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Table 1 summarises the results of the diVerent extraction techniques. With the use of only
locking stylets, Alt et al achieved total removal
of 81% of 150 leads, partial removal of 12%,
and failure in 7%.6 There were no major complications. In the US lead extraction database,
extraction was attempted with either a conventional superior or an inferior approach.11 Complete removal was achieved in 86.8% and partial removal in 7.5% of 2195 leads. Major
complications occurred in 2.5% of the 1299
patients. Eight patients died (0.6%). In a paper
describing experience with lead extraction
between 1994 and 1996, Byrd et al reported
complete removal in 93%, and partial removal
in 5% of 3540 leads. Major complications
occurred in 1.4%, including one fatality.12
In a randomised trial, a laser sheath achieved
94% complete removal of the lead against 64%
with conventional sheaths during initial attempts
at extraction of 465 chronically implanted
leads.8 In a registry of laser sheath extraction in
1463 patients, complete success was achieved in
90% of 2249 patients and partial success in
3%.10 There were complications in 3.4% of
patients, including tamponade (1.4%) and
haemothorax (0.3%). Twelve patients died
(0.8%), mostly as the result of tamponade.
Byrd et al reported an increased risk of failed
or partial extraction with increasing implant
duration (doubling every three years).12
Implant duration was not linked to complications in any of the cited papers. However, major
complications of extraction of 2732 Accufix
leads (Telectronics Pacing Systems Inc,
Englewood, Colorado, USA), reported by the
Accufix Research Institute on www.accufix.com, increased from 2% at one year implant
duration to 8.3% with an implant duration of

Indications for extraction of chronically implanted pacemaker leads have been classified as
mandatory, necessary, or discretionary.1 2 In
published reports as well as in clinical practice,
most indications cited are non-vital. These
indications are often based on clinical judgement, even in published policy statements.3 We
therefore reviewed published work on this subject, starting from the Pubmed database, in an
attempt to provide an evidence base for the
benefits of lead extraction. We begin with a
brief overview of the results and complications
of current extraction techniques.
Lead extraction
Recently, comprehensive endovascular techniques have been developed for pacemaker lead
extraction.2 4 5 In the superior vena cava
approach, a locking stylet is introduced into the
lead and locked close to the distal electrode in
order to apply traction directly to the tip.6 If
gentle traction is not successful, telescoping
sheaths can be advanced over the lead to
disrupt fibrous binding of the lead to veins or
myocardium. When necessary, the tip of the
lead is freed by countertraction, the sheath
being positioned against the myocardium to
prevent inversion during traction on the lead.
Recently, a laser sheath has been introduced
which uses photoablation to disrupt the fibrous
bindings instead of mechanical force.7–10
In the transfemoral approach, the pacing
lead is grabbed with a deflecting guide wire or
retriever through a long sheath inserted from
the femoral vein.7 11 The proximal end of the
lead is pulled down from the subclavian vein.
Then the outer sheath is advanced over the lead
to disrupt the scar tissue, as with the superior
approach. When the myocardium is reached
countertraction is applied.
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Table 1

Results of major studies of pacemaker lead extraction
Technique
Locking stylets
only

Author
Number of patients
Number of leads extracted
Complete extraction (%)
Partial extraction (%)
Failure (%)
Major complications (%)
Death (%)

Alt et al
105
150
81
12
7
0
0

6

Conventional counter traction with
telescoping sheaths
Smith et al
1299
2195
86.8
7.5
5.8
2.5
0.6
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11

Byrd et al
2338
3540
93
5
2
1.4
0.04

12

Laser assisted counter traction
Kennergren9
149
179
89.5
6
4.5
0.6
0

Reiser et al10
1463
2249
90
3
7
3.3
0.8
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Pacemaker lead complications: when is extraction
appropriate and what can we learn from published
data?
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Infection
There are no randomised studies comparing
lead extraction with a conservative strategy
aimed at salvaging the leads and the generator.
Some reports have compared both treatment
options in a large patient population from a
single centre.
Lewis et al described 75 patients (including
10 with epicardial systems) presenting with
pocket abscess or erosion, including 17 patients
with positive blood cultures.13 From 32 patients
treated conservatively (antibiotics, limited debridement, and irrigation or aspiration of the
infected site) only one patient was cured. In the
other 43 patients, primary removal of all
hardware led to successful resolution of infection in all. Also, the 31 patients who failed conservative treatment were cured after removal of
the pacing system. Molina reported the outcome of infection in 21 pacemaker and 17 defibrillator patients.14 Infection persisted in all 12
patients treated with antibiotics only (including
two deaths). Primary removal of leads and generator in 26 patients cured all of them. These
data are supported by reports of primary
removal of the pacing system. Brodman et al
had a successful outcome in 41 of 42 patients in
whom all hardware was removed.15 One patient
died postoperatively because of persistent sepsis
from a retained lead segment. Klug et al tried to
remove all material either endocardially or surgically in 52 patients with pacemaker related
endocarditis.16 Two patients died after surgical
treatment. Infection reoccurred in two patients,
and three patients died late after the procedure
with symptoms of an infective syndrome.
Although successful conservative treatment of
infection is described in many case reports, only a
few papers mention success in a substantial
number of patients. Hurst et al described
successful eradication of infection in 19 patients
with infection limited to the pacemaker pocket or
skin erosion.17 Treatment consisted of extensive
debridement and generous enlargement of the
pocket to ensure adequate closure without
tension. The pocket was irrigated with a closed
irrigation system containing antibiotics and
tyloxapol. Garcia-Rinaldi et al successfully relocated the generator to a deeper subfascial plane in
the abdominal wall in 10 patients with exposed
pacemakers without gross signs of infection.18
It can be concluded that total removal of the
pacemaker system is the most reliable way of
eradicating any pacemaker related infection, and
most clinicians agree on extraction in the event
of systemic infection. Attempts at conservative
treatment should be limited to patients presenting with skin erosions or low grade pocket infection. If chosen, relocation of the pacemaker to a
deeper plane is advisable, along with careful
attention to alleviating skin erosion by any hardware. If the attempt at conservative treatment
fails, complete extraction is advised.
Whenever extraction is attempted, complete
removal of the pacing system is important. Per-
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sistence of infection has been described in
17–77% of patients in whom only the generator
was removed.19–22 With this approach, Parry et
al reported three deaths among 53 patients and
Rettig et al four deaths among 21 patients.
Failure to extract the entire lead can lead to
persisting infection. Lewis et al needed to do a
thoracotomy to remove a retained lead segment
in three of four patients with failed endovascular extraction before infection was controlled.13
Molina had to reoperate on two patients with a
retained lead before infection was controlled.14
There is also concern in pacemaker related
endocarditis over embolisation of vegetations
adhering to the lead when endovascular
extraction is attempted. Klug et al removed
leads intravascularly in 38 patients with vegetations of less than 10 mm.16 Although pulmonary scintigraphy in 33 patients showed a 30%
new embolisation rate, these were without
clinical sequelae. Surgical extraction was performed in 10 patients with larger vegetations.
In this group, two deaths occurred after septic
complications. This is an argument for expanding endovascular lead removal to include
patients with larger vegetations, as there is no
evidence of a deleterious eVect of endovascular
extraction compared with surgical extraction.
It is useful to reconsider the indication for
pacing after successful extraction of the
infected pacing system. Discontinuation of
pacemaker treatment after lead extraction is
reported in 13–52% of patients.13 23 24 In these
patients, there is no advantage in salvaging a
non-used pacing system.
Risk of venous occlusion
Meyers et al and Byrd et al stated that if too
many leads are present, the resultant reaction
has a high probability of obliterating the vein.1 2
As it is, non-functional leads make up 31–40%
of indications for lead extraction.6 11 12
However, abandoned non-infected leads,
with the wires insulated and the lead securely
fastened to the fascia, have a very low complication rate. Furman et al and Parry et al
reported complications in, respectively, one of
152 and two of 119 patients with abandoned
leads.21 25 In a recent prospective study, de
Cock et al found no diVerences with respect to
thrombotic complications in 48 patients with
multiple leads (39 patients with three leads,
nine with four leads) versus 48 age matched
control patients with dual chamber pacemakers.26 Of all phlebographic studies, only Pauletti
et al described an increased incidence of occlusion with multiple (mostly two) leads compared with single leads (26% v 8%).27–33
In contrast to an incidence of between 8%
and 21% of occlusion of the subclavian or
brachiocephalic vein in these studies, the
incidence of pacemaker induced superior vena
cava syndrome is reported to be very low, at
0.03–0.4%.34–36 In a review by Mazetti et al
reporting 37 cases of superior vena caval
obstruction, only five patients had one or more
abandoned but intact leads.36 Thus it is unlikely
that properly abandoned leads are a prime risk
factor for occlusion.
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more than five years. Physician’s lack of experience, increasing numbers of leads extracted,
and female sex have, however, been associated
with an increased risk of complications.11 12
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contralateral site is saved as an entry point in
case of future complications.
Although Seeger and Scherer showed new
pulmonary emboli on pulmonary scintigraphy
after pacemaker implantation in three of 20
patients not treated with anticoagulation,40
clinically evident pulmonary embolism is
rare—only one of 520 patients in the report by
Porath et al.41 Furthermore, other predisposing
factors are often present.42 Anticoagulation is
usually
suYcient
to
prevent
further
embolisation.41–45 However, if embolisation
persists despite anticoagulation, the mortality
can reach 75% if the lead is not removed.41
Accufix and Encor leads
Protrusion of a fractured J shaped retention
wire of Accufix and Encor bipolar atrial leads
(Telectronics Pacing Systems) has been implicated as the cause of death in only six of 30 357
patients. The probability of remaining free of
injury is 99.9% at five years after implantation,
the rate of injury being linear or decreasing
slightly as time from implant increases.46 However, lead extraction might have prevented
injury in high risk patients: eight years after
implantation, only 40% of the surviving population still had the Accufix lead in place.47 On
the other hand, major complications of lead
extraction—including 15 fatalities—occurred
in 4.5% of 4076 patients.48 Also, as reported by
the Accufix Research Institute on www.accufix.com, major complications of extraction
increased from 2% at one year of implant
duration to 8.3% with an implant duration of
more than five years.
In conclusion, if the retention wire is intact,
serial fluoroscopy to screen for the integrity of
the J wire is appropriate. Extraction is advised if
the J wire is protruding or has migrated, as this
has the highest potential to cause injury. In
patients with a suspected fracture and a longer
life expectancy, extraction can also be advised.
In elderly patients or those with serious comorbidity, serial screening can be an alternative in
this instance. Where elderly patients present
with a protruded or migrated J wire, decisions
should be made on a case by case basis.
Miscellaneous
Endocardial leads inadvertently implanted in
the left ventricular cavity should be removed
immediately after implantation. If already
chronically implanted, anticoagulation is reported to be eYcient as primary or secondary
prevention of cardioembolic stroke, although
some authors prefer extraction.24 49–51 In our
opinion, extraction should be reserved for
recurrent embolisation occurring despite adequate anticoagulation, or where anticoagulation cannot be used. A surgical approach is
preferred because of the risk of systemic
embolisation with advancement of sheaths over
the lead, even though Trohman et al described
percutaneous extraction in a patient on chronic
warfarin treatment without complications.52
Tricuspid valve insuYciency is sometimes
cited as an indication for lead extraction.8 53
However, the outcome of extraction on valvar
function is never mentioned.8 Furthermore, we
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It is important to realise that in contrast to an
intact abandoned lead, infected or severed leads
after failed extraction attempts do constitute a
risk factor for venous occlusion. Infection was
present in 30% and a severed lead in 43% of the
37 patients described by Mazetti et al, including
nine with both infection and a severed lead.36
Zerbe et al reported superior vena cava syndrome in two patients after previous extraction
attempts.37 Mitrovic et al performed phlebography in 12 patients with right sided severed leads
in whom the free distal end was left unsecured
intraluminally.30 Complete superior vena caval
obstruction was observed in two patients, all
others having an occluded brachiocephalic or
subclavian vein. In contrast, only 15 of 100 consecutive patients with normal functioning leads
had venous occlusion.
In conclusion, there is no evidence that properly abandoned leads are a risk factor for venous
occlusion and they should not be routinely
extracted. Although an argument is sometimes
made that an “excessive” number of leads will
inevitably give rise to complications, there is no
published evidence to support this. Further
investigation into the natural history of patients
with multiple leads, and also into the thrombogenicity of the extraction procedure itself, is necessary before lead extraction can be considered
beneficial with any number of leads present.
Although there are no reports specifically
addressing non-functional leads in young patients, special considerations may apply to this
population—for example, the likely need for
multiple implants in the future, long implant
duration, and small body size. From the
viewpoint of lead extraction, timely extraction
may increase the success rate and avoid the
complications of having to extract multiple leads
with a longer implant duration in the future. In
particular, the lack of proof that abandoned
leads are harmful does not justify indiscriminate
extraction of non-functional leads, even in
young patients. Furthermore, a smaller body
size may increase the risks of lead extraction—
the higher complication rate described in female
patients could well be related to body size, so the
same may also be true for young patients.11 12 A
sensible approach therefore may be to extract
only leads with a short implant duration using
technology adapted to the body size.
An exception to this recommendation may
be pacemaker related venous obstruction,
where lead extraction can result in recanalising
the occlusion. Ing et al first extracted the malfunctioning lead that caused superior vena
caval or innominate vein obstruction in two
patients.38 They then passed a guide wire
through the obstruction and dilated and
stented the vein, after which they implanted a
new lead. We used a laser sheath in three
patients with venous occlusion to extract
dysfunctional leads and cross the obstruction.39
We then inserted a guide wire beyond the
obstruction to secure access to the central
venous circulation before removing the
sheaths. Subsequently, new leads were implanted by the same route. In this way, the risk
of bilateral occlusion is avoided and the
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Table 2

Indications for pacemaker lead extraction

Non-functional leads
Patent venous system: abandon dysfunctional leads, insert new
leads ipsilaterally
Occluded venous system: extraction of a non-functional lead and
insertion of new leads through exchange procedure
ipsilaterally
Thrombotic complications
Vena cava superior syndrome: consider extraction of
non-functional lead and dilatation and stenting of vena cava
obstruction
Pulmonary emboli: oral anticoagulation, lead extraction only if
embolisation persists
Accufix and Encor leads
Intact retention wire: serial fluoroscopy
Suspected fracture: lead extraction if longer life expectancy and
low risk of extraction, else serial fluoroscopy
Protruding or migrated retention wire: lead extraction, if high risk
of extraction decide on case by case basis
Miscellaneous
Chronically implanted left ventricular endocardial leads:
anticoagulation, surgical extraction if recurrent embolisation
Lead related tricuspid valve insuYciency: no proven benefit of
lead extraction

have found significant new regurgitation jets after
ventricular lead extraction with a laser sheath in
four of 14 consecutive procedures, as a result of
direct injury to the tricuspid valve leaflets.54
Arrhythmia is rarely an indication for extraction and most probably results from severed or
free floating lead segments.4 55
Conclusions
Current intravascular extraction techniques are
eVective for extraction of pacemaker leads.
However, there are still complications to be
taken into account and there is a clear learning
curve.7 12 Published reports provide solid support in favour of lead extraction in cases of
infectious complications. Lead extraction as
primary treatment, even for localised infections, will result in the best opportunity to cure
the infection and prevent systemic complications. The indications for lead extraction are
summarised in table 2.
In contrast, although there is a tendency to
extract all malfunctioning superfluous leads
during revision, the current complication rate
of endovascular extraction techniques still outweighs the small risk of leaving the leads properly secured in the patient. The outcome of
lead extraction of Accufix or Encor leads shows
that, although various lead related complications might have been prevented, the risk of
indiscriminate extraction can outweigh the
inherent risk of the targeted complication.
Therefore the possibility of extracting a lead
may not necessarily be accompanied by an
indication for lead extraction.
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IMAGES IN CARDIOLOGY

Kawasaki’s disease
A 27 year old woman was admitted with a history of typical crescendo angina pectoris for 10
days. There were no abnormal findings at
clinical examination. Consecutive ECGs
showed symmetric negative T waves in precordial leads. Troponin I concentration was
2.5 ng/ml (normal range 0–1.6 ng/ml). There
was no evidence of systemic inflammation in
laboratory investigations. The patient’s coronary risk factors comprised smoking (one pack a
week) and hypercholesterolaemia (total cholesterol 243 mg/dl (6.28 mmol/l)).
Echocardiography showed normal left ventricular wall motion and heart valves. Coronary
angiography was undertaken and revealed severe
three vessel coronary artery disease with an
occluded aneurysm of the right coronary artery
adjacent to the ostium, and a huge calcified
aneurysm of the left main coronary artery,
including the proximal parts of the left anterior
descending and the circumflex coronary artery
(right). The distal parts of these two arteries were
significantly altered with dilated and stenotic
lesions. Using duplex sonography and angiography, aneurysms of the large arteries of the
upper and the lower limbs could be excluded.
An extensive medical history revealed that
12 years previously the patient had experienced
a severe, prolonged, unexplained febrile illness,
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with a maculopapular rash of the trunk, erythema
followed by desquamation of the hands, sinusitis,
cardiomegaly, serous meningitis, and cervical
lymphadenopathy. Therefore a retrospective
diagnosis of Kawasaki’s disease was made.
After a successful aortocoronary bypass
operation the patient made an uneventful
recovery, and was discharged on aspirin, a statin, and a â blocker.
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