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Cardiac resynchronization therapy (CRT) is an important treatment modality for a well-defined subgroup
of heart failure patients. Coronary sinus (CS) lead placement is the first-line clinical approach but the
insertion is unsuccessful in about 5–10% of the patients. In recent years, the number of CRT recipients and
the considerable need for left ventricular (LV) lead revisions increased enormously. Numerous techniques
and technologies have been specifically developed to provide alternatives for the CS LV pacing. Currently,
the surgical access is most frequently used as a second choice by either minithoracotomy or especially
the video-assisted thoracoscopy. The transseptal or transapical endocardial LV lead implantations are
being developed but there are no longer follow-up data in larger patient cohorts. These new techniques
should be reserved for patients failing conventional or surgical CRT implants. In the future, randomized
studies are needed to asses the potential benefits of some alternative LV pacing techniques and other new
technologies for LV lead placement are expected. (PACE 2014; 37:255–261)
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Introduction
Cardiac resynchronization therapy (CRT)
has evolved as an effective nonpharmacological
method of treating patients with heart failure (HF)
and left ventricular (LV) dyssynchrony for those
who have not responded adequately to medical
therapy.1,2 CRT requires permanent pacing of
the LV wall and restores the synchronicity of
the atrioventricular, interventricular, and intraventricular contractions, resulting in improved
clinical outcomes and cardiac performance of
advanced HF patients with wide QRS complex.3
However, a significant percentage of patients
treated with CRT do not show an improvement
in clinical symptoms or cardiac function. The
suboptimal position of the LV pacing lead, an
absence of LV dyssynchrony, myocardial scar
abundance, or suboptimal device programming
have been related to a nonresponse to CRT.4,5
Furthermore, unsuccessful primary implantation
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of the LV lead into the coronary venous system
has been reported in up to 10% of patients.6–8
The optimal placement of a LV lead is one of
the most challenging technical aspects of CRT
device implantation and it is one of the major
determinants of response to CRT. An optimal LV
lead position may theoretically be defined by the
positioning of the LV pacing lead coincident with
the latest activated areas of the LV.9,10 In case
of optimal pacing parameters, this location can
maximize the hemodynamic benefits of CRT and
it provides superior long-term outcomes.5
In the last decade, the indication for CRT
expanded11,12 and the improvements in lead
and delivery tool technologies made CRT more
accessible to patients with HF. The number of
CRT recipients and the considerable need for LV
lead revisions or alternative techniques increased
enormously.13
Problems with the Current LV Lead
Implantation Methods
Currently, in clinical practice the standard
first-line approach is the transvenous epicardial
LV lead placement through a side branch of
the coronary sinus (CS).2,3,5 The final position
of the LV pacing lead depends on the anatomy
of the CS, on the performance and stability of
the pacing lead, and on the absence of phrenic
nerve stimulation.14 Despite all of the available
technologies and the placement techniques, in
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the high-volume centers the rate of failed LV
lead implantation into the CS side branch or
the risk of late lead dislodgement, phrenic nerve
stimulation, or increasing threshold remains a
substantial complication (5–10%) of transvenous
CRT.11,15
Alternative CRT Methods
The alternative approaches can be classified
on the basis of the LV pacing site (epicardial or
endocardial), and on the basis of access (closed
chest/percutanous or open chest). In the case of
the closed chest/percutaneous approach, the lead
insertion can be differentiated as transvenous,
transapical, or transarterial.
Endocardial versus Epicardial LV Lead
Placement
LV lead placement in the CS side branch
results in epicardial pacing, which is less physiological, reversing the pattern of the normal
LV wall activation. In a comparative study by
Garrigue et al., endocardial biventricular pacing
was associated with better LV filling and systolic
performance.16 Derval et al. tested endocardial and
epicardial pacing at identical locations. The maximal rates of LV pressure change (+dP/dTmax),
arterial pulse pressure (PP), and end-systolic
pressure (ESP) were not significantly different,
but endocardial pacing was significantly superior
to epicardial pacing on the minimal rates of
LV pressure change (–dP/dTmin).17 The same
results were obtained by Spragg et al.18 In a
study in which the acute hemodynamic effects
of LV endocardial and epicardial pacing with simultaneous x-ray/cardiac magnetic resonance and
noncontact mapping was performed, endocardial
stimulation appeared to be superior as compared
to conventional CRT.19 Epicardial pacing may
be more proarrhythmic than endocardial LV
pacing, since epicardial activation of the LV wall
prolongs QT interval and transmural dispersion
of repolarization.20 Ventricular tachycardia storms
have been clinically observed after the initiation of
CRT with epicardial LV pacing21 and endocardial
pacing reduces the dispersion of ventricular
repolarization.22
Alternative Techniques
Epicardial Pacing Techniques
Currently, the open chest access epicardial
lead placement is most frequently used as a
second choice by either thoracotomy or videoassisted thoracoscopy (VAT).14 The advantage of
this approach is the direct visual control with
the possibility of choosing the lead-tip position
(Figs. 1A and B). The risks of lead dislodgement
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and phrenic nerve stimulation are low23 and
there is no limitation of the CS anatomy.24 Less
fluoroscopy and avoidance of intravenous contrast
material are also benefits over conventional CRT.25
Surgical epicardial LV lead placement has several
disadvantages such as the need for general anesthesia, the presence of epicardial fat, adhesions,
and it is more invasive than the transvenous
approaches. The surgical trauma and the recovery
time is appreciably higher than the transvenous LV
lead implantation.23 Finally, surgical implanted
epicardial leads have a significantly higher failure
rate than those of CS and transvenous right heart
leads. The surgical implanted epicardial LV lead
comparison studies confirmed usually excellent
results after 3–6 months follow-up25 ; however,
after a 5-year follow-up period, epicardial leads
might have significantly higher failure rate than
the CS leads. In a study by Tomaske et al.
including 114 juvenile patients with most having
congenital heart disease, epicardial ventricular
lead survival at 2 years and 5 years was 96% and
85%, respectively.26 On the other hand, a recently
study published by Burger et al. demonstrated an
excellent long-term (over a period of 48 months)
epicardial lead performance and durability after
surgical (median steronotomy or lateral minithoracotomy) implantation of epicardial LV lead in
130 consecutive patients.27
Currently, two different technical epicardial
lead concepts are available: screw-in and sutureon leads. Both possess theoretical advantages and
disadvantages and in this recently published comparison study, neither of the technical epicardial
lead concepts was found to be superior.27
There are several surgical approaches to
implant the LV pacing lead. Median sternotomy
is used at planned coronary artery bypass graft
surgery and at valve repair or replacement. The
full left thoracotomy offers the widest accessibility
of the lateral LV wall; however, at present it is less
applied. The minimal thoracotomy (minithoracotomy) offers better survival and a lower incidence
of mediastinitis or osteomyelitis.28 Nowadays,
the epicardial LV lead is implanted surgically,
often through a small left thoracotomy,23 and two
other technologies are increasingly used: VAT
techniques and robotic surgery.
Minithoracotomy

LV lead implantation via a lateral minithoracotomy is performed under general anesthesia and
on the beating heart. All patients have standard
monitoring (electrocardiogram, pulse oximetry,
and invasive arterial monitoring). The access to
the pericardium is achieved by a 4- to 5-cm
left lateral, midaxillary minithoracotomy in the
fourth or fifth intercostal space. The pericardium
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Figure 1. Postoperative chest x-ray from anteroposterior projection (A) and lateral projection (B)
after epicardial left ventricular pacing lead implantation via minithoracotomy.

is opened anterior to the phrenic nerve. After
mapping the LV for an optimal pacing site, the
lead is placed on the target area.29 After testing, the
proximal end of the lead is tunneled submuscular
to the provisional pocket and connected to the
device. A chest tube is required postoperatively
and can be discontinued within 48 hours. Recent
investigations described this technique safe with
a very low complication rate, representing a
good alternative as a second-line procedure to
transvenous CRT.25,27
VAT

The VAT technique offers less postoperative
pain and requires smaller incisions. It does not
compromise in visualization.30 Epicardial lead
implantation using VAT was initially shown to
be feasible in 2001 when a group successfully
undertook an LV epicardial lead placement within
40 minutes and without significant blood loss.31
In recent years, larger series were reported
and surgical leads have also been implanted
thoracoscopically using two ports.32 Usually two
or three incisions are used for these ports within
the fourth or fifth intercostal space along the
anterior and midaxillary line. The VAT technique
should be performed under general anesthesia,
single-lung ventilation, standard monitoring, and
on the beating heart.33 The camera and the
manipulating instruments are inserted through
pre-prepared ports. Under visual control, the
pericardium is opened laterally to phrenic nerve,
the obtuse marginal artery as landmark help to
identify the desired site, and an epicardial lead
is screwed into the targeted wall region of the
LV. After transesophageal echocardiography (TEE)
control and the pacing threshold test, the proximal
end of the lead passed through the medial incision
and is tunneled subcutaneously to the pocket. The
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VAT approach is a feasible and safe alternative, is
well tolerated, and it has minimal postoperative
recovery. However, a skilled VAT surgeon is
necessary for epicardial lead placement.32 It is
of importance that using VAT epicardial LV lead
fixation on the heart needs special equipment and
without this extra support there is an increase in
the risk of dislocation.
Robotically Assisted Surgery

Experience with lead implantation using the
minimally invasive route is growing rapidly with
progression into LV lead implantation using
robotics. This technique results in more precise
LV lead placement on the ventricular wall and
significantly reduces postoperative morbidity and
the length of hospitalization.34 This approach also
needs general anesthesia, single-lung ventilation,
standard monitoring, and TEE control. The robotic
camera and instruments are introduced through
5–10-mm port sites. Using the robotic arms
R Surgical System, Intuitive Surgical,
(da Vinci
Inc., Sunnyvale, CA, USA), the pericardium is
opened posterior to the phrenic nerve to expose
the posterolateral wall of the LV.34 Computer
interfacing allows the scaled motion, eliminates
tremor, and provides incredibly accurate surgical
precision. A screw-in lead is passed into the chest
and is secured to the heart using robotic arms.
The proximal part is tunneled to the axillar region
and is connected to the pacemaker. The previous
routine implantation of a second back-up lead is
unnecessary.35
The minimally invasive robotic approach
to epicardial LV lead placement is associated
with 98% acute technical success rate and can
be performed with a low complication rate.34,35
A recent study by Kamath et al. with the
largest cohort of patients who underwent robotic
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epicardial LV lead placement report a benefit after
44 months follow-up and an excellent robotic lead
performance.35 However, while robotic surgery
was shown to be feasible and safe, its use is
restricted largely by cost implications.36 The
epicardial LV lead fixation on the heart with a
robotic arm needs special equipment. Risk of lead
dislocation increases without this equipment.
There are other epicardial LV lead implantation techniques that have only been used
in either a small number of human cases
or experimental animal studies. An alternative
method for epicardial lead implantation that
did not require classical thoracotomy is the
subxiphoidal video-assisted pericardioscopy. In
an experimental animal study, the access to
the epicardium was achieved with subxiphoid
video-assisted pericardioscopy, using a device
that carries endoscopy with a port through which
pacing leads could be introduced.37 This approach
requires a special support for LV lead fixation;
conversely, the risk of dislocation is higher.
Endocardial Pacing Techniques
Transseptal Endocardial LV Lead Implantation

Transseptal access endocardial LV lead placement was investigated as a means of delivering LV pacing when CRT first emerged as a
therapeutic paradigm and currently is used also
as a third-line approach. This approach does
offer some major advantages: transvenous access,
more lead placement sites, endocardial pacing,
and there is no need to compromise in LV
pacing threshold for positional stability or phrenic
nerve stimulation.13 Its clinical use has been
limited due to several reasons, including the lack
of reliable long-term safety data and difficulty
of the necessary techniques.13 The transseptal
technique has been used for over 50 years for
hemodynamic measurements, mitral and aortic
valve angioplasty, and in electrophysiology for
left-sided ablations. The first case report for
transseptal LV lead implantation was described
by Jaı̈s et al. using femoral transseptal puncture
and a snare technique via the right jugular vein.38
The lead tunneled over the clavicle increases the
risk for lead damage and skin erosion. Small
modifications were described by Gelder et al. until
the recently applied technique was clarified.39
Transseptal endocardial LV placement requires puncture of the interatrial septum (IAS) for
passage of a lead from the right atrium (RA) into
the left atrium (LA) and the LV cavity (Figs. 2 A
and B). The procedure does not require general
anesthesia and minimal postoperative recovery
is required. The first publication describing the
transseptal technique restricted the venous access
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to the right internal jugular vein. It requires
tunneling of the lead with a relatively sharp curve
over the clavicle to a right-sided pectoral device
pocket.40,41 Later on, when CRT was mostly used
as part of CRT-D, the lead had to be tunneled
above the sternum in the patient to a left-sided
ICD pocket. The medium-term performance of
endocardial LV lead placed with this technique
appeared satisfactory.42 Using a guidewire placed
in the LA through an IAS puncture from the right
femoral vein as a fluoroscopic marker, Ji et al.
in a case presentation repunctured the IAS from
the left axillary vein using a manually shaped
transseptal needle.43 This modified transseptal approach from the left axillary vein was never tested
in a larger cohort. Three years later, two centers
published additional case reports describing an
alternative technique with a guidewire across the
IAS puncture through a Judkins right or internal
mammary catheter from the left or right subclavian
vein.39,44 These techniques allow more flexibility
for the upper body venous access used for
transseptal endocardial LV lead placement. More
recently a transseptal technique using femoral
venous access followed by intravascular “pull
through” of the lead from the femoral insertion
site to a pectoral device pocket was applied
in 11 patients.45 This latter technique is an
alternative for superior transseptal attempts using
standard equipment and it is also applicable for
pacing sites that are more easily reachable by
the femoral approach. During transseptal LV lead
implantation, Kutyifa et al. successfully applied
electroanatomical mapping to identify the location
of the transseptal puncture and to achieve an
optimal LV lead position.46
There is a debate about the risk of the
procedure without well-experienced operators.
However, the major concern is about the longterm risk of thromboembolic complication and
mitral valve endocarditis related to permanent
presence of the transmitral LV lead from the
RA.47 Another question is the unknown long-term
thrombembolic risk and accordingly the centers
accept the risk similar as after mechanical valve
implantation.
Transapical Endocardial LV Lead Implantation

This new technique combines the minimal
invasive surgical approach and the advantage of
endocardial pacing.48 The transapical approach
was invented for patients who failed the first
attempt through the CS approach and with
extensive epicardial adhesions. The advantage
of this minimally invasive technique is the best
accessibility of the all LV endocardial segments
without the limitations of the anatomy to reach
the most delayed segment of the lateral wall.49
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Figure 2. Postoperative chest x-ray from anteroposterior projection (A) and lateral projection (B)
after transseptal left ventricular pacing lead implantation.

Figure 3. Postoperative chest x-ray from anteroposterior projection (A) and lateral projection (B)
after transapical left ventricular pacing lead implantation.

A small pericardiotomy is performed above
the LV apex and a standard active fixation
endocardial pacing lead is positioned in the
LV cavity through the apex (Figs. 3 A and B).
Thin commercially available bipolar pacing electrodes are used (Medtronic CapSureFix Novus
5076–52 cm 6Fr [Medtronic Inc., Minneapolis,
MN, USA], Medtronic CapSureFix Novus 5076–
58 cm 6Fr, St. Jude Tendril ST 1888TC-58 cm [St.
Jude Medical, St. Paul, MN, USA]). The leads are
inserted using a Seldinger technique with a peelway sheath through the apex of the heart. Fluoroscopy is necessary for the intracavital navigation
and endocardial fixation of the electrode at the
optimal pacing site for CRT. To reach the target
area a “J”-shaped electrode guidewire is used.48
Although this technique is minimally invasive,
the need of general anesthesia is necessary. A potential disadvantage is the theoretically long-term
risk of thrombembolic complication. In order to
prevent this, all patients are orally anticoagulated
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with a target international normalized ratio level
at 2–3.
A recently published study confirms that the
transapical technique for endocardial CRT is a
feasible approach and has potential advantages
such as shorter procedure times and a decreased
postoperative burden.49 Lead longevity and longterm outcome requires a lengthy follow-up and
large-scale evaluation. The idea of using this
method as a second and not as third-line therapy
also requires further investigation.
Transarterial Endocardial LV Lead Implantation

Transarterial access for endocardial LV lead
implantation is possible through the subclavian
or axillary artery and through the aortic valve.
In recent years, this occurred in insignificant
numbers and mostly inadvertently.14 Only one
animal experiment reported the direct transaortic
placement of an LV lead as feasible.50 In this
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study, after 6 months, there was no significant aortic regurgitation and no evidence of
thromboembolism reported despite the lack of
anticoagulation.50
Conclusions
In recent years, the indication for CRT
has expanded and there have been continuous
improvements in LV lead and delivery tool technologies that have made the CRT more accessible
for patients with HF and LV dyssynchrony.
The first-line approach remains the transvenous
epicardial CS lead implantation. Alternative

techniques remain second-line options; however,
the increasing CS lead failure rate along with
the increasing number of surgical epicardial lead
failures together will result in further increasing
the CRT population. In the near future, more and
more patients will require urgent LV lead revision.
Currently, surgical access is commonly used,
especially the video-assisted minimal surgery,
while transapical or transseptal endocardial LV
lead implantations are being developed. In the
future, randomized studies are needed to assess
the potential benefits of some alternative LV
pacing techniques.
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