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ABSTRACT
Background: Cardiac implantable electronic devices deliver life-
sustaining therapy and may be prone to hardware degeneration over
time. Functioning transvenous endocardial leads with visible insulation
breaks are amenable to lead revision (LRV) or lead repair (LRP), with
medical adhesive. The latter is a less invasive and more cost-effective
strategy. However, data are sparse on the overall safety of such an
approach.
Methods: This is a retrospective cohort study of patients with lead
insulation defects managed by either LRV or LRP with medical adhe-
sive. The data analyzed were from January 2010 to January 2021.
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R�ESUM�E
Introduction : Les dispositifs cardiaques �electroniques implantables
offrent un traitement essentiel au maintien de la vie, mais peuvent
subir une d�et�erioration de leur mat�eriel au fil du temps. Le fonc-
tionnement des sondes endocavitaires transveineuses ayant des rup-
tures visibles de l’isolant se prête à la r�evision de sonde (RVS) ou à la
r�eparation de sonde (RPS) au moyen d’un adh�esif m�edical. Cette
dernière strat�egie est moins invasive et plus efficiente. Toutefois, les
donn�ees sur l’innocuit�e g�en�erale d’une telle approche sont rares.
M�ethodes : Il s’agit d’une �etude de cohorte r�etrospective de patients
dont les sondes montrent des d�efaillances de l’isolant prises en charge
The life-sustaining function of cardiovascular implantable
electronic devices (CIEDs) depends on the lead component’s
structural and functional integrity. Transvenous leads are
composed of a metallic conductor housed within an insulating
layer of silicone or other polymers. Loss of insulation integrity
may lead to nonphysiological sensing, resulting in inappro-
priate therapy from defibrillators or failure to deliver therapy
due to inhibition.1,2 Insulation defects occur with an inci-
dence of 4%-13% over 4 years and are the most common
cause of lead failure.3,4 Even in the absence of electrical fail-
ure, abrasions to the outside insulator may contribute to
morbidity by acting as a nidus for infection and are associated
with an increased risk of infective endocarditis.5

A number of strategies are used in the management of lead
insulation defects. In the past, a damaged lead was often
abandoned and a new one implanted. However, insulation
defects may be amenable to repair with silicone adhesive and
an anchoring sleeve in certain circumstances. This approach
preserves the lead and may offer a safer, less invasive, and more
economical alternative. 4 Data are sparse on the relative safety
of such an approach. In this study, we sought to evaluate the
safety and durability of lead repair with a medical adhesive,
compared with lead revision, for the management of visible
lead insulation defects.
Methods
Study participants were identified from the electrophysi-

ology health administrative database in London, Ontario.
This electronic database was established in 2009 at the Lon-
don Health Sciences Centre as the sole repository of all CIED
implant and follow-up data. A computerized search for all
adult patients with CIEDs with transvenous endocardial leads
and visible lead insulation defects was conducted using the
following keywords and Boolean operators: “insulation defect”
AND “repair” OR “silicone” OR “adhesive” OR “glue” OR
“revision” OR “replacement.” Patients were enrolled from
January 2010 to January 2021.

All patients retrieved by the database search within the
enrollment period were evaluated. Patients were excluded if
the lead insulation defect had been determined to not require
intervention at the assessment time. We also excluded patients
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All-cause mortality, and both early and late complications, was
ascertained for all cases.
Results: A total of 57 cases were identified, with a mean age (stan-
dard deviation) of 75 (�11.8) years; 18 (31.6%) were women. A total
of 35 patients (62.5%) underwent LRV for an insulation defect, and 21
(37.5%) underwent LRP. There was no statistical difference in the rate
of early and late complications between the 2 groups over a mean
follow-up period of 1.15 (�0.78) years [3 (8%)] LRV vs 1 (5%) LRP, P ¼
0.88). One death was identified in each group, unrelated to either the
device or a device-related procedure. There was no association be-
tween device type and the likelihood of LRP vs LRV as an attempted
strategy (c2 ¼ 2.25, P ¼ 0.53).
Conclusions: The results of this study suggest that the use of a lead-
repair strategy, with silicone adhesive glue and an anchoring sleeve, is
not associated with an increased rate of early or late complications,
compared with lead revision in the management of visible lead insu-
lation defects with stable lead function.

par RVS ou par RPS au moyen d’un adh�esif m�edical. Les donn�ees
analys�ees s’�echelonnaient de janvier 2010 à janvier 2021. La mor-
talit�e toutes causes confondues ainsi que les complications pr�ecoces
et tardives �etaient �etablies pour tous les cas.
R�esultats : Nous avons trouv�e un total de 57 cas, dont l’âge moyen
(�ecart type) �etait de 75 (� 11,8) ans; 18 (31,6 %) �etaient des femmes.
Au total, 35 patients (62,5 %) avaient subi une RVS en raison d’une
d�efaillance de l’isolant, et 21 (37,5 %) avaient subi une RPS. Il n’y avait
aucune diff�erence statistique dans le taux de complications pr�ecoces
et tardives entre les deux groupes durant une p�eriode moyenne de
suivi 1,15 (� 0,78) an [3 (8 %)] RVS vs un (5 %) RPS, P ¼ 0,88. Dans
chaque groupe, nous avons not�e 1 d�ecès non associ�e au dispositif ou à
une intervention li�ee au dispositif. Il n’y avait aucune association entre
le type de dispositif et la probabilit�e de tentative d’une strat�egie de
RPS vs d’une strat�egie de RVS (c2 ¼ 2,25, P ¼ 0,53).
Conclusions : Les r�esultats de cette �etude montrent que l’utilisation
d’une strat�egie de RPS au moyen d’un adh�esif de silicone et d’une
douille d’ancrage n’est pas associ�ee à un taux plus �elev�e de compli-
cations pr�ecoces ou tardives que la RVS dans la prise en charge des
d�efaillances visibles de l’isolant de la sonde lors de fonctionnement
stable de la sonde.
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with multiple concurrent lead malfunctions or additional
damage to the lead extending beyond the insulator. The
method by which the insulation defect was detected was not
prespecified, and included were both detection at routine
device follow-up, with changes in lead parameters, and visual
detection during generator replacement.

Clinical and demographic informationwas collected for each
patient. All procedure reports were abstracted for interventional
details and complications. Adverse events were ascertained from
the time of implant through January 2021. Outcomes included
all-cause mortality, device-related complications, and abnormal
lead parameters resulting in new-lead implant or additional
procedures. Device-related complications included pocket in-
fections, hematomas, pneumothorax, lead dislodgement, car-
diac perforation, lead endocarditis, and recurrent lead
dysfunction after initial intervention. Patients were classified
into 2 groups: lead revision (LRV) and lead repair (LRP).

Lead repair

Briefly, the process of lead repair occurs as follows: After the
visual identification of a defect, a 9-F suture (anchoring) sleeve is
coated on the luminal side with silicone adhesive and applied
over the length of the insulation break. Silk sutures are then tied
over the sleeve to secure it over the repair site and prevent
migration during lead manipulation. A cure time of 10 minutes
for the silicone adhesive is allotted prior to manipulation of
the lead back into the pocket and site closure. Figure 1, Figure 2
and Video 1 (view video online) illustrate the process.

Leads were tested for performance and parameter stability
at the end of the procedure. This process included checks for
threshold, impedance, sensing, and noise artifact. If lead
performance was deemed suboptimal, the repair strategy was
abandoned.

Statistical analysis

Baseline characteristics between the 2 groups were sum-
marized with descriptive statistics. Unadjusted complication
rates were compared using t-tests, c2 tests, and Fisher exact
analysis where appropriate. Nominal P values were reported
for tests of continuous and categorical measurements, with the
assumption of a maximum a error of 5% as the threshold for
statistical significance.
Results
A total of 57 cases were identified and included in this

study, of which 39 (68.4%) were men, and 18 (31.6%) were
women. The mean age of the study participants was 75.5 �
11.8 years. The mean time of lead implantation with an
insulation defect was 100 � 85.6 months. Implanted devices
included 14 (25%) implantable cardioverter-defibrillators, 19
(34%) cardiac resynchronization therapy defibrillators, 11
(18%) permanent pacemakers, and 13 (23%) cardiac
resynchronization therapy pacemakers. Table 1 outlines the
patient characteristics. There was no difference in age between
the LRP and the LRV groups (75.1 � 13.2 years vs 75.8 �
11.0 years, P ¼ 0.81) or in lead implantation time (86.4 �
80.4 months vs 109.6 � 87.8 months, P ¼ 0.44).

In 35 (62.5%) cases, the lead was revised, with the patient
receiving a new lead, and for 21 (37.5%) patients, the
defective lead underwent repair with silicone adhesive and an
anchoring sleeve. In one case within the group undergoing
repair, the lead was not visibly defective but was presumed to
have sustained a microabrasion from accidental contact with
the suture needle tip or cautery during a device upgrade
procedure. All lead repairs and revisions were confirmed to be
successful by testing at the time of the procedure. There was
no association between device type and the likelihood of LRP
vs LRV as an attempted strategy (X2 ¼ 2.25, P ¼ 0.53). The
right arterial lead (34%), followed by the left ventricular lead
(30%), was the most frequently repaired lead in the group
undergoing repair. Of all the leads, the right ventricular lead
was the most likely to undergo a revision rather than a repair
(66.7% vs 24%, P < 0 .01), according to the preference of the
operating physician. The procedure duration was not



Figure 1. Illustration of the process of lead repair on a Medtronic device (Medtronic, Minneapolis, MN). (A) Identification of the visible insulation
defect. (B) Application of a silicone adhesiveecoated suture (anchoring) sleeve to the site of the insulation break. (C) Suture (silk) ties over the
anchoring sleeve. (D) Manipulation of the repaired lead back into the pocket.
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statistically different for the LRV vs LRP group (90.0 � 43.7
minutes vs 72.3 � 24.6 minutes, P ¼ 0.27).

The mean duration of follow-up from the time of the index
procedure to the time of abstraction was 1.15 � 0.78 years.
The complication rate in the study cohort was 5.3%, with no
statistically significant difference between the LRV and LRP
groups [3 (8%) in the LRV group vs 1 (5%) in the LRP
group, P ¼ 0.61). Three complications were noted in the
LRV group, 2 of which were lead dislodgement post-
procedure requiring repositioning, and one of which was a
case of lead endocarditis 7 years postelead replacement. In the
LRP group, one complication was detected and was a recur-
rence in lead dysfunction requiring lead revision after 8 years.
One death was identified in each group, not related to the
device or a device-related procedure (Table 2).
Discussion
Lead repair of insulation defects with silicone adhesive and

an anchoring sleeve was associated with similar rates of early
Figure 2. A picture of an insulation defect noted on a lead which subsequen
Video 1 (view video online).
and late complications and all-cause mortality, compared with
lead replacement. Lead repair may be a safe alternative to lead
revision in the management of visible lead insulation defects.

Lead repair, compared with lead revision, has been shown
to be associated with a shorter procedure time and hospital
stay, as well as lower rates of procedural complications.4 The
results of our study add to the existing literature on the safety
of the lead-repair strategy and suggest that financially, it is a
lower-cost alternative. When both strategies are deemed
feasible, lead repair may be more cost effective and economical
and should be considered at the time of inspection.

Lead insulation defects are the leading cause of lead fail-
ure.4 Abrasions to the outer insulation can occur in the
pocket, due to friction with other device components or
damage during device manipulation or upgrade.5-7 Distal
abrasions to the lead system, within the vascular space, are also
well documented. In the case of crush syndrome, friction
between the lead and adjacent bone structures, namely the
clavicle and first rib, results in insulation breaks.5 Lead repair
using a medical adhesive requires that the insulation defect be
tly underwent repair with silicone adhesive. The defect can be seen in



Table 1. Study participants’ baseline characteristics

Characteristic Overall (n ¼ 57) Lead-repair strategy (n ¼ 21) Lead-revision strategy (n ¼ 36)

Age, y, mean (SD) 75.5 (11.8) 75.1 (13.2) 75.8 (11.0)
Sex, female 18 (32.5) 6 (29) 12 (34)
Procedure duration, min, mean � SD 84.5 � 39.2 72.3 � 24.6 90.0 � 43.7
Device

ICD 14 (24.6) 5 (24) 9 (25)
CRT-D 19 (33.3) 10 (48) 9 (25)
PPM 11 (19.3) 2 (9) 9 (25)
CRT-P 13 (22.8) 4 (19) 9 (25)

Lead involved
RV 29 (50) 5 (24) 24 (66.7)
RA 14 (25) 8 (38) 6 (16.7)
DF 7 (12.5) 2 (9) 5 (13.8)
LV 7 (12.5) 6 (29) 1 (2.8)

Values are n (%), unless otherwise indicated.
CRT-D, cardiac resynchronization therapy defibrillator; CRT-P, cardiac resynchronization therapy pacemaker; ICD, implantable cardioverter-defibrillator; DF,

defibrillator lead; PPM, permanent pacemaker; LV, left ventricular; RA, right arterial; RV, right ventricular; SD, standard deviation.
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clearly visible and delineable in order to appropriately apply
the repair strategy to a target region on the lead. This situation
precludes the applicability of lead repair in insulation defects
that are electrically detected but not visible at the time of
inspection, owing to the defects being either distal within the
venous system or simply not visible to the operator. Visible
insulation defects constitute a breach in the integrity of the
lead, even in the absence of electrical dysfunction. They have
the potential to progress and ultimately be manifested as
failure of lead function. These defects should therefore be
addressed at the time of inspection, as exposing a patient to a
repeat procedure would further increase their risk of compli-
cations (including infection).

A bias toward using a repair strategy may have been ex-
pected in older patients, given its less-invasive nature; how-
ever, such a bias was not observed within our cohort. A repair
strategy was more likely to be pursued for lower-risk leads (eg,
the right arterial lead) as well as in settings of high-risk re-
visions (eg, the left ventricular lead). Such a strategy may also
be favoured in cases of venous occlusion, when deemed safe.
Although no venous occlusions were identified in our study
population, the literature suggests a prevalence of w12% in
referred patients.8

Insulation defects have been shown to be associated with a
higher rate of endocarditis, thought to result mechanistically
from lead-surface irregularities serving as a harbour and
nucleation point for pathogens.5 Lead repair may therefore be
theoretically associated with higher rates of lead endocarditis,
Table 2. Complication rates and all-cause mortality for the lead-repair strate

Complications/mortality Lead-repair strategy (n ¼ 21

Early complications (< 30 d)
Pocket infection 0
Pocket hematoma 0
Lead dislodgement/repositioning 0
Cardiac perforation 0
Pneumothorax 0

Late complications (> 30 d)
Recurrent lead dysfunction 1
Endocarditis 0

Total 1
All-cause mortality 1

NS, nonsignificant.
given that residual irregularities are maintained by the silicone
glue and sleeve. In our study, we did not detect any cases of
endocarditis or pocket infection in the lead-repair group. This
lack of such cases may be due to the small sample size and
relatively low rate of lead endocarditis, as reported in the
literature. A single case of endocarditis within the lead-revision
group was detected, 7 years posteindex procedure.

Limitations

This is a singleeacademic centre retrospective study, subject
to the limitations inherent to the observational design. All the
devices and components within this study were from a single
manufacturer (Medtronic, Minneapolis, MN), and all in-
sulators were made of silicone. Thus, the generalizability of the
study finding to alternative devices and other insulation poly-
mers is limited. Ascertainment of long-term durability is limited
by the mean follow-up duration (1.15 � 0.78 years). Finally,
structural details (eg, size and shape) of the insulation defects
were not specified in procedure notes, precluding identification
of any association of suchwith themanagement strategy chosen.
Conclusion
The results of this study suggest that a lead-repair strategy

with a medical adhesive and an anchoring sleeve for the man-
agement of visible lead insulation defects is associated with a
similar rate of early and late complications, compared with a
lead-revision strategy, and may be a viable and safe alternative.
gy vs lead-revision strategy groups

) Lead-revision strategy (n ¼ 36) P

0 NS
0 NS
2 0.27
0 NS
0 NS

0 0.19
1 0.41
3 0.62
1 0.70
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