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SYSTEMS AND METHODS FOR RF ABLATION 
USING JET INJECTION OF A CONDUCTIVE 

FLUID 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to the ?eld 
of radio frequency (RF) ablation of tissue, and, more spe 
ci?cally, to devices and methods for the neddleless injection 
of a conductive ?uid into tissue prior to and in conjunction 
With RF ablation. 

BACKGROUND OF THE INVENTION 

[0002] RF ablation techniques destroy tissue by heating. 
Typically, high frequency alternating current ?oWs from one 
or more electrodes into the tissue, producing ionic agitation 
in the tissue about the electrode area as the ions attempt to 
folloW the direction changes of the alternating current. The 
agitation eventually drives Water from the cells leading to 
desiccation and coagulation, thereby creating a lesion in the 
tissue. There are generally tWo forms of heating that lead to 
lesion formation in RF ablated tissue. The ?rst is primary 
heating (direct) of tissue via the interaction of the tissue With 
the alternating current of the RF electrode. Tissue is also 
heated by secondary heating (indirect) via conductive heat 
ing from the areas heated by the RF energy. The siZe of the 
lesion depends on several factors including the amount of 
RF poWer delivered to the tissue, the amount of time the RF 
electrode is energiZed, as Well as resistivity of the tissue 
(Which can change as the tissue is coagulated). 

[0003] RF ablation techniques are currently used to form 
lesions in a variety of organ and tissue types. For example, 
RF ablation has been used to form lesions in cancerous lung 
and liver tissue. One other important area Where RF ablation 
is used relates to the treatment of cardiac arrhythmia. The 
heart includes a number of normal electrical pathWays Which 
are responsible for the propagation of electrical signals from 
the upper to loWer chambers necessary for performing 
normal systole and diastole function. The presence of 
arrhythmogenic site or accessory pathWay can bypass or 
short circuit these normal pathWays, potentially resulting in 
very rapid heart contractions, typically referred to as tachy 
cardias. Treatment is accomplished by ablating the abnormal 
arrythmogenic tissue or accessory pathWay responsible for 
the tachycardia. RF ablation is a standard treatment for 
supraventricular tachycardia (SVT) such as antrioventricular 
nodal reentry tachycardia (AVNRT) and accessory path 
Ways. RF ablation is also used in the treatment of ventricular 
tachycardia (VT) and atrial ?brillation 

[0004] Current RF technologies deposit most of their 
delivered RF energy to Within about 2 mm of tissue adjacent 
to Where the ablation electrode is placed. Lesion depth is 
extended by thermal conduction (secondary heating) to 
deeper tissue layers over time. The maximum safe RF poWer 
that can be delivered is limited by the need to keep the 
maximum tissue temperature beloW 100° C. If tissue tem 
perature exceeds 100° C., an explosive release of steam can 
erupt that could cause harmful and unWanted perforations in 
the tissue. Consequently, the maximum lesion depth that can 
be created using RF ablation devices that are not actively 
cooled is around 4-5 mm. 

[0005] When an actively cooled RF ablation-device is 
used, RF poWer can be increased as compared to non-cooled 
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RF devices Without exceeding the maximum tissue tempera 
ture of 100° C. Ablation using cooled RF electrodes can 
result in lesion depths of 8-10 mm. HoWever, a disadvantage 
of cooling the RF electrodes is that this exterior cooling does 
not greatly effect tissue temperature more than about 2 mm 
beloW the surface. While temperatures may be Within 
acceptable limits at the surface, temperatures beloW the 
surface may exceed safety margins. Since the hottest tissue 
temperatures are located 1-3 mm beloW the surface, control 
of RF poWer to safe levels using active cooling is dif?cult. 

[0006] Another technique that has been used to create 
deeper lesions is the irrigation and pumping of a saline 
solution directly into the tissue to be ablated. The irrigation 
is typically accomplished using holloW electrode needle 
type structures that have holes drilled therein that alloW 
saline solution to exit into the tissue of interest. These same 
needle-type structures are also used to deliver the RF energy 
during ablation. The injection of conductive ?uid decreases 
electrical resistance (i.e., reduces ohmic losses) and thus 
permits the tissue to carry more energy Without exceeding 
the 100° C. upper temperature limit. The dif?culty With this 
method lies in the unpredictability of the ?uid transfer. 
Moreover, prior art devices typically delivery saline solu 
tions at relatively loW pressures, relying on the migration of 
the saline ?uid through the extracellular space. Conse 
quently, it is sometimes difficult to produce deep penetration 
of saline solution over a speci?c portion of the tissue of 
interest. 

[0007] For example, experimental results using injection 
by needle of dyed saline solution indicate that injectate tends 
to How in betWeen tissue layers and could orient current in 
unexpected directions from the injection site. The conduc 
tive ?uid, in other Words, does not reliably go in a consistent 
pattern thus making a predictable and precise ablation of 
tissue ablation very difficult. Because of the unpredictable 
nature of injection of a conductive ?uid via a needle, this is 
not an optimum approach in the treatment of a disease such 
as cardiac arrhythmia (i.e., in treatments Where precision is 
important). 

[0008] It is desirable, therefore, to improve RF ablation 
techniques so that deeper lesions can be created of a pre 
dictable siZe While at the same time keeping tissue tempera 
tures beloW 100° C. throughout the lesion area. As Will be 
described in more detail beloW, the present invention pro 
vides improved lesion creation such that it achieves these 
and other desired results, Which Will be apparent from the 
description beloW to those skilled in the art. 

SUMMARY OF THE INVENTION 

[0009] In a ?rst aspect of the invention, a method for 
preparing heart tissue for RF ablation includes the steps of 
providing an injection device adjacent to a portion of the 
heart tissue and injecting the tissue With a jet of conductive 
?uid to a depth Within the range of about 2 mm to about 5 
mm. 

[0010] In a second aspect of the invention, a method for 
ablating heart tissue comprises the steps of providing an 
injector device adjacent to a portion of the heart tissue the 
injector device including a plurality of-ports and a plurality 
of electrodes, injecting the heart tissue With a jet of con 
ductive ?uid from the injector device, and applying RF 
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energy to the heart tissue containing the injected conductive 
?uid using the electrode so as to form a lesion. 

[0011] In yet another aspect of the invention, a method of 
forming a lesion Within heart tissue includes the steps of 
providing access to the heart of a patient, injecting a portion 
of the heart tissue With a jet of conductive ?uid to a depth 
Within the range of about 2 mm to about 5 mm, and ablating 
at least some of the tissue injected With the jet of conductive 
solution using RF ablation. 

[0012] In still another aspect of the invention, a device is 
disclosed for injecting conductive solution into heart tissue. 
The device includes a source of pressuriZed gas, a syringe 
having at least one noZZle at one end thereof, the source of 
pressuriZed gas being in ?uid communication With a plunger 
contained Within the syringe. A conductive ?uid is stored 
Within the syringe. A sWitch is provided for releasing a 
pressuriZed gas from the source into the syringe so as to 
cause the device to deliver a jet of conductive ?uid at a speed 
sufficient to penetrate heart tissue to a depth Within the range 
of about 2 mm to about 5 mm. 

[0013] In still another aspect of the invention, an RF 
ablation probe includes a handle, a shaft attached to the 
handle, and a distal section having a lumen therethrough, the 
distal section including a plurality of ports oriented on one 
side of the distal section, the distal section further including 
a plurality of RF electrodes, and a source of pressuriZed 
conductive ?uid connected to the lumen of the probe. 

[0014] In yet another aspect of the invention, a RF catheter 
includes a handle, a shaft attached to the handle, and a distal 
segment having a lumen therethrough, the distal segment 
including a plurality of ports oriented on one side of the 
distal section, the distal segment further including a plurality 
of RF electrodes, and a source of pressuriZed conductive 
?uid connected to the lumen of the catheter. 

[0015] It is an object of the invention to provide a method 
for pre-treating tissue prior to RF ablation. It is a further 
object of the invention to provide a method that reduces the 
effective resistivity of tissues and thereby reduce poWer 
dissipation in those same tissues. Another object of the 
invention is to provide an improved RF ablation method that 
can form accurate and deep lesions Within tissue. Another 
object of the invention is to proved a combination injection 
device/RF ablation device. The combined device can take 
the form of a probe or a catheter. These and other objects of 
the invention are described in detail beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a diagram illustrating a needleless hand 
held jet injector for pre-treating tissue such as heart tissue 
prior to performing RF ablation. 

[0017] FIG. 2 illustrates a probe used to apply RF energy 
to a region of tissue. 

[0018] FIG. 3(a) shoWs a needleless hand-held jet injector 
injecting a conducting ?uid into a region of tissue. 

[0019] FIG. 3(b) shoWs an electrode of a probe positioned 
adjacent to the saline-injected region of tissue shoWn in 
FIG. 3(a). 

[0020] FIG. 4 is a side vieW of a RF probe device having 
a plurality of injection ports. 
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[0021] FIG. 5 is an enlarged vieW of the distal tip of the 
RF probe device shoWn in FIG. 4. 

[0022] FIG. 6 is a side vieW of a RF probe device having 
an eXternal pumping mechanism and reservoir. 

[0023] FIG. 7 is a side vieW of a RF probe device 
according to an alternative embodiment of the invention. 

[0024] FIG. 8 is a side vieW of a RF probe device 
according to yet another alternative embodiment of the 
invention. 

[0025] FIG. 9(a) is a schematic vieW of a RF probe device 
shoWn connected to a pumping mechanism and a reservoir. 

[0026] FIG. 9(b) is a schematic vieW of an alternative RF 
probe device Wherein both ends of the probe are pressuriZed. 

[0027] FIG. 10 is a schematic vieW shoWing a RF ablation 
catheter according to one aspect of the invention. 

[0028] FIG. 11(a) shoWs a RF probe adjacent to a region 
of heart tissue that is injecting a jet of conductive ?uid into 
the tissue. 

[0029] FIG. 11(b) shoWs the RF probe of FIG. 11(a) after 
the tissue has been injected With the conductive solution. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0030] Referring to FIG. 1, a hand-held jet injector 2 is 
shown in accordance With one preferred embodiment of the 
present invention. The hand-held jet injector 2 is used to 
pre-treat tissue prior to the delivery of RF energy. The 
hand-held jet injector 2 includes a body portion 4 Which is 
handled by an operator. The hand-held jet injector 2 contains 
a conductive ?uid 6 therein that is ejected out one or more 
noZZles 8 to form a narroW jet 10 of conductive ?uid 6 that 
is able to penetrate the tissue of a patient. Preferably, the 
tissue is heart tissue. 

[0031] In one preferred aspect of the invention, the con 
ductive ?uid 6 is stored in a syringe-like structure 12 that 
includes a plunger 14 that is moved to eject the conductive 
?uid 6 (i.e., the inj ectate) outside the hand-held injector 2. In 
FIG. 1, the syringe-like structure 12 is preferably pneumati 
cally connected to a source of pressuriZed gas 16 via a 
conduit 18. The pressuriZed gas 16 may include, for 
eXample, a pressuriZed CO2 container although other gases 
may be employed. The pressuriZed gas 16 communicates 
With the portion of the syringe-like structure 12 that is not in 
contact With the conductive ?uid 6. In this regard, the 
plunger 14 separates the pressuriZed gas from the conductive 
?uid 6. Avalve 20 is preferably located betWeen the syringe 
like structure 12 and the source of pressuriZed gas 16. The 
valve 20 is preferably controlled either mechanically or 
electrically by a sWitch 22 that is accessible on the body 
portion 4 of the hand-held jet injector 2. Activation of the 
sWitch 22 causes ejection of a narroW jet 10 of conductive 
?uid 6. 

[0032] The hand-held jet injector 2 may eject a pre 
determined volume of conductive ?uid 6 With each press of 
the sWitch 22. Alternatively, the hand-held jet injector 2 may 
eject a narroW jet 10 of conductive ?uid 6 for as long a time 
as the sWitch 22 is depressed. FIG. 1 also shoWs a re?ll port 
24 that can be used to load the hand-held jet injector 2 With 
conductive ?uid 6. In an alternative embodiment, the hand 
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held jet injector 2 may be coupled to a separate source of 
pressurized gas 16 such as a tank or Wall supply (not shoWn). 
Similarly, the hand-held jet injector 2 may also be connected 
to an eXternal source of conductive ?uid 6 (not shoWn) 
through appropriate tubing or the like. In this manner, the 
pumping mechanism and conductive ?uid 6 may be pro 
vided eXternal to the body portion 4 of the hand-held jet 
injector 2. 

[0033] The hand-held jet injector 2 uses relatively high 
pressures to form the narroW jet 10 of conductive ?uid 6. 
Preferably, pressures in the range of about 500 psi to about 
1500 psi are used. The amount of pressure depends on the 
desired depth of penetration and the type of tissue that is 
being treated. Preferably, the hand-held jet injector 2 pro 
duces a narroW jet 10 of conductive ?uid 6 at a su?icient 
speed to penetrate heart tissue to a depth Within the range of 
about 2 mm to about 5 mm. For eXample, fatty tissue is 
relatively easy to penetrate and Would require loWer pres 
sures than muscle tissue. It is preferable that the operator can 
control the pressure that is delivered via the hand-held jet 
injector 2. This pressure can be input to the device using 
commonly knoWn mechanical or electronic control tech 
niques. 
[0034] In a preferred embodiment of the invention, the 
hand-held jet injector 2 is used to pre-treat human heart 
tissue 32 prior to RF ablation for the treatment of tachycar 
dia. The tachycardia treatment is performed, in one aspect of 
the invention, after a surgical operation such as a median 
sternotomy is performed to alloW access to the surface of a 
human heart 30. After access to the heart 30 has been 
established, the neXt step employs the hand-held jet injector 
2 to prepare the heart tissue by injecting the tissue With a 
narroW jet 10 of conductive ?uid 6. Injection is preferably 
accomplished by resting a collar 26 of the hand-held jet 
injector 2 adjacent to the tissue of interest. Importantly, there 
are no needles that penetrate the heart tissue 32. It should be 
understood that injection does not necessarily require hold 
ing the hand-held jet injector 2 against the heart tissue 32. 
Depending on the type of hand-held jet injector 2 used, it 
may be possible to inject the heart tissue 32 by holding the 
hand-held jet injector 2 some distance aWay from the surface 
of the heart tissue 32. 

[0035] Some procedures may require a single burst or a 
single sustained injection of conductive ?uid 6. In other 
procedures, hoWever, it may be advantageous to inject the 
heart tissue With multiple small volumes of conductive ?uid 
6. 

[0036] For surgical atrial ?brillation therapy, the hand 
held jet injector 2 can be used to infuse the conductive ?uid 
6 in curvilinear patterns Where the ablation electrodes 48 
(described in more detail beloW) Will be placed. For 
eXample, 50 microliters of 10% saline (by Weight) could be 
injected into the left atrial epicardium 32 to achieve pen 
etration depths of up to about 3 mm at injection point to 
injection point intervals of about 0.5 cm. 

[0037] To create an encircling pattern corresponding to the 
ablation pattern around the right or left set of pulmonary 
veins Would require about 30 to 40 injections of the con 
ductive ?uid 6 into left atrial epicardium 32 over a time 
period of about 60 to 120 seconds. Other desired lesions of 
shorter lengths could be done more quickly. It should be 
noted that the total volume injected can be quite small, less 
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than a milliliter required for all lesions normally created in 
the left atrium. With such small volumes of injectate 
required, KCl in a concentration of 2 mEq/ml could safely 
be used as the conductive ?uid 6 instead of 10 percent saline. 

[0038] In one preferred aspect of the invention, hypertonic 
saline is preferred as the conductive ?uid.6. For example, a 
volume of 10% saline (by Weight) sufficient to attain a 5% 
volume concentration of the hypertonic saline Within the 
tissue decreases the electrical resistivity of heart tissue from 
about 500 ohm-cm to about 100 ohm-cm provided that the 
injected saline is Well distributed Within the heart tissue. 
With respect to fat tissues, a Well distributed injection of 
hypertonic saline su?icient to attain a 5% volume concen 
tration of hypertonic saline Would result in a tissue resistiv 
ity of about 110 ohm-cm Which is about a ten-fold reduction 
of the normal tissue resistivity of fat. While hypertonic 
saline is preferred, the concentration of saline can vary from 
normal (about 0.9% by Weight) to saturated saline solutions. 

[0039] Other conductive ?uids 6, hoWever, can be used in 
place of saline solution. One conductive ?uid 6 is potassium 
chloride (KCl). A standard concentration of KCl in 50 ml 
bottles is 2 mEq/ml (2 M). In heart tissue areas Where 2 M 
KCl displaces at least one percent of tissue volume, the 
tissue remains in electrical diastole, and the heart muscle can 
not conduct a depolariZation Wavefront. The detection of a 
conduction block could be a means of determining that the 
conductive ?uid 6 is Well distributed into the desired tissue 
volume. Another conductive ?uid 6 is sodium bicarbonate 
(NaHCO3). A standard concentration of NaHCO3 in 50 ml 
bottles is about 0.8 mEq/ml (0.8 M). 

[0040] In one preferred embodiment, the conductive ?uids 
6 are very hypertonic, and could damage or even kill tissue 
directly. For ablation applications, hoWever, this is not a 
problem since the intent of the procedure is to kill the tissue. 
For thinner layers of tissue, the injectate (i.e., the conductive 
?uid 6 that is injected) itself may be su?icient to form a 
transmural lesion Without heating the tissue With RF energy. 
Table 1 lists possible conductive ?uids 6 that could be used 
With the hand-held jet injector 2. Most of the conductive 
?uids 6 in Table 1 are solutions that are typically used for 
intravenous injections, or, as in the case With KCl, are 
injectable solutions available in the operating room. Since 
these conductive ?uids 6 are biocompatible, their diffusion 
aWay from the injection site in the small quantities indicated 
is not dangerous to the general health of the patient. 

TABLE 1 

AGENT CHEMICAL FORMULA CONCENTRATION 

Sodium chloride NaCl 0.9—22% Wt/volume 
Potassium chloride KCl 0.5—2.0 Molar 
Sodium bicarbonate NaHCO3 0.2-1.0 Molar 
Ionic radiographic Diatrizoate sodium 50% Wt/volume 
contrast material Diatrizoate 
(Renogra?n ® 60) Meglumine 
Sodium citrate Na3C6H5O7 0.5-2.0 Molar 
Potassium citrate K3C6H5O7 0.5—2.0 Molar 

[0041] The preferred embodiment is described in the con 
teXt of using a conductive ?uid 6 for the injectate. This 
description, hoWever, is not intended to limit the injectate to 
conductive ?uids 6. Other solutions, such as, for eXample, 
chemicals used to treat cancer cells can be used in the 
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hand-held jet injector 2 described herein. The solution 
selected depends on the speci?c treatment to be adminis 
tered. 

[0042] In still another embodiment, a biocompatible dye 7 
(shoWn in FIGS. 3(a) and 3(b)) can be added to the con 
ductive ?uid 6 to provide a means for tracking the location 
of the injection pattern. The dye 7 assists the operator by 
providing visual con?rmation that the injection sites are 
sufficiently close to one another to promote uniformly deep 
lesions. If the physician performing the ablation procedure 
notices a gap in the injection pattern, the gap can be ?lled in 
With additional injections. The dye 7 can also be used to 
determine if the injectate volume is properly distributed in 
the tissue. 

[0043] In situations Where ?uoroscopy is available, it may 
be desirable to document the pattern of the applied lesion 
using radiographic images. Radiographic contrast materials 
can be added to the conductive ?uid 6 to shoW lesion 
location. Since non-ionic radiographic contrast materials are 
not very conductive and, thus, Would not be very effective 
for-this application, an ionic radiographic contrast material 
should be used in the injectate, such as, for eXample, 
RENOGRAFIN®. 

[0044] After the heart tissue 32 has undergone pre-treat 
ment by injecting conductive ?uid 6, a separate probe 40 or 
the like is used to ablate the tissue using conventional RF 
ablation techniques. As seen in FIG. 2, the probe 40 
typically includes a shaft 42, a handle 44, and a distal section 
46. The distal section 46 contains a plurality of electrodes 48 
that are coupled to a RF generator (not shoWn). During 
operation of the probe 40, one or more of the electrodes 48 
is placed adjacent to an area of tissue (for eXample, as shoWn 
in FIG. 3(b)) that has been injected With conductive ?uid 6. 

[0045] Because the resistivity of the tissue has been 
reduced to such a degree by injection of the conductive ?uid 
6, a much higher poWer level can be applied to the ablation 
electrodes 48, thereby resulting in deeper lesions. For 
eXample, if suf?cient conductive ?uid 6 is injected to reduce 
tissue resistivity to about 100 ohm-cm in the most super?cial 
2 mm of tissue, the percent of poWer dissipation in that tissue 
layer is reduced from 50% to 20% of the applied poWer if 
ablating over muscle. If ablation is applied over fat, the 
poWer dissipation is applied over fat, the poWer dissipation 
in that 2 mm layer of tissue is reduced from 75% to 20% of 
applied poWer. 

[0046] Moreover, if the RF electrode 48 is not actively 
cooled, the hottest tissue temperatures are at the electrode 
tissue interface. RF poWer can effectively be controlled 
using a temperature feedback system based on measured 
temperature readings from temperature sensors (not shoWn) 
that are located adjacent to the electrodes 48. The combi 
nation of high-pressure conductive ?uid 6 injection and RF 
ablation (non-active cooled) is able to create very deep and 
accurate lesions While also minimiZing perforation risk. In 
another embodiment, the high pressure injection of conduc 
tive ?uid 6 is combined With actively cooled RF ablation. 
The method is similar to that described above With the 
eXception that an actively cooled probe 40 is used to cool the 
RF electrodes 48. This cooling can be accomplished using 
saline infusion around the electrodes to dissipate heat, or 
alternatively, the probe 40 can employ an internal-?oW 
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cooling mechanism. The combination of the injection tech 
nique described herein With cooled RF ablation is able to 
create even larger lesions. 

[0047] FIGS. 3(a) and 3(b) graphically illustrate the tWo 
step process used to create accurate and deep lesions in 
tissue. First, as is shoWn in FIG. 3(a), the tissue region of 
interest is subject to high pressure needleless injection of a 
conductive ?uid 6. The conductive ?uid 6 penetrates into the 
tissue (betWeen about 2 mm to about 5 mm) to saturate the 
region of interest. Next, a probe 40 or the like having RF 
ablation electrodes 48 is maneuvered into position so as to 
place an electrode 48 adjacent to the noW injected site. When 
the probe 40 or other device is in position, RF poWer is 
delivered to the electrode 48 so as to heat the tissue to create 
a lesion. Preferably, RF ablation is started Within a feW 
minutes of completing the injection steps because injection 
of a hypertonic conductive ?uid 6 Will result in an increase 
in tissue Water content over time. 

[0048] With respect to the injection step, it is preferred to 
have a fairly tight distribution of conductive ?uid 6 (cross 
section Within the range of about 2 mm to about 5 mm) that 
eXtends transmurally to reduce the Width of the resulting 
lesion. This may require tWo separate injections of conduc 
tive ?uid 6 at tWo different pressures. A ?rst higher pressure 
Would be used to penetrate deep Within a tissue and a second 
loWer pressure Would be used to saturate the tissue near the 
surface. Alternatively, a pressure Waveform could be used 
that makes a deep penetrating pattern during the early part 
of the infusion cycle and a less penetrating pattern later in 
the infusion cycle. A dye 7 can be used to monitor Whether 
the conductive ?uid 6 is properly distributed in the tissue. 

[0049] While FIGS. 1 and 3(a) shoW a hand-held jet 
injector 2 With a single noZZle 8, additional noZZles 8 can be 
provided to produce multiple jets 10 of conductive ?uid 6. 
The noZZles 8 can be selected to produce the desired 
dispersion pattern Within the tissue. 

[0050] While a speci?c preferred hand-held jet injector 2 
has been disclosed, other hand-held jet injectors 2 can also 
be used. All that is required is that the hand-held jet injector 
2 be able to use high pressure to inject a conductive solution 
6 into heart tissue to a depth of about 2 mm to about 5 mm 
Without penetrating the tissue With a needle. For eXample, 
the poWer injectors used to inject radiographic contrast 
material into veins and arteries commonly found in hospitals 
can potentially be used to deliver conductive solution 6 to a 
region of tissue. These injectors are capable of generating 
pressures Within the range of about 1000 psi to about 2000 
psi. 

[0051] In some operations, a hand-held jet injector 2 is the 
device of choice. HoWever, for less invasive procedures, it 
is desirable to integrate the high pressure jet injection system 
With a probe 60 or catheter 100. These devices and their 
modes of operation are described in more detail beloW. 

[0052] Referring to FIGS. 4 and 5, surgical probe 60 is 
shoWn in accordance With one preferred embodiment of the 
present invention. The surgical probe 60 is used to pre-treat 
tissue With a conductive ?uid 6 as Well as provide RF energy 
to the infused site. The probe 60 typically includes a shaft 
62, a handle 64, and a distal section 66. The distal section 66 
contains a plurality of electrodes 68 that are electrically 
coupled to a separate RF generator (not shoWn). 
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[0053] Located on the distal section 66 of the probe are a 
plurality of ports 70 (i.e., holes). The ports 70 are used to 
deliver a high pressure injection of conductive ?uid 6 to a 
region of tissue. The ports 70 are preferably oriented along 
one side of the distal section 66 of the probe 60. The siZe and 
orientation of the ports 70 on the probe 60 depend on the 
length of the probe 60 and the number of electrodes 68 
contained thereon. 

[0054] It is preferable to have the ports 70 located as close 
as possible to the electrodes 68. FIGS. 4 through 6 illustrate 
one preferred embodiment Wherein the ports 70 are located 
in the distal section 66 betWeen adjacent electrodes 68. FIG. 
7 illustrates another embodiment Wherein at least one port 
70 is located substantially in the center of each coiled 
electrode 68. For a typical probe 60 having a length of 10 
cm, about ten to about tWenty ports 70 are preferably 
disposed on the probe 60. It should be understood, hoWever, 
that the number of ports 70 can vary outside of this range and 
still fall Within the scope of the invention. 

[0055] In a preferred aspect of the invention, the distal 
section 66 of the probe 60 is formed from stainless steel 
hypotube. The internal diameter of the hypotube falls Within 
the range of about 0.010“ to about 0.025“. The ports 70 are 
preferably laser-drilled in the side of the hypotube and have 
diameters Within the range of about 0.002“ to about 0.004“. 

[0056] As seen in FIG. 5, the distal section 66 of the probe 
60 includes a lumen 72 for carrying conductive ?uid 6 
therein. The lumen 72 is in ?uid communication With the 
ports 70 of the probe 60. FIG. 5 also shoWs RF energy 
conductors 24 separate ones of Which electrically connect to 
each electrode 68. The RF energy conductors 24 provide a 
means to separately control electrical current to each elec 
trode 68. The RF energy conductors 24 reside Within a 
lumen separates from the lumen 72 that carries conductive 
?uid 6 (to prevent a short-circuit) betWeen electrodes 68. 
The RF conductors 24 are connected to a separate ablation 
controller (not shoWn) that generates and supplies the probe 
60 With RF energy. 

[0057] Each electrode 68 is preferably associated With a 
temperature sensor 76 (as shoWn in FIG. 5). The tempera 
ture sensor 76 can be located, for example, betWeen the 
hypotube and the coiled electrodes 68. The temperature 
sensors 76 are oriented on the same side of the probe 60 as 
the ports 60. The temperature sensors 76 can include any 
number of types of sensors such as, for example, thermo 
couples, thermistors, and digital IC temperature sensors. The 
temperature sensors 76 are used to monitor tissue tempera 
ture during RF ablation. The temperature sensors 76 can also 
be coupled to associated control circuitry in a feedback 
arrangement to provide for control of the amount of RF 
poWer delivered to the tissue. 

[0058] In one aspect of the invention, the conductive ?uid 
6 is stored Within a reservoir 78 contained Within the handle 
64 portion of the probe 60. In addition, a pumping mecha 
nism 66 is also provided in the handle portion 64. The pump 
80 provides conductive ?uid 6 to the lumen 72 of the 
hypotube at high pressure (i.e., a source of pressuriZed 
conductive ?uid 6). Alternatively, the reservoir 78 and 
pumping mechanism 80 can be located external to the probe 
60. For example, FIG. 6 illustrates an embodiment Wherein 
tubing 82 connects the probe 60 to an external pump 80 and 
reservoir 78. 
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[0059] The pumping mechanism 80 preferably creates a 
high pressure Within the lumen 72 of the distal section 66 of 
the probe 60 that ejects a narroW stream of injectate 84 (as 
shoWn, for example, in FIG. 11(a)) out of the ports 70. 
Preferably, the pressure Within the lumen 72 at each port 70 
is Within the range of about 500 psi to about 1500 psi. 
Because the lumen 72 of the probe 60 is so narroW, a 
substantial pressure drop is created along the length of the 
probe 60. For example, as shoWn in FIG. 9(a), a substantial 
pressure drop is created betWeen pointsA and B of the probe 
60. The pressure required in the proximal end of the lumen 
72 needs to be high enough to produce injection pressures 
Within the range of about 500 psi to about 1500 psi at the 
ports 70. Preferably, the pressure in the proximal end of the 
lumen 72 is Within the range of about 1000 psi to about 2000 
psi. To reduce the pressure drop along the length of the probe 
60, the hypotube can be made into a loop With both ends of 
the loop being pressuriZed. This alternative embodiment is 
schematically illustrated in FIG. 9(b). 

[0060] FIG. 8 illustrates an alternative embodiment of the 
probe 60. In this embodiment, the distal section 66 of the 
probe 60 terminates in a loop section 86. Preferably, this 
loop section 86 is ?exible and can lie ?at against tissue When 
appropriate pressure is applied to the probe 60. ArroWs C 
indicate the direction of travel for the injectate 84. 

[0061] The amount of pressure required in the probe 60 or 
catheter 100 depends on the desired depth of penetration and 
the type of tissue that is being treated. Preferably, the probe 
60 or catheter 100 produces a narroW jet of injectate 84 (as 
shoWn in FIG. 11(a)) at a sufficient speed to penetrate heart 
tissue to a depth Within the range of about 2 mm to about 5 
mm. For example, fatty tissue is relatively easy to penetrate 
and Would require loWer pressures than muscle tissue. It is 
preferable that the operator can control the pressure that is 
delivered via the probe 60 or catheter 100. This pressure can 
be input to the device using commonly knoWn mechanical or 
electronic control techniques. 

[0062] The present invention also has application in cath 
eters such as the exemplary catheter 100 shoWn in FIG. 10. 
The catheter 100 includes a distal electrode segment 102 and 
a proximal handle 104 that are connected by a torquable 
catheter shaft 106. The catheter shaft 106 includes a lumen 
therein (not shoWn) for the passage of conductive ?uid 6. 
The electrode segment 102 houses the tip electrode 108 and 
a plurality of ring electrodes 110. Temperature sensors (not 
shoWn) are provided adjacent to the electrodes 108, 110. The 
distal electrode segment 102 includes a plurality of ports 112 
that alloW ?uid communication from the lumen inside the 
catheter 100 to the outside environment. As With the probe 
60 embodiment, the ports 112 preferably have diameters 
Within the range of about 0.002“ to about 0.004.“ The ports 
112 may be produced, for example, by drilling With a laser. 
FIG. 10 also shoWs a RF conductor 114 passing through the 
catheter 100 that is also electrically connected to each 
electrode 108, 110. The proximal end of the RF conductor 
114 is coupled at the handle 104 via electrical connector 116 
to a RF controller 118. The RF controller 118 includes a RF 
generator that generates the RF energy needed at each 
electrode 108, 110. 

[0063] The handle 104 also includes a ?tting 120, such as 
a Leur ?tting 120 that connects to tubing 122 that, in turn, 
connects to a pump 124. The pump 124 preferably contains 
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a reservoir for storing conductive ?uid 6. Alternatively, the 
pump 124 can be connected to a separate source of conduc 
tive ?uid 6. The handle 104 includes a knob 126 that is used 
to de?ect the distal tip of the catheter 100. Pulling the knob. 
126 aWay from the catheter shaft 106 causes the tip to 
de?ect. Pushing the knob 126 toWards the catheter shaft 106 
straightens the tip of the catheter 100. Rotation of the handle 
104 to the right and left rotates the catheter tip in either 
direction. While one preferred steering mechanism has been 
disclosed herein, it should be understood that any commonly 
knoWn steering mechanisms can be used to control the 
catheter 100. 

[0064] The above-described catheter 100 preferably uses a 
single lumen to deliver the conductive ?uid 6 to the ports 
112. HoWever, a dual lumen approach similar to that shoWn 
in FIG. 9(b) With respect to the probe 60 may also be used. 

[0065] In a preferred embodiment of the invention, the 
probe 60 and catheter 100 are used to pre-treat human heart 
tissue 130 (as shoWn in FIGS. 11(a) and 11(b) prior to RF 
ablation for the treatment of tachycardia. If the probe 60 is 
used, the tachycardia treatment is performed after a surgical 
operation such as a mini-thoracotomy is performed to alloW 
access to a surface of a human heart 30. If a catheter 100 is 
used, the catheter 100.is advanced intravascularly, for 
example, through the femoral artery. After access to the heart 
30 has been established, the next step employs a combined 
jet injection/RF ablation device (either the probe 60 or the 
catheter 100) to prepare the heart tissue by injecting the 
tissue With a narroW jet 84 of conductive ?uid 6. With 
respect to the probe 60, injection is preferably accomplished 
by resting the probe 60 adjacent to the tissue of interest. For 
the catheter 100, the distal electrode segment 102 is posi 
tioned adjacent to the tissue of interest. Importantly, there 
are no needles that penetrate the tissue of the heart 30. 

[0066] Some procedures may require a single burst or a 
single sustained injection of conductive ?uid 6. In other 
procedures, hoWever, it may be advantageous to inject the 
heart tissue With multiple small volumes of conductive ?uid 
6. 

[0067] Similar to the hand-held jet injector 2 embodiment, 
the probe 60 and catheter 100 may be used With the same 
conductive ?uids that are disclosed above. Similarly, bio 
compatible dyes 7 and radiographic contrast materials can 
be added to the conductive solution. 

[0068] The probe 60 and catheter 100 can use a tempera 
ture feedback system similar to that disclosed With respect to 
the probe 40 to control RF poWer While maintaining tissue 
temperatures beloW 100° C. In addition, the probe 60 and 
catheter 100 may be actively cooled to further increase the 
lesion depth. This cooling can be accomplished using saline 
infusion around the electrodes 68, 110 using ports 70, 112 to 
dissipate heat or, alternatively, the probe 60 or catheter 100 
can employ an internal-?oW cooling mechanism. The com 
bination of a cooled probe 60 or catheter 100 With the jet 
injection method described herein is able to create very deep 
lesions. 

[0069] With respect to the injection step using the probe 
60 or catheter 100, it is also preferred to have a fairly tight 
distribution of conductive ?uid 6 (cross section Within the 
range of about 2 mm to about 5 mm) that extends transmu 
rally to reduce the Width of the resulting lesion. This can be 
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accomplished in tWo separate injections or a single injection 
having a particular pressure Waveform as is described in 
more detail above. 

[0070] The choice of What injection device to use (i.e., the 
hand-held jet injector 2, the probe 60, or catheter 100) 
depends on a number of factors including, but not limited to, 
the location of the heart tissue of interest, the nature of the 
tachycardia (atrial or ventricular, for example), as Well as the 
access route chosen to reach the tissue of interest. 

[0071] While the invention is susceptible to various modi 
?cations, and alternative forms, speci?c examples thereof 
have been shoWn in the draWings and are herein described 
in detail. It should be understood, hoWever, that the inven 
tion is not to be limited to the particular forms or methods 
disclosed, but to the contrary, the invention is to cover all 
modi?cations, equivalents and alternatives falling Within the 
spirit and scope of the appended claims. 

1-12. (Cancelled). 
13. A method for ablating tissue comprising the steps of: 

providing an injector device adjacent to a portion of the 
tissue, the injector device including a plurality of ports 
and a plurality of electrodes; and 

injecting the tissue With a jet of conductive ?uid from the 
injector device, the jet of conductive ?uid entering the 
tissue via the plurality of ports; and 

applying RF energy to the tissue containing the injected 
conductive ?uid using the plurality of electrodes so as 
to form a lesion. 

14. The method according to claim 13, Wherein during the 
step of applying RF energy, the maximum temperature of the 
tissue is maintained beloW 100° C. 

15. The method according to claim 13, further comprising 
the step of cooling the electrode during the step of applying 
RF energy. 

16. The method according to claim 13, Wherein the step 
of injecting is performed at a pressure Within the range of 
about 500 psi to about 1500 psi. 

17. The method according to claim 13, Wherein the 
conductive ?uid is a solution selected from the group 
consisting of sodium chloride, potassium chloride, sodium 
bicarbonate, sodium citrate, and potassium citrate. 

18. The method according to claim 13, Wherein the 
conductive ?uid comprises an ionic radiographic contrast 
material. 

19. The method according to claim 13, Wherein the 
conductive ?uid contains a dye. 

20. The method according to claim 13, Wherein after 
application of the RF energy a legion is formed having a 
depth of With the range of about 1 mm to about 10 mm. 

21. Adevice for injecting a conductive solution into tissue 
comprising: 

source of pressuriZed gas; 

a syringe having at least one noZZle at one end thereof, the 
source of pressuriZed gas being in ?uid communication 
With a plunger contained Within the syringe; 

a conductive ?uid stored Within the syringe; and 

a sWitch for releasing a pressuriZed gas from the source 
into the syringe so as to cause the device to deliver a jet 
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of conductive ?uid at a speed su?icient to penetrate 
tissue to a depth Within the range of about 2 mm to 
about 5 mm. 

22. Arnethod of forming a lesion Within tissue comprising 
the steps of: 

providing access to the heart of a patient; 

injecting a portion of the tissue With a jet of conductive 
?uid to a depth Within the range of about 2 mm to about 
5 mm; and 

ablating at least some of the tissue injected With the jet of 
conductive solution using RF ablation. 

23. A RF ablation probe comprising: 

a handle; 

a shaft attached to the handle; 

a distal section having a lumen therethrough, the distal 
section including a plurality of ports oriented on one 
side of the distal section, the distal section further 
including a plurality of RF electrodes; and 

a source of pressuriZed conductive-?uid connected to the 
lumen of the probe. 
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24. The RF ablation probe of claim 23, Wherein the distal 
section comprises hypotube having an internal diameter 
Within the range of about 0.010“ to about 0.025“. 

25. The RF ablation probe of claim 23, Wherein the 
plurality of ports have diarneters Within the range of about 
0.002“ to about 0.004“. 

26. The RF ablation probe of claim 23, Wherein the source 
of pressuriZed conductive ?uid is pressuriZed so as to 
produce an injection pressure Within the range of about 500 
psi to about 1500 psi. 

27. A RF ablation catheter comprising: 

a handle; 

a shaft attached to the handle; 

a distal segment having a lumen therethrough, the distal 
segment including a plurality of ports oriented on one 
side of the distal segment, the distal segment further 
including a plurality of RF electrodes; and 

a source of pressuriZed conductive ?uid connected to the 
lumen of the catheter. 


