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ELECTRODE FOR ELECTROSURGICAL 
ABLATION OF TISSUE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part under 35 
USC 120 of copending US. Ser. No. 09/022,612, ?led 
Feb. 12, 1998 Which is a continuation-in-part of Ser. No. 
60/037.782, ?led Feb. 12. 1997 both of Which are incorpo 
rated herein by reference in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] The invention relates to surgical systems applying 
thermal energy to biological tissue to modify the character 
istics of the tissue. More particularly, the invention is 
directed to electrosurgical probes utiliZing radiofrequency 
(RF) energy to cut, coagulate, ablate and/or vaporiZe the 
tissue during a medical procedure for treatment and therapy. 

[0003] Arthroscopic surgery is becoming increasingly 
popular, because it generally does less damage, is less 
invasive and is safer than open procedures and produces less 
scarring in and around joints. This type of surgery further 
results in a faster healing response and a quicker return of 
the patient to full productivity While reducing costs of open 
surgical procedures. 

[0004] Nevertheless, arthroscopic surgery has its limita 
tions. The surgeon must operate through a narroW tube, 
Which is aWkWard. Only one probe can be used at a time. 
Often the vieWing camera is positioned at an angle Which is 
different from the surgeon’s normal gaZe. This contrasts 
With “open surgery” Where the surgeon has relative ease of 
vieWing the surgical site and can freely move both hands, 
even utiliZing the hands of colleagues. 

[0005] In vieW of such difficulties of arthroscopic surgery, 
it is understandable that laser, microWave and radiofre 
quency (RF) probes Which simultaneously cut and coagulate 
are preferred. HoWever, current probes are poorly adapted to 
certain activities, such as cutting narroW tendons or liga 
ments. Current probes have convex, pointed and/or ?at tips. 
Other probes such as those utiliZing laser energy delivery 
systems often provide pointed tips With curved con?gura 
tions, With current probes, the surgeon has little control 
When pressing against a tough ligament. NoW as the surgeon 
cuts through one portion of the ligament, the probe slips out 
of position. The surgeon must reapproximate the probe and 
cut again, an inef?cient process. Unless the surgeon is able 
to stop pressure at exactly the right time, the probe may slip 
and cut an adjacent structure. Because the surgeon must 
repeatedly reapproximate and cut the ligament, the surgeon 
has dif?culty in cleanly ablating the ligament or tendon. 
Thus, there are certain procedures that surgeons still prefer 
to perform in an open setting Which is conventionally termed 
an “open” procedure. Unfortunately, this often results in 
large scars, long convalescence, and even more irritation of 
an already irritated joint. 

[0006] What is needed is a probe that can simultaneously 
direct the tendon to the energy source (e.g., RF) and apply 
RF to cleanly and smoothly ablate the tendon or ligament. 
The advantage is that some procedures that have been 
considered too aWkWard or dif?cult to perform by arthros 
copy can noW be performed more effectively using arthro 
scopic devices. 
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[0007] Moreover, conventional and more complex surgi 
cal probes and lasers are less suitable for critical and precise 
shaping and sculpting of body tissues such as articular 
cartilage, ligaments and tendons. Target tissues subject to 
ablation and removal have many different con?gurations and 
structures. These medical device probes and lasers have 
further disadvantages of being con?gured for simple abla 
tion Without regard to the contour and structure of the target 
tissue. By universally applying RF energy to the site, non 
target tissue may be affected by collateral thermal effects. 

[0008] For these reasons it Would be desirable for an 
apparatus and method to selectively cut and ablate body 
tissue during a medical procedure such as arthroscopic 
surgery. The apparatus and method should be con?gured and 
used for effective cutting, ablation and vaporiZation of target 
tissue While giving the surgeon a precise and controlled 
surface for scraping tissue from bone or sculpting tissue 
Within the surgical ?eld for appropriate treatment and 
therapy. Such apparatus and methods should also be appli 
cable in a Wide variety of medical procedures on a Wide 
range of different bodily tissues. The apparatus should also 
be simple and less expensive to manufacture While being 
compatible With conventional systems and procedures. 

SUMMARY OF THE INVENTION 

[0009] One embodiment of the invention is based on a 
surgical apparatus, comprising: an energy application tip 
including: a length of shaft; and an active electrode having 
a curved current density edge With at least one convex 
surface. 

[0010] Another embodiment of the invention is based on 
a method of surgically treating a mammal in need thereof, 
comprising: providing a surgical instrument including a 
length of shaft and an active electrode having a curved 
current density edge With at least one convex surface; and 
ablating a tissue surface With said surgical instrument. 

[0011] Another embodiment of the invention is based on 
an electrosurgical system for directing thermal energy to 
tissue is disclosed Which has a poWer supply and a probe. 
The probe is coupled to the poWer supply by a cabling means 
and has a handle and a shaft including a distal end and a 
proximal end. The shaft has at least one lumen for an active 
electrode electrically coupled to the poWer supply, the active 
electrode being positioned on the distal end of the probe, the 
active electrode having an energy application surface; and a 
return electrode electrically coupled to the poWer supply. 

[0012] These, and other, goals and embodiments of the 
invention Will be better appreciated and understood When 
considered in conjunction With the folloWing description and 
the accompanying draWings. It should be understood, hoW 
ever, that the folloWing description, While indicating pre 
ferred embodiments of the invention and numerous speci?c 
details thereof, is given by Way of illustration and not of 
limitation. Many changes and modi?cations may be made 
Within the scope of the invention Without departing from the 
spirit thereof, and the invention includes all such modi?ca 
tions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a lateral vieW of internal structures Within 
the glenohumeral joint. 
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[0014] 
[0015] FIG. 3 is an anterior vieW of the knee joint With the 
patella removed. 

[0016] FIG. 4 is a perspective vieW of a concave cutting 
tip of a RF probe. 

FIG. 2 is a medial side vieW of the knee joint. 

[0017] FIG. 5 is a perspective vieW of the concave cutting 
tip of FIG. 4 inserted into the shaft portion of the RF probe. 

[0018] FIGS. 6A-B are side vieWs of the concave cutting 
tip of the RF probe of FIG. 4. 

[0019] FIG. 6C is an alternative embodiment of the con 
cave cutting tip of the RF probe. 

[0020] FIGS. 7-11 shoW different monopolar and bipolar 
arrangements of the electrodes on the concave cutting tip. 

[0021] FIGS. 12A-C shoW an overvieW of a RF probe, 
operating cannula and a side, cross-sectional vieW of the 
shaft portion of the RF probe. 

[0022] FIG. 13A illustrates an alternate embodiment of a 
probe With cutting tip. 

[0023] FIG. 14A is a simpli?ed, side vieW of the probe 
according to the invention; 

[0024] FIGS. 14B-14F shoW alternative tip con?gurations 
of the probe. 

[0025] FIGS. 15A-C are isometric, top and cross-sectional 
vieWs, respectively, shoWing one embodiment of an active 
electrode and an energy application tip of the probe accord 
ing to the invention. 

[0026] FIGS. 15D-F are isometric, top and cross-sectional 
vieWs, respectively, shoWing an alternate embodiment of the 
active electrode. 

[0027] FIGS. 15G-I are isometric, top and cross-sectional 
vieWs, respectively, shoWing an alternate embodiment of the 
active electrode and distal tip of the probe. 

[0028] FIGS. 16A-F are side and isometric, perspective 
vieWs of different embodiments of the probe according to the 
invention. 

[0029] FIG. 17A is a cross-sectional vieW of one of the 
distal energy application tips and active electrode of the 
probe according to the invention. 

[0030] FIGS. 17B-C are side vieWs of different embodi 
ments of the probe. 

[0031] FIG. 18A is a cross-sectional vieW of an alterna 
tive embodiment of the distal energy application tip and 
active electrode of the probe according to the invention. 

[0032] FIG. 18B is an isometric perspective vieW of the 
probe. 

[0033] FIGS. 19A-B are side, cross-sectional vieWs of an 
alternative embodiment of the distal energy application tip 
and active electrode of the probe according to the invention. 

[0034] FIGS. 20A-B are side, cross-sectional and isomet 
ric perspective vieWs, respectively, of the probe of the 
invention. 
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DESCRIPTION OF SPECIFIC EMBODIMENTS 

[0035] The invention arose out of an observation that, 
during an arthroscopy procedure, the surgeon could not 
access and cut cleanly the coracoacromial (CA) ligament 
shoWn in FIG. 1. This procedure is done in conjunction With 
a subacromial decompression, Which makes a painful shoul 
der easier to move. If the cutting probe slips, the joint 
capsule could be damaged and even punctured, Which Would 
exacerbate an already painful joint. Thus, a concave rounded 
tip Was designed Which Would center and position ligaments 
and could even be used to lift the ligament aWay from 
adjacent structures and avoid harm thereto. 

[0036] This neW style of tip has the advantage of being 
able to mechanically “gather” or constrain ligaments, ten 
dons and other tissue into its center. This reduces the natural 
tendency of current cutting probes to slide off ligaments and 
tendons. This helps save time in that the surgeon is not 
repeatedly trying to center or approximate the probe tip on 
the target tissue. 

[0037] FIG. 1 shoW s a lateral (side) vieW of a gleno 
humeral joint 100 and in particular the Coracoacromial 
ligament 102, the Superior glenohumeral ligament 104, the 
middle oienohumeral ligament 106, the Subscapularis Ten 
don 108 (joined to capsule), the Inferior Glenoheumeral 
ligament 110, the Glenoid “cup” With cartilage 112, the Joint 
Capsule 114, and the Bursa 116. The Joint Capsule 114 is 
comprised of 3 glenohumeral ligaments and surrounding 
capsule. The Bursa 116 lubricates and acts like a shock 
absorber, and is usually removed When an SA decompres 
sion is performed. The area 118 is the area at Which 
impingement usually occurs. 

[0038] FIG. 2 shots s a medial (side) vieW of a patel 
lofemoral or knee joint 200, and in particular the Medial 
Collateral Ligament 202, the patella 204, the Medial Lateral 
Retinaculum 206, an incision line 208 for lateral release and 
the Patellar Ligament 210. 

[0039] FIG. 3 illustrates an anterior vieW of the knee joint 
200 With the patella removed. The bones comprising the 
knee joint 200 are the femur 240, the ?bula 250 and the tibia 
260. The joint is connected by ligaments, in particular, the 
anterior cruciate ligament 200 and the posterior cruciate 
ligament 230. As the knee is ?eXed, the lateral condyle of the 
femur 241 and the medial condyle of the femur 242 articu 
late and pivot on the meniscal surfaces of the tibia, in 
particular the lateral meniscus 231 and the medial meniscus 
232, respectively. The meniscal surface comprises articular 
meniscal cartilage Which acts as the shock absorber for the 
knee. 

[0040] While coracoacromial surgery Was the inspiration 
for this invention, use of this concave probe is not limited to 
a particular ligament or tendon, or even to those soft tissues. 
The concave cutting probe is adapted to cut all types of 
tendons, ligaments and soft tissues more effectively than 
blunt or rounded tip probes. As another eXample Whose 
anatomy is shoWn in FIG. 2, the lateral retinaculum 206 
sometimes must be severed in some types of patellar dislo 
cation or malignment, When the patella is not properly 
tracking in the trochlear notch. Severing the lateral retinacu 
lum is called lateral retinacular release. With this concave 
tip probe, the surgeon is able to position the ligament and 
sever it cleanly. 
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[0041] The probe of the invention may also be used in the 
knee joint during a notchplasty procedure for anterior cru 
ciate ligament repair. The probe con?guration of the inven 
tion, in particular the energy application tip con?guration is 
used to remove and scrape the condylar surfaces of the 
femur to increase the interchondylar notch to free the 
anterior cruciate ligament from impingement. The anterior 
cruciate ligament may also be cut at point 221 and removed 
using the probe and a patellar tendon graft may be per 
formed. 

[0042] Turning note to the probe itself, FIG. 4 shoWs a 
concave edge 308 on a distal tip 304 of an RF probe head 
300. This concave edge is designed to constrain tissue, 
tendons and ligaments. The concave curve has lateral edges 
306 Which are rounded, so that the probe does not “snag” on 
unWanted tissue as the surgeons maneuvers the probe into 
position. The cylindrical portion 302 of the distal tip 304 ?ts 
inside probe sheath 410, as shoWn in FIG. 5. The distal tip 
may have a variety of con?gurations, as shoWn in FIGS. 
4-11. FIG. 5 shoWs probe 400 having a concave edge With 
less prominently rounded lateral edges. FIGS. 5-7 shoW a 
distal tip Which is angled With respect to the sheath 410. This 
embodiment offers the advantage of helping the surgeon get 
around corners and ablate in narroW or con?ned spaces. 

[0043] FIG. 6A shoWs an angled probe 500 consisting of 
a cylindrical portion 502 With a distal tip 504 having a 
concave edge 508 and lateral edges 506. FIG. 6B shoWs a 
side vieW of angled probe 500. 

[0044] FIG. 6C shoWs an angled probe 600 With a spe 
cialiZed surface (not heated) Which imparts a third function 
to the probe, namely scraping tissue. Probe 600 is comprised 
of a cylindrical portion 602, and a distal tip 604 Which has 
a concave edge 608 and lateral edges 606. The surface of the 
?at portion of distal tip 604 contains rasps 616 Which can be 
used for scraping tissue. 

[0045] For cutting tissue, the distal tip has a ?rst electrode 
and a second electrode located on lateral edges 606. The ?rst 
and second electrodes can be operated in bipolar or monopo 
lar mode. Bipolar is preferred and examples of “Taser” type 
electrodes are shoWn in FIGS. 7 and 8. 

[0046] FIG. 7 shots s a distal tip 700 having a three-pole, 
bipolar arrangement Where, in addition to tWo side positive 
electrodes 702 and 706, there is a central negative electrode 
704. FIG. 8 shoWs a distal tip 800 Wherein tWo electrodes 
802 and 806 are positioned in tWo small sites on the lateral 
edges of the concave curve. In this particular embodiment, 
electrode 802 is positive and electrode 806 is negative 

[0047] FIGS. 9-11 shoW exemplary monopolar arrange 
ments. In FIG. 9, a single monopolar positive electrode 902 
occupies a Wide portion of the concave curve of distal tip 
900. A return path 904 is provided and is attached to the 
patient’s body to complete the circuit. In FIG. 10, there is 
one small active electrode 1006 located centrally on distal 
tip 1000. In FIG. 11 there are tWo active electrodes 1102 and 
1106 in lateral positions on distal tip 1100. Suf?ce it to say 
that quite a variation in electrode design is contemplated for 
this concave curve. 

[0048] To maintain the appropriate temperature for cutting 
tissue, the distal tip of the probe may also be equipped With 
a thermocouple, but such a thermocouple is optional in the 
concave-tipped probe. 
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[0049] FIG. 12 illustrates a simpli?ed vieW of the RF 
probe of the invention. FIG. 12A is an illustration of a 
conventional cannula utiliZed in one embodiment of the 
invention. Cannula 1202 consists of a guide 1224 With an 
opening 1226 at its distal end. Cannula 1202 is attached at 
its proximal end to introducer 1222. Instrument port 1228 is 
located at the proximal end for the introduction of the 
surgical probe. Cannula 1202 man also have an extension 
1232 With a ?uid port 1234. As illustrated in FIG. 12B, 
surgical instrument 1200 consists of a handle 1212 to Which 
is attached a poWer cord 1210, a probe shaft 1214 and a 
probe tip 1216. During introduction into the body, a blunt 
insert or obturator (not shoWn) is inserted through instru 
ment port 1228. Cannula 1202 is inserted into the surgical 
site on the patient functioning as a trocar. Surgical instru 
ment 1200 is then inserted into cannula 1202 through 
instrument portal 1228 so that the tip 1216 protrudes from 
the opening 1226 in cannula 1202. 

[0050] FIG. 12C illustrates a side, cross-section of the 
probe shaft 1214. Probe handle 1212 is connected to shaft 
tubing 1242. Shaft tubing insulator 1241 covers the shaft 
tubing. The shaft tubing insulator 1421 may be any biocom 
patible material such as Te?on or any other suitable material 
such as nylon shrink tubing. PoWer Wire 1260 is connected 
to a poWer supply (not shoWn) in the proximal portion of the 
probe and probe handle 1212. PoWer insulator 1267 covers 
and insulates poWer Wire 1260. The poWer insulator 1267 
material is preferably a tubing such as Te?on or polyimide 
but may also include any other insulator material Which 
Would be knoWn by a person skilled in the art such as a 
coating. PoWer Wire 1260 connects the poWer supply to an 
active electrode (not shoWn) on the distal energy application 
tip 1250. The poWer Wire may be stainless steel, titanium, 
tugsten, copper or any other compatible and suitable con 
ductor. A return Wire 1261 connects a return electrode (not 
shoWn in FIG. 12) to the poWer supply. The energy appli 
cation tip 1250 has an energy application surface 1255. The 
energy application surface 1255 is con?gured to have a 
variety of con?gurations such as concave, convex or con 
cavo-convex for the delivery of thermal energy to the soft 
tissue site. Probe shaft tubing, 1242 may also have a bent 
portion 1251 Which may be con?gured for easier access to 
narroW or con?ned joint spaces. 

[0051] FIGS. 13A-B shoW an enlarged vieW of one 
embodiment of the tip 1510 of an electrosurgical instrument 
Wherein tWo opposing arcuate segments 1504A and 1504B 
are compressed to form a probe tip 1216A at the distal end 
of probe 1214A. In such an embodiment, sWagging is used 
to compress the tip of the probe. SWagging forms a chisel 
1514 that can be used in the surgical instrument of FIGS. 12 
and 13 for RF ablation of tissue. Grinding applications can 
be added to the tip to provide for mechanical tissue ablation 
in addition to energy ablation. The core 1502 of probe 
1214A can be either holloW or solid. This particular embodi 
ment is illustrated as having an annular probe. Probe 1214A 
is coated in an insulating material Which terminates prior to 
the tip 1510, leaving chisel 1514 exposed. The surgical 
probe illustrated in FIGS. 13A-B provides various improve 
ments over the prior art in alloWing for precise hemostatic 
cutting and ablation of soft tissue in one convenient instru 
ment Which can be described as a chisel. The malleable 

probe tips can be con?gured as straight, angled or curved, 
for example, Which provides for optimal access to speci?c 
anatomy and pathology. Unique tip designs improve tactile 












