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The Loop Electrode: In Vitro

Evaluation of a Device for Ultrasound-
Guided Interstitial Tissue Ablation Using
Radiofrequency Electrosurgery

Torben Lorentzen, MD

Ratlonale and Objectlves. 1 developed and tested in vitro 2 device for
ultrasound-guided monopolar radiofrequency (RF) clectrosurgical intesst-
tial tissue ablation.

Methods. The current was applied 1o an clectrode with a disial Joop
form (radins = 1 cm). The superelastic propesties of the electrode allowed
cannula introduction in the experimental medium (calf tiver) hefore subse-
quent rotation of the clectrosurgical cutting elecisode, resulting in culting
off and isolstion of a spherical kesion interstitiolly. The optimal sctting of
the RF unit and the optimal cutting speed were evaluated. Under ultrasono-
graphic guidance and monitoring. approximately 150 lesions were pro-
duced with different loop designs and sizes. The gross appearance was
evajuated and correlated 1o vhrasonography.

Results. An output effect of 200 W was optimal for resection and cutting

with the loop dlectiode. An ellipsoid Joop configuration could praduce an .

almost spherical Jesion with 2 diameter of 2.0 cm interstitially. Ultrasono-
graphy could guide the introduction of the loop electrode into tissue and

“visualize the upper part of the lesion.

Conclusion. The loop elearode is 4 technique for percotancous ulira-
sonographically puided tissue ablation. It was proved 1o be efficient in vitro
by producing 2-cm liver lesions. '

Kcy Words. Radiofrequency: loop clecimde; tissue ablation; ulirasono-
graphy; liver.

urgical resection of hepatocellvlar carcinomas and colorectal liver

metastases is stil) considered the reaunent of choice because it has
impraved the survival rate of patients affected by these diseases {1, 2} On
the other hand, liver resedion is a major surgical procedure with 2 mornal-
ity rate of approximately 5%, and open surgery may not always be sechni-
cally paossible, either because of muliiple liver tumors or becsuse of the
patieaf's condition.

This has led to the developmens of severa) less invasive meshods for the -

interstitial desruction of Jiver wmors, such as intnoperative cryosurgery
3k percurancous techniques, such as laser {4), microwaves [5), and injec-
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tion of ethanol or hot saline [6, 7}; and a2 noninvasive
method involving high-focused ultrasound [B). The use
of radiofrequency (RF) electrosurgery in interstitial ds-
sue ablation has been limited 10 monopolar coagulation
around the tip of an vninsulated needle (9-15).

In this article, I discuss a technique for interstitial tis-
sue ablation using monopolar RF electrosurgery in the
cut mode in an in vitro study performned under ultra-

- sound guidance. The RF current was applied 1o 2 loop-
shaped electrode, with superelastic properties allowing
cannula introduction before subsequent rotarion of the
electrosmgxcal cufring electrode resulting in cutting off
and isolation of a spheric lesion Interstitially.

MATERIALS AND METHODS

The Joop elecirode is made of a 0.3-mm metal thread
having superelastic properties (Cook Europe, Bjaever-
skov, Denmark). The proximal straight pan of the elec-
trode is 155 mm long. At the distal end, the elecirode has
a shape -of an open loop with a radius of 1 cm. The
proximal 5 mm of the straight part is insened into the fit-
ting of a handle, which is connecied 10 the RF generator

with 2 0.75-mm? laboratory cable (Fig. 1A). The super-

elastic propenties of the electrode make it possible to
straighten the loop for insemion into 2 16-gauge insu-

fated introducer cannula, which is 150 mum long (Figs. 1B

and 1C). After loop stmighiening, the metal thread will
tend 1o conform to the preshaped loop form. The super-
elastic properties of the meral thread are not affected by
rcom or body temperature; however, high emperatures
and stress may affect superelasticity.

Fresh calf liver was placed on a neutral plate con-
necied to an RF electrosurgical generator (Erbotom
1CC 300; Erbe USA, Adanta, GA). In the cut mode, the
gencrator produces an unmodulated sinusoid wave-
foym of RF voltage with a frequency of 350 KHz. The
ourput power can be changed from 0 to 300 W with a

Vol 3, No. 3, March 1908

voliage output of up to 350 V depending on the tissue
impedance. The operator can limit the maximum voljt-
age oviput in four sieps (evels 1-4) ranging from 150
1o 350 V.

The first series was undertaken to evaluate the opi-
mal seting of the RF electrosurgical unit, defined as the
output power level at which the highest résection
velocity was achieved when the loop electrode was
affected by an appropriate constant force. This pant of
the study was performed .under standardized condi-
tions: The loop elecirode was suspended in the Isbora-
tory cable and was placed vertically over the liver
susface (Fig. 2). A small incision was made in the liver

with 2 scalpel, and the Toop pan of the eledirode was
inserted, The straight parn of the electrode was fixed to
ap atachment, and a constant horizonral pull (0.24 N)
was applied by 2 weight (24.4 g). The loop electrode
was connected to the monopolar socket of the RF gen-
erator via the laboratory cable. During different settings

of output power and maximum vohage, RF cument was

applied 1o the loop elecirode. During a 10-sec period,
the horizontal movement of the resecting and curing
Jloop elecrode was observed and the traveled distance

| B

FIGURE 2. Schamatic drawing of the mpeimand used jo opiimize the safting
of tha redicirequancy penaraior. In 10 sec, Ihe loop slecrode Iravalad (rasact-
od) from position &la pasition bs. The elactrode was Exed iy such a3 posion that
tha disial loop pant was perpendicular to the travel direction. L = calf Bver, N »
natival plats, W = weighi.

A B
FIGURAE 1. A, Drawing of the Inop elocirode insented inlo tha handla (

c

pinor distal overcastection of 5 mm of 30”. B, The loop pan ol a elacirode ha:

), whichts 160 1 18 rcolrequ
bammnhmkhdhluﬂmmnlwppmollhcn!cdmdzhunsemlﬂﬂpn;dlorm(mdlz wand‘llSrnmlongmﬁmlmduamm respaciively) withs
j d and L

Y gmmbr via a jaboraory cnhlo {arow-
1 In the introch

, which Is ready for issus

inseriion. £, Aler being hmharadv:nndlhrouphlmhunduccrcnmuh.hupnsodbopw-dlnmmhnsmalmdaumimdlonnboauuolhe

matadal's supersiasiic properties.
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measwred with a2 ruler. With the maximum voltage set at
350 V. the output power was gradually increased from
0 10 300 W in 25-W incremenss. In each setting, five
measurements of the traveled distance were obtained.
This pant of the experiment was videotaped for docu-
mentation apd further analysis. For statistical analysis,
linear regression was used 1o test for a linear increase
in elecrrode wavel as a function of output power,

In the second series, experiments were performed
interstitially in the calf liver guided and monitored by
ulrasound (System 3535, 7.5-MHz curved amay trans-
ducer with mountable needle guide; B&K Medical, Gen-
tofie. Denmark). The introducer cannula was loaded with

- the foop electrode and via the peedle guide was Insened

in- the liver parenchyma under ultrasound control 1o 2
predetermined depth of 3 cm beneath the liver surface.
The loop pant of the electrode was then advanced farther
into the liver through the introducer cannula. The RF gen-
erator was switched on for approximately 2 sec, during
which the superelastic properties of the electrode allowed
if to cut its way through the parenchyma and conform to

- its preshaped loop form. The RF generator was switched

on again and the handle rotated 360° in one 1o four steps.
Dusing this pan of the procedure, a liver mass was cut off
and isolated interstitially. The lesion was separated from
the sunounding liver parenchyma by a dleavage created
by routing the elearosurgically -active loop. The loop
elearode was retracted through the intoducer cannula,
which subsequently was rctracted, leaving only a punc-
ture mark on the liver surface. A final sonogram of the

lesion was obizined.. Different loop designs and loop -

sizes were evzluated in terms of gross appearance of the
intrahepatic lesion. Characeristics such as size, fonm, and
thickness of the coagulation zone were recorded. Mea-
surements were done with a slide gauge or ruler. Approx-
imately 150 Jesions made with different loop designs and
sizes in 15 calf livers were evaluated. Changes in loop
design and size were done at the manufacturer's Facility.
-No statistical analyses were performed in this part of the
smydy because the data were mostly qualitative,

RESULTS

In the first experiment, a gradual increase up to 200
W in output power resulted in a significant increase in’
the traveled distance of the loop electrode (Fig. 3). Ax
power levels greater than 200 W, severe sparking and-
smoke or steam formation were seen during the cutting
‘procedure. A permanent deformation of the loop shape
also occumred afier only one curing episode at these

THE LOOP ELECTRODE

high settings. Below 200 W, however, permanent defor-
mation of the loop was not observed until after two
four cutting series. When the voltage was changed from
level 4 1o level 3 or 2, no change in traveling distance
was observed: however, at level 1 (maxinum = 150 V)
a decrease in the maveled distance was ohserved.

On the basis of these resulis, the outpint power of 200
W and a voliage level 2 was used in the interstitial exper-
iments. No practical difficulties were observed in intro-
ducing or retracting the cannula, perfforming the RF
lesions, or rewacting the electrode into the intvoducer

cannufa after performing the RF treamment. During ulira-

sound, the introducer cannula and the loop elearode
could be visualized in the liver belore the RF generator
was switched on (Fig. 4A). The Interstitially placed loop

- part of the clearode at this time assumed a J-shaped

form that was barely discemible. When the RF generator
was switched on, the ultrasound image was dism
because of electrical noise. Afier initial cutting, the elec-
tode cut its way to the preshaped loop form within
approximately 2 sec. This could be seen on ulirasound.
However, the visualization was dificult because the
steam and smoke released around the electrode
appeared as tiny echogenic foci with an acoustic shadow
behind. Rotation of the loop electrode was not moni-
tored on ultrasound because this part of the procedure
100k place oumtside the initial scanning plane.

On gross examination, a slightly ovoid liver lesion
(longitudinal diameter = 2.0 am, ransvesse diameter =
1.7 cm) was seen when an ideal semicircular loop with a

00
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FIQURE 3, Grap!s shows Joop el dn. travelsd dist i 10 sec ploned
agalnst outpul eftect An Increase in output sffec] gave » significart [p « .0001)
’ inthe &) rsveled. Therae was » high knear correlation batwsen
he buveléd dintanca snd the outpul affact (72 = .93). x-axin Is i miimsters; y-
axis la in walta. :

221

lf :
//| i
oy

NEO 00412




I EEE—————————— ==,

Case5:07-cv-05740-JF Document25-6 Filed06/24/08 Page4 of 6

>

LORENTZEN

A

radius of 1.0 cm vas used. However, changing the Joop
configunttion into an semicllipsoid Gongitudinal radius =
1.0 om. mansversal radivs = 1.25 cm) form (Fig. 1A)
sesulted in an almost spherical liver lesion, with a diame-
ter of 2.0 em based on gross inspection (Fig. 53, Further-
more. it was found thar the ideal semicircular or
"~ of the lesion from the suﬁalﬁding liver tissue. Thus, the
- hattom 1he site opposite the cannula) of-the lesion was
“connected 1o the rest of the liver by a stalk. Using a loop
shape with a distal overcorrection of 3 mm (equivalent
w0y approximately 30°) resubted in an almost toral separ-
tion of the lesion from the liver. although 2 delicare stalk
of couguated tissue less thaa 2 mm in diametes was fre-
quently seen. Finadly. contting the handle 360° plus an
additionat 3015 wounld ensure that the loop had made
a full round tip interstitialty.
From the first experiment. in which o cutting speed
of approximately 3 mm/sce was achieved (50 mm in 10
sec), it was caleulared (cireumference divided by veloc-

222

Feo [U. 14YY 1 1UJER VSpAL IGLLE 1L LLDIOURT 7 D101 0T 0

Vol, 3, No. 3, March 1935

FIGURE 4. A, Sonogram showing ths inltoducar nee-
die in caX tiver. B, Sonogram of the lesion alter re-
mowing the intcoducer cannula and the loop alecirods
shows multipla small schogenic fodi in s upper con-
vox ldyer sepresenting smoke and steam in the cleav-
age betwasn tha lesion and tha surrounding Tver
fissue. Tha arrow indicates tha 1ip of the cannula.

ity that a full 360° rotation of the loop electrode with a
radius of 1.25 an could be done in approximately 16
sec plus a few seconds for the extra 30—i5° degrees of
rotation. Within this period of time, lesions could be
made in onpe as well as in four steps. Rotation in four
steps with an interval of a few seconds berween the
steps was more-practical and easier than the one-step
rotation. Furthermore, the one-step technique more
often caused permanent deformation of the Joop than
did the siepwise.

The gross section of the Jesion and the corresponding

awvity of the liver showed an even zone of whitish, coag- |

vlated tissuc that was approximately 1 mm thick. Thus, a
totil ablation of 2.2 cm comesponding 1o the spherical

“lesion plus 0.2 cm corresponding to the "cougulated

zones in the cavity was achieved with this technique. No
difference in coagulition was observed between voliage
levels 2. 3, and 4. When rotating the electrode with half
speed. the steam and smoke production increased and
the surface of the lesion was more carbonized on macro-

FIGURES. 4, Grose inspection shows a sphericalle-

2.0 cmn in di.

pherical legion

Sian sepasatad Wom the surrounding fiver Ussue. B.

praa
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scopic evalwdon. The tickness of the coagulation zone,
however, senuined approximaecly 1 mm.

At the end of the procedure, ultrusound of the lesion
showed an-echojenic upper convex structure measuring
approximutely 2 cm with :an acoustic shadowing behind
(Fig. 4B). The vomsponding gross section showed thar
the ulimsound finding was consistent with gas and
microbubbles in the cleavag: surrounding the lesion.

Durlng formation of the interstiial lesion. a signifi-

" cant wmoum of steam and smoke sometimes escaped

from the liver, either via the puncture tract or vessels
communicating 1o the cut surface.
When a scmicircular loop with a radfus of 1.5 cm was

. vested, an itregular and incomplete lesion with 4 stalk of

shout 1 cm was vhserved, The same result was found
when this enlanged Juop was rotated a1 half specd.

DISCUSSION )

The use of RF electrusurgicsl cuning as a means of tissue
destruction Is a well-known wehnicue in open sugery as
well as through varous types of endoscopes. However, 1o
my knowledge, an intersttial use of RF clecrosurgical au-
ting has not been desaribed and should not be confused
with the exensively desceribed techniyue of laterstitial RF
elecrosurgicil  congulation  with monopolir  ablation
around an- uninsulated needle tip [9-15; Lorent2en T, pre-
sented at the Radiological Socivty of Nonh Amerdes, 1995).
The loop elecwode allirws interstitial isokition of spherical
leslons measuring 2.0 om in dismeter by means of eleciro-

“surgical cutting. The total ablaied area Is, in Rct, a few mil-

linrerers Ligger because it inchudes 2 coagulation xone of
the sumrounding Jiver tissue, In the curent study, [ con-
ducted only 2 macroscopic evaluition of the mugins. 1 did
not perform micruscopy of the lesions breause this type of
evaluativn cin show only the extension of bumn and coag-
ulatlon. Only micmscopic studics in vivo can show sec-
ondory cellular  domage axdt  Inflimnatory  reactions
induced by hyperthermia from the cutting loop dearode.

(A
'\Nn: ?.?)\Jr‘ Eleu IEIODE

A hger loop dizmcrer theorctically would pesult In
luger lesions. However, the rofation of a kuger loop

resules in additional wemporry deformation of the loop
and subsequent inoomplete lesion formation, as seen
with the loop with a rdius of 15 mm. Tempotary defor.
mation of the loop during the rotation must be the reason
an clliptical loop with 4 minor distal nvercomedion gave
an ideal spherical lesion, as judged frum the subsequent
pross examimation. The use of other matestls with super-
elsilc propuries ot a different wire compusidon might
solve the problem of buth temporary and penmanent
loop defornnion, which occurs when stress and heat are
applied during rotation and electrosungleal cutting.

Ultasonograpby as a means of real-time monitoring
during lesion formation with the use of the lnop elec-
trode has some Hmitatlons, The clectrical nolse from
the activated RF generator interferes with \he scanner
and disturbs the image, making it difficalt to monitor
the rotatng luop electrode. The formation of steam and
smuke under the cutting process is another limiting fac-
tor of the use of ulirisound. Other techniques such us
fluoroscopy, computed tomography scanning, and
magneltic resonance imaging may be alleratives. On
the other hand, ultrasound can easlly monitor the tip of
the Intreducer cinnula relatlve 10, for example, 2 liver
umor before ablition. ARer correct positioning under
vltasound control, the rest of the procedure theoreti-
cally could be done without image guidance (Fig. 6).
An zltemative wiy of placing the loop elecrode in a
lesion would be to introduce the cannula tip beyond
the lesion and withdraw it back over the electrode,
which remains stright until RF energy Is applied.

To my knowledge, the Joop elecirode has not been
used in vivo, and sevenral questony remain vnanswered:
Will the loop electrode cavse interstitial bleeding during
the cutting process or will the coagulatdon zone of
approximately 1 mm in the cavity of a vital tssue make
sufficient hemostasis? Will the steam and smoke that are

SN AN
-
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FQURE S, A, Schomatic drawing of the principls of a thearsdes) wmot round mass) ablation iy s ltver. Tha introtucer cannuia with the foop alecirodo Insida was
fnsarted wih iis Up just above tha tumor. Bmloopd-clmdlmm»udﬂnmmnndmuMbhmmmmeahnrzoocolnlnﬁmwru\:ﬂ
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produced cause an embolism or interstitial air pressure
dissection? Many of these gas bubbles may be absorbed
in vivo in the sumounding cooler tissue, so that linde
external release of gases will be seen, especially when
the Joop rotation is done in four steps [16). What hap-
pens afier a lesion has been cut and isolated fom the
surrounding tissue? The lesion is physically separated
from- the vital tissue, and 2 double coagulation zone
might prevent neovascularization. In theory, an ischemic
necrosis of the lesion with subsequent autolysis should
octur. Abscess formation could possibly oocur in the
region of ischemic necrosis within the residual tissue,

The loop elecirode may have several advantages over
other tissue-destroying devices. The loop elecirode can
‘be applied to focal disease in diffcrent organs such as
the liver, the kidney, and the prostate. It can be used
pescutaneously or during open surgery. The total pro-
cedure Jasts only 2 few minutes. The loop electrodes
themselves might be relatively inexpensive to produce,
and an RF elecrosurgical unit is available in almost
every surgical department.

Apimal stdies are warranted 10 further evaluate the
performance of the loop elecirode and 1 answer most
of the aforementioned questions. Lorentzen et al. {17)
conducted un animal study with the loop electrode and
were able 10 answer some of the questions.
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Announcement

"The Bosron University School of Medicine i$ sponsoring Advances In Abdominal MRI and MRA, which will be
held March 15 and 16, 1996, at the Copley Plaza Hotel in Boston, MA. Fees are 5475 for physicins and $350 for i
others. Fountegn hours of credit will be awarnded. The course director is Joseph T. Ferrucci. MD.

For more information, contact the Department of . Continuing Medical Education, Boston Univeisity School of
Medicine. 80 E. Concord 5t., Boston. MA 02118; (617) 638-4605.
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