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The aim of the investigation was to study the issue of making challenging decisions concerning abandonment or removal of 
non-infected superfluous leads during lead revisions or cardiac implantable electronic device upgrades.

Materials and Methods. From 2010 to 2019, a total of 482 patients who had undergone cardiac implantable electronic device 
implantation in the past were admitted to hospital for generator replacement or lead revision. In 126 patients, 155 malfunctioning leads were 
found. Mean age of the patients was 59.2±16.7. Total venous occlusion was found in 10 cases of these patients. All patients were divided 
into two groups: extracted leads group (n=83) and abandoned leads group (n=43). The main factor which influenced our strategy was the 
mean age of the lead. In group 1 the mean age of the lead was 6.9±5.6 years. In group 2 it was about 12 years.

Results. Lead extraction was performed by manual traction in 69 (61.7%) leads, by lead locking device in 32 (28.5%) leads, and 
11 (9.8%) leads were removed using TightRail rotating dilator sheath. In 1 case of total occlusion of the superior vena cava, we performed a 
video-assisted thoracoscopic lead extraction at the time of vein occlusion recanalisation and electronic device reimplantation. In abandoned 
leads group 3 patients had lead-related complications.

Conclusion. Transvenous lead extraction with the mean age of the lead less than 10 years is an effective and safe strategy. Preventive 
transvenous lead extraction of non-infected leads allows avoiding lead-related complications in the long-term period.
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Introduction

The use of cardiac implantable electronic devices 
(CIEDs) has been steadily increasing over the last 
years. CIEDs have become established as an important 
therapeutic modality of cardiovascular care for the 
treatment of patients with bradycardia, tachycardia, 
and heart failure. Lead management and extraction are 
increasingly essential components of the comprehensive 
care of patients with CIEDs [1]. In Russia, the number 
of cardiac pacemaker (PM) implantations, including 
biventricular ones, increased since 2006 to 2016 from 

15,405 to 37,457, the number of cardioverter-defibrillators 
increased from 165 to 1418 [2].

Factors influencing the increased frequency include 
a recent rapid rise in de novo CIED implantations and 
frequent system revisions or upgrades and lead-related 
problems such as CIED infections, lead failures, and 
lead safety alerts [3–5]. The use of magnetic resonance 
imaging (MRI) has also grown. It is now predicted that 
3 of 4 patients with CIEDs will need MRI once in their 
lifetime. It necessitates replacing such patients’ devices 
with MRI-resistance ones [6]. In 10–26% of patients with 
abandoned leads occlusion of upper extremity veins 
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developed, which made it difficult to replace the leads 
[7–11].

The latest expert consensus statement on CIED 
lead management has mentioned that whether to 
abandon or remove those non-infected leads should 
be decided according to the clinical goal that balances 
both the risk of a lead removal and abandonment 
[12–15]. Abandoned leads are highly associated with 
several risks of complications, such as infections, 
arrhythmias, vascular trouble, tricuspid valve damage, 
and thromboembolism [1].

There are a number of lead extraction techniques. 
A few years after implantation, most leads can be 
removed by simple traction. If extraction cannot 
be performed in this way, a locking stylet can be used. 
This is a device that is placed into the lumen of the lead, 
opens in it, thereby preventing the current-conducting 
spiral from stretching during traction. If the locking stylet 
is ineffective, the next step is using mechanical dilator 
sheaths to disrupt and dilate the encapsulating fibrotic 
tissue fixing the lead. However, the use of these devices 
is associated with an increasing risk of complications. 
The most effective lead extraction device is the excimer 
laser [1, 16–19].

Transvenous lead extraction (TLE) has been 
established as a safe and effective method of lead 
removal with a high rate of procedural success and a low 
level of major complications. If it is not possible to use 
TLE, a hybrid approach has already proven its efficacy 
and safety [20–23].

Video-assisted thoracoscopic endocardial lead 
extraction allows the surgeon to remove the entire 
cardiac implantable electronic system at the time of 
vein occlusion recanalization and electronic device 
reimplantation without a sternotomy. This method allows 
preventing the development of various life-threatening 
complications, such as superior vena cava rupture with 
the mortality rate of 50%, and reducing complication 
rates in the postoperative period.

The aim of the investigation was to study the 
issue of making challenging decisions concerning 
abandonment or removal of non-infected superfluous 
leads during lead revisions or cardiac implantable 
electronic device upgrades. 

Materials and Methods
A total of 482 patients underwent the system upgrade 

procedure revisions at Volga District Medical Centre of 
Federal Medical Biological Agency of Russia (Nizhny 
Novgorod, Russia) from 2010 to 2019. 126 patients 
had dysfunctional leads (n=155). The patients’ age 
was 59.2±16.7 years. All patients were divided into two 
groups based on the treatment strategy. Group 1 (n=83) 
included patients who underwent TLE. Group 2 (n=43) 
consisted of patients with abandonment leads. 

The main factor which influenced our strategy 
was the mean age of the lead. We did not extract 

superfluous leads over 15 years old. Contraindications 
to lead extraction were left ventricular ejection fraction 
less than 35% and patients’ age over 75 years. The 
risk of TLE (damage to the superior vena cava and 
cardiac chambers) in such patients is higher than lead-
related complications in the long-term period. All TLE 
procedures were performed by experienced operators 
under conscious sedation or general anesthesia in the 
cardiac electrophysiology laboratory with immediate 
onsite cardiothoracic surgical cover. During the 
operations we carried out control using intracardiac 
Echo.

The study complies with the Declaration of Helsinki 
(2013) and was performed following approval by the 
Ethics Committee of Volga District Medical Centre of 
Federal Medical Biological Agency of Russia. Written 
informed consent was obtained from every patient.

In group 1, all leads were extracted transvenously 
through a subclavian using the following techniques: 
simple manual traction, using locking stylets, and a 
mechanical rotating dilator sheath. All patients underwent 
transthoracic echocardiography post-TLE (unless 
intraoperative transesophageal echocardiography was 
used) to assess for a hemodynamically significant 
pericardial effusion and valve damage as well as a chest 
radiograph. In 1 case of total occlusion of the superior 
vena cava, we performed a video-assisted thoracoscopic 
lead extraction at the time of vein occlusion recanalisation 
and electronic device reimplantation. In group 2, 
abandoned leads were sealed with a silicone cap.

Intraoperative complications and long-term 
complications were assessed in the study groups during 
the period from 3 months to 7 years.

Results
There were extracted 112 leads in group 1, of which 

37 (33.7%) were atrial, 68 (60.7%) — right ventricular, 
4 (3.5%) — dual coil leads, 3 (2.8%) — left ventricular. 
The number of leads extracted by simple manual traction 
was 69 (61.7%), 32 (28.5%) leads were extracted by 
traction using a locking stylet, and 11 (9.8%) leads 
were removed with the TightRail rotating dilator sheath 
(Spectranetics, Colorado Springs, CO, USA) (Figure 1).

The mean age of the lead was 6.9±5.6 years. Most of 
the leads were with active fixation. The success of the 
procedure was achieved in 98% of cases. During 
the TLE, normally functioning leads were damaged in 
2 patients (they were extracted as well). There were no 
complications or deaths. Occlusion of the access vein 
(the subclavian vein, the innominate vein, the superior 
vena cava) was found in 10 patients (8%). Successful 
recanalization and lead re-implantation were performed 
in 4 patients. In two cases, recanalization was performed 
with a hydrophilic sheath, in two other cases, a rotating 
dilator sheath was used.

In group 2, 3 patients with abandoned leads had 
lead-related complications in the period from 3 months 
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to 7 years. In 2 cases lead-associated skin erosion 
developed (Figure 2). In these patients, the leads were 
removed using a rotating dilator sheath. In 1 case 
we observed endocarditis of the tricuspid valve. The 
patient undergoing tricuspid valve replacement and 
unfortunately the patient died in 3 month after the 
operation (sudden cardiac death).

Conclusion
Transvenous lead extraction with the mean age of 

the lead less than 10–12 years is a safe and effective 
method of lead removal with a high rate of procedural 
success and a low level of major complications. 

Video-assisted thoracoscopic approach allowed us 
to control superior vena cava and provide the safety 
of the operation. The choice of a particular strategy in 
transvenous lead extraction depends on the risk factors 
connected with lead (mean age, type of fixation, the 
model of the lead), patient (age, left ventricular ejection 
fraction, respiratory and kidney insufficiency, sternotomy 
in patient’s history), operator experience with a specific 
technique. 

Preventive transvenous lead extraction of non-
infected leads allows avoiding lead-related complications 
in the long-term period.
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