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Objective- To analyzetheresultsof laser-assi sted ex-
traction of permanent pacemaker and defibrillator |eads.

Methods - e operated upon 36 patients, whose me-
anagewas54.2 years, and extracted 56 leads. Thereasons
for extracting theleadswereasfollows: infectionin 19 pa-
tients, elective replacement in 13, and other causesin 4
patients. Themeantimeof catheter placementwas7.5+5.5
years. Forty-seven leadswer efrom pacemakers, and 9we-
refromdefibrillators. Thirty-eight leadswerein use, 14
had been abandoned in the pacemaker pocket, and 4 had
been abandoned inside the venous system.

Results - We successfully extracted 54 catheters, ob-
taining a 96.4% rate of success and an 82.1% rate for
complete extraction. The 2 unsuccessful casesweredueto
thepresenceof calciuminthetrajectory of thelead. Theme-
an duration of laser light application was 123.0+ 104.5 s,
using 5,215.2+ 4,924.0 pulses, in atotal of 24.4+24.2 cy-
clesof application. Thirty-four |eadswere extracted from
the myocardiumwith countertraction after complete pro-
gression of thelaser sheath, 12 |leads came loose during
the progression of the laser sheath, and the remaining 10
wer e extracted with other maneuvers. One patient experi-
enced cardiac tamponade after extraction of the defibril-
lator lead, requiring open emergency surgery.

Conclusion - Theuseof theexcimer laser allowed ex-
traction of theleadswith a 96% rate of success; it wasnot
effective in 2 patients who had cal cification on the lead.
One patient (2.8%) had a complication that required car-
diac surgery on an emergency basis.
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Theextraction of venousleadsof permanent pacema-
kersand defibrillators poses agreat challengeto artificial
cardiac stimulation, because of the high indices of failure
and complications observed with the different techniques
used.

Theclinical conditionsrequiring extraction of these
cathetersare luckily not frequent and includeinfectionin
the stimulation system, venousthrombosis, repetitive pul -
monary embolisms, or other situations associated with the
presence of acatheter and that constitute arisk to the pati-
ent'slife!2

The routine practice of abandoning leads with no
function hasal so becomeaproblemwiththeuseof multiple
electrodesof thedual-chamber and multisite pacemakers. In
the sameway, the el ectrodes of implantabl e defibrillators,
becauseof their large caliber and rough surface, al so cause
asevere problemwhenthey requirereplacement or extrac-
tion. This management increases the risk of pulmonary
thromboembolism, syndrome of the superior venacava,
and, frequently, hindersthe accessroute for placement of
new leads.

Threemajor approachesfor extracting venousel ectrodes
have been used asfollows: 1) direct external traction of the
leads, whichhasal ow successrateand ahighrisk of laceration
of the cardiac and venous structures; 2) cardiotomy, usually
performed with the aid of cardiopulmonary bypass; and 3)
internal countertraction, whichis performed with sheaths of
Teflon or polypropylenewith agood successrate?.

Internal countertraction isatransvenoustechnique,
and, consequently, lessinvasive than cardiotomy, there-
fore, being the preferred approachinmost services. It requi-
res, however, theintroduction of asheath that rel easesthe
lead to beextracted, and advancesinthevein, encirclingthe
lead until reaching thecardiac chamber, wherethee ectrodeis
implanted, to act assupport for themyocardium during lead
extraction. Theintroduction of this sheath may be perfor-
med using either mechanical dilatorsthat break thefibrous
tissuethroughout thetraj ectory of the electrodeor theexci-
mer laser that cutsthisfibrosis.
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Recent studiespublishedintheliterature have shown
the superiority of the technique that usesthe laser light,
which hasahigher rate of successin removing thefibrosis
and alower rate of complications.

The objective of thisstudy isto report the results ob-
tainedwiththeuseof theexcimer laser for extracting perma-
nent transvenous leads from 36 patients operated upon at
theof theUniversity of Sdo Paulo. Heart Institute(Medical
School)

Methods

During the period from September 1998 to June 2000,
weoperated upon 36 patientswith agesrangingfrom 1to 91
years(mean =54.2+21.9years). Twenty-two patientswere
malesand 14 werefemal es. Thecausesof thedisorder inthe
cardiac conduction systemwereasfollows: Chagas’ disea
sein 9 patients, degenerative diseasesin 6 patients, ische-
micdiseasein 5, and other causesin 16 patients. At themo-
ment of extraction, 23 patientswerebradycardi c because of
atrioventricular block in 17 patientsand sinusdysfunction
in6 patients.

Thereason for extracting the leads wasinfectionin
thestimulation systemin 19 patients, el ectivereplacement
of theelectrodein 13, and other causesin4 (tab. I).

The catheters extracted had been implanted from 8
monthsto 21.8 years (mean = 9066 months) previoudy, 47
being pacemaker leads and 9 being defibrillator leads. The
leadshad beenin placel onger inthegroup of patientswith pa
cemakers (mean = 103.2+63.6 months). Forty-two leadshad
beenimplantedintheright ventricleand 14intheright atrium. In
the patientswith defibrillators, thed ectrodeshad beeninplace
for ashorter period (mean=24.0+10.8 months) (teb. I1).

Table | — Clinical characteristics of the patients
Number of patients 36
Age (years) 542+ 219
Female/malesex 14/ 22

« Mandatory indication
Endocarditis/septicemia 3

* Necessary indication
Abscess in the pacemaker pocket 6
Skin erosion 9
Unclear fever 1

« Optional indications
Discontinuity 2
Elective replacement 13
Other causes 2

Tablell - Characteristics of the extracted leads

Electrodes per patient 1.55
Atrial/ventricular 14/42
ICD/PM 9/47
Length of stay (months) 90+66

ICD- implantable cardioverter defibrillator; PM- pacemaker.

240

Arq Bras Cardiol
2001; 77: 239-42.

The access route through which the leads had been
implanted wasthe cephalicveinfor 10leads, thesubclavian
veinfor 40, thejugular veinfor 3, and thefemoral veinfor 3
leads.

At the time when extraction wasindicated, 38 |eads
werebeing used, 14 had been abandoned in the pacemaker
pocket, and 4 had been abandoned inside the venous
system.

General anesthesiawas used in 34 patients, and local
anesthesiaassociated with sedation wasused in 2 patients.

TheCVX-300excimer laser emitsabeam of light of 308
nm, whichisnot visibletothehumaneye. Itisatypeof |aser
light that cuts using coldness: the temperature of the light
emittedisapproximately 50°C. At theti ssue depth of appro-
ximately 0.06 mm, 64% of theenergy isabsorbed, and at the
tissue depth of 0.18 mm, 95% of thisenergy is dissipated.
Light isabsorbed by lipids and proteins, but not by water,
which isthe major dissipation medium of other laser light
modalities; this allows photoabl ation of the fibrous bands
that surround the lead without damaging it, and with no
harm to the venous and cardiac structures.

Thebeamsof light areemitted by thedistal extremity of
flexible sheaths that are passed above the el ectrode to be
extracted, completely encirclingit after itsreleasefromthe
fibroustissue, providing circumferential support tothetip
of the electrode in the myocardium for the application of
internal countertraction. The body of this sheath contains
82 optical fibersthat conduct thelaser light asfar astheir
digtd portions, each onewithadiameter of 100mm. Progres-
sion of thelaser sheath upontheleadisobtained asthelight
beam cutsthefibroustissue, and it isfollowed by conti-
nuous fluoroscopy. Total release of thelead is obtained
when the sheath reaches the endocardium, in the cardiac
chamber wheretheel ectrodeisimplanted.

Threedifferent calibersof sheathexist: 12, 14, and 16 F,
corresponding respectively to 2.8 mm, 3.4mm, and4.2mm
of internal diameter,and4.1mm, 4.8mm, and 5.6 mmof exter-
nal diameter. The proper choice of caliber of the sheath
allowstheextraction of any model of lead usedinartificial
venous cardiac stimul ation.

Patients are preferably operated upon whilethey are
under general anesthesiawith orotracheal intubation. Inthe
horizontal dorsal decubitus position, under continuous mo-
nitoring of blood pressure and el ectrocardiography, the
patientsreceive adhesive platesfor cardiac stimulation and
percutaneous defibrillation. Antisepsisof theskinisperfor-
med with povidoneiodine, and sterilefieldsareplacedtoal-
low an easy accessfor sternal or lateral medianthoracotomy.
All material for thoracotomy should beeasily accessible.

After opening the pacemaker pocket, and with the
electrodealready rel eased fromthe generator of pulses, the
leadiscarefully dissected from the scareti ssuethat envelo-
pesit, and the suture sleeveisextracted. A smooth manual
traction isthen applied to check whether the extractionis
feasible without using the set of extraction sheaths, and
with no damageto thelead. If the manual extractionisnot
possible, the extraction procedure proceeds.
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The standard procedure for extracting the lead starts
withextraction of theconnector of thelead with asterilewire
cutter, and along proximal portion of theleadislefttoallow
handling of thelocking stylet and sheaths. Asthedistal part
of the conductor may be deformed by the use of thewire
cutter, asharp conical dilator isused to expand the coil and
allow the passage of thethickest possiblelocking stylet. A
common guidefor the pacemaker leadispassed at thistime
to assurethat thelumen of the conductor iscompl etely free
asfar asthedistal portionof thelead, whichisimplantedin
themyocardium, and also to provide an accurate measure-
ment of the distance at which the locking stylet should be
introduced. Theinternal diameter of the lumen of the con-
ductor isthen measured with aset of locking stylet measu-
rers. Thelocking stylet with the greatest possible diameter
isthenintroducedinto the coil until theend of thelumenis
reached and expanded, therefore, increasing therigidity
and the traction power of thelead. After thismaneuver, a
new traction may beappliedtotheleadto check whether its
rel easefromthemyocardiumisfeasiblewithout using coun-
tertraction.

If the electrodeisnot freed, the set of sheaths (thein-
ternal, which emitsthelaser light, and theexternal, of poly-
propylene) isappliedtothelead, usingit asaguidefor their
introduction. Theapplicationsof laser light arethen started,
each application lasting for 5 seconds, alwaysaccompanied
by fluoroscopy. Asthelaser sheath progressestowardsthe
heart, theexternal polypropylenesheath also advances, fre-
eing the adherences of the lead to the venous and cardiac
structures, until themost distal portion of theleadisreached
by thelaser sheath. At thispoint, theuseof thelaser lightis
interrupted, thelaser sheathisusedto providecircumferen-
tial support tothemyocardium, and, applyingtractiontothe
lead, itisextracted fromthemyocardium. Then, theentireset
(externa sheath, laser sheath, and lead) isextracted, and he-
mostasisisperformed at the site of introduction of the ca
theter by simplecompression.

Results

Fifty-four catheters were extracted, resultingin a
96.4% rate of success. The extraction of 46 |eads (82.1%)
wascomplete. In8 other leads, only themetallic tip remai-
ned attached to the myocardium (14.3%), and only 2 leads
could not beextracted at al (3.6%).

Theduration of laser light application ranged from 20
to 540 s (mean = 123.0+104.5), and 800 to 23,380 pul ses
(mean=5,215.2+4,924.0) wereapplied, inatota of 4t0119
cyclesof application (24.4+24.2).

Thefollowing mechanismsaccounted for therelease
of thelead from the myocardium: 1) countertraction after
complete progression of the laser sheath in 34 electrodes
(60.7%); 2) traction during progression of the sheathin 12
(21.4%); 3) only traction after compl ete progression of the
sheath dueto theimpossibility of countertraction (usually
because of adhesion of the lead to the lumen of the sheath
duetofibrosis) in4(7.1%); 4) only traction duetofailurein
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complete progression of the sheathin 2 (3.6%), and other
formsin4(7.1%).

One patient had cardiac tamponadeafter extraction of
the defibrillator lead, requiring open surgery on an emer-
gency basisfor correction of alaceration in thetip of the
right ventricle.

The2 unsuccessful caseswererelated to the presence
of alargeamount of calciuminthetrajectory of thelead.

Discussion

Inregard to extraction of leads, the state-of -the-art of
artificial cardiac stimulation hasreveal ed theadvantagesof
thetechniquesthat useinternal countertraction when com-
pared with other techniques.

The high rate of success obtained with the counter-
traction techniqueswith mechanical dilatorshasbeen repor-
tedintheliterature. Smith et al® havereported thefollowing
resultsobtained from 1988101994 inthe U.S. Lead Extrac-
tion Database: 86.8% of compl eteextraction; 7.5% of incom-
pleteextraction; 5.7% of failure; 2.5% of severecomplica-
tions; and 0.6% of mortality. Byrdet d 4, analyzing datacol-
lected from January 1994 to April 1996inthe samedatabase
in aperiod when these techniques were considered reaso-
nably stabilized, reported theresultsof extraction of 3,540
leadsfrom 2,338 patients: 93% of compl eteextraction; 5% of
partial extraction; 2% of failureinthe procedure, and 1.4%
of severecomplications. Kanthariaand K utalek® reported a
98% rateof successintheextraction of pacemaker and defi-
brillator leads, witha0.7% rate of severecomplications, re-
presented by 2 cases of cardiac tamponade.

Byrdetal 4, analyzing theresultsof theU.S. Lead Ex-
traction Database, concluded that therisk of failurein ex-
traction or of incompl ete extraction increases asfollows:
thelonger thetimetheleadisimplanted (p<0.0001); theless
experience the physician performing the procedure has
(p<0.0001); whentheelectrodeisimplanted intheventricle
(p<0.005); and theyounger thepatient is(p<0.0001). Onthe
other hand, therisk of complicationsincreasesasfollows:
thehigher the number of leadsto beextracted (p<0.005); the
lessexperiencethephysician performing theprocedurehas
(p<0.005); andin patientsof thefemalesex (p<0.01).

According to Kanthariaand Kutal ek 5, themajor cau-
sesof failure of extraction arerelated to: a) the severity of
thefibrousscar, whichincreaseswith thelength of timethat
theleadisimplanted; b) the experience of the physician per-
forming the procedure; and ¢) thetypeof electrodeto beex-
tracted. According to these authors, activefixation atrial
leadscoated with siliconearecompl etely extracted morefre-
quently than passivefixation ventricular leads coated with
polyurethane. Fibrosiscan bevery intenseat 4 monthsafter
implantation of electrodes coated with silicone, and at 6
monthsfor those coated with polyurethane®.

Theuseof laser light (replacing mechanical dilators) to
allow theintroduction of the sheaths for countertraction
hasresulted in areduction in the duration of the procedure
and hasincreased safety.
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In 1999, Wilkoff et al ® carried out astudy inwhich 301
patientswere randomized, using 2 techniquesfor counter-
traction, asfollows: in 1 group, mechanical dilatorswere
used, and, in the other group, the excimer laser was used.
They reported that theuse of thelaser light allowed thefol -
lowing results: compl eteextraction of theleadsin 94% of the
cases, partial extractionin 2.5% of thecases; failurein 3.3%
of thecases; and severe complicationsin 2.6% of the cases.
They also reported asignificant superiority (p =0.001) in
theresultsobtained withtheuseof thelaser light (94% suc-
cessfor the laser-assisted procedure, and 64% successfor
the conventional techniques) inasignificant number of pa-
tients, who, duetofailureor difficulty inextracting theelec-
trodeby classical techniques, migrated tothe group of pati-
entsrandomizedfor laser-assisted extraction (crossover in
72€electrodes) .

Kennergren 7, analyzing the results obtained by the
European Multicenter Study on excimer |aser-assisted ex-
tractionwith 179 cathetersapproached in 149 patients, has
reported thefollowing: completeextraction of 89.5% of the
electrodes; partial extraction of 6% of theelectrodes; failure
of extraction of 4.5% of the electrodes; severe complica-
tionswith 2.7% of the el ectrodes.

Theresultsobtained in our study, when compared with
thoseintheliterature, show thereproducibility of themethod.

The 96.4% rate of success and 2.8% rate of severe
complicationsareinaccordancewiththeratesfoundinthe
literature, eventhough theincidence of incompl ete extrac-
tion (14.3%) washigher inour study. Usingtheconclusions
of Byrd et a * and Kanthariaand Kutalek ® and analyzing
datashownintablesll| and 1V, we can observethat the po-
pulation reportedin our study hasahigher risk of failureand
of incompl ete extraction than those popul ations studied by
Wilkoff et al ®and Kennergren”.

Our patientsare amean of 11 and 14 years younger
than those studied by Wilkoff et al ® and Kennergren’; the
leadsin our caseshad clearly beeninplacelonger (39%and
32%, respectively), and the proportion of atrial leads as
compared with theventricular oneswaslower in our study
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Table |11 — Comparison of the results obtained with laser-assisted
extraction of catheters
Wilkoff Kennergren, InCor
eta., 1999 1999
Success 96.5% 95.5% 96.4%
Complete extraction 94% 89.5% 82.1%
Incomplete extraction 2.5% 6% 14.3%
Failure 3.3% 4.5% 3.6%
Severe complications 2.6% 2.7% 2.8%

Table IV — Comparison of the populations undergoing laser -
assisted extraction of catheters

Wilkoff Kennergren, Incor
etal., 1999 1999

Number of patients 153 149 36
Mean age (years) 65+18 68.3 54.2+21.9
Permanence (months) 6542 68.3 90+66
L eads/patient 1.59 1.2 1.55
Atrial/ventricular 125/118 104/57 14/42
Femalesex 33% 35% 39%

(0.33versus 1.06 and 1.83, respectively). All thesefactors
suggest ahigher risk of complicationsor of partial extrac-
tion. Theother 2 criteriaobserved, number of leadsper pa-
tient and proportion of femal e patients, havesimilar figures
for the 3 populationsanayzed.

Inconclusion, theuseof theexcimer laser hasallowed
extraction of catheterswith ahigh successrate and alow
level of complication. Thesecomplications, however, tend
to be severe, requiring immediate action to save the pati-
ent’slife, including the possibility of openthoracic surgery.
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