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ABSTRACT 
Systems and methods for visualizing fluid enhanced ablation 
therapy are described herein . In one embodiment , a method 
for ablating tissue is provided that includes inserting an 
elongate body into a tissue volume , heating an imageable 
fluid within the elongate body to transform the imageable 
fluid into an imageable therapeutic fluid , delivering the 
imageable therapeutic fluid into the tissue volume to deliver 
a therapeutic dose of thermal energy to the tissue volume , 
and imaging the tissue volume to determine the extent of the 
tissue volume containing the imageable therapeutic fluid . 
The imageable therapeutic fluid can indicate the extent of 
the tissue volume that has received the therapeutic dose of 
thermal energy . 
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SYSTEMS AND METHODS FOR 
VISUALIZING FLUID ENHANCED 

ABLATION THERAPY 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] The present application is a continuation of U . S . 
patent application Ser . No . 13 / 842 , 561 , filed on Mar . 15 , 
2013 , entitled “ Systems And Methods For Visualizing Fluid 
Enhanced Ablation Therapy , ” the entire contents of which is 
hereby incorporated herein by reference . 

because it is often impractical to include more than a few 
temperature sensors on a single device , and the sensors can 
only report the temperature of the target volume of tissue in 
their immediate location . As a result , it can be difficult to 
monitor the overall shape of the treated volume of tissue . 
[ 0007 ] Still further , misplacement of the needle or other 
fluid introduction device , or adjacent anatomical features 
that have high blood flow ( e . g . , capillaries , veins , etc . ) can 
result in undesired and unexpected fluid flow . This unex 
pected fluid flow can direct therapeutic energy in an unex 
pected manner , thereby altering the shape and size of the 
treated volume of tissue that has received a therapeutic dose 
of thermal energy . Techniques for remotely monitoring the 
temperature of the target volume of tissue can report that the 
temperature is not rising as expected , but may not show 
where the heated fluid is flowing to and what the altered 
treated volume of tissue looks like . 
[ 0008 ] Accordingly , there is a need in the art for improved 
systems and methods for monitoring fluid enhanced ablation 
therapy . 

FIELD 

[ 0002 ] The present invention relates generally to fluid 
enhanced ablation therapy , and more particularly , to systems 
and methods for visualizing the flow of fluid introduced 
during fluid enhanced ablation therapy . 

BACKGROUND 

SUMMARY [ 0003 ] Fluid enhanced ablation therapy involves the intro 
duction of a fluid into a volume of tissue to deliver a 
therapeutic dose of energy in order to destroy tissue . The 
fluid can act as a therapeutic agent delivering thermal energy 
into the tissue volume — thermal energy supplied from the 
fluid itself ( e . g . , a heated fluid ) or from an ablation element 
that provides thermal energy using , e . g . , radio frequency 
( RF ) electrical energy , microwave or light wave electromag 
netic energy , ultrasonic vibrational energy , etc . This therapy 
can be applied to a variety of procedures , including the 
destruction of tumors . 
[ 0004 ] One example of fluid enhanced ablation therapy is 
the SERFTM ablation technique ( Saline Enhanced Radio 
FrequencyTM ablation ) described in U . S . Pat . No . 6 , 328 , 735 , 
which is hereby incorporated by reference in its entirety . 
Using the SERF ablation technique , saline is passed through 
a needle and heated , and the heated fluid is delivered into a 
target volume of tissue surrounding the needle . In addition , 
RF electrical current is simultaneously passed through the 
tissue between an emitter electrode positioned on the needle 
and a remotely located return electrode . The saline acts as a 
therapeutic agent to deliver its thermal energy to the target 
volume of tissue via convection , and the RF electrical 
energy can act to supplement and / or replenish the thermal 
energy of the fluid that is lost as it moves through the tissue . 
The delivery of thermal energy via the movement of fluid 
through tissue can allow a greater volume of tissue to be 
treated with a therapeutic dose of ablative energy than is 
possible with other known techniques . The therapy is usu 
ally completed once the target volume of tissue reaches a 
desired therapeutic temperature , or otherwise receives a 
therapeutic dose of energy . 
[ 0005 ] A common challenge in fluid enhanced ablation 
therapy is determining the extent of the target volume of 
tissue that has received a therapeutic dose of thermal energy . 
Known techniques for monitoring therapy progress include 
measuring the temperature of various portions of the target 
volume of tissue directly . Exemplary devices and methods 
for conducting such monitoring are described in U . S . Pat . 
Pub . No . 2012 / 0277737 , which is hereby incorporated by 
reference in its entirety . 
[ 0006 ] However , measuring the temperature of various 
portions of the target volume of tissue is not necessarily an 
effective technique for monitoring therapy progress . This is 

[ 0009 ] The present invention generally provides systems 
and methods for directly visualizing fluid enhanced ablation 
therapy . The systems and methods described herein gener 
ally include visualizing the flow of an imageable therapeutic 
fluid in a fluid enhanced ablation therapy procedure and 
correlating the visualized fluid flow with the shape and size 
of a volume of tissue that has received a therapeutic dose of 
thermal energy . In some cases , the imageable therapeutic 
fluid can be , e . g . , a heated mix of one or more fluids ( e . g . , 
saline ) that includes a contrast agent that can be used to 
visualize the flow of the therapeutic fluid . The visualized 
fluid flow can in some cases directly indicate the volume of 
tissue that has received a therapeutic dose of thermal energy 
or , in other cases , can indicate that a certain portion of the 
volume of tissue has received a therapeutic dose of thermal 
energy . 
[ 0010 ] In one aspect , a method for ablating tissue is 
provided that includes inserting an elongate body into a 
tissue volume , heating an imageable fluid within the elon 
gate body to transform the imageable fluid into an imageable 
therapeutic fluid , delivering the imageable therapeutic fluid 
into the tissue volume to deliver a therapeutic dose of 
thermal energy to the tissue volume , and imaging the tissue 
volume to determine the extent of the tissue volume con 
taining the imageable therapeutic fluid . The imageable 
therapeutic fluid can indicate the extent of the tissue volume 
that has received the therapeutic dose of thermal energy . 
[ 0011 ] In another embodiment , the method can include 
inserting an elongate body having an ablation element 
disposed thereon into a tissue volume . The method can 
further include heating an imageable fluid within the elon 
gate body to transform the imageable fluid into an imageable 
therapeutic fluid , and delivering energy to the ablation 
element on the elongate body . The energy and the imageable 
therapeutic fluid can be simultaneously delivered into the 
volume of tissue to deliver a therapeutic dose of thermal 
energy to the tissue volume . The method can further include 
imaging the tissue volume to determine the extent of the 
tissue volume containing the imageable therapeutic fluid , 
wherein the imageable therapeutic fluid can indicate the 
extent of the tissue volume that has received the therapeutic 
dose of thermal energy . 
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[ 0012 ] The systems and methods described herein can 
have a number of additional features and / or modifications , 
all of which are considered within the scope of the present 
invention . For example , a variety of fluids can be used in the 
systems and methods described herein . In certain embodi 
ments , the imageable fluid can include saline and a contrast 
agent to aid in visualizing the flow of the imageable fluid . 
The saline and contrast agent can be mixed together in a 
variety of proportions , either prior to use or instantaneously 
as the imageable fluid is delivered to the elongate body . In 
some embodiments , a ratio of saline to contrast agent can be 
about 1 : 1 . In other embodiments , the ratio of saline to 
contrast agent can be about 10 : 1 , while in still other embodi 
ments the ratio of saline to contrast agent can be about 20 : 1 . 
A number of different contrast agents can be employed with 
the systems and methods of the present invention , so long as 
they do not adversely impact the safety or effectiveness of 
the therapy procedure , as described in more detail below . In 
some embodiments , the contrast agent can be a water soluble 
contrast agent , and more preferably an iodinated water 
soluble contrast agent , such as iohexol . 
[ 0013 ] In some embodiments , it can be important for the 
imageable therapeutic fluid utilized to have a heat capacity 
that is close to , or greater than , the heat capacity of the tissue 
itself . The imageable therapeutic fluid can act by exchanging 
thermal energy with tissue , therefore using a fluid with a heat 
capacity close to , or greater than , the heat capacity of the 
tissue can ensure that the imageable therapeutic fluid does 
not excessively lose its stored energy to the tissue as it heats 
the tissue . In some embodiments , for example , a heat 
capacity of the imageable therapeutic fluid can be greater 
than about 2 J / ml - ° C . , and more preferably greater than 
about 4 J / ml - ° C . 
[ 0014 ] A variety of different medical imaging technolo 
gies can be utilized to image the tissue volume to determine 
the extent of the tissue volume containing the imageable 
fluid . In some embodiments , for example , the tissue volume 
can be imaged using fluoroscopy , computed tomography 
( CT ) scan , computer axial tomography ( CAT ) scan , mag 
netic resonance imaging ( MRI ) , or ultrasound . The medical 
imaging technology utilized can , in some embodiments , be 
selected based on the contrast agent used in the imageable 
therapeutic fluid . For example , if iohexol is used as the 
contrast agent , the tissue can be imaged using computed 
tomography ( CT ) scanning , fluoroscopy , or some other form 
of X - ray imaging that is sensitive to iohexol . 
[ 0015 ] Heating of the imageable fluid can be accom 
plished in a variety of manners . In certain embodiments , the 
imageable fluid can be heated by a heating element disposed 
within the elongate body . A number of different heating 
elements can be employed , including radio frequency ( RF ) , 
laser , microwave , and resistive electrical heating elements . 
Further details on exemplary heating elements that can be 
used in the systems and methods described herein can be 
found in U . S . Pat . Pub . No . 2012 / 0265190 , which is hereby 
incorporated by reference in its entirety . 
10016 ) As mentioned above , the visualized fluid flow in 
the tissue volume can indicate the extent of the tissue 
volume that has received the therapeutic dose of thermal 
energy . In some embodiments , a ratio of a linear dimension 
of a portion of the tissue volume containing the imageable 
therapeutic fluid to a linear dimension of a portion of the 
tissue volume that has received the therapeutic dose of 
thermal energy can be about 1 : 1 . That is , the visualized fluid 

flow can directly correlate to the size of the treated volume 
of tissue . However , the correlation between the portion of 
the tissue volume containing the imageable therapeutic fluid 
to the portion of the tissue volume that has been treated need 
not be 1 : 1 . For example , in some embodiments , a ratio of a 
linear dimension of a portion of the tissue volume containing 
the imageable therapeutic fluid to a linear dimension of a 
portion of the tissue volume that has received the therapeutic 
dose of thermal energy can be about 3 : 2 . In other embodi 
ments , a ratio of a linear dimension of a portion of the tissue 
volume containing the imageable therapeutic fluid to a linear 
dimension of a portion of the tissue volume that has received 
the therapeutic dose of thermal energy can be about 2 : 1 . In 
still other embodiments , a ratio of a linear dimension of a 
portion of the tissue volume containing the imageable thera 
peutic fluid to a linear dimension of a portion of the tissue 
volume that has received the therapeutic dose of thermal 
energy can be about 5 : 1 . Still further , in some embodiments , 
a ratio of a linear dimension of a portion of the tissue volume 
containing the imageable therapeutic fluid to a linear dimen 
sion of a portion of the tissue volume that has received the 
therapeutic dose of thermal energy can be about 10 : 1 . 
[ 0017 ] In certain embodiments , the relationship between 
the size of a portion of the tissue volume containing the 
imageable therapeutic fluid and the size of a portion of the 
tissue volume that has received a therapeutic dose of thermal 
energy can be described by a mathematical relationship . In 
some embodiments , for example , the method can include 
evaluating a mathematical model using a dimension of the 
imaged tissue volume containing the imageable therapeutic 
fluid to determine a dimension of the tissue volume that has 
received the therapeutic dose of thermal energy . In other 
embodiments , a ratio between the dimension of the tissue 
volume that has received the therapeutic dose of thermal 
energy calculated by the mathematical model and the dimen 
sion of the imaged tissue volume containing the imageable 
therapeutic fluid can be about 2 : 3 . Of course , this calculated 
value can vary based on the mathematical model derived 
from , for example , the therapy operating parameters , tissue 
type , size and shape of the tissue volume , nearby sources of 
blood flow , etc . 
[ 0018 ] The ablation element disposed on the elongate 
body can utilize a variety of types of therapeutic energy . For 
example , in some embodiments the ablation element can 
include a source of electromagnetic energy . Exemplary 
sources of electromagnetic energy can include , in various 
embodiments , RF electrical energy , laser light energy , and 
microwave electrical energy . In other embodiments , the 
ablation element can include a source of ultrasonic energy . 
[ 0019 ] In another aspect , a system for delivering fluid 
enhanced ablation therapy is provided that includes an 
elongate body having proximal and distal ends , an inner 
lumen extending through the elongate body , at least one 
outlet port formed in the elongate body , and at least one 
ablation element positioned along the length of a distal 
portion of the elongate body . The system can further include 
an imageable fluid source in communication with the inner 
lumen of the elongate body , the imageable fluid source 
including saline and a contrast agent . The system can further 
include a heating element disposed within the inner lumen of 
the elongate body and configured to heat the imageable fluid 
to transform the imageable fluid into an imageable thera 
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[ 0031 ] FIG . 7 is a graphical representation of simulated 
expansion over time of a proportion of a tissue volume that 
contains contrast agent and a proportion of the tissue volume 
that has received a therapeutic dose of thermal energy . 

peutic fluid that can flow through the at least one outlet port 
and be delivered to tissue surrounding the at least one 
ablation element . 
[ 0020 ] All of the variations and modifications discussed 
above can be included in a system according to the teachings 
of the present invention . For example , in some embodiments 
a heat capacity of the imageable fluid can be greater than 
about 2 J / ml - ° C . , and more preferably greater than about 4 
J / ml - ° C . In other embodiments , a ratio of saline to contrast 
agent can be about 1 : 1 . In still other embodiments , a ratio of 
saline to contrast agent can be about 10 : 1 . In yet other 
embodiments , a ratio of saline to contrast agent can be about 
20 : 1 . Furthermore , a variety of contrast agents can be used 
in the imageable fluid . In some embodiments , the contrast 
agent can be iohexol . 
[ 0021 ] The ablation element positioned along the length of 
a distal portion of the elongate body can be configured to 
deliver a variety of types of energy into the tissue surround 
ing the elongate body . For example , in some embodiments , 
the ablation element can be configured to deliver energy 
selected from the group consisting of electromagnetic 
energy , radio frequency energy , laser energy , microwave 
energy , and ultrasonic energy . 
[ 0022 ] The systems and methods described herein can 
provide a number of advantages over prior art systems and 
methods for monitoring fluid enhanced ablation therapy . In 
particular , the systems and methods described herein can 
allow for the direct visualization of the flow of an imageable 
therapeutic fluid as it delivers thermal energy within a target 
tissue volume . The expansion over time of a portion of the 
tissue volume containing the imageable therapeutic fluid can 
be monitored to ensure that fluid is not flowing in an 
undesirable or unexpected manner , and the size of the 
portion of the tissue volume containing the visualized thera 
peutic fluid can be used to indicate the size of the portion of 
the tissue volume that has received a therapeutic dose of 
thermal energy . Accordingly , the systems and methods 
described herein can provide a far more robust and detailed 
view of the progress of a fluid enhanced ablation therapy 
procedure . 

en 

DETAILED DESCRIPTION 
[ 0032 ] Certain exemplary embodiments will now be 
described to provide an overall understanding of the prin 
ciples of the systems and methods disclosed herein . One or 
more examples of these embodiments are illustrated in the 
accompanying drawings . Those skilled in the art will under 
stand that the systems and methods specifically described 
herein and illustrated in the accompanying drawings are 
non - limiting exemplary embodiments and that the scope of 
the present invention is defined solely by the claims . The 
features illustrated or described in connection with one 
exemplary embodiment may be combined with the features 
of other embodiments . Such modifications and variations are 
intended to be included within the scope of the present 
invention . 
[ 0033 ] The present invention is generally directed to sys 
tems and methods for visualizing fluid enhanced ablation 
therapy and , in particular , to systems and methods for 
visualizing the expansion over time of a proportion of a 
volume of tissue that has received a therapeutic dose of 
thermal energy ( i . e . , visualizing the expansion of a thera 
peutic temperature front as it encompasses a greater volume 
of tissue over time ) . The systems and methods described 
herein generally include visualizing the flow of an image 
able therapeutic fluid in a fluid enhanced ablation therapy 
procedure and correlating the visualized flow with the shape 
and size of a volume of tissue that has received a therapeutic 
dose of thermal energy . In some cases , the imageable 
therapeutic fluid can be , e . g . , a heated mix of saline and a 
contrast agent that can aid in visualizing the flow of the 
therapeutic fluid . The visualized fluid can in some cases 
directly indicate the volume of tissue that has received a 
therapeutic dose of thermal energy or , in other cases , can 
indicate that a certain portion of the volume of tissue 
containing the imageable therapeutic fluid has received a 
therapeutic dose of thermal energy . The systems and meth 
ods described herein provide unique advantages over known 
methods for monitoring fluid enhanced ablation therapy , 
including , for example , the ability to directly visualize the 
flow of an imageable therapeutic fluid within a patient ' s 
body to monitor the progress of a therapeutic procedure . 
[ 0034 Fluid enhanced ablation therapy , as mentioned 
above , is defined by passing a fluid into tissue to act as a 
therapeutic agent and deliver thermal energy into the tissue . 
The thermal energy can be provided from the fluid itself 
( e . g . , by using heated fluid ) , by delivering therapeutic 
energy from an ablation element ( e . g . , an RF electrode ) , or 
a combination of the two . The delivery of therapeutic energy 
into tissue causes hyperthermia in the tissue , ultimately 
resulting in necrosis . This temperature - induced selective 
destruction of tissue can be utilized to treat a variety of 
conditions including tumors , fibroids , cardiac dysrhythmias 
( e . g . , ventricular tachycardia , etc . ) , and others . 
0035 ] The SERFTM ablation technique ( Saline Enhanced 
Radio FrequencyTM ablation ) described in U . S . Pat . No . 
6 , 328 , 735 and incorporated by reference above , delivers 
fluid heated to a therapeutic temperature into tissue along 
with ablative energy . The heated fluid acts as a therapeutic 
agent by flowing through the extracellular space of the 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0023 ] The aspects and embodiments of the invention 
described above will be more fully understood from the 
following detailed description taken in conjunction with the 
accompanying drawings , in which : 
[ 0024 ] FIG . 1 is a diagram of one embodiment of a fluid 
enhanced ablation therapy system ; 
[ 0025 ] FIG . 2 is a perspective view of one embodiment of 
a medical device having an elongate body for use in fluid 
enhanced ablation therapy ; 
[ 0026 ] FIG . 3A is a fluoroscopic X - ray image of a fluid 
enhanced ablation therapy device disposed in a heart prior to 
therapy ; 
[ 0027 ] FIG . 3B is an fluoroscopic X - ray image of the fluid 
enhanced ablation therapy device of FIG . 3A during therapy ; 
[ 0028 ] FIG . 4 is an image of the heart of FIGS . 3A - 3B 
after therapy ; 
[ 0029 ] FIG . 5 is an alternative embodiment of a fluid 
enhanced ablation therapy system ; 
[ 0030 ] FIG . 6 is a graphical representation of simulated 
fluid enhanced ablation therapy heating profiles over time ; 
and 
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treatment tissue and increasing the heat transfer through the 
tissue significantly . In particular , the flowing heated fluid 
convects thermal energy into the target tissue . The thermal 
energy can be supplied from the heated fluid itself , and the 
ablation energy source can act to replenish thermal energy 
lost from the fluid as it moves through tissue . Furthermore , 
the fluid can serve to constantly hydrate the tissue and 
prevent any tissue charring and associated impedance rise 
near the ablation element , as described in more detail below . 
[ 0036 ] Fluid enhanced ablation therapy can have a number 
of advantages over prior art ablation techniques , such as 
conventional RF ablation . For example , conventional RF 
ablation often overheats the tissue located adjacent to the 
emitter electrode because the heat cannot be efficiently 
transported away from the electrode . This overheating can 
cause charring of the tissue and an associated rise in imped 
ance that can effectively terminate the therapy . During fluid 
enhanced ablation therapy , in contrast , the therapeutically 
heated fluid can convect heat deeper into the target tissue , 
thereby reducing tissue charring and the associated imped 
ance change of the tissue . Further , because the fluid is heated 
to a therapeutic level , it does not act as a heat sink that draws 
down the temperature of the surrounding tissue . Instead , the 
fluid itself acts as the therapeutic agent delivering thermal 
energy into the tissue and the RF energy can act to counter 
the loss of thermal energy from the fluid as it moves through 
the tissue . Therefore , the concurrent application of RF 
energy and injection of heated fluid into the tissue can 
eliminate the desiccation and / or vaporization of tissue adja 
cent to the electrode , maintain the effective tissue imped 
ance , and increase the thermal transport within the tissue 
being heated with RF energy . The total volume of tissue that 
can be heated to therapeutic temperatures is thereby 
increased when compared to , e . g . , conventional RF ablation . 
[ 0037 ] In addition , fluid enhanced ablation therapy 
devices have a greater number of parameters that can be 
varied to adjust the shape of the treated volume of tissue . For 
example , when using the SERF ablation technique , an 
operator or control system can modify parameters such as 
fluid temperature ( e . g . , from about 40° C . to about 80° C . ) , 
fluid flow rate ( e . g . , from about O ml / min to about 20 
ml / min ) , RF power ( e . g . , from about 0 W to about 100 W ) , 
and duration of treatment ( e . g . , from about 0 min to about 10 
min ) to adjust the temperature profile within the target 
volume of tissue . Different electrode configurations can also 
be used to vary the treatment . For example , an emitter 
electrode can be configured as a continuous cylindrical band 
around a needle or other elongate body , or the electrode can 
be formed in other geometries , such as spherical or helical . 
The electrode can form a continuous surface area , or it can 
have a plurality of discrete portions . 
10038 ] FIG . 1 illustrates a diagram of one embodiment of 
à fluid enhanced ablation system 100 . The system includes 
an elongate body 102 configured for insertion into a target 
volume of tissue . The elongate body can have a variety of 
shapes and sizes according to the geometry of the target 
tissue . Further , the particular size of the elongate body can 
depend on a variety of factors including the type and 
location of tissue to be treated , the size of the tissue volume 
to be treated , etc . By way of example only , in one embodi 
ment , the elongate body can be a thin - walled stainless steel 
needle between about 16 - and about 18 - gauge ( i . e . , an outer 
diameter of about 1 . 27 mm to about 1 . 65 mm ) , and having 
a length L ( e . g . , as shown in FIG . 2 ) that is approximately 

25 cm . The elongate body 102 can include a pointed distal 
tip 104 configured to puncture tissue to facilitate introduc 
tion of the device into a target volume of tissue , however , in 
other embodiments the tip can be blunt and can have various 
other configurations . The elongate body 102 can be formed 
from a conductive material such that the elongate body can 
conduct electrical energy along its length to one or more 
ablation elements located along a distal portion of the 
elongate body . Mono - polar emitter electrode 105 is an 
example of an ablation element capable of delivering RF 
energy from the elongate body . 
10039 ] In some embodiments , the emitter electrode 105 
can be a portion of the elongate body 102 . For example , the 
elongate body 102 can be coated in an insulating material 
along its entire length except for the portion representing the 
emitter electrode 105 . More particularly , in one embodi 
ment , the elongate body 102 can be coated with 1 . 5 mil of 
the fluoropolymer XylanTM 8840 . In other embodiments , 
different coatings can be used in place of , or in conjunction 
with , the fluoropolymer coating . For example , in certain 
embodiments , 1 mil of Polyester shrink tubing can be 
disposed over the Xylan coating . The electrode 105 can have 
a variety of lengths and shape configurations . In one 
embodiment , the electrode 105 can be a 4 mm section of a 
tubular elongate body that is exposed to surrounding tissue . 
Further , the electrode 105 can be located anywhere along the 
length of the elongate body 105 ( and there can also be more 
than one electrode disposed along the length of the elongate 
body ) . In one embodiment , the electrode can be located 
adjacent to the distal tip 104 . In other embodiments , the 
elongate body can be formed from an insulating material , 
and the electrode can be disposed around the elongate body 
or between portions of the elongate body . 
[ 0040 ] In other embodiments , the electrode can be formed 
from a variety of other materials suitable for conducting 
current . Any metal or metal salt may be used . Aside from 
stainless steel , exemplary metals include platinum , gold , or 
silver , and exemplary metal salts include silver / silver chlo 
ride . In one embodiment , the electrode can be formed from 
silver / silver chloride . It is known that metal electrodes 
assume a voltage potential different from that of surrounding 
tissue and / or liquid . Passing a current through this voltage 
difference can result in energy dissipation at the electrodel 
tissue interface , which can exacerbate excessive heating of 
the tissue near the electrodes . One advantage of using a 
metal salt such as silver / silver chloride is that it has a high 
exchange current density . As a result , a large amount of 
current can be passed through such an electrode into tissue 
with only a small voltage drop , thereby minimizing energy 
dissipation at this interface . Thus , an electrode formed from 
a metal salt such as silver / silver chloride can reduce exces 
sive energy generation at the tissue interface and thereby 
produce a more desirable therapeutic temperature profile , 
even where there is no liquid flow about the electrode . 
[ 0041 ] The electrode 105 or other ablation element can 
include one or more outlet ports 108 that are configured to 
deliver fluid from an inner lumen 106 extending through the 
elongate body 102 into surrounding tissue ( as shown by 
arrows 109 ) . Alternatively , the electrode 105 can be posi 
tioned near one or more outlet ports 108 formed in the 
elongate body 102 . In many embodiments , it can be desir 
able to position the electrode adjacent to the one or more 
outlet ports to maximize the effect of the flowing fluid on the 
therapy . The outlet ports 108 can be formed in a variety of 
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sizes , numbers , and pattern configurations . In addition , the 
outlet ports 108 can be configured to direct fluid in a variety 
of directions with respect to the elongate body 102 . These 
can include the normal orientation ( i . e . , perpendicular to the 
elongate body surface ) shown by arrows 109 , as well as 
orientations directed proximally and distally along a longi 
tudinal axis of the elongate body 102 , including various 
orientations that develop a circular or spiral flow of liquid 
around the elongate body . Still further , in some embodi 
ments , the elongate body 102 can be formed with an open 
distal end that serves as an outlet port . By way of example , 
in one embodiment , twenty - four equally - spaced outlet ports 
108 having a diameter of about 0 . 4 mm can be created 
around the circumference of the electrode 105 using Elec 
trical Discharge Machining ( EDM ) . One skilled in the art 
will appreciate that additional manufacturing methods are 
available to create the outlet ports 108 . In addition , in some 
embodiments , the outlet ports can be disposed along a 
portion of the elongate body adjacent to the electrode , rather 
than being disposed in the electrode itself . 
10042 ] The inner lumen 106 that communicates with the 
outlet ports 108 can also house a heating assembly 110 
configured to heat fluid as it passes through the inner lumen 
106 just prior to being introduced into tissue . The heating 
assembly 110 can have a variety of configurations and , in 
one embodiment , can include two wires suspended within 
the inner lumen 106 . The wires can be configured to pass RF 
energy therebetween in order to heat fluid flowing through 
the inner lumen 106 . In other embodiments , a single wire 
can be configured to pass RF energy between the wire and 
the inner walls of the elongate body . Further description of 
exemplary heating assemblies can be found in U . S . Pat . Pub . 
No . 2012 / 0265190 , which is incorporated by reference 
above . 
[ 0043 ] The portion of the elongate body located distal to 
the electrode 105 or other ablation element can be solid or 
filled such that the inner lumen 106 terminates at the distal 
end of the electrode 105 . In one embodiment , the inner 
volume of the portion of the elongate body distal to the 
electrode can be filled with a plastic plug that can be epoxied 
in place or held by an interference fit . In other embodiments , 
the portion of the elongate body distal to the electrode can 
be formed from solid metal and attached to the proximal 
portion of the elongate body by welding , swaging , or any 
other technique known in the art . 
[ 0044 ] The elongate body 102 illustrated in FIG . 1 can be 
configured for insertion into a patient ' s body in a variety of 
manners . FIG . 2 illustrates one embodiment of a medical 
device 200 having an elongate body 202 coupled to a distal 
end thereof and configured for laparoscopic or direct inser 
tion into a target area of tissue . In addition to the elongate 
body 202 , the device 200 includes a handle 204 to allow an 
operator to manipulate the device . The handle 204 includes 
one or more electrical connections 206 that connect various 
components of the elongate body ( e . g . , the heating assembly 
and ablation element 205 ) to , for example , the controller 118 
shown in FIG . 1 . The handle 204 also includes at least one 
fluid conduit 208 for connecting a fluid source to the device 
200 . 
[ 0045 ] While the device 200 is one exemplary embodi 
ment of a medical device that can be adapted for use in fluid 
enhanced ablation therapy , a number of other devices can 
also be employed . For example , a very small elongate body 
can be required in treating cardiac dysrhythmias , such as 

ventricular tachycardia . In such a case , an appropriately 
sized elongate needle body can be , for example , disposed at 
a distal end of a catheter configured for insertion into the 
heart via the circulatory system . In one embodiment , a 
stainless steel needle body between about 20 - and about 
30 - gauge ( i . e . , an outer diameter of about 0 . 3 mm to about 
0 . 9 mm ) can be disposed at a distal end of a catheter . The 
catheter can have a variety of sizes but , in some embodi 
ments , it can have a length of about 120 cm and a diameter 
of about 8 French ( “ French " is a unit of measure used in the 
catheter industry to describe the size of a catheter and is 
equal to three times the diameter of the catheter in millime 
ters ) . 
[ 0046 ] Referring back to FIG . 1 , an exemplary fluid source 
is shown as a fluid reservoir 112 . The fluid reservoir 112 can 
have a variety of geometries and sizes . In one embodiment , 
the fluid reservoir 112 can be a cylindrical container similar 
to a syringe barrel that can be used with a linear pump , as 
described below . The fluid reservoir 112 can be connected to 
the inner lumen 106 via a fluid conduit 114 to supply fluid 
to the inner lumen and heating assembly 110 . The fluid 
conduit 114 can be , for example , a length of flexible plastic 
tubing . The fluid conduit 114 can also be a rigid tube , or a 
combination of rigid and flexible tubing . A fluid used in the 
fluid reservoir 112 can be selected to provide the desired 
therapeutic and physical properties when applied to the 
target tissue , and a sterile fluid is recommended to guard 
against infection of the tissue . A preferred fluid for use in the 
SERF ablation technique is sterile normal saline solution 
( defined as a salt - containing solution ) . In the systems and 
methods described herein , an imageable fluid can be utilized 
and transformed into an imageable therapeutic fluid by 
heating the imageable fluid within the elongate body 102 . An 
exemplary imageable fluid can include saline and a contrast 
agent to aid in visualizing the fluid . Regardless of what 
particular fluid is utilized , it can be important for the 
imageable therapeutic fluid to have a heat capacity that is 
equal to or greater than about 1 / 2 of the heat capacity of tissue 
to be treated during therapy . In one embodiment , the image 
able therapeutic fluid can have a heat capacity that is equal 
to or great than about 2 J / ml - ° C . , and more preferably about 
4 J / ml - ° C . This is so the fluid can maintain its therapeutic 
effect as it exchanges thermal energy with the tissue . In some 
embodiments , for example , the contrast agent can be 
selected such that it does not significantly alter the heat 
capacity of the overall fluid ( e . g . , the contrast agent and 
saline ) so as to maintain the therapeutic abilities of the 
imageable fluid . 
100471 Fluid can be urged from the fluid reservoir 112 into 
the inner lumen 106 by a pump 116 . In one embodiment , the 
pump 116 can be a syringe - type pump that produces a fixed 
volume flow via linear advancement of a plunger ( not 
shown ) . In other embodiments , however , other types of 
pumps , such as a diaphragm pump , may also be employed . 
[ 0048 ] The pump 116 , as well as any other components of 
the system , can be controlled by a controller 118 . The 
controller 118 can include a power supply 119 and can be 
configured to deliver electrical control signals to the pump 
116 to cause the pump to produce a desired flow rate of fluid . 
The controller 118 can be connected to the pump 116 via an 
electrical connection 120 . The controller 118 can also 
include an interface for receiving lead wires or other con 
necting elements to electrically couple the controller 118 to 
the elongate body 102 and one or more return electrodes 
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124 . These electrical connections , which can have any 
desired length and can utilize any known electrical connect 
ing elements to interface with the controller 118 ( e . g . , plugs , 
alligator clips , rings , prongs , etc . ) , are illustrated in FIG . 1 
as connections 122 and 126 . In addition , the controller 118 
can be connected to the heating assembly 110 through a 
similar electrical connection , as described below . 
[ 0049 ] The return electrode 124 can have a variety of 
forms . For example , the return electrode 124 can be a single 
large electrode located outside a patient ' s body . In other 
embodiments , the return electrode 124 can be a return 
electrode located elsewhere along the elongate body 102 , or 
it can be located on a second elongate body introduced into 
a patient ' s body near the treatment site . Regardless of the 
configuration used , the return electrode 124 is designed to 
receive current emitted from the mono - polar ablation ele 
ment 105 , thereby completing the circuit back to the con 
troller 118 through the electrical connection 126 . 
[ 0050 ] In operation , the controller 118 can drive the deliv 
ery of fluid into target tissue at a desired flow rate , the 
heating of the imageable fluid to a desired therapeutic 
temperature , and the delivery of therapeutic ablative energy 
via the one or more ablation elements , such as electrode 105 . 
To do so , the controller 118 can itself comprise a number of 
components for generating , regulating , and delivering 
required electrical control and therapeutic energy signals . In 
addition to the power supply 119 mentioned above , the 
controller 118 can include one or more digital data proces 
sors and associated storage memories that can be configured 
to perform a variety of functions , or control discrete circuit 
elements that perform a given function . These functions can 
include , for example , the generation of one or more electri 
cal signals of various frequencies and amplitudes . Further 
more , the controller 118 can be configured to amplify any of 
these signals using one or more RF power amplifiers into 
relatively high - voltage , high - amperage signals , e . g . , 50 volts 
at 1 amp . These RF signals can be delivered to the ablation 
element 105 via one or more electrical connections 122 and 
the elongate body 102 such that RF energy is passed 
between the emitter electrode 105 and any return electrodes 
or electrode assemblies 124 that are located remotely on a 
patient ' s body . In embodiments in which the elongate body 
is formed from non - conductive material , the one or more 
electrical connections 122 can extend through the inner 
lumen of the elongate body or along its outer surface to 
deliver current to the emitter electrode 105 . The passage of 
RF energy between the ablation element and the return 
electrode 124 can heat the imageable therapeutic fluid and 
tissue surrounding the elongate body 102 due to their 
inherent electrical resistivity . The controller 118 can also 
include a number of other components , such as a directional 
coupler to feed a portion of the one or more RF signals to , 
for example , a power monitor to permit adjustment of the RF 
signal power to a desired treatment level . Still further , the 
controller 118 can include a user interface 121 to allow an 
operator to interact with the controller and set desired 
therapy operating parameters or receive feedback from the 
controller ( e . g . , warnings , indications , etc . ) . 
10051 ] As mentioned above , one challenge in fluid 
enhanced ablation therapy is monitoring the progress of the 
therapy . The ability to visualize the flow of a therapeutic 
fluid within a patient ' s body can be important for several 
reasons . For example , visualizing the flow can provide an 
indication of how much of a target tissue volume has 

received , or is likely to have received , a therapeutic dose of 
thermal energy from the treatment therapy . In addition , 
visualizing the flow of such a fluid can be helpful for an 
operator to determine if the elongate body is correctly 
positioned within a patient ' s body and whether or not the 
fluid is flowing within the target treatment volume in an 
expected manner . 
[ 0052 ] Prior art techniques for monitoring the progress of 
fluid enhanced ablation therapy largely focus on measuring 
the temperature of tissue at specific points within the target 
tissue volume . Exemplary embodiments of such techniques 
are described in U . S . Pat . Pub . No . 2012 / 0277737 , incorpo 
rated by reference above . Measuring the temperature of 
specific locations within a target tissue volume is not nec 
essarily an effective indication of therapy process . In par 
ticular , sensors report only the temperature at their specific 
location , and do not provide information on the development 
of the volume of treated tissue as a whole . In addition , in the 
event that unexpected fluid flow is encountered ( e . g . , due to 
an adjacent vein or other anatomical feature that draws fluid 
away from the target tissue volume ) , remote temperature 
sensors might not provide any meaningful information other 
than the absence of an increase in temperature within the 
target tissue volume . 
[ 0053 ] The systems and methods of the present invention 
address these challenges by providing for the direct visual 
ization of the flow of a therapeutic fluid within a patient ' s 
body . This is accomplished by using an imageable fluid that 
can be viewed using any of a variety of known medical 
imaging technologies including , for example , fluoroscopy , 
computed tomography ( CT ) scanning , computer axial 
tomography ( CAT ) scanning , magnetic resonance imaging 
( MRI ) , and ultrasound . Furthermore , the systems and meth 
ods described herein allow for the determination of the size 
of a tissue volume that has received a therapeutic dose of 
thermal energy based on the size of a tissue volume that 
contains the imageable therapeutic fluid . The relationship 
between the sizes of these tissue volumes can be 1 : 1 , or 
some other value based on the tissue type and therapy 
parameters in use , as described in more detail below . 
[ 0054 ] In one aspect , for example , a method for ablating 
tissue is provided that includes inserting into a tissue volume 
an elongate body having an ablation element disposed 
thereon . The method can further include heating an image 
able fluid within the elongate body to transform the image 
able fluid into an imageable therapeutic fluid , and delivering 
energy to the ablation element on the elongate body . The 
energy and the imageable therapeutic fluid can be simulta 
neously delivered into the volume of tissue to deliver a 
therapeutic dose of thermal energy . The method can further 
include imaging the tissue volume to determine the extent of 
the tissue volume containing the imageable therapeutic fluid , 
wherein the imageable therapeutic fluid indicates the extent 
of the tissue volume that has received the therapeutic dose 
of thermal energy . 
[ 0055 ) FIGS . 3A - 3B illustrate one embodiment of such a 
method . FIG . 3A , in particular , is an X - ray image of a heart 
300 taken prior to the commencement of fluid enhanced 
ablation therapy . Visible within the heart is a catheter 302 
having a needle body disposed at a distal end 304 thereof . 
FIG . 3B is an X - ray image of the heart 300 taken at a point 
during fluid enhanced ablation therapy . Visible in FIG . 3B is 
an imageable therapeutic fluid 306 surrounding and obscur 
ing the distal end 304 of the catheter 302 . The imageable 
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therapeutic fluid 306 is being introduced into the heart 300 
from the needle body disposed at the distal end 304 ( not 
shown in FIG . 3B ) of the catheter 302 . By monitoring the 
heart 300 using X - rays , the imageable therapeutic fluid 306 
can be directly visualized to determine if the fluid is flowing 
through the tissue of the heart in an expected manner . 
Furthermore , the extent of the heart tissue containing the 
imageable therapeutic fluid 306 can be used to indicate the 
extent of the heart tissue that has received a therapeutic dose 
of thermal energy . 
[ 0056 ] FIG . 4 illustrates cross - sectional slices of the heart 
300 taken after completion of the therapy shown in FIGS . 
3A - 3B . Visible in the figure is a lesion 402 formed during 
the fluid enhanced ablation therapy procedure . The size of 
the lesion 402 corresponds to the size of the imageable 
therapeutic fluid 306 visible in FIGS . 3A - 3B , as the image 
able therapeutic fluid 306 remained within a treated volume 
of tissue only , or at least within a volume of tissue that can 
be correlated with a treated volume of tissue , for a duration 
of time sufficient to capture an image of where the imageable 
therapeutic fluid has flowed . The properties of the imageable 
therapeutic fluid used can affect the ability of the flow to be 
visualized . For example , if an imageable therapeutic fluid 
includes a contrast agent ( or other compound to enable 
visualization of the fluid ) that has too small of a molecular 
weight , the fluid can dissipate too quickly in the vasculature 
or throughout the tissue to provide useful visualization . 
Conversely , if the contrast agent or other compound has too 
large of a molecular weight , it can be filtered by the spaces 
in the extracellular fluid , which can result in the contrast 
agent being separated from the other components of the 
imageable therapeutic fluid . This can effectively make imag 
ing of the therapeutic fluid impossible . 
[ 0057 ] As described above , different fluids can be used in 
fluid enhanced ablation therapy and , accordingly , the image 
able fluid can also include a variety of different fluids . In 
some embodiments , for example , the imageable fluid can be 
saline ( or one or more other fluids used in place of saline ) in 
combination with a contrast agent that can aid in visualizing 
the flow of the fluid . A contrast agent can be any substance 
that can be more easily detected using any of a variety of 
medical imaging technologies . For example , in the case of 
fluoroscopy and other X - ray medical imaging technologies , 
a contrast agent can be a fluid having a higher ( e . g . , positive ) 
Hounsfield Unit value than the saline or other fluids being 
used . The Hounsfield Unit is a measurement of radiodensity 
in which a higher positive number indicates a greater ability 
to absorb , e . g . , X - rays . 
10058 ] . Furthermore , and as described above , a contrast 
agent can be selected such that the mixture of the contrast 
agent and other fluids ( e . g . , saline ) does not have a signifi 
cantly different heat capacity than the other fluids alone . Still 
further , the heat capacity of the mixture can be close to , or 
greater than , the heat capacity of the tissue to be treated . This 
can be important because a therapeutic fluid having a 
significantly lower heat capacity than the surrounding tissue 
can negatively affect the therapy . Accordingly , the image 
able components of the imageable therapeutic fluid can , in 
some embodiments , be selected such that they are not 
filtered within the tissue volume , do not dissipate too rapidly 
within the tissue volume , do not interfere with the heating 
element within the elongate body , and further do not nega 
tively affect the therapeutic performance of the fluid once in 
tissue . 

[ 0059 ] There are many contrast agents known in the art , 
but one of ordinary skill in the art would not think to use 
them in combination with fluid enhanced ablation therapy 
for a number of reasons . For example , any contrast agent 
used in fluid enhanced ablation must be stable at the elevated 
therapeutic temperatures encountered during therapy . Many 
known contrast agents are not stable at these elevated 
temperatures ( e . g . , above 40° C . ) and actually can become 
poisonous when raised to such elevated temperatures . Fur 
thermore , many known contrast agents are non - ionic sub 
stances . This can raise concerns about whether the presence 
of the non - ionic contrast agent might interfere with , for 
example , the conduction of electrical energy between the 
ablation element and the ionic saline , saline solution , or 
other therapeutic fluid . Still further and as mentioned above , 
many contrast agents are large - molecule substances that 
may not be able to flow through the extracellular space of a 
volume of tissue due to the size of the molecules . If the 
contrast agent cannot flow with the saline through the 
extracellular space of the target tissue volume , it cannot 
serve its purpose of aiding to visualize the flow of fluid 
through the volume . 
10060 ] The systems and methods of the present invention 
can make use of any contrast agent that satisfies the criteria 
discussed above . One such contrast agent utilized in certain 
embodiments is iohexol , a non - ionic dye that is stable at the 
elevated temperatures encountered during fluid enhanced 
ablation therapy , does not negatively affect the transfer of 
energy between the ablation element and the imageable 
fluid , and has a sufficiently small molecular size to pass 
through the extracellular space of human tissue . The iohexol 
can be added directly to the saline , or it can be mixed in 
solution first prior to being mixed with the saline . The 
iohexol contrast solution is commercially available under 
the trade name Omnipaque® , manufactured by GE Health 
care . Note that spreading of a dye contrast agent like iohexol 
via chemical diffusion is not generally a concern because 
diffusion takes much longer than convection . As a result , 
over the time periods typically used in fluid enhanced 
ablation therapy , it can be assumed that the presence of a dye 
contrast agent is due to convective fluid flow , not chemical 
diffusion . 
[ 0061 ] A suitable contrast agent can be mixed with saline 
or one or more other fluids in a variety of ratios . For 
example , in the embodiment illustrated in FIGS . 3A - 3B , the 
contrast agent iohexol was mixed with saline in a 1 : 1 ratio . 
In other embodiments , however , a ratio between saline and 
a contrast agent can be about 10 : 1 , about 20 : 1 , about 50 : 1 , 
or even greater . The amount of contrast agent added to saline 
need only be large enough to have the desired effect of 
enabling the flow of the imageable therapeutic fluid to be 
viewed when using a medical imaging technology . Further 
more , a number of different medical imaging technologies 
can be utilized to visualize the flow of fluid within the target 
tissue volume , and certain of these technologies can require 
the use of different contrast agents . For example , suitable 
medical imaging technologies for use in the systems and 
methods described herein can include X - ray imaging , fluo 
roscopy , computed tomography ( CT ) scan , computer axial 
tomography ( CAT ) scan , magnetic resonance imaging 
( MRI ) , and ultrasound , and contrast agents suitable for use 
with one or more of these technologies may not be suitable 
for use with others . 
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[ 0062 ] The contrast agent can be mixed with the saline in 
a variety of manners . For example , with reference to FIG . 1 , 
in some embodiments the contrast agent can be pre - mixed 
with the saline or other appropriate fluid within the fluid 
reservoir 112 . The quantity of contrast agent can be pre 
selected based on the volume of saline present in the fluid 
reservoir 112 , and the fluids can be mixed before use to 
ensure even dispersion of the contrast agent within the fluid 
reservoir . 
[ 0063 ] FIG . 5 illustrates an alternative embodiment for 
introducing a contrast agent into saline or another appropri 
ate fluid during fluid enhanced ablation therapy . The system 
500 includes all of the same components as the system 100 
of FIG . 1 , but further includes a mixer 502 disposed inline 
with the fluid reservoir 112 and pump 116 . The mixer 502 
can be configured to inject into the fluid flowing through the 
conduit 114 a predetermined amount of contrast agent such 
that the desired ratio of saline to contrast agent is achieved 
as the imageable fluid exits the outlet ports 109 of the 
elongate body 102 . One skilled in the art will appreciate that 
other mechanisms for introducing a contrast agent into a 
reservoir or flow of liquid are possible and these are also 
considered within the scope of the invention . 
[ 0064 ] As described above , the systems and methods 
described herein not only provide for the direct visualization 
of the extent of a tissue volume containing an imageable 
therapeutic fluid , but also for the determination of the extent 
of the tissue volume that has received a therapeutic dose of 
thermal energy based on the visualization of the fluid flow . 
The relationship between the size of the volume of tissue 
containing the imageable therapeutic fluid and the size of the 
volume of tissue that has received a therapeutic dose of 
thermal energy can vary depending on a number of factors , 
including the definition of a therapeutic dose , the therapy 
operating parameters , the tissue type and other anatomical 
features , etc . In some embodiments , for example , a ratio 
between a linear dimension of the tissue volume containing 
the imageable therapeutic fluid and a linear dimension of the 
tissue volume that has received the therapeutic dose of 
thermal energy can be about 1 : 1 . This proportion can be 
approached when the heat capacity of the imageable thera 
peutic fluid is much greater than that of the tissue . In other 
embodiments , however , the ratio can be smaller , indicating 
that only a portion of the volume containing the imageable 
therapeutic fluid has received a therapeutic dose of thermal 
energy . For example , in some embodiments , the ratio 
between a linear dimension of the tissue volume containing 
the imageable therapeutic fluid and a linear dimension of the 
tissue volume that has received the therapeutic dose of 
thermal energy can be about 3 : 2 . In other embodiments , the 
ratio can be about 2 : 1 , about 5 : 1 , or about 10 : 1 . 
[ 0065 ] There are a number of different methods for cal 
culating a therapeutic thermal dose , and any calculation 
ultimately depends on the temporal history of temperature 
( i . e . , the amount of heating the tissue has previously 
endured ) and the type of tissue being heated . Nonetheless , 
one exemplary suggestion by Nath , S . and Haines , D . E . , 
Prog . Card . Dis . 37 ( 4 ) : 185 - 205 ( 1995 ) ( Nath et al . ) is that 
raising the temperature of tissue to 50° C . for one minute 
administers a therapeutic dose and destroys the tissue . FIG . 
6 illustrates simulated temperature profiles of a spherical 
volume of tissue extending away from a centrally - located 
elongate body at various times after the initiation of fluid 
enhanced ablation therapy . To create the simulated profiles 

shown in FIG . 6 , an RF power output of 25 Watts with 10 
ml / min flow of 50° C . saline was assumed . 
[ 0066 ] Using the exemplary 50° C . mark as indicative of 
delivery of a therapeutic dose , the expansion of the treated 
volume of tissue can be seen over time . In particular , the first 
profile 602 , taken 8 seconds after the initiation of therapy , 
indicates that the volume of tissue that has received a 
therapeutic dose of thermal energy extends less than 1 cm 
from the elongate body delivering the heated saline and RF 
or other energy . By 80 seconds after the initiation of therapy , 
the radius of the treated tissue volume extends about 1 . 5 cm 
from the elongate body , as shown by profile 604 . The third 
profile 606 , taken 400 seconds after initiating therapy , shows 
the therapeutic dose has been administered to a volume 
extending about 2 . 5 cm from the elongate body . The fourth 
profile 608 , taken 800 seconds after initiating therapy , 
indicates that the therapeutic dose has been administered to 
a volume of tissue extending about 3 cm from the elongate 
body . The final profile 610 shows a steady state temperature 
profile indicating that over a longer period of time a treat 
ment volume can grow to extend well over 5 cm from the 
elongate body . 
[ 0067 ] As mentioned above , the expansion over time of a 
proportion of a volume of tissue that contains an imageable 
therapeutic fluid can be equal to or faster than the expansion 
of the 50° + C isotherm shown in FIG . 6 , depending on a 
number of different factors . For example , in an embodiment 
utilizing a contrast agent such as iohexol , it is known that the 
contrast agent will preferentially travel through the extra 
cellular space and will only slowly enter the cells them 
selves . The imageable therapeutic fluid , on the other hand , 
will exchange thermal energy with both the extracellular 
space and the cells themselves . In the liver , for example , the 
extracellular space comprises approximately 1 / 3 of the vol 
ume of tissue in the organ . Accordingly , if a volume of 
therapeutically heated saline is delivered at a flow rate Q for 
a time t , the imageable fluid can fill a volume V approxi 
mately 3 times larger ( because it travels through only 1 / 3 the 
space of the saline ) , but the thermal energy will be 
exchanged with the entire volume of tissue that the image 
able therapeutic fluid has flowed through . Using this infor 
mation , in combination with the model used to create the 
temperature profiles of FIG . 6 , a relationship between a 
radius of the volume containing the imageable fluid and a 
radius of the volume that has received a therapeutic dose of 
thermal energy can be determined . 
[ 0068 ] The radius of the volume of tissue that the image 
able therapeutic fluid has flowed through can be expressed 
in terms of Qt . To begin , the volume of tissue that the 
injected imageable therapeutic fluid has filled , V , is : 

V = 3Qt ( 1 ) 

[ 0069 ] Further , the imageable radius r is related to the 
filled volume according to : 

V = 43 r } 

The imageable radius r is therefore : 

ravene r = 31 
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This equation can be used to solve for the radius r of a 
volume containing a contrast agent at any time t given a fluid 
flow rate Q . 
[ 0070 ] Using the therapy parameters for the temperature 
profiles shown in FIG . 6 , FIG . 7 plots the expansion over 
time of the radius of the volume containing imageable 
therapeutic fluid and the radius of the volume having 
received a therapeutic dose of thermal energy . In particular , 
the dashed line 702 indicates the radius of the volume 
containing imageable therapeutic fluid from the initiation of 
therapy out to approximately 800 seconds . The dotted line 
704 indicates the radius of the volume having received a 
therapeutic dose of thermal energy over the same time 
period . As is evident from the figure and can be confirmed 
using the mathematical model developed above , the radius 
of the volume having received a therapeutic dose of thermal 
energy is about 2 / 3 the radius of the volume containing 
imageable therapeutic fluid . 
[ 0071 ] Thus , in this example , a ratio of a linear dimension 
of the volume of tissue containing imageable therapeutic 
fluid to a linear dimension of the volume of tissue that has 
received a therapeutic dose of thermal energy is about 3 : 2 . 
Of course , this is just one possible ratio based on the heat 
capacity of the imageable therapeutic fluid , shape of the 
tissue volumes , type of tissue being treated , and therapy 
parameters . The ratios can vary based on differences in any 
of these parameters , but the concept remains the same , i . e . , 
the expansion of an imageable fluid can be visualized and 
the size of a therapeutically treated volume of tissue can be 
determined based on the visualization . 
[ 0072 ] Another advantage of the systems and methods 
described herein is the ability for a user to determine if the 
fluid being introduced into the target volume of tissue is 
flowing in an expected manner . If unexpected fluid flow is 
observed , a user can terminate therapy to diagnose the cause , 
reposition the elongate body , etc . The ability to actively 
monitor the development of a treatment volume and the flow 
of a therapeutic fluid within a patient ' s body can thus 
improve the safety of fluid enhanced ablation therapy . 
[ 0073 ] For example , there are a number of situations in 
which incorrect placement of a needle or other elongate 
body can result in undesired fluid flow . In the liver , for 
example , incorrect placement of an elongate body or use of 
a high fluid flow rate can cause a hydro - dissection of the 
liver tissue in which the flowing saline tears the tissue apart 
rather than flow through the extracellular space . In addition , 
it is undesirable for fluid to flow out of the liver into the 
abdominal space . Each of these undesired phenomena can 
be directly visualized using the systems and methods of the 
present invention unlike prior art methods for monitoring 
fluid flow . Moreover , direct visualization allows for 
improved speed and accuracy during therapy delivery . 
[ 00741 Fluid enhanced ablation therapy is also used com 
monly in the heart to treat cardiac dysrhythmias , such as 
ventricular tachycardia . Similar to the liver , misplacement of 
the elongate body in the heart can result in potentially 
dangerous undesired fluid flow . For example , if the elongate 
body extends too far and passes through the ventricular wall 
of the heart , fluid can be introduced into the space between 
the ventricle wall and pericardial sac . Further , this kind of 
positioning error can be common because the walls of the 

heart have varying thicknesses depending on location . Being 
able to visualize the flow of fluid introduced into the heart , 
liver , or other area of the body can allow for rapid recog 
nition of undesired fluid flow and enable subsequent reme 
dial steps to correct the flow and resume therapy . 
10075 ] By way of further example , undesired flow can 
occur even when the elongate body is correctly positioned in 
a volume of tissue due to the presence of certain anatomical 
structures . Veins , capillaries , and other sources of blood 
flow , for example , can carry fluid introduced adjacent 
thereto away from the target treatment volume of tissue , 
thereby preventing the tissue in the target volume of tissue 
from being raised to a therapeutic level . Directly visualizing 
the flow of fluid introduced into the patient ' s body can alert 
a user to the presence of such an anatomical feature quickly 
and allow for more rapid resumption of therapy after repo 
sitioning or otherwise compensating for the adjacent blood 
flow ( e . g . , by increasing fluid temperature or flow rate ) . 
[ 0076 ] All papers and publications cited herein are hereby 
incorporated by reference in their entirety . One skilled in the 
art will appreciate further features and advantages of the 
invention based on the above - described embodiments . 
Accordingly , the invention is not to be limited by what has 
been particularly shown and described , except as indicated 
by the appended claims . 

What is claimed is : 
1 . - 22 . ( canceled ) 
23 . A system for delivering fluid enhanced ablation 

therapy , comprising : 
an elongate body having 

proximal and distal ends , 
an inner lumen extending through the elongate body , 
at least one outlet port formed in the elongate body , and 
at least one ablation element positioned along the 

length of a distal portion of the elongate body ; 
an imageable fluid source in communication with the 

inner lumen of the elongate body , the imageable fluid 
source including saline and a contrast agent ; 

a heating element disposed within the inner lumen of the 
elongate body and configured to heat the imageable 
fluid to transform the imageable fluid into an imageable 
therapeutic fluid that can flow through the at least one 
outlet port and be delivered to tissue surrounding the at 
least one ablation element . 

24 . The system of claim 23 , wherein a heat capacity of the 
imageable fluid is greater than about 2 J / ml - ° C . 

25 . The system of claim 23 , wherein a ratio of the saline 
to the contrast agent is about 1 : 1 . 

26 . The system of claim 23 , wherein a ratio of the saline 
to the contrast agent is about 10 : 1 . 
27 . The system of claim 23 , wherein a ratio of the saline 

to the contrast agent is about 20 : 1 . 
28 . The system of claim 23 , wherein the contrast agent is 

iohexol . 
29 . The system of claim 23 , wherein the ablation element 

is configured to deliver energy selected from the group 
consisting of electromagnetic energy , radio frequency 
energy , laser energy , microwave energy , and ultrasonic 
energy . 

* * * * * 


