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CASE REPORT

Fracture of an epicardial left ventricular lead implanted at
open-heart surgery in anticipation of future need for cardiac
resynchronization therapy
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Abstract
Epicardial left ventricular leads can be implanted at open-heart surgery for cardiac
resynchronization therapy. We report a 2-year-old fractured epicardial left ventricular lead detected at generator implant. It highlights the importance of good surgical
implant technique and of rigorous lead evaluation for signs of impending failure at
generator implant.
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IN T RO D U C T ION

Cardiac resynchronization therapy (CRT) improves survival
and reduces morbidity in patients with heart failure with
reduced left ventricular ejection fraction (LVEF) and significant interventricular conduction delay.1,2 Transvenous
implantation of a left ventricular (LV) lead via the coronary
sinus can be achieved in >90% of patients.2 Alternatively,
a transthoracic epicardial LV lead can be deployed in cases
of failed transvenous implantation or de novo at the time of
open-heart surgery if a future need for CRT is considered
likely.3-5 However, outcome data on transthoracic epicardial
LV leads and modes of failure are sparse.
This case report describes an inactive epicardial LV lead
implanted at open-heart surgery in which multiple fractures
caused by sternal wires were detected two years later during
a CRT device implant. The contemporary literature on clinical outcomes and performance of surgically placed epicardial
leads is briefly reviewed, and clinical considerations to detect

possible impending epicardial LV lead failure at later CRT
device implant are suggested.

2

|

CASE REPORT

In 2016, a 77-year-old man underwent open-heart surgery
with aortic root replacement using a valve conduit for a stenotic bicuspid aortic valve and associated aortic root dilatation. Preoperatively, the patient had mild nonobstructive
coronary artery disease, LVEF 45%, and Left Bundle Branch
Block (LBBB) with QRS duration 172 ms. The cardiac surgeon implanted a lateral epicardial bipolar suture-on LV lead
(Medtronic 4968-35 Capsure Epi) with the lead body exiting
at the suprasternal angle and with the silicone capped header
placed in the left pectoral subcutaneous tissue assuming a
likely future need for CRT (Figure 1).
Two years later in 2018, the patient developed progressive
clinical heart failure New York Heart Association (NYHA)
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class III, LVEF 35%, and LBBB with QRS duration 176 ms.
The patient had a class I indication for CRT.6 At implant,
the header of the capped epicardial LV lead in the subcutaneous tissue was mobilized with electrocautery and with
gentle traction, turned out to have multiple overt fractures
near the level of the suprasternal notch most likely caused
by shredding over the fractured sternal wires (Figures 2 and
3). Inadvertent capture of the lead body by the sternal wires
at implant may have contributed to the lead damage. Hence,
a transvenous LV lead was implanted instead in a posterolateral coronary sinus tributary. All three transvenous leads had
excellent pacing parameters and were connected to a CRTpacemaker in the subcutaneous pocket.
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D IS C U S S ION

The contemporary CRT implanter has a range of possible transvenous coronary sinus delivery sheath systems, and LV lead
designs to overcome anatomical challenges and thereby increase the probability of a successful implant. However, in the
2018 AHA/ACC/HRS pacing guidelines, implanting an epicardial LV lead at open-heart surgery is still a class IIb indication
if future CRT is considered likely.6 The present case report illustrates an example of what may be a rare mode of failure of
an epicardial lead but highlights several key clinical issues to
be considered in case a previously implanted inactive epicardial
LV lead is to be used in a contemporary CRT system.

3.1 | How is the clinical response to CRT
using a surgically placed epicardial LV lead
versus a standard transvenous LV lead?
The response to CRT using a transvenous approach with reduced morbidity and mortality is well established.1,2 Optimal
transvenous LV lead placement is limited by the variable coronary venous anatomy, but contemporary transvenous lead
delivery systems and use of quadripolar leads yield implant
success rates of up to 97% with postoperative possibility of
vector optimization and multipoint pacing to optimize CRT
response.7 The alternate option is to surgically place an epicardial LV lead. This can be performed at concomitant openheart surgery or by less invasive video-assisted thoracoscopy
and left-lateral mini-thoracotomy. There are no large randomized trials demonstrating noninferiority of CRT with a
surgically placed LV leads compared to a transvenous LV
lead. Two randomized trials with only 98 and 225 surgically
placed epicardial leads did not show any difference in clinical CRT response evaluated by left ventricular remodeling,
NYHA functional class and 6-minute walk test. Three small
retrospective studies have demonstrated equivalent findings.3,4,9 Overall, limited clinical data suggest that patients

F I G U R E 1 Postoperative chest X-ray after open-heart surgery
in 2016 with aortic root replacement using a valve conduit and
concomitant implant of a bipolar epicardial left ventricular lead with
the silicone covered header placed in the subcutaneous tissue in the left
pectoral area. No signs of damage to the epicardial lead at implant

F I G U R E 2 Intraprocedure photo from the cardiac
resynchronization therapy device implant in 2018 showing the
proximal explanted fragment of the fractured epicardial lead

with epicardial and endocardial LV leads have comparable
clinical response to CRT.

3.2 | What are the failure rate and modes of
surgically implanted epicardial LV leads?
The reason for lead failure in the current case was most
likely mechanical stress by the sternum and shredding of
the lead by the fractured sternal wires which inadvertently
may have tied down the lead body at implant. An equivalent
failure mechanism is subclavian crush of transvenous pacing leads inadvertently caught in the costoclavicular soft
tissue. This emphasizes the universal importance of the implanter of pacing leads being to be very diligent to avoid unnecessary mechanical lead stress by exerting good implant
technique no matter it being transvenous or epicardial.
Data on electrical performance, failure rates, and modes
of failure of surgically implanted epicardial LV leads in patients with an indication for CRT are sparse. The largest
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with a mean follow-up of 55 months has demonstrated a
low lead failure rate of 1.5% and no infections. Similarly,
a small study13 with 32 sutureless screw-in epicardial LV
leads placed by thoracoscopy or mini-thoracoscopy has
demonstrated excellent sensing, impedance, and thresholds
with a mean follow-up of 2.6 years with no clinically significant differences between leads with and without steroid
elusion. Overall, limited clinical data suggest that epicardial LV leads have relatively low failure rates, and good
implant technique is imperative to keep these at an acceptable level.

3.3 | What should be considered by the CRT
implanter when planning to utilize a previously
implanted epicardial LV Lead?

F I G U R E 3 Focused postprocedure chest x-ray after the
cardiac resynchronization therapy device implant in 2018 with
three transvenous leads in the right atrium, right ventricle, and left
ventricle via the coronary sinus, respectively. The abandoned part
of the epicardial left ventricular lead was completely fractured at the
suprasternal notch (superior arrow) with an isolated short extrathoracic
subcutaneous fragment that also was severed from the explanted part
of the lead at the level of one of the fractured sternal wires (inferior
arrow)

report is a single-center study10 with 216 leads of the same
kind as presented in the current case report (Medtronic
4968 Capsure Epi). They demonstrated excellent pacing
thresholds, sensing, and impedance during a mean follow-up of 3 years. Two lead-related implant complications
were observed, that is, permanent phrenic nerve damage
and coronary artery stenosis with myocardial infarction
which underline the importance of meticulous surgical
implant technique. The 5-year LV lead failure rate was
1.6% with high pacing thresholds, and the 5-year device
infection rate was 9.6%. A small study11 with 19 mini-thoracotomy placed epicardial LV leads and 79 transvenous
coronary sinus leads has demonstrated lower epicardial
pacing thresholds 18 months postimplant with only 1 surgically placed lead needing repositioning. However, another
small study8 with only 9 thoracoscopically placed epicardial leads and 12 transvenous coronary sinus leads demonstrated a contrasting finding with much higher epicardial
pacing thresholds 12 months postimplant. This could be
explained by challenges with the thoracoscopic implant
technique, and myocardial damage at the epicardial implant
site may with time result in higher pacing thresholds. A
study12 including 91 completely epicardial CRT systems

There is an inherent risk of including a failing epicardial
LV lead in a new CRT system as an indwelling inactive
lead has no electrical track record. The present case report
shows complete lead fractures of all conductors and insulation, and lead failure would therefore with certainty have
been detected when connected to the device. Impending,
but not overt, lead failure can be much more challenging to
detect. We suggest the following steps to reduce the risk of
introducing a failing epicardial LV lead to a new CRT system: Preprocedure; check available chest X-rays for signs
of epicardial LV lead damage to insulation or conductors by using electronic image magnification with special
focus on the thoracic exit point to the subcutaneous tissue;
Intraprocedure: consider checking lead integrity with high
frame rate fluoroscopy with special focus at the thoracic
exit point to the subcutaneous tissue, and when testing the
electrical integrity, include manual compression of the thoracic exit point of the lead while looking for lead noise and
repeat impedance measurements. Furthermore, check that
the position of the epicardial lead is basal posterolateral for
optimal CRT and that the pacing threshold is acceptably
low and without phrenic nerve stimulation. If not, consider
implanting a new transvenous LV lead.
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CONCLUSIONS

Surgically implanted epicardial LV leads for use in CRT seem
to perform well with low failure rates, but focus on good implant technique is imperative to reduce risk of lead failure.
There are no large randomized trials directly comparing outcomes in CRT with bipolar surgical epicardial LV leads versus
contemporary quadripolar transvenous leads with vector optimization. When possible, transvenous LV leads may, therefore,
be preferable. Inactive epicardial LV leads have no electrical
track record if implanted at open-heart surgery in anticipation
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of future need for CRT. Meticulous visual and electrical lead
evaluation is mandatory to reduce the risk of introducing an
impending failing epicardial LV lead into a new CRT system.
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