
Late ventricular pacemaker lead perforation after
electrical cardioversion—A case report
Bert Vandenberk, MD, PhD,*† Sevan Letourneau-Shesaf, MD,* Jillian D. Colbert, MD,*
Glen Sumner, MD, MSc, FRCP(C),* Vikas Kuriachan, MD, FRCPC, FCCS, FHRS, FACC*
From the *Libin Cardiovascular Institute of Alberta, University of Calgary, Calgary, Canada, and

†Department of Cardiology, University Hospitals Leuven, Leuven, Belgium.
KEY TEACHING POINTS

� Late lead perforation, .1 month after implant or
upgrade, is rare but can present at all times.

� Lead perforation should be suspected in case of
pleuritic symptoms, a new pericardial effusion, or
acute changes in lead measurements upon device
interrogation, including unipolar lead
measurements.

� Lead perforation diagnosis can be confirmed on
echocardiogram or computed tomography scan.

� Increased awareness for complications shortly after
electrical cardioversion is recommended.
Introduction
Cardiac implantable electronic devices (CIED) have a
wide range of indications and implant numbers have
been increasing in the past decades, with a recently re-
ported age- and sex-adjusted annual incidence of 89.0
per 100 000.1 Inevitably, there is an associated risk of com-
plications with these procedures.2 Further, both atrial and
ventricular pacing are associated with an increased risk
of atrial fibrillation (AF) and AF burden.3 Electrical car-
dioversion (ECV) is a commonly used and effective
method to restore sinus rhythm in patients with persistent
atrial arrhythmias.4

We present a case report of a patient presenting with pleu-
ritic chest pain 2 weeks after ECV owing to ventricular lead
perforation of a dual-chamber pacemaker implanted 3.5 years
prior.
 � The right ventricular lead should be implanted in a

septal position, which can be verified in the left
anterior oblique view during implant.
Case report

An 81-year-old male patient with persistent AF, gastroesoph-
ageal reflux disease, and arterial hypertension presented on
January 4, 2022, with a 3-day history of pleuritic,
breathing-dependent, left-sided chest pain with a visual
analog scale score of 4 out of 10. The pain started in the
afternoon while resting after a day with regular physical
activity. The patient denied symptoms compatible with any
acute infection or inflammatory disease.
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The patient had been implanted with a left-sided dual-
chamber pacemaker (Medtronic Adapta; Medtronic, Minne-
apolis, MN) for symptomatic Mobitz type II atrioventricular
block in February 2018. Both the atrial and ventricular pacing
leads were Medtronic 5076 CapSureFix Novus MRI
SureScan active fixation leads and the generator was Med-
tronic Adapta (Medtronic, Minneapolis, MN). The atrial
lead was positioned in the right atrial appendage, whereas
the ventricular lead was implanted in the right ventricular
apex, and both had excellent bipolar lead values at implant
(Figures 1 and 2A). During his follow-up, he was diagnosed
with AF, initially paroxysmal but evolving to persistent AF,
for which he was started on apixaban 5mg twice daily and the
pacemaker was programmed to VVIR mode. On December
21, 2021, he underwent an elective ECV for persistent AF
after being started on sotalol 40 mg twice daily a few days
prior. The ECV was successful in restoring sinus rhythm
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Figure 1 Atrial and ventricular pacemaker lead trends. A: Sensing. B: Bipolar impedance. C: Threshold.
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with 1 synchronized 200 joule shock with the defibrillation
pads in anteroposterior electrode position. Pacemaker inter-
rogation before and after the ECV (Figure 1) did not show
any significant changes in lead parameters.

The patient presented on January 4, 2022, to our CIED
clinic with these symptoms. On device interrogation a signif-
icant increase in bipolar right ventricular threshold was noted
from 1.0 V at 0.4 ms to 3.75 V at 0.4 ms, while bipolar lead
impedance and atrial lead measurements remained
unchanged (Figure 1). Chest radiograph showed unchanged
lead position compared to the postimplant radiograph in
2018 (Figure 2A). The output on the ventricular lead was
increased to 6.0 V at 1.0 ms with bipolar programming and
the patient was booked for a semi-urgent ventricular lead
revision as an outpatient.

Three days later the patient presented again with progres-
sive symptoms of pleuritic chest pain and new dyspnea upon
minimal exercise. Upon device interrogation the bipolar ven-
tricular lead threshold increased further to 5.0 V at 0.4 ms. A
transthoracic echocardiogram showed a moderate-sized peri-
cardial effusion without echocardiographic signs of tampo-
nade, which was not present on a routine transthoracic
echocardiogram in August 2021 (Figure 2B). Further, on
echocardiogram a high suspicion of ventricular lead perfora-
tion was noted as the lead projected in the epicardial fat
(Figure 3A). This diagnosis was confirmed on computed
tomography (CT) scan, where the ventricular lead clearly
projected through the myocardium in the pericardial space
(Figure 3B). Apixaban was held and the patient was admitted
for lead extraction with implantation of a new ventricular
lead.

On January 14, 2022, the patient underwent a complex
laser lead extraction, as during the procedure the ventricular
lead was found to have significant adhesions to the superior
vena cava. A new ventricular lead (Medtronic 5076 CapSu-
reFix Novus MRI SureScan; Medtronic, Minneapolis, MN)
was implanted using axillary vein access with a septal posi-
tion. The patient tolerated the procedure hemodynamically
well and transesophageal echocardiogram showed a stable
pericardial effusion throughout the procedure. The patient
was discharged the next day.

At the 1-month follow-up clinic visit the patient was free
of symptoms and functioned New York Heart Association
class 1. Device interrogation showed sinus rhythm without
recurrence of AF, as well as normal lead measurements
(Figure 1). The atrial and ventricular pacing percentages
were 87.7% and 99.8%, respectively. Repeat transthoracic
echocardiogram showed regression of the pericardial
effusion to within normal range.
Discussion
This case presents a sequence of events resulting in a severe
complication that, to our knowledge, has not been described



Figure 2 Comparison of imaging studies. A: Anteroposterior chest radiograph post implant and at admission. B: Transthoracic echocardiogram. *: New peri-
cardial effusion on parasternal short-axis view.
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before. The patient presented with a clinically relevant ven-
tricular lead perforation 3 years and 10months after the initial
device implant. This diagnosis was confirmed on transtho-
racic echocardiogram and CT scan. In a recent study the ac-
curacy of chest radiography, transthoracic echocardiogram,
and cardiac CT scan to diagnose a cardiac lead perforation
was 73.1%, 82.7%, and 98.1%, respectively.5 The incidence
Figure 3 Cardiac imaging visualizing perforated lead with pericardial effusion.A
tomography scan. White arrows: right ventricular lead projecting through the vent
of lead perforation has been described to range between
0.09% and 1.5%.2 Typically, lead perforation presents as
an acute (,24 hours) or subacute (,1 month) complication;
late presentation up to 8 years after initial implant has been
described in case reports.2,6 However, in a large prospective
observational cohort 10% of patients had a new pericardial
effusion after CIED implant or upgrade, indicating that
:Right ventricular view on transthoracic echocardiogram.B:Chest computed
ricular wall with pericardial effusion. *: Pericardial effusion.
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subclinical lead perforation might be more common.7 This
was confirmed in a retrospective analysis of CIED patients
who underwent CT scans for other indications than the suspi-
cion of lead perforation.8 This study detected asymptomatic
lead perforation in 15% of patients.8 Unfortunately, unipolar
lead measurements were not available in this case, but these
can be particularly helpful in the work-up for a potential lead
perforation or to detect subclinical lead perforation. These
data emphasize the importance of verifying a septal position
of the right ventricular lead in the left anterior oblique view.

The temporal relation between the ECV and lead perfora-
tion is striking. The ECV was performed according to the
most recent guidelines with anteroposterior electrode place-
ment.4 Device malfunction after ECV has been described
but is mostly restricted to old reports in the era of monophasic
defibrillation, anterolateral electrode placement, and right-
sided implants with unipolar leads.9 Overall, there is a
paucity of data on the safety of external ECV in CIED pa-
tients. In contemporary reports CIED complications after
ECV are rare (,1%) and limited to transient increases in
pacing threshold.10 In a retrospective, multicenter registry,
data on 16,554 patients undergoing ECV were collected, of
which 1809 (10.9%) patients had a CIED.10 Complications
were reported in 11 (0.6%) patients with a CIED, all of which
were transient elevations in pacing thresholds.10 Of note,
38% of the included centers performed ECV with an antero-
lateral electrode configuration.10

We hypothesize that our patient had an asymptomatic,
subclinical right ventricular lead perforation that deteriorated
after the ECV, most likely owing to the simultaneous
mechanical contraction of the atria and ventricles, which
resulted in a forward pressure at the lead tip given the signif-
icant adhesions of the right ventricular lead in the superior
vena cava, followed by slow migration of the lead tip into
the pericardial fat. A direct cauterization effect of the ventric-
ular lead by the electrical current of the ECV cannot be
excluded. However, the latter has not been reported in bipolar
leads, and one would expect immediate changes in lead
measurements after the ECV. Unfortunately, as the lead
required complex laser extraction, the connector pin was
cut off and the lead integrity could not be tested afterwards.
Therefore, this hypothesis could not be verified, and the exact
chain of events remains unclear.

Conclusion
Late CIED lead perforations are rare but can present at any
time after implant. The diagnosis should be suspected in
case of pleuritic symptoms, a new pericardial effusion, or
acute changes in lead measurements upon device interro-
gation, including unipolar lead measurements. Both trans-
thoracic echocardiogram and cardiac CT scan can be
helpful to confirm the diagnosis of lead perforation. Car-
diac CT scan has the highest diagnostic accuracy; howev-
er, in the presence of a pericardial effusion echocardiogram
is indicated to assess its clinical relevance. Increased
awareness in CIED patients after ECV remains warranted,
even though the causal relation between the ECV and lead
perforation in this case could not be proven.
Acknowledgment
Written informed consent was obtained from the patient for
their anonymized information.
References
1. Vaidya VR, Asirvatham R, Kowlgi GN, et al. Trends in cardiovascular implant-

able electronic device insertion between 1988 and 2018 in Olmsted County.
JACC Clin Electrophysiol 2022;8:88–100.

2. Burri H, Starck C, Auricchio A, et al. EHRA expert consensus statement and
practical guide on optimal implantation technique for conventional pace-
makers and implantable cardioverter-defibrillators: endorsed by the Heart
Rhythm Society (HRS), the Asia Pacific Heart Rhythm Society (APHRS),
and the Latin-American Heart Rhythm Society (LAHRS). Europace 2021;
23:983–1008.

3. Munawar DA,Mahajan R, Agbaedeng TA, et al. Implication of ventricular pacing
burden and atrial pacing therapies on the progression of atrial fibrillation: a sys-
tematic review and meta-analysis of randomized controlled trials. Heart Rhythm
2019;16:1204–1214.

4. Hindricks G, Potpara T, Dagres N, et al. 2020 ESC Guidelines for the diagnosis
and management of atrial fibrillation developed in collaboration with the Euro-
pean Association of Cardio-Thoracic Surgery (EACTS). Eur Heart J 2021;
42(5):373–498.

5. Zhang X, Zheng C, Wang P, et al. Assessment of cardiac lead perforation: com-
parison among chest radiography, transthoracic echocardiography and
electrocardiography-gated contrast-enhanced cardiac CT. Eur Radiol 2019;
29:963–974.

6. Liang JJ, Killu AM, Osborn MJ, Jaffe AS. Pacemaker lead perforation causing
hemopericardium eight years after implantation. Indian Heart J 2013;
65:331–333.

7. Ohlow MA, Lauer B, Brunelli M, Geller JC. Incidence and predictors of pericar-
dial effusion after permanent heart rhythm device implantation: prospective eval-
uation of 968 consecutive patients. Circ J 2013;77:975–981.

8. Hirschl DA, Jain VR, Spindola-Franco H, Gross JN, Haramati LB. Prevalence
and characterization of asymptomatic pacemaker and ICD lead perforation on
CT. Pacing Clin Electrophysiol 2007;30:28–32.

9. Waller C, Callies F, Langenfeld H. Adverse effects of direct current cardio-
version on cardiac pacemakers and electrodes Is external cardioversion con-
traindicated in patients with permanent pacing systems? Europace 2004;
6:165–168.

10. Luker J, Sultan A, Plenge T, et al. Electrical cardioversion of patients with im-
planted pacemaker or cardioverter-defibrillator: results of a survey of German
centers and systematic review of the literature. Clin Res Cardiol 2018;
107:249–258.

http://refhub.elsevier.com/S2214-0271(22)00074-4/sref1
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref1
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref1
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref2
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref2
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref2
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref2
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref2
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref2
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref3
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref3
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref3
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref3
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref4
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref4
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref4
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref4
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref5
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref5
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref5
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref5
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref6
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref6
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref6
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref7
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref7
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref7
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref8
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref8
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref8
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref9
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref9
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref9
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref9
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref10
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref10
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref10
http://refhub.elsevier.com/S2214-0271(22)00074-4/sref10

	Late ventricular pacemaker lead perforation after electrical cardioversion—A case report
	Introduction
	Case report
	Discussion
	Conclusion
	Acknowledgment
	References


