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TRANSVENOUS LEADS EXTRACTION IN CHILDREN: A CASE SERIES
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Case series of four lead extraction procedures is described in this article. In all cases, indications for transvenous 
leads extraction were lead dysfunction. There were no complications of procedure.
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Among patients with implanted pacemakers and 
cardioverter-defibrillators, children account for less than 
1%. This is a distinct group of patients whose treatment 
strategy differs from the adult population [1, 2] due to an-
atomical features, continued growth and high physical ac-
tivity. When the device is implanted, the child knows that 
the electrode will need to be replaced in the future. The 
experience of implantation in children has shown that the 
main causes of stimulation failure in them are the growth 
of stimulation threshold and electrode fractures [3]. In 
children weighing less than 15 kg, epicardial implantation 
of single-chamber devices is recommended, but in some 
cases electrodes are implanted endocardially [2]. In such 
patients, obstruction of the veins through which the elec-
trodes are implanted becomes a significant problem later 

on, and delayed non-functioning electrodes lead to adverse 
consequences in the long term [4-6]. Only a few papers 
have been published on the problem of transvenous elec-
trode extraction (TREE) in children [7-12]. These papers 
reviewed the use of manual traction, traction with a locking 
stylus, propylene and metal dilators, electrosurgical dissec-
tion with the PERFECTA device, rotary dilators and laser, 
and femoral access extraction. 

The aim of this paper is to share our first experience 
with TREE in children (Tables 1 and 2).

Clinical case 1
Boy, 13 years old, body mass 44 kg, height 162 cm. 

Primary implantation of a dual-chamber Adapta S pace-
maker (Medtronic, USA), 5076 CapSureFix Novus elec-
trodes (Medtronic, USA) into the right atrial appendage 

Item 
# Sex Age, 

years
Weight, 

kg
Age of 

PI
Indication 
for pacing

Etiology of 
CRD AP Pacing 

mode AE VE AVO

1 m 13 44 9 years AVB 3 st Unknown no DDDR MDT 5076 MDT 3830 no

2 m 11 33 2 years  
7 months AVB 3 st Myocarditis no DDDR MDT 3830 MDT 3830 RMV

3 f 6 21 2 years  
4 months AVB 3 st Congenital no DDDR MDT 5076 MDT 3830 LSV

4 f 11 50 2 years  
5 months AVB 3 st AC CHD DS  VVIR - MDT 3830 no

Table 1. 
Patient characteristics

Note: hereinafter PI - primary implantation; CRD - cardiac rhythm disorder; AP - associated pathology; VE - ventricular 
electrode, AE - atrial electrode; AVO - access vein occlusion; AVB - atrioventricular block; RMV - right marginal vein; 
LSV - left subclavian vein; DS - Down syndrome; AC CHD - after correction of congenital heart disease.
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and 3830 SelectSecure electrodes (Medtronic, USA) into 
the right ventricle in the interventricular septum was per-
formed for complete atrioventricular (AV) block at the age 
of 9 years. As the patient grew, the ventricular electrode 
(VE) tightened, increasing the stimulation threshold from 
2.0 V to 4.0 V. Four years after the initial implantation 
due to th pacemaker battery exhaustion, the patient under-
went implantation of a new Adapta DR pacemaker and a 
new 5076 CapSureFix Novus electrode (Medtronic, USA) 
into the right ventricle. The old 3830 SelectSecure elec-
trode (Medtronic, USA) was isolated from the fusion and 
removed by simple manual traction without complications.

Clinical Case 2
Boy, 11 years old, weight 33 kg, height 150 cm (Fig-

ure 1a). At the age of 2 years and 7 months, endocardi-
al implantation of a dual-chamber pacemaker Adapta S 
(Medtronic, USA) was performed for complete AV block-
ade. A 3830 SelectSecure atrial electrode (AE) (Medtronic, 
USA) was implanted in the right atrium. The 3830 SelectSe-
cure VE (Medtronic, USA) was implanted in the interven-
tricular septum. The system was implanted on the right side 
through the subclavian vein, as subclavian vein puncture 
could not be performed on the left side. Seven years later, 
a scheduled replacement of the pacemaker with an Enstu-
ra DR pacemaker (Medtronic, USA) was performed. Two 
years later - marked weakness, decreased pulse to 40 per 
min. Electrocardiogram shows impaired ventricular stimu-
lation. It should be noted that the boy is right-handed and 

has been practicing big tennis. Multispiral computed to-
mography of the heart with contrast was performed during 
the preoperative examination. VE fracture was suspected. 
Occlusion of the right subclavian and unnamed veins was 
detected and a thrombus on the VE was suspected. Surgery 
was scheduled, but a positive test for COVID-19 was ob-
tained. The patient was transferred to the observation ward 
for observation and treatment, anticoagulants (apixaban 5 
mg x 2 times) were prescribed. After receiving a negative 
test for COVID -19, a transesophageal echocardiography 
(TE echocardiography) was performed and no thrombus or 
vegetations were detected in the right heart. Three surgical 
treatment options are discussed:
•	 implant a new system on the left, attempt to remove the 
electrodes on the right with manual traction, if unsuccess-
ful, leave the electrodes in place and seal them;
•	 perform conduction recanalization of the right unnamed 
vein, implant a new VE through an intra-roducer inserted 
behind the occlusion, try to remove the old electrode by 
manual traction, in case of unsuccessful traction the elec-
trode should be left and sealed; 
•	 perform TREE with the TightRail device (Spectranetics, 
USA), recanalize the right ring vein with the device, insert 
a conductor through the device lumen, and then implant a 
new electrode through the intraductor.

Balloon angioplasty of the occluded vein was not 
supposed to be performed because the child had no clinical 
manifestations of venous insufficiency of the right upper 

Item 
#

Indication 
for TREE

Number 
of REs, 

n

Age 
of RE, 
years

TREE 
risk1

TREE 
risk2

Method of 
extraction

ClS 
TREE

CS 
TREE

Complications 
of TREE

1 High ST 1 4 1 Tr MT yes yes no

2 VE 
fracture 2 9 1 Tr PE - MT, VE - 

TightRail yes yes no

3 High ST 2 4 1 Tr PE - MT, VE - 
TightRail yes yes no

4 ED 1 10 1 Tr TightRail + EnSnare 
trap FmA + VT yes yes no

Table. 2.
Indications for TREE and surgical results

Note: TREE - transvenous electrode extraction; RE - removed electrodes; 1 - EROS scale; 2 - SAFETY TLE calculator; 
ClS - clinical success; CS - complete success; ST - stimulation threshold; Tr - transitional; MT -manual traction; ED - 
electrode dislocation; FmA - femoral access; VT - venotomy.

Fig. 1. Patient after transvenous electrode extraction, where a - patient’s photo, b - phlebogram through the cubital 
vein (occlusion of the subclavian and unnamed veins on the right side was confirmed), c - removed electrodes.

 а                                                    b                                                       c
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extremity, and the probability of vein reocclusion before 
the next electrode implantation is extremely high.

Given the lack of experience with TREE in children, 
it was decided to attempt guidewire recanalization of the 
right unnamed vein. Implantation of the new system on the 
left side was also decided against, so as not to compromise 
the left side. 

Surgery under inhalation anesthesia. Invasive blood 
pressure monitoring via the left radial artery. T- echocar-
diogram for continuous ultrasound monitoring of surgery. 
Two 5 Fr introducers were placed in the right femoral vein. 
An electrode for temporary pacemaker was passed through 
one of them into the apex of the right ventricle. Phlebog-
raphy was performed through the right cubital vein, and 
occlusion of the subclavian and unnamed veins on the right 
side was confirmed (Fig. 1b). The postoperative scar was 
excised. The electrodes are disconnected from the device. 

A puncture of the right axillary vein was performed. A 5 Fr 
intra-roducer was placed in the vein. Attempted antegrade 
recanalization of subclavian and unnamed veins with Com-
mand 0.014» (Abbot, USA) and Roadrunner 0.035» (Cook, 
USA) guides on Multipurpose catheter (Merit, USA) with-
out success. Attempted retrograde recanalization through 
the femoral vein with the same instrument also without 
success. It was decided to perform a TREE. With electro-
coagulator, the VE was isolated from the scar tissue to the 
site of entry into the subclavian vein. Fracture of the con-
ductive core under the fixing sleeve was detected. Given 
the design features of the electrode, the use of a locking 
stiletto was not possible. The electrode is lengthened with 
two 0 silk ligatures. The TREE of the VE was performed 
using the TightRail 9 Fr device (Spectranetics, USA). Two 
0.035» metal conductors were inserted through the device 
lumen into the inferior vena cava. AE dislocation occurred 

during the removal of the VE. The electrode 
was removed by manual traction (Fig. 1c). 
Hemodynamics remained stable. There was no 
fluid in the pericardial cavity according to the 
TE-echocardiogram. Considering that the risk 
of fracture of the electrode implanted through 
the subclavian vein is high in the long term, 
it was decided to implant electrodes through 
the axillary vein [13]. The TightRail device 
was removed, and two more leads were placed 
through the previously placed axillary vein in-
troducer into the right heart and inferior vena 
cava. The previous two guides have been re-
moved. Next, two electrodes were implanted. 
Ventricular 5076 CapSureFix Novus 58 cm 
(Medtronic, USA) into the interventricular 
septum, atrial 5076 CapSureFix Novus 52 cm 
(Medtronic, USA) with satisfactory stimulation 
parameters. Further surgery with no features. 
The patient was discharged on the sixth day af-
ter surgery.

Clinical Case 3
Girl, 6 years old, weight 21 kg, height 

121 cm. The child underwent endocardial 
implantation of a dual-chamber pacemaker 
Adapta S (Medtronic, USA) for congenital 
complete AV blockade at the age of 2 years 
and 4 months. AE 5076 CapSureFix Novus 
52 cm (Medtronic, USA) was implanted in 
the auricle of the right atrium. The 3830 Se-
lectSecure VE (Medtronic, USA) was implant-
ed in the interventricular septum. At 3 years 
6 months after primary pacemaker implan-
tation, an increase in the threshold of stimu-
lation on VE and depletion of the pacemaker 
battery were detected. An attempt to implant 
a new electrode on the left failed, and occlu-
sion of the left subclavian vein was detected. 
Single-chamber stimulation system implanted 
on the right, generator removed on the left. 
The old electrodes could not be removed by 
manual traction. The electrodes have been left 
in. Three months later, during a follow-up ex-
amination at the clinic, the girl’s mother not-

Fig. 2. Stages of treatment of an 11-year-old girl: a - multispiral 
computed tomography of the heart (the electrode is located in the 
right atrium, coiled with a loop), b - attempted TREE with TightRail 
9Fr device, c-e - attempted TREE by femoral access with a three-
loop trap.

а

b                                                         c

d                                                          e
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ed that the child periodically complained of pain in the 
left subclavian region. Considering the risks of infectious 
complications and occlusion of the superior vena cava in 
the child in the long term, it was decided to remove the 
remaining electrodes. 

Four years after the initial implantation of the de-
vice, transvenous extraction of the remaining electrodes 
was performed. Inhalation anesthesia. Invasive BP mon-
itoring via the left radial artery. Surgery under the control 
of TE-echocardiogram. An infusion catheter and a 5 Fr 
intraducer were placed in the right femoral vein to pro-
vide transfemoral TREE in case of unsuccessful electrode 
removal through the subclavian vein. The postoperative 
scar was excised. The electrocoagulators isolated the re-
maining electrodes from the scar tissue up to the place of 
entry into the subclavian vein, the connector part of the 
electrodes was cut off. LLD EZ locking stylet (Spectranet-
ics, USA) was inserted into the atrial electrode lumen, the 
electrode was removed by traction. The traction failed to 
remove the VE. TightRail 9 Fr device (Spectranetics, USA) 
was used for VE removal. Since the electrode to be re-
moved was without an internal lumen, it was not possible 
to use a locking stylet. Two 0 silk ligatures were tied to the 
electrode, and the ligatures were passed through a rotary 
dilator. Hemodynamics remained stable. There is no fluid 
in the pericardial cavity according to TE-EchoCG. The pa-
tient was discharged on the fourth day after surgery.

Clinical case 4
Girl, 11 years old, weight 50 kg, height 130 cm. The 

complete form of AV canal was first identified at the age 
of 1 year. A related condition is Down syndrome. At one 
year of age, the girl underwent pulmonary artery nar-
rowing, and at two years of age - radical correction of 
the malformation. The postoperative period was compli-
cated by transient complete AV blockade, which required 
implantation of a single-chamber pacemaker (Adapta S 
ECS and 3830 SelectSecure electrode (Medtronic, USA)). 
The parents brought the child irregularly for follow-up 
examinations. Nine years after implantation a stimula-
tion disorder was detected. The coiled loop electrode is 
located in the right atrial cavity (Fig. 2a). According to 
Holter monitoring - decreased HR up to 50 beats/min, 
pacemaker battery depletion. It was decided to remove 
the old electrode and implant a new stimulation system.

Inhalation anesthesia. Catheterization of the left 
femoral vein for infusion. Invasive blood pressure moni-
toring via the left femoral artery. 
Surgery under the control of 
TE-echocardiogram. A Prelude 
5 Fr intraducer (Merit, USA) 
was placed in the right femoral 
vein to provide transfemoral 
TREE if necessary. Phlebogra-
phy was performed through the 
left cubital vein: subclavian, 
brachiocephalic and superior 
vena cava veins were patent. The 
postoperative scar was excised. 
The electrodes are disconnected 
from the device. A puncture of 
the left axillary vein was per-

formed. A 0.035» metal conductor is inserted into the infe-
rior vena cava. The electrocoagulator electrode is isolated 
from the scar tissue to the site of entry into the subclavian 
vein. Given the electrode model, the use of a locking stiletto 
was not possible. The connector part of the electrode is cut 
off, and the electrode is lengthened with two silk ligatures. 
Attempted TREE with the TightRail 9 Fr device (Spec-
tranetics, USA) (Fig. 2b). The electrode was isolated from 
the tight junctions in the subclavian and brachiocephalic 
veins by the device, but it was not possible to remove the 
electrode because it was not possible to straighten the loop 
in the atrium. It was decided to perform TREE by trans-
femoral access. The 5Fr introid was replaced by the long 
Avanty 6 Fr introid (Cordis, USA). The tip of the electrode 
is captured by an EnSnare three-loop trap (Merit, USA) 
and extended into the femoral vein (Figures 2c, 2d, 2e). 
However, it was not possible to retrieve the electrode be-
cause the size of the loop did not allow its removal through 
puncture access. The femoral vein was isolated, venotomy 
was performed, and the electrode was removed. The vein 
was sutured with Prolen 5/0 thread. Examination of the re-
moved electrode revealed that the loops were tightly fixed 
between each other by calcinate (Figure 3). The patient 
had a new stimulation system implanted on the left side. 
The electrodes were implanted through the axillary vein. 
Postoperative period without complications. 

DISCUSSION 

When discussing cardiac pacing and its complica-
tions in children, guidelines for device implantation in pe-
diatric practice should be followed. It is generally accept-
ed that children weighing less than 15 kg are indicated 
for a single-chamber pacemaker and epicardial electrode 
implantation [14, 15]. However, recent guideline docu-
ments [1] do not clearly indicate who should be implanted 
epicardially and who should be implanted endocardially. 
In modern arrhythmology, it is not uncommon to find cas-
es when children weighing less than 15 kg are implanted 
endocardially.

The presented clinical cases and literature analysis 
demonstrate the feasibility of epicardial electrode implan-
tation in the group of patients under consideration, espe-
cially taking into account the possibilities of modern min-
imally invasive cardiac surgery [14-17]. Nevertheless, in 
real practice we have to face complications of endocardial 
stimulation in children more and more often. Survival of 

Fig. 3. Electrode removed from an 11-year-old girl (calcification is visible at the 
loop site).
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electrodes implanted endocardially is lower in children 
than in adults [12]. This is primarily due to the continued 
growth and active lifestyles of patients. When implanting 
an electrode in a child, we always know that it will not 
function for life. At some point, a new electrode will have 
to be implanted, removing or leaving the old one in place. 

Another major clinical problem in children is oc-
clusions of the veins through which the electrodes are 
implanted. There are several prerequisites for this. The 
first is the large diameter of standard electrodes relative 
to subclavian/axillary veins, and the second is that in chil-
dren the process of electrode encapsulation is more active 
and pronounced, up to calcinosis of the fibrous capsule. 

When electrode function is impaired, two strategies 
are considered: remove the old electrode and implant a 
new one, or add a new electrode without removing the old 
one. Given the predicted life expectancy in these patients, 
the first approach is more rational, as the patient may «ac-
cumulate» 4-5-6 electrodes over a lifetime. Also, when ad-
dressing the problem of impaired stimulation in children, 
care should be taken not to compromise the contralater-
al side. Venous access on the contralateral side should be 
maintained as long as possible.

Despite the long history of cardiac pacing, there re-
mains little experience with TREE in children. All stud-
ies support the data that TREE in children is more often 
performed for noninfectious indications due to electrode 
dysfunction and vein occlusion [7-12]. The Polish authors 
have the most published experience, having performed 
63 TREEs in children [12]. In their paper, A.Kutarski et 
al (2022) noted that TREE in children was accompanied 
by great technical difficulties, and complete radiologic and 
procedural success was significantly lower than in adults. 
The authors attributed the difficulties of TREE in children 
to the formation of firm fibrous tissue around the elec-
trodes. The capsule is often calcified.

Another feature of TREE in children and patients 
who had electrodes implanted in childhood is excessive 
loops in both atrium and ventricle [12]. We encountered 
a loop in the right atrium, with the electrode sites fixed to 
each other with calcium, and it was not possible to sep-
arate them with the rotational dilator. In our case, it was 
necessary to perform phlebotomy for electrode retrieval 
by femoral access. Because children develop early calci-
fication of the fibrous capsule, it can be inferred that me-
chanical rotational dilators should be favored over laser in 
instrument selection [12].

TREE is associated with the risk of cardiac and large 
vessel damage [18]. Therefore, there is always the question 
of surgical support for these surgeries. Cardiac surgeons 
specializing in congenital heart disease surgery were al-
ways present at our surgeries, and the operating room had 
a ready-to-use artificial circulation machine and all the 
necessary instruments and consumables for open surgery. 

As an alternative to TREE for venous occlusion, 
conduction recanalization in children may be difficult. We 

were unable to recanalize the child with vein guides either 
antegradely or retrogradely. Another problem with elec-
trode removal in children is damage to functioning elec-
trodes due to the fact that the dense fibrous capsule is uni-
form for all implanted electrodes. When rotary dilators are 
used, it is usually necessary to remove them and implant 
new ones [19].

In this category of patients, the question arises as to 
which electrodes should be preferably implanted endocar-
dially in children when epicardial stimulation is not pos-
sible. In the early 2000s, the 3830 SelectSecure electrode 
(Medtronic, USA) with a diameter of 4.1 Fr was offered for 
implantation in children. The inner conductor of the elec-
trode is made like a stranded cable, which provides high 
tensile strength [20]. The electrode is implanted using a 
guided or shaped introducer. The design of the electrode 
affects the specifics of its extraction - the use of locking 
styli is not possible. It is necessary either to use extension 
devices (Buldog, COOK, not registered in the Russian 
Federation) or to fix and extend the electrode with strong 
ligatures [21]. 

E.Shepherd et al showed that 9 of 22 (41%) 3830 
electrodes could be removed with manual traction 
alone, compared with 2 of 35 (6%) conventional elec-
trodes. All remaining electrodes were successfully re-
moved using mechanical TREE tools [22]. J.Garnreiter 
et al (2015) also report a 6-year experience with the 
3830 electrode in children with congenital heart dis-
ease. The mean follow-up time was 2 years, and 11 
of 198 electrodes (6%) required removal. Seven elec-
trodes were older than 1 year and five of them were 
older than 2 years. All electrodes were successfully 
removed by manual traction alone, with no complica-
tions [23]. We removed 5 electrodes of 3830 SelectSe-
cure (Medtronic, USA). The electrodes were removed 
completely and without complications. 

It is possible that in the future, the developed risk 
scales for TREE may help to make decisions about treat-
ment tactics for non-infectious complications in children 
[24, 25] At low risks, the decision will be made to re-
move the electrodes; at high and very high risks, the tac-
tic of adding new electrodes without removing the old 
ones may be considered. All of our patients had a low 
risk of TREE according to the EROS scale and an inter-
mediate risk calculated by the SAFETY calculator. 

CONCLUSION

Thus, electrode removal in children is a current and 
unresolved problem. The indication is more often electrode 
dysfunction combined with occlusion of the veins through 
which the electrodes are implanted. TREE in children is a 
more complex intervention than in adults. However, in the 
case of implantation of special thin electrodes, the risk of 
intervention is low. In children weighing less than 15 kg, 
minimally invasive epicardial electrode implantation is the 
method of choice. 
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