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Aims Fracture in transvenous pacing leads is one of the most common reasons for lead abandonment.
Although the factors affecting lead failure rates have been investigated, there is no study evaluating
the clinical parameters that affect lead fracture in children. We report our experience with lead
fracture in children with transvenous pacemakers.
Methods and results The follow-up results of 264 leads from 184 patients were evaluated using pace-
maker follow-up data. Underlying conditions, implant data, and lead features were evaluated for the
analysis of lead fracture. During a mean follow-up of 72.8+39.7 months (range 3.2–160.6, median
70), lead fracture developed in 19 leads (7.2%) from 18 patients. The mean duration between implan-
tation and lead fracture was 57.3+35 months (range 6.8–130, median 51). All fractures occurred in the
leads implanted by the infraclavicular subclavian approach. Cumulative survival at the end of 5 years
was 92.7% in terms of lead fracture. None of the patient-related risk factors correlated with lead frac-
ture. Multivariate analyses of lead-related risk factors revealed a significant correlation only between
lead fracture and fixation mechanism (P , 0.05).
Conclusion Our results indicated that none of the patient-related risk factors was correlated with lead
fracture. Among lead-related risk factors, only the fixation mechanism was found to be correlated with
lead fracture; thus, it seems that passive fixation mechanism is safer in terms of lead fracture. Although
all fractures occurred in the leads implanted by the intrathoracic subclavian approach, statistical analysis
revealed no significance for this parameter. The effect of the extrathoracic approach should be investigated
in a large group of patients.
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Introduction

Transvenous-endocardial pacing has become standard prac-
tice for children who require pacemaker therapy. Pacing
leads are usually inserted through the subclavian vein
down to the right atrium or ventricle. During follow-up,
lead malfunction necessitating lead replacement may
develop. Lead malfunction may be caused by lead fracture,
adapter malfunction, infection, or lead migration.1 Lead
fracture occurs infrequently in children. In a patient who
is pacemaker-dependent, lead fracture may result in
pacing and sensing problems and can rarely have fatal con-
sequences.2 To the best of our knowledge, there is no
study in the available literature that evaluates the clinical
parameters that affect lead fracture in children. In this

study, our experience with lead fracture in a relatively
large group of children with transvenous pacemakers is
reported. The study also aimed at investigating the patient,
technique, and lead-related risk factors that correlate with
lead fracture.

Methods

We retrospectively reviewed the records of the paediatric patients
who underwent endocardial lead implantation between February
1994 and December 2005. The data of these patients were collected
by reviewing the patients’ medical records and computerized
departmental pacemaker databases. The patients whose initial
device and/or lead implants were inserted in another centre were
also included. The variables were: (i) patient-related information
including diagnosis, surgical history, and follow-up duration; (ii)
implant procedure characteristics; (iii) lead hardware factors; and
(iv) lead fracture information including symptoms, mode of detec-
tion, and complications.
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The leads were implanted under ketamine anaesthesia via percu-
taneous puncture of the vein. After appropriate measurements were
made, the batteries were implanted subcutaneously or subpecto-
rally. Lead function was determined by measuring impedance,
pacing threshold, and sensed electrogram amplitude. Follow-up
testing was performed at the time of discharge and in the 1st,
3rd, and 6th month and every 6 months thereafter. The evaluation
included routine clinical examination, electrocardiogram, chest
X-ray, and a full analysis of the pacing system using the specific ana-
lysers provided by the manufacturers. The systems were addition-
ally interrogated when the patients complained of any problem
that might have been related to pacemaker or lead malfunction.

Lead data were evaluated for the following outcomes: elective
lead change, patient death, pacing system abandonment or
removal for reasons other than lead fracture, and patient lost to
follow-up or termination of the study period. Five patients who
never visited our clinic after implantation were excluded from the
study. The patients and leads were compared with identify variables
correlating with lead fracture. Patient- and lead-related risk factors
were identified using the Cox proportional hazard analysis. Multi-
variate analyses were performed using Cox proportional hazards
with entry criteria of univariate P , 0.2. Estimated lead survivals
were plotted using the Kaplan–Meier analysis. P-value of less than
0.05 was considered statistically significant.

Results

Between 1994 and 2005, 271 transvenous endocardial pace-
maker leads were implanted in 189 patients in our centre.
Seven leads (five patients) were excluded from the study
because patients were lost to follow-up after implantation.
Thus, the results of 264 leads from 184 patients were

included in the evaluation. For all leads, the mean patient
age at implantation was 10.4+5.6 years (range 0.5–25,
median 10) and the mean follow-up was 72.8+39.7
months (range 3.2–160.6, median 70).

Lead fracture developed during follow-up in 19 leads (7.2%)
from 18 patients (1 patient developed 2 lead fractures)
(Table 1). The indications for pacemaker implantation were
post-operative surgical heart block (n ¼ 13), congenital
advanced heart block (n ¼ 3), and sinus node dysfunction
(n ¼ 2). Thirteen patients with fractured leads (72%) had con-
genital heart disease, tetralogy of Fallot (n ¼ 4), ventricular
septal defect (n ¼ 4), transposition of great arteries (n ¼ 2),
congenital corrected transposition of great arteries (n ¼ 1),
atrioventricular septal defect (n ¼ 1, two leads fractured),
and subaortic discrete membrane (n ¼ 1). Seventeen of the
fractured leads (89.5%) were ventricular and two (10.5%)
were atrial. The fracture was in the subclavian vein in 18
and in the right ventricle (at two points) in one electrode.
Sixteen of the fractured leads (84.2%) were introduced via
the right subclavian vein and three (15.8%) via the left subcla-
vian vein. The batteries were implanted subpectorally in 16
patients and subcutaneously in 3 patients. The mean duration
between implantation and lead fracture was 57.3+35
months (range 6.8–130, median 51) (Table 2). Lead fracture
was determined during routine follow-up in the case of 9
leads (47%) or due to the complaints of the patients suggesting
lead or pacemaker failure in 10 leads (53%). Lead fracture pre-
sented with symptoms in 10 (53%) leads, and the patient had
severe symptoms such as syncope or dizziness in 9 leads.
Seven patients were pacemaker-dependent.

Table 1 Comparison of the clinical features of the patients and leads in two groups

Group 1 (intact leads)
(n ¼ 245)

Group 2 (fractured leads)
(n ¼ 19)

n (%)a n (%)a Pb

Patient-related parameters
Implant indication .0.05

Post-operative bradycardia 156 (63.7%) 14 (73.7%)
Congenital and acquired bradycardia 75 (36.3%) 5 (26.3%)

Congenital heart disease 182 (74.3%) 14 (73.7%) .0.05
Previous heart surgery 155 (63.2%) 14 (73.7%) .0.05

Lead-related parameters
Route of vascular access .0.05

Intrathoracic 208 (84.9%) 19 (100%)
Extrathoracic 37 (15.1%) 0 (0%)

Fixation mechanism 0.016
Active 145 (59.2%) 16 (84.2%)
Passive 100 (40.8%) 3 (15.8%)

Pocket site .0.05
Subcutaneous 89 (36.3%) 3 (15.8%)
Subpectoral 156 (63.7%) 16 (84.2%)

Implantation side .0.05
Right 161 (65.7%) 16 (84.2%)
Left 84 (34.3%) 3 (15.8%)

Insulation .0.05
Polyurethane 49 (20%) 7 (36.8%)
Silicone 196 (80%) 12 (73.2%)

Lead diameter .0.05
�6.2 F 94 (38.4%) 4 (21.1%)
.6.2 F 151 (61.6%) 15 (78.9%)

aThe values in parenthesis indicate the percentage of the patients having the parameter in each group.
bThe effects of the parameters on lead fracture were analysed by using Cox proportional hazard analysis.
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None of the patient-related risk factors correlated with
lead fracture. In the univariate level, only the fixation
mechanism was significantly related to lead fracture (P ,

0.05). Multivariate analyses of the lead-related risk
factors, which had a P-value of less than 0.2 on univariate
level, revealed a significant correlation only between lead

fracture and fixation mechanism (Table 1). Active-fixation
leads were more frequent in Group 2 (with fractured leads).

Discussion

Since the development of transvenous pacemaker systems,
new complications related to intravascular leads have
appeared. Problems with intravascular pacemaker leads
are dislodgement from the endomyocardial site, conductor
fracture, insulation failure, and infection and thrombus
formation.3–5 The first three complications result in lead
failure.3 Lead failure may cause arrhythmias, under or over-
sensing and failure to capture, and exposes the patient to a
vital risk, thus justifying the replacement of the lead.6,7

Although some studies have investigated the factors affect-
ing lead failure in children, no studies have been performed
to date to investigate lead fracture alone.1,3,4,8–11 Total ver-
ified lead failure rate is reported as 1.3% by Helguera et al.12

in adults. In children, overall 5-year survival rate of endo-
cardial leads is reported to be between 76 and 89%.1,3,4,11

Overall, 5-year survival rates of endocardial leads in
children are significantly lower than those reported for
adults.12 It has been speculated that the significantly more
active lifestyle of children presumably contributes to the
observed higher lead failure rate when compared with
adults.5 The results of the present study have the same
implications. The most commonly reported reasons for
lead failure are dislodgement, exit block, and lead frac-
ture.1,3 Approximately 22.9% of the transvenous lead
failures in children result from lead fracture, as was men-
tioned in a pioneer study.1 Previous studies have evaluated
the effects of different factors on transvenous lead
survival.3,11,13 Fortescue et al.11 reported younger age at
implant and history of congenital heart defects as being
significantly correlated with earlier lead failure.

In our study, the cumulative survival of the leads at the
end of 5 years was 92.7%, in terms of lead fracture
(Figure 1). Although the fracture rate was higher than
seen in previously reported series (Table 3), the mean
follow-up of the present study was nearly twice as long as
that of earlier studies. Two-thirds of the fractures occurred
after the 5th year of implantation. Thus, lead fracture rate
may increase with longer follow-up duration.

Physiological features of the paediatric heart differ from
those of the adult heart. Structural cardiac problems and
indications for permanent pacing in children are thus very

Figure 1 Fracture-free survival of transvenous leads in our study
population.

Table 2 Clinical characteristics of the patients with fractured
leads

Patients (n) 18
Gender (M/F) 13/5
Age at implantation (mean+ SD) 8.5+4.3
Age at lead fracture (mean+SD) 13+6.1
Determination of lead fracture

In the follow-up evaluations performed
for new symptoms

10

Syncope 8
Dizziness, fatigue 1
Muscle twitching 1

In the routine follow-up visits 9
In the routine pacemaker follow-up 7
Incidental (X-ray) 1
In the follow-up for left ventricular

dilatation
1

Table 3 Comparison of modern studies providing lead fracture rates

Study Cohort Follow-up duration Fracture rate (%)

Till et al.20 24 patients ,15 kg,
30 TV leads

Median 3.5 years
(range 2 months to 6 years)

6.66 (2/30)a

Lau et al.1 148 patients, 213 TV leads Mean 32.3+27.2 months 3.75 (8/213)
Beaufort-Krol et al.9 21 patients, 29 TV leads Mean 3.1+1.7 years 3.44 (1/29)
Sachweh et al.4 22 patients Mean 3+4 years 0
Lee et al.5 12 patients, 21 TV leads Mean 29 months (range 1–46) 4.7 (1/21)
Fortescue et al.3 186 patients, 265 TV leads Median 23 months 1.5 (4/265)
Present study 184 patients, 264 TV leads Mean 72.8+39.7 months

(range 3.2–160.6, median 70.7)
7.19 (19/264)

aValues in parenthesis indicate the number of fractured leads/number of transvenous leads.
TV, Transvenous.
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different, and this may affect the lead fracture ratio in chil-
dren. The frequency of previous cardiac surgery is higher
among children, which was also apparent in our study.
However, to date, the effects of these factors on lead frac-
ture ratio in children have not been investigated. In our
study, none of the patient-related risk factors, such as age
at implantation, indications for implantation, or the pre-
sence of any type of congenital heart disease or previous
heart surgery, was significantly related to lead fracture
(Table 1). This result suggests that patient-related factors
previously reported to affect lead failure may not, in fact,
have an impact on lead fracture.

Although intrathoracic access, subpectoral implants,
right-sided implantation, and active-fixation leads were
more frequent in the lead fracture group, statistical analysis
revealed a correlation only between fixation mechanism and
lead fracture. Lead placement in the cephalic vein, axillary
vein, or extrathoracic portion of the subclavian vein has
been advocated to avoid entrapment of lead in the subcla-
vius muscle, which is implicated in the subclavian crush syn-
drome.5,14–19 In the present study, 37 leads were implanted
by puncture of axillary vein or extrathoracic portion of the
subclavian vein, and none of them fractured during a
mid-term follow-up period of nearly 4 years. Although
none of the extrathoracically implanted leads was frac-
tured, statistical analysis revealed no significant difference
when compared with the outcome with the intrathoracic
approach. This may be explained by the low number of
leads implanted extrathoracically and the shorter follow-up
duration. Despite the lack of statistical significance, the
absence of fracture in patients with extrathoracically
implanted leads is thought to be an encouraging finding,
which may be useful for implant methodology.

The only parameter that was found to be correlated with
lead fracture was the fixation mechanism, with fracture
more frequent among the leads with an active-fixation mech-
anism. In active-fixation leads, the inner coil is used to turn to
screw the distal end into the myocardium or to retract the
screw back into the lead. It can be speculated that the
repeated screwing–retraction action during implantation of
the lead in an effort to find the most suitable location in the
heart may have a deleterious effect on the inner coil and
may result in weakness in the lead body. This postulated
mechanism may be a cause of lead fracture, which was deter-
mined to be more frequent in active-fixation leads.

In conclusion, lead fracture is an important problem in
children with transvenous pacemakers. Our results have
indicated that none of the patient-related risk factors was
correlated with lead fracture. Among lead-related risk
factors, only the fixation mechanism was found to be corre-
lated with lead fracture, which may be postulated as screw
mechanism-related inner coil damage during implantation.
Although all fractures occurred in leads implanted by the
intrathoracic subclavian approach, it was not correlated
with fracture. Hence, the effect of the extrathoracic
approach should be investigated in a large group of patients
with a longer follow-up.
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