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Abstract

OBJECTIVES: Transvenous lead extraction using mechanical rotational- or laser sheaths is an established procedure. Lead dwell time has
been recognized as a risk factor for extraction failure and procedure-related complications. We therefore investigated the safety and effi-
cacy of transvenous extraction of leads with an implant duration of more than 10 years.

METHODS: Between January 2013 and March 2017, a total of 403 patients underwent lead extraction in 2 high-volume lead extraction
centres. One hundred and fifty-four patients with extraction of at least 1 lead aged over 10 years were included in this analysis. Laser lead
extraction was the primary extraction method, with additional use of mechanical rotational sheaths or femoral snares, if necessary. All pro-
cedural- and patient-based data were collected into a database and retrospectively analysed.
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RESULTS: Mean patient’s age was 65.8 ± 15.8 years, 68.2% were male. Three hundred and sixty-two leads had to be extracted. The mean
lead dwell time of treated leads was 14.0 ± 6.1 years. Complete procedural success was achieved in 91.6% of cases, while clinical success
was achieved in 96.8%. Failure of extraction occurred in 3.2%. Leads that could not be completely removed had a significantly longer
lead dwell time (18.2 vs 13.2 years; P = 0.016). Additional mechanical rotational sheaths or femoral snares were used in 26 (16.9%)
patients. Overall complication rate was 4.6%, including 5 (3.3%) major and 2 (1.3%) minor complications. There was no procedure-related
mortality.

CONCLUSIONS: Transvenous lead extraction in leads aged over 10 years is safe and effective when performed in specialized centres
and with use of multiple tools and techniques. Leads that could not be completely extracted had a statistically significant longer lead
dwell time.

Keywords: Lead extraction • Laser lead extraction • Mechanical lead extraction • Pacemaker lead extraction • Implantable cardioverter
defibrillator lead extraction

ABBREVIATIONS

ICD Implantable cardioverter defibrillator
RV Right ventricular/ventricle

INTRODUCTION

The number of cardiac implantable electronic devices has been
rising in recent years due to an ageing population and expan-
sions in implantable cardioverter defibrillator (ICD)- and cardiac
resynchronization therapy (CRT) indications. With a growing
number of cardiac implantable electronic device implantations
and revisions, the number of device-related complications with
necessity for lead extraction procedures has been rising [1–6].
More and more patients are implanted with multiple leads, and
treated with cardiac implantable electronic device over long time
periods. The number of leads adds to the procedural complexity
of lead extraction in these patients [7]. Furthermore, the lead im-
plant duration has been recognized as a risk factor for procedural
failure and lead extraction-related complication. In recent years,
several lead extraction techniques have been used and reported
in the literature. In cases where manual traction does not allow
for successful lead extraction, use of femoral snares, mechanical
rotational- or laser sheaths have been described [7–10].
Especially, in leads with long implant duration and strong adhe-
sions, either the use of mechanical devices or laser sheaths ena-
bles high procedural success rates [11–13]. However, extraction
of chronically implanted leads remains a complex procedure
with associated morbidity and mortality [12, 14, 15]. Especially in
patients with very old leads, there is an increased risk of extrac-
tion failure or incomplete procedural success rates. Furthermore,
the risk for procedure-associated complications is increased. In
complex cases, including very old leads, the combination of mul-
tiple extraction tools might enhance procedural success rate. We
here investigated success- and complication rates of lead extrac-
tion procedures in patients with leads implanted for more than
10 years.

MATERIALS AND METHODS

Between January 2013 and March 2017, a total of 403 patients
underwent lead extraction in 2 high-volume extraction centres.
All patients with at least 1 treated lead implanted for more than

10 years (n = 154) were included in this study. IRB approval was
obtained for the study (ÄK Hamburg WF-026/17).

Laser lead extraction with 80-Hz high-frequency laser sheaths
was the primary extraction method. If necessary, additional tools
like mechanical rotational sheaths (Evolution R/l Cook Medical;
TightRail Spectranetics/Philips Medical), femoral snares (Needle
Eye Snare, Cook Medical) or lassos (ev3 Amplatz Goose Neck
Snare, Covidien) were used. The patients were referred from ex-
ternal hospitals or from the outpatient clinic of the 2 centres.
Data were collected into a computerized database at the time of
the procedure and retrospectively analysed.

Lead extraction and reimplantation technique

All procedures were performed under fluoroscopic guidance in
a conventional cardiac surgical- or hybrid operating room
under general anaesthesia as previously described [16, 17].
Invasive arterial blood pressure monitoring was performed.
Transoesophageal echocardiography was used throughout the
procedure. All patients were prepared for sternotomy with heart
lung machine standby. In cases that were classified as high-risk
procedures, 6-Fr sheaths were placed in the femoral artery and
vein. A 6-Fr pigtail was introduced through the venous sheath
and brought into SVC level. This pigtail was used to perform a ve-
nography if necessary.

Risk classification was left due to operator’s discretion. Factors
like lead age, number of leads, young patient age and dual coil
ICD leads were taken into consideration for decision whether to
place femoral sheaths.

Leads were dissected using electrocautery and the sleeves
were removed. Lead locking devices (LLDTM—Philips Healthcare)
were placed in the inner lumen of the leads. Laser lead extraction
was performed using 80-Hz laser sheaths (GlideLightTM, Philips
Healthcare). Sheath sizes included 12-, 14-, or 16-Fr sheaths.
Laser lead extraction was performed as previously described [16].
If necessary, 11- or 13-Fr mechanical rotational sheaths
(TightRailTM, Philips Healthcare or EvolutionVR , Cook Medical Inc.,
Bloomington, IN, USA) were additionally employed. In case of
lead fracture or residual lead fragments, femoral snares One
Snare, EN Snare (both Merit Medical, South Jordan, UT, USA),
Needle’s Eye Snare (Cook Medical Inc., Bloomington, IN, USA) or
lassos (ev3 Amplatz Goose Neck Snare, Covidion, Ireland) were
utilized (Fig. 1).

Device reimplantation was performed complementary to lead
extraction as a one-step procedure from the contralateral side in
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patients without systemic infection. In patients with pocket infec-
tion, local surgical debridement of the pacemaker/ICD pocket
was conducted. Antibiotic prophylaxis was administered for
reimplantation. In patients with systemic infection, either a 2-
step approach with transvenous device reimplantation in an
infection-free interval was conducted or epicardial leads were
implanted

In patients with pacemaker dependency, a new active-fixation
right ventricular (RV) pacing lead was inserted at the ipsilateral
side, subcutaneously tunnelled and connected to an externalized
pacemaker device for temporary pacing, as previously described
[16, 18]. Device reimplantation of the permanent device and re-
moval of the temporal RV lead were then performed in an
infection-free interval. In some CRT patients, alternatively, an epi-
cardial left ventricular (LV)-lead was placed through a left-lateral
mini-thoracotomy and connected to a VVI pacemaker. In an
infection-free interval, an additional transvenous RV-
defibrillation and RA lead were implanted and the device was
upgraded to a CRT-D device.

Definitions

The removal of leads was classified as lead extraction when the
use of advanced extraction tools like Excimer laser- and/or me-
chanical rotational sheath was necessary. Laser treatment time is
defined as the device-determined operating time during which
laser pulses are emitted and the impulses delivered characterize
the number of actually applicated laser impulses. Procedural suc-
cess- and complications rates were determined according to the
2017 Heart Rhythm Society Expert Consensus paper on transve-
nous lead extraction [19].

Statistical analysis

Categorical variables are displayed as frequencies and percen-
tages. Continuous values are expressed as mean ± standard devi-
ation and were compared using Student’s t-test. A P-value <0.05
was considered statistically significant. Statistical analysis was
conducted using SPSS 21.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

Lead extraction indications

Indications for lead extraction included pocket infection in 43
(27.9%) patients and systemic infection in 55 (35.7%) patients.
Lead dysfunction was the indication for lead extraction in 36
(23.4%) patients, system upgrade in 9 (5.8%) patients, venous ste-
nosis or occlusion in 2 (1.3%) patients, chronic pain in 2 (1.3%)
patients and other indications in 7 (4.6%) patients (Table 1).

Patient demographics

Mean patient age was 65.8 ± 15.9 years, and 68.2% were male.
Mean body mass index was 26.3 ± 4.5. Arterial hypertension was
present in 110 patients (71.4%), while 38 (24.7%) had diabetes
mellitus. Chronic kidney disease was diagnosed in 51 (33.1%)
patients and 40 (26.05) patients had a severely reduced left ven-
tricular ejection fraction (LVEF) (<30%). Thirty-nine patients
(25.3%) had a previous cardiac surgical procedure. Detailed pa-
tient characteristics are shown in Table 1.

Lead characteristics

A total of 362 leads were treated, including 128 (35.4%) atrial,
209 (57.7%) RV and 25 (6.9%) coronary sinus leads. Eighty-five
ICD leads were treated including 30 (14.4%) single-coil and 55
(26.3%) dual-coil leads. The mean lead dwell time of treated leads
was 14.0 ± 6.1 years. Two hundred and fourteen (59.1%) leads
were implanted from the left side while 148 (40.9%) were
implanted from the right side. An active lead tip fixation was pre-
sent in 245 leads (68.8%) and passive fixation in 117 leads
(32.3%). The mean number of leads per patient was 2.6, and the
mean number of treated leads was 2.4. Lead demographics are
shown in Table 2.

Table 1: Patient demographics

Patients n = 154

Demographics
Age (years) 65.8 ± 15.9
Male gender 105 (68.2)
Ejection fraction <30% 40 (26.5)
Previous cardiac surgery 39 (25.8)
Pacemaker dependency 55 (35.7)
Chronic kidney disease 51 (33.1)
Coronary artery disease 58 (37.7)

Indication for lead removal
Pocket infection 43 (27.9)
Systemic infection 55 (35.7)
Lead dysfunction 36 (23.4)
System upgrade 9 (5.8)
Chronic pain 2 (1.3)
Venous stenosis/occlusion 2 (1.3)
Other indications 7 (4.6)

Continuous variables are expressed as mean ± standard deviation and cate-
gorical are expressed by values and percentages.

Figure 1: Armentarium used for extraction of old leads. From top to bottom:
Evolution Cook Medical, GlideLight Spectranetics/Philips, TightRail
Spectranetics/Philips, Evolution Shorty Cook Medical, Amplatz Goose Neck
Snare Covidien (left), Needle’s eye snare Cook Medical (right).
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Procedural data

The mean procedural time was 119.5 ± 61.1 min, and the mean
fluoroscopy time was 14.8 ± 9.7 min; 12-, 14- or 16-Fr 80-Hz
GlideLight Laser sheaths were used in all patients. The mean laser
treatment time was 71.7 ± 69.3 s, and the mean number of laser
impulses was 5515.4. Additionally, mechanical rotational sheaths
were also used in 25 patients, while femoral snares were addi-
tionally used in 3 patients (in 2 patients in combination with me-
chanical rotational sheaths and laser).

Success and complication rates

Complete procedural success was observed in 141/154 patients
(91.6%), while clinical success was achieved in 149/154 (96.8%)
cases. A failure of extraction was seen in 5 (3.3%) patients. Three
hundred and forty-four of 362 (95.0%) leads were completely
extracted, whereas partial removal was observed in 10 leads
(2.8%). Complete failure of lead extraction was seen in 8 (2.2%)
leads in 5 patients (3.2%). Leads that could not be completely re-
moved were significantly older than leads where complete ex-
traction success was achieved (18.2 vs 13.2 years; P = 0.016). The
overall complication rate was 4.6%. Five major (3.3%) and 2
(1.3%) minor complications occurred. The major complications
included 1 perforation of the lateral side of the superior vena
cava, 1 laceration of the right atrium at SVC level, 1 perforation
of the right atrial appendage, 1 pericardial effusion requiring a
pigtail catheter, and damage of the tricuspid valve requiring tri-
cuspid valve surgery. This complication occurred in a patient in
whom besides laser sheaths, a mechanical rotational sheaths was
used. Emergency sternotomy was necessary in 3 patients and car-
diopulmonary bypass was used in 2 of these patients. In the pa-
tient with right atrial appendage perforation, the perforation was
sutured without cardiopulmonary bypass. All patients with major
complications could be discharged from hospital without further
neurological complications. Two minor complications including
1 pocket haematoma, that had to be surgically revised, and 1
hematothorax with necessity for a pleura drain, were observed.
Complications are displayed in Table 3.

No procedure-related death occurred in any of the patients in
the study group. In-hospital mortality was 1.3%. One patient with
systemic infection died during in-hospital stay due to sepsis-
related multi-organ failure. A further patient with systemic infec-
tion experienced a progressive RV failure the day after lead ex-
traction. The patient received a VA extracorporeal membrane
oxygenation for haemodynamic stabilization. Unfortunately, the
patient experienced a fulminant stroke at postoperative day 4
and died.

DISCUSSION

In this study including leads with a mean lead dwell time of
14 years, we have shown a high rate of complete lead extraction
(95.0%) and high rates of procedural (91.6%) and clinical success
(96.8%). Furthermore, we did not observe any procedure-related
death, and the minor- and major complication rates were 1.3%
and 3.3%, respectively.

In our study, leads that could not be completely removed had
a significantly longer lead dwell time compared with leads that
were completely lead extracted. However, the high complete
lead extraction rate of 95% despite long lead dwell time could
only be achieved by use of multiple tools. In our study, in 26
patients, besides laser sheaths, mechanical rotational sheaths,
femoral snares, or both were used. In patients with calcified
adhesions, for example, use of mechanical rotational sheaths was
necessary in order to free the leads from these adhesions.
Furthermore, leads with previous extraction attempts and lead
fracturing, or intraoperative lead breakage sometimes necessitate
the use of femoral snares. The necessity for multiple extraction
tools in older leads is in line with a previously published study by
Rinaldi et al. [20]. Here, in the group of patients with longer lead
dwell time (11.6 vs 6.6 years), more patients needed additional
femoral lead extraction techniques. The use of different techni-
ques and tools allows for a patient-tailored individual extraction
strategy, resulting in a higher procedural success rate. Especially,
when treating those leads with very long lead dwell time,

Table 2: Lead demographics

Number of treated leads n = 362

Time from implantation (years) 14.0 ± 6.1
Lead type

Atrial lead 128 (35.4)
Ventricular lead 209 (57.7)

PM 124 (59.3)
ICD single coil 30 (14.4)
ICD dual coil 55 (26.3)

Coronary sinus lead 25 (6.9)
Lead fixation

Active 245 (67.7)
Passive 117 (32.3)

Side of implantation
Left 214 (59.1)
Right 148 (40.9)

Continuous variables are expressed as mean ± standard deviation and cate-
gorical are expressed by values and percentages.
ICD: implantable cardioverter defibrillator; PM: pacemaker.

Table 3: Outcome and complications

Number of treated leads n = 362

Extraction
Complete 344 (95.0)
Partial 10 (2.8)
Failure 8 (2.2)

Number of treated patients n = 154
Outcome

Complete procedural success 141 (91.6)
Clinical success 149 (96.8)
Failure 5 (3.2)

Complications
Minor 2 (1.3)
Major 5 (3.3)

SVC laceration 2 (1.3)
RA perforation 1 (0.7)
Pericardial effusion 1 (0.7)
Tricuspid valve damage 1 (0.7)

Overall 7 (4.6)

Continuous variables are expressed as mean ± standard deviation and cate-
gorical are expressed by values and percentages.
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physicians performing extractions should be familiar with differ-
ent extraction tools and techniques.

Regarding complication rates, our study shows a slightly higher
rate of major complications (3.3%) in comparison to other previ-
ously published transvenous lead extraction studies. Previous la-
ser lead extraction studies have reported major complication
rates of 0.9–2.5%, however, with lead dwell times ranging be-
tween 5.4 and 6.8 years [11, 15–17, 21]. Studies using mechanical
rotational sheaths have shown major complication rates between
0% and 1.5%. The lead dwell times in these studies were between
7.1 and 9.1 years [22–25]. Therefore, the significantly shorter lead
dwell time in these studies might have contributed to a reduced
rate of major complications. In a study by Malecka et al. [26], in-
cluding 43 patients with lead implant duration >20 years, the
complication rate was 4.6% (2.3% major complications and 2.3%
minor complications), which is comparable to our results. The
use of additional tools like mechanical rotational sheaths or
snares was not associated with an increased rate of major com-
plications in our study. One major complication (Tricuspid valve
damage) was seen in a patient in whom besides laser lead extrac-
tion, a mechanical sheath was used. No vascular lacerations were
seen in any patient, when besides laser sheaths, mechanical rota-
tional sheaths or snares were used. However, the number of used
additional tools (mechanical sheaths, snares), as well as the abso-
lute number of major complications, was too low to adequately
address this question and larger studies are needed to finally an-
swer the role of several additional tools on complications in
complex extraction cases.

Although 5 patients in our series experienced major complica-
tions, and 3 needed emergency sternotomy, none of the patients
died or suffered a persisting neurological disability. This shows
that in reasonable operative settings, and with careful preopera-
tive preparation, an experienced team can usually deal well with
those major complications. However, it is essential to mention
that all of our patients were treated in general anaesthesia under
advanced haemodynamic monitoring including invasive arterial
blood pressure monitoring and surveilled by transoesophageal
echocardiography. All of them were also prepared for emergency
sternotomy and all interventions were performed with ‘true’
stand-by option for extracorporeal circulation. Furthermore, in
high-risk cases, at the beginning of the procedure, venous and
arterial sheaths were placed in the femoral vessels for safety rea-
sons. These may crucially accelerate the establishment of cardio-
pulmonary bypass in case of haemodynamic deterioration due
to severe vascular injury during extraction procedure. Those
careful pre- and intraoperative arrangements together with the
experience of operators were the decisive points for patient sur-
vival in all our cases with major complications.

Regarding the procedural success rates, laser lead extraction
studies have shown success rates ranging between 90% and
100% [11, 15–17, 21], while studies using mechanical rotational
sheaths have reported procedural success rates between 80%
and 98.3% [22–25]. With a complete procedural success rate of
91.6%, our results are well in line with those previously published,
although our study includes leads with much longer lead dwell
time.

In the field of lead extractions, there is an ongoing debate con-
cerning the aggressivity of lead management. In cases with local
or systemic infection, there is a clear evidence with class I indica-
tion in the guidelines [19] for complete lead and device removal.
The question whether to extract or abandon a superfluous lead
in non-infectious cases is, despite a certain evidence, still not

finally resolved. Pokorney et al. analysed a cohort of 6859
patients with non-infected leads, where 16.2% (1113) of patients
underwent lead extraction procedure, whereas in all other
patients, the malfunctioning leads were capped and left in place,
for short- and long-term outcome. They found no difference in
survival between the groups in short-term and in 5-year follow-
up. However, the group with elective lead extraction was associ-
ated with lower risk of long-term device-related infections rela-
tive to lead abandonment group. Similar results were published
by Kutarski et al. [27]. In their study assessing late consequences
of abandoned leads, they found a higher risk of device infections,
technical problems during subsequent lead extractions and worse
long-term outcome in patients with abandoned leads. Although
the available data are indicating that more electrodes lead to
more intravascular adhesions, more thrombosis, vascular occlu-
sions and have a higher risk of device infections in the long term,
the dramatic consequences of vascular injuries with fulminant
bleeding and the consequences of cardiovascular arrest and
eventual neurological complications with hypoxic brain damage
or even a fatal outcome keep the enthusiasm for ‘all-extracting
strategy’ under control. This is strengthened by the assumption
that the longer lead dwell time will influence the success and in-
crease substantially the complication rate and mortality while
performing the lead extraction. This raises the question whether
different strategies should be applied depending on the lead
dwell time and should electrodes with a long implant time only
be removed in the case of proven device infection or lead endo-
carditis? With regard to this, our study with a mean lead dwell
time of 14 years showed a slightly higher complication rate in
comparison to transvenous lead extraction studies with signifi-
cantly shorter dwell times (between 5.4 and 6.8 years [11, 15–17,
21] and 7.1 and 9.1 years [22–25], respectively). Despite the fact
that older leads are more difficult to extract, we were able to
achieve high rates of procedural- as well as clinical success.
Notably, this was in a substantial number of cases possible only
when combining different extraction techniques (laser with me-
chanical rotational sheaths and snares).

However, despite our encouraging data, the patients with very
long lead dwell time often tend to possess serious comorbidities,
which may influence the individual risk of lead extraction.
Therefore, in all cases where both lead extraction and abandon-
ing of leads can be considered, all risks and benefits of each strat-
egy should be discussed in a heart team and with the patient and
afterwards an individualized, patient-tailored strategy should be
applied.

CONCLUSION

When taking into account the possible late consequences of
abandoned leads and the results from our study, showing high
clinical success and low complication rates, we believe that it is
reasonable to perform lead extractions of very old leads in expe-
rienced centres. However, the more frequent necessity for utiliza-
tion of multiple extraction tools requires more experience and
versatility of the operator and increases the costs of surgery.
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