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Children require often replacement of leads even several times. Repeated extraction in this group 
nay be challenging. We report the case of a 22-year-old man with the fi rst pacemaker implanted in 
the fi rst year of life, after Transvenous Lead Extraction procedure (TLE) and implantation of a dual-
chamber pacemaker in the age of 12 years, who was admitted to the reference center for repeated 
TLE and to replace the entire pacing system. The presence of complete venous occlusion, lead strain 
and strong lead-to-lead adherence with calcifi ed connecting tissue scar effected TLE complicity and 
needed utility of numerous tools and atypical technique and tricks among of them simultaneous 
extraction of strongly connected each one leads together via one tool showed to be crucial.

ABSTRACT

BACKGROUND
Permanent pacing in children is a big challenge because they often require 

replacement of leads even several times [1-8]. Growth of the body causes lead length 
defi ciency, least strain and continuous pooling of lead which eff ected lead failures 
due to potential lead dislodgment and break of lead isolation [8-13]. Moreover, 
high physical activity might contribute increased risk of conductor break [8-13]. 
Additional lead implantation is accepted option but sometimes impossible due to 
venous occlusion [14,15] and may to generate future negative consequences [16-
20].

Therefore, children and juveniles with CIED system requires in most of cases 
even several replacements during their lifetime and Transvenous Lead Extraction 
(TLE) is inherent part of electrotherapy in them [9,21-26]. Such procedures in this 
group of patients are more diffi  cult due to intensive connecting tissue scar reaction 
for lead presence and earlier its calcifi cation [21-26]. Experience with diffi  cult 
extraction and repeated lead extraction in adults were describe [27,28] but in 
children and juveniles experience is limited.

We report the case extremely diffi  cult lead re-extraction in 22-year-old man 
with 21-y-long pacing history and previous lead replacement. Both procedures 
were caused with bead dysfunction caused by body growth.
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History single chamber pacemaker was implanted in 
1997 due to a third-degree atrioventricular block. The next 
procedure in 2008 at the age of 12 due to lead dysfunction 
(Figure 1) where the longstanding (11-y old) lead was 
extracted under general anesthesia with mechanical 
telescoping sheaths (Byrd dilators) and a new Dual-Chamber 
Pacemaker (DDD) was implanted. 

Due to the dislocation of the atrial electrode, the patient 
required the electrode replacement a few days after the last 
procedure. Then, a slight swelling of the left upper limb was 
also observed immediately after the procedure. For that 
reason, the Doppler ultrasound examination was performed, 
which showed slow blood fl ow through the subclavian vein, 
without thrombus. In the consequence, anticoagulant 
prophylaxis - low molecular weight heparin was applied 
which improved the problem.

The second, described procedure was performed in a 
hybrid operating room, under general anesthesia, with 
cardiosurgical team and transesophageal echocardiography 
monitoring. As the patient was pacemaker-dependent, 
temporary pacing via femoral access was used. Radiography 
of the chest before the procedure revealed two leads – one 
lead in the right ventricle, tightly taut and pulling the tip 
of the right ventricle, one atrial lead - seemingly loose and 
complete occlusion of the left axillary and subclavian vein 
after previous extraction. The fi rst problem appeared at the 

very beginning. In order to stabilize both leads during the 
dissection, locking stylets were applied.

The fi rst one step (conventional). The fi rst technique 
for lead extraction was using non-powered mechanical 
systems with polypropylene telescoping dilators (Byrd 
Dilator Sheaths, Cook Medical Inc., USA). By using dilators 
for each of the electrodes separately, it was possible to move 
to the area of the beginning of the superior vena cava, where 
the presence of a strong lead-to-lead adherence disabled to 
continue dilatation. 

The second step (conventional). The similar attempt was 
done with the next one lead with the same eff ect. 

Third step. In the next stage, the fi rst atypical attempt 
was made to separate the leads by means of two sheath 
simultaneously, the operation which can be compared to 
scissors work, but this also did not bring the expected eff ect. 
This method has already been tried and described earlier 
[29]. 

Fourth step. The last trick with polypropylene telescoping 
dilators was the use of the largest diameter sheath 
(orange outer) and an attempt to remove both electrodes 
simultaneously to dissect them from the vein wall, but due 
to massive adhesion and calcifi cation, it also proved to be 
ineff ective (Figure 1).

Figure 1 : The fi rst one TLE performed 11 years ago, using “arm C” X-ray machine.
A) Strained lead dysfunctional ventricular, 11 years old, lead before the procedure caused with body growth.
B) Mechanical lead dilatation using Polipropylene sheath
C) Regained venous approach (guidewire via polypropylene sheath) 
D) The new DDD system implanted.
E) Extracted lead with remnants of (partially calcifi ed) connecting tissue scars.
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Fifth step. When the polypropylene telescoping sheaths 
were ineff ective, a powered mechanical sheath system 
(Evolution Mechanical Dilator Sheath, Cook Medical Inc., 
USA) was used as a second line tool in our center. One of the 
lead was covered with green sheath and Evolution over the 
second one. It was petty progress but there was winding of 
the non-extracted lead conductor over Evolution sheath, 
which resulted in the destruction of the leads. 

Sixth stem. In the next step, the leads and tools were 
changed (replaced), but that also did not work and the leads 
were not separated from each other. 

Seventh (rescue) step. In the last stage, there was one 
more unusual maneuver which brought procedural success. 
Both electrodes were removed together step by step by 
one Evolution sheath. The progress was slow, initially the 
stretching of the right atrium wall was observed until the 
atrial electrode was removed, and then the classically right 
ventricular electrode was removed (Figure 2). After the leads 
had been removed, they still had been connate hard. Finally, 
it was possible to remove both leads, the two guidewires 
were via Evolution sheath inserted into the superior vena 
cava and by the standard introducer the new DDD device was 
implanted through the regained accesses. The procedure 
(duration: sheath to sheath time 52 minutes, skin to skin 105 
minutes) was successful (Figures 3,4).

The case illustrates technical challenges one may 
encounter during the subsequent transvenous extraction 
of implanted in childhood leads. The role of monitoring 
procedure in aspects visualization of unintentional pooling 
heart structures cannot be overestimated [30]. Repeated 
extraction is more diffi  cult but has a similar eff ectiveness 
and frequency of adverse events as in the initial procedure 
[27,28] (Figure 5). Long lead body dwelling time is a known 
risk factor for developing severe complications during TLE 
[31,32].

The presence of the complete venous occlusion, incorrect 
leads position in the cardiac cavities, strong lead-to-lead and 
lead-to-vein adherence, calcifi cations and scar tissue that 
grows over time generates were technical diffi  culties during 
TLE, which signifi cantly extended and extremely procedure 
complexity [21-26]. Improper handling of such technical 
problems can drive to serious complications [31-35]. The 
use of atypical techniques, non-standard tricks & tips and 
TLE dedicated & non-dedicated tools as rescue options in 
a reference center by an experienced operator proved to be 
eff ective and safe. We can consider why didn’t the patient 
received epicardial pacing leads from the beginning?

Whole medicine, not only electrotherapy, have had in its 
history diff erent eras. Of course, pacing in children started 
with epicardial form, too. There were a lot of problems with 

Figure 2: The onset of present TLE procedure.
A) Old DDD system - one leads in the right ventricle, tightly taut and pulling the tip of the right ventricle, one atrial lead - seemingly loose and complete venous 
occlusion
B) First attempt to remove leads by non-powered mechanical systems with polypropylene telescoping dilators (Byrd Dilator Sheaths, Cook Medical Inc., USA).
C) Attempt of separation of both leads using simultaneously two Byrd dilators, strong lead-to-lead adherence stopped of progress of the procedure.
D) Next step - to remove both leads simultaneously by the use only one of the largest diameter sheath (orange outer) to dissect them from the vein wall, but due to 
massive adhesion and calcifi cation, it also proved to be ineffective.



224Stefanczyk P, et al. (2022) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1426

Figure 3:  The continuation (next steps) of the procedure.
A) Lead extraction using mechanical rotational, threaded sheath - Evolution (Cook®). The second lead was covered with green sheath as a protection against 
winding up on itself.
B) Winding of non-extracted lead conductor over Evolution sheath - high risk of the break lead.
C) The last idea – non-standard manoeuvre, both connected leads inside Evolution RL. Very strange extraction two leads together, but it worked.
D) Atrial lead inside Evolution RL removed continuation of extraction of ventricular lead.

Figure 4:  The end of TLE procedure.
A) Ventricular lead extraction using mechanical rotational, threaded sheath - Evolution (Cook®).
B) The new DDD device implanted through regained accesses.
C) Extracted leads on the table, both leads still remain connected with calcifi ed connecting tissue scar.
D) The landscape after the battle”. The tools used for lead extraction: conventional mechanical non-powered sheath (Byrd polypropylene sheaths, Cook®) and 
mechanical rotational, threaded sheath - Evolution (Cook®).
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permanent epicardial pacing in years 1980-90-2000. In 
this period of time, permanent endocardial pacing go to be 
more and more popular in children, however there were no 
steroid eluating endocardial as well as epicardial leads. The 
literature is full of reports about advantages of endocardial 
pacing in children [1-6]. We needed many years, to recognize 
the scale of problems and their meaning when it comes to 
endocardial pacing in growing child. With child getting older 
multiple problems arrive throughout juvenescence, such as 
leads becoming too short, very intensive connecting tissue 
growth and unfavourable connecting tissue maturation 
(mineralisation, calcifi cation and even ossifi cation). As 
a consequence we have to face limited lead life-time and 
frequent necessity of lead replacement. Described boy 
received his fi rst pacing system in the era of enthusiasm of 
endocardial pacing in children.

CONCLUSION
1. Most diffi  cult patient for TLE is adult patient with 

leads implanted in childhood, young patient with 
very long pacing history.

2. Single lead CIED system seems optimal for children 
and juveniles in aspect of necessary lead replacement 
in future.

3. The second TLE (re-extraction procedure) may 
be more complicated than the fi rst one or even by 
challenging procedure.

4. Technical diffi  culties may prolong the procedure 
time and make it extremely complicated; we have to 

avoid major complication but inchoated procedure 
have to be completed.

5. Scope of technical problems is large and in most of 
cases non-standard tips and tricks & with utility 
TLE-dedicated tools but in not standard manner may 
have to be used.

6. Rescue options to solve numerous problems should 
contain the part of TLE education and training.
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