention. 

[0055] FIG. 14a-d shoWs additional electrode patterns 
that may be used With a treatment device of the invention. 
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[0056] FIG. 15 shows a ?oW chart of a method of the 
invention for determining the Wall compliance of a lumen. 

[0057] FIG. 16 illustrates a ?oW chart of a method for siZe 
estimation. 

[0058] FIG. 17 illustrates an exemplary schematic of a 
mechanism for performing balloon sizing using a mass ?oW 
meter and pressure sensors. 

[0059] FIG. 18 is an exemplary ?owchart of the ablation 
method. 

[0060] FIG. 19 illustrates a graphical representation of 
tissue impedance over time. 

[0061] FIG. 20 illustrates a graphical representation of the 
tissue temperature over time. 

[0062] FIG. 21 illustrates an exemplary front panel of the 
generator. 

INCORPORATION BY REFERENCE 

[0063] All publications and patent applications mentioned 
in this speci?cation are herein incorporated by reference to 
the same extent as if each individual publication or patent 
application Was speci?cally and individually indicated to be 
incorporated by reference. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0064] In various embodiments, the present invention pro 
vides methods and systems for measuring, and treating at a 
controlled and uniform depth, the inner lining of a lumen 
Within a patient. It Will be appreciated that the present 
invention is applicable to a variety of different tissue sites 
and organs, including but not limited to the esophagus. A 
treatment apparatus including a siZing member and a treat 
ment device comprising an expandable electrode array is 
provided. The siZing member is ?rst positioned at a treat 
ment site Within the lumen. Once in place, the siZing 
member is expanded to engage the Wall of the lumen to 
obtain the dimensions of the lumen. The siZing member is 
removed, and at least a portion of the treatment device is 
positioned at the tissue site, Where the electrode array is 
expanded to contact the tissue surface according to the 
measurements made by the siZing member. Su?icient energy 
is then delivered from the electrode array to impart a desired 
therapeutic effect, such as cell necrosis, to a discrete layer of 
tissue. 

[0065] Certain disorders can cause the retrograde ?oW of 
gastric or intestinal contents from the stomach 12, into the 
esophagus 14, as shoWn by arroWs A and B in FIG. 1. 
Although the causation of these problems are varied, this 
retrograde ?oW may result in secondary disorders, such as 
Barrett’s Esophagus, Which require treatment independent 
of and quite different from treatments appropriate for the 
primary disorder-such as disorders of the loWer esophageal 
sphincter 16. Barrett’s esophagus is an in?ammatory disor 
der in Which the stomach acids, bile acids and enZymes 
regurgitated from the stomach and duodenum enter into the 
loWer esophagus causing damage to the esophageal mucosa. 
When this type of retrograde ?oW occurs frequently enough, 
damage may occur to esophageal epithelial cells 18. In some 
cases the damage may lead to the alteration of the squamous 
cells, causing them to change into taller specialiZed colum 
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nar epithelial cells 20. This metaplastic change of the 
mucosal epithelium from squamous cells to columnar cells 
is called Barrett’s esophagus. Although some of the colum 
nar cells may be benign, others may result in adenocarci 
noma. 

[0066] In one aspect, the present invention provides meth 
ods and systems for siZing the esophagus and treating the 
epithelium of selected sites of the esophagus in order to 
mitigate more severe implications for the patient. In many 
therapeutic procedures according to the present invention, 
the desired treatment effect is ablation of the tissue. The term 
“ablation” as used herein means thermal damage to the 
tissue causing tissue or cell necrosis. HoWever, some thera 
peutic procedures may have a desired treatment effect that 
falls short of ablation, e.g. some level of agitation or damage 
that is imparted to the tissue to inure a desired change in the 
cellular makeup of the tissue, rather than necrosis of the 
tissue. With the present invention, a variety of different 
energy delivery devices can be utiliZed to create a treatment 
effect in a super?cial layer of tissue, While preserving intact 
the function of deeper layers, as described hereafter. 

[0067] Cell or tissue necrosis can be achieved With the use 
of energy, such as radiofrequency energy, at appropriate 
levels to accomplish ablation of mucosal or submucosal 
level tissue, While substantially preserving muscularis tis 
sue. In a particular aspect, such ablation is designed to 
remove the entire mucosal lining in the treatment region, 
including the abnormal columnar groWths 20 from the 
portions of the esophagus 14 so affected, and alloW re 
groWth of a normal mucosal lining. 

[0068] As illustrated in a cross-sectional vieW in FIG. 2, 
the esophagus in its collapsed, relaxed state does not form a 
perfect, cylindrical tube. Rather, the Walls of the esophagus 
14 undulate into a plurality of folds. In this state, the 
diameter of the esophagus is di?icult to determine, espe 
cially by use of visualiZation techniques such as ultrasound 
or optical imaging. Additionally, uniform treatment of target 
tissue areas is also di?icult because of the irregular surface 
contours of the esophageal Wall. 

[0069] In one embodiment of the invention, as illustrated 
in FIGS. 2, 3 and 4 and the ?oW chart of FIG. 5, a method 
is disclosed for utiliZing a siZing device to measure luminal 
dimensions. The siZing device 40 is ?rst delivered to the 
treatment region in the body lumen, as shoWn at block 70. 
For esophageal siZing as shoWn in FIG. 2, the esophagus 14 
Will be in a relaxed or collapsed con?guration during 
delivery of the siZing device. The siZing device 40 is in a 
collapsed con?guration during the delivery of the device to 
the treatment site in the esophagus. The loW pro?le of the 
collapsed siZing device 40, as shoWn in FIG. 2, eases the 
delivery of the device into the esophagus and minimiZes 
discomfort to the patient. Once the siZing device is oriented 
in the proper treatment area, an expansion ?uid is injected 
into the balloon, as shoWn at block 72. The balloon is 
in?ated until it engages the inside Wall of the lumen, as 
shoWn in FIG. 3. During the infusion of the expansion 
medium, the extent of engagement of the balloon is moni 
tored, as Well as the amount of expansion medium being 
injected into the balloon, as shoWn by block 74. Once the 
balloon properly engages the lumen Wall (shoWn at block 
76), the ?nal mass or volume of expansion medium is 
recorded so that the internal dimension of the esophagus 
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may be calculated, shown at blocks 78, 82. The sizing 
balloon is then de?ated so that it can be readily removed 
from the treatment site, shoWn at block 80. 

[0070] Referring to FIGS. 2, 3, 4, a device of the present 
invention comprises a sizing device 40 for determining the 
dimensions of a treatment lumen. The device 40 has an 
expansion member 42 that is inserted into a lumen in a 
collapsed con?guration and expanded upon proper place 
ment at a pre-selected treatment area. In a preferred con 
?guration, the expansion member 42 is a cylindrical balloon 
With a native diameter that is oversized so that it Will be 
larger in its fully expanded con?guration than the expected 
diameter of the treatment lumen. The balloon 42 comprises 
a thin, ?exible, bladder made of a polymer material, for 
example polyimide, polyurethane, PET, or the like. The 
balloon is attached to a catheter sleeve 44, Wherein the 
balloon is disposed on the distal end 46 of the catheter sleeve 
for infusing an expansion medium into the balloon from an 
infusion source IS. Infusion source is connected to an access 

port 50 of a y-connector located at the proximal end 48 of 
the catheter sleeve 44. 

[0071] Ideally, the expansion medium comprises a com 
pressible ?uid, such as air. The expansion medium may 
alternatively comprise an incompressible ?uid, such as 
Water, saline solution, or the like. It Would be understood by 
one of skill in the art that sizing a body lumen by monitoring 
the mass of an expansion medium advantageously can be 
accomplished using either compressible or incompressible 
?uids. Infusion of the expansion medium into the sizing 
balloon may be accomplished by a positive displacement 
device such as a ?uid-infusion pump or calibrated syringe 
driven by stepper motor or by hand. Alternatively, for a 
compressible expansion medium, pressurized air or gas may 
also be used. In many embodiments, the sizing device also 
comprises a means for determining the amount of expansion 
?uid transferred to the balloon, such as a calibrated syringe. 
A mass or volume ?oW meter may be coupled to the ?uid 
delivery source for simultaneously measuring the amount of 
?uid in the balloon as it is in?ated. 

[0072] As the expansion medium is injected into balloon 
42, the balloon expands radially from its axis to engage the 
Wall of the lumen. For esophageal treatment, the Walls of the 
esophagus 14 unfold to form a more cylindrical shape as 
balloon 42 expands, as illustrated in FIG. 3. In this con 
?guration, intemal diameter D1 of the esophagus 14 is 
readily calculated based on the length L of the balloon and 
the measured amount of expansion medium inside the 
balloon. Balloon 42 is oversized so that the diameter D2 of 
the balloon When unrestrained and fully in?ated is larger 
than the diameter of the balloon When constrained in the 
lumen. Although an in?atable balloon is generally preferred, 
the sizing member may comprise a basket, plurality of struts, 
calipers, or the like instrument for determining the internal 
diameter of a tubular member. 

[0073] Tests Were performed to calculate the inside diam 
eter of a member by using volume ?oW measurements. 
Various types and sizes of tubes Were tested by measuring 
the mass of air used to in?ate an oversized bladder inside the 
tube. As shoWn in FIG. 7, the diameter of the tube can be 
repeatably estimated by measuring the volume of air deliv 
ered into the balloon. 

[0074] In some embodiments of the invention, a pressure 
sensor may be coupled to the sizing device, Wherein the 
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extent of engagement is determined by the internal pressure 
exerted from the expansion medium as measured by the 
pressure sensor or visual veri?cation. 

[0075] The pressure sensor may comprise any device for 
determining the pressure inside a vessel, such as a strain 
gauge. In FIG. 4, the pressure sensor PS is located at access 
port 52 at the proximal end of the catheter sleeve 44. 
Alternatively, the pressure sensor can be located inside the 
balloon 42. As the balloon expands to engage the Wall of the 
lumen, the pressure in the balloon increases as a result of the 
constraint on the balloon from the lumen Wall. 

[0076] Because the balloon is oversized and not at its fully 
extended diameter When contacting the lumen Wall, the 
pressure in the balloon is equal to the contact force per unit 
area against the lumen Wall. Therefore, the pressure inside 
the balloon is directly proportional to the contact force on 
the lumen Wall. Furthermore, the balloon may be expanded 
to apply pressure to the inside Wall of the lumen, thereby 
causing the lumen to stretch. Generally, the sizing balloon 
Will be in?ated to a pressure corresponding to the desired 
pressure for treatment of the lumen. For esophageal treat 
ment, it is desirable to expand the treatment device su?i 
ciently to occlude the vasculature of the submucosa, includ 
ing the arterial, cappillary, or venular vessels. The pressure 
to be exerted to do so should therefore be greater than the 
pressure exerted by such vessels, typically from 1 psig to 10 
psig, preferably from 4 psig to 7 psig and more preferably 
from 2 psig to 3 psig. 

[0077] In some embodiments, the measurement of the 
pressure inside the balloon may be used to monitor the 
extent of engagement of the balloon With the lumen Wall. 
Alternatively, the extent of engagement may be monitored 
by determining the expansion of the balloon via visual 
inspection With use of an endoscope, or by ultrasound, 
optical, or ?uoroscopic imaging (not shoWn). 

[0078] Tests Were performed on different sized rigid tubes 
to calculate the amount of mass required to in?ate an 
oversized balloon in a constrained tube at various pressures. 
As shoWn in FIG. 8, the test results shoWed predictable 
linear relationships betWeen the measured in?ated air mass 
and the tube diameter for each pressure range tested. 

[0079] As shoWn in the ?oW chart of FIG. 6, a method and 
system of the present invention is disclosed for treating a 
luminal tissue. Similar to the method described in FIG. 5, a 
sizing device is used to calculate the internal diameter of the 
lumen, as shoWn at block 84. The measurement obtained 
from the sizing device is then used to select a treatment 
device from an array of different sized catheters, shoWn at 
block 86. The device is then inserted into the body lumen 
and delivered to the treatment site, as shoWn at block 88. An 
expansion ?uid is then injected into the device by an 
infusion source like that of the sizing device as shoWn in 
block 90. Because the catheter is selected to have an outer 
diameter When fully expanded that appropriately distends 
the luminal Wall, it is not necessary to monitor the expansion 
of the catheter. HoWever, the pressure and ?uid volume of 
expansion medium delivered to the treatment device can be 
monitored as a precautionary measure, as shoWn in blocks 
92 and 94. With the catheter properly engaged to the luminal 
Wall at the treatment site, energy, such as RF energy, is 
delivered to the catheter for treatment of the luminal tissue, 
















