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Summary

Outcome of surgical left ventricular (LV) lead placement is not well defined in patients with failed percutaneous cardiac resynchronization 
therapy. An extended experience with epicardial LV lead placement is here reported, describing the minimally invasive procedure per-
formed at our institution using a thoracoscopic surgical approach.
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INTRODUCTION

The benefit of cardiac resynchronization therapy (CRT) for patients 
with heart failure is well established [1, 2]. CRT has been shown to 
provide significant improvement in exercise tolerance, functional 
status and quality of life, reducing hospitalization and mortality [3–5].

The standard transvenous approach for LV lead positioning 
demonstrates several limitations, mostly regarding procedural 
success, feasible pacing sites and complications [6–9].

In a systematic review of randomized clinical trials by Thijssen  
et al., coronary vein dissection (1.3%) and coronary vein perfora-
tion (1.3%) were reported to be the most common complications. 
An overall coronary vein complication rate of 2.0% is described in 
the same review with a perioperative LV lead complication rate 
ranging from 1.9 to 4.6%; in particular, CRT studies showed an LV 
lead dislocation rate from 2.9 to 10.6% [10]. Moreover, the LV lead 
showed a higher postoperative dislodgement rate than the right 
atrial and right ventricular leads (6.8, 1 and 0.6%, respectively), as 
described in a subgroup analysis of patients of the MIRACLE ICD 
trial [11]. Therefore, up to 8–10% of patients undergoing CRT device 
implantation experience coronary sinus cannulation failure [12].

The epicardial placement of LV lead has been proposed as an alter-
native approach to the standard procedure. Several surgical tech-
niques have been thus proposed to implant the LV pacing lead: left 
anterior or lateral mini-thoracotomy, video-assisted thoracoscopic 
surgery and robotically enhanced telemanipulation systems [13].

These techniques could increase procedural success, improving 
clinical outcome along with a better midterm LV performance at 
follow-up without any changes to pacing parameters [14].

The aim of this document is to describe a truly minimally inva-
sive thoracoscopic technique, requiring no thoracotomy, using 

only three trocar ports. We will highlight factors influencing pro-
cedure-related complications and suggest ‘tips and tricks’ for per-
forming a successful LV lead placement.

Patient selection

The most recent guidelines on heart failure patients advise us 
that patients in NYHA functional classes II and III and outpatients 
in class IV, despite adequate medical therapy, QRS ≥120 ms and 
left bundle branch block or left ventricular (LV) ejection fraction 
(EF) ≤35%, are the paramount candidates for a transvenous CRT 
 system regardless of the aetiology of the underlying cardiomy-
opathy [6].

All patients were evaluated by a CT scan to rule out any thoraco- 
pulmonary disease before surgery. Then, the following tests were 
performed: spirometry with diffusing capacity of the lung for 
 carbon monoxide, clinical and functional assessment including a 
six-minute walking test and electrocardiographic and echocardio-
graphic evaluation.

SURGICAL TECHNIQUE

Operating room

All 91 patients were provided standard monitoring with external 
defibrillator pads in place. The procedure was performed under 
general anaesthesia with oro-tracheal intubation using a double- 
lumen tube and right-sided ventilation. The patient was placed in 
the right lateral decubitus position with both arms anteriorly 
extended (Fig. 1).
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Surgical approach

The minimally invasive procedure requires three thoracoscopic 
ports (Fig. 2 and Video 1):

(i) A Veress needle is introduced at the VI–VII intercostal space, 
along the plane that passes through the inferior angle of the 
scapula, 2–3 cm distally, and once negative pleural pressure is 
found, 500 ml of CO2 are insufflated. A 14-mm valved trocar is 
inserted through this access and a 5-mm 30° camera is intro-
duced. Afterwards, two operative ports are placed under direct 
vision. CO2 insufflation, with a Pmax of 8–10 mmHg, is main-
tained to obtain complete left lung collapse.

(ii) The second 5-mm port is usually introduced at the IX–X 
intercostal space, on the same sagittal plane of the first one.

(iii) The third 5-mm port is made on the anterior axillary line, at 
the level of the VII–VIII intercostal space.

Mini-invasive tool

Anchoring of the MyoPore® sutureless myocardial pacing lead 
(Greatbatch Medical, NY, USA) is accomplished using a thoraco-
scopic approach with the FasTac™ Flex (Greatbatch Medical) 
steerable lead implant tool. The steering capability of this tool 
facilitates the operator’s reaching of the target area in the postero- 
lateral basal region of the LV epicardial surface (Video 2).

Implantation technique

The thoracoscopic camera is moved to the second access. 
Pericardiotomy is carried out throughout the remaining ports; the 
incision is made posterior and parallel to the neurovascular 
phrenic axis, using endoscopic pliers and scissors (Video 3).

In case of significant cardiomegaly, pulmonary ligament dissec-
tion may be necessary to expose the pericardial surface that is 
located beyond the inferior pulmonary vein. In such a way, the 
pericardium can be directly incised at the spot of the epicardial 
target area (Video 4).

Sensing and pacing measurements are performed, before 
anchoring the device, putting the electrode in contact with the 
epicardium. A maximal pacing threshold value of 4 V at 0.5 ms is 
considered acceptable at this step, to ensure a reliable chronic 
pacing capture (Video 5).

Then, the spiral electrode screw is positioned by performing 2 
and 1/4 rotations (Video 6).

The pericardial window does not usually require any suture to 
minimize the risk of spiral release, except if the pericardium inter-
poses between the electrode and epicardial tissue, or if the peri-
cardiotomy has been extended to have two leads positioned 
(Video 7).

Video 2: FasTac™ Flex tool.

Video 1: Trocars.
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Figure 1: Patient position.

Figure 2: Accesses.









A second electrode was placed at the left atrium, over the 
appendage, in 3 patients with no peripheral venous line (Video 6).

The course of the electrode has to be parallel to the cardiac 
outline until just above the diaphragm; it should be pulled out 
throughout the anterior port. The electrode is then anchored to 
the skin by Steri-Strips™ and ultimately covered with gauze and a 
sterile drape to maintain sterility (Fig. 3).

A 20-Fr chest tube is inserted through the second port and it is 
advanced to the costovertebral joints up to the pleural cupola to 
ensure complete pulmonary re-expansion.

Finally, the patient is returned to the supine position and the 
operative field is rearranged to include the pectoral pocket that 
needs reopening. The electrode is tunnelled to the pectoral 
pocket and connected to the device (Figs 4–6).

Patient’s management

All patients were extubated in the operating room and immediately 
transferred to the service ward. Six patients were transferred to the 
coronary intensive care unit for monitoring. In case of an unstable 
condition, the patient was transferred to the Cardiology Department 
in order to optimize the medical therapy. The chest tube was 
removed 12–24 h after surgery. No redo surgery was necessary.

Tips and tricks

In case of epipericardial adhesions, e.g. for patients who have 
undergone previous cardiac surgery (33 cases in our series), a min-
imal dissection is suggested using cotton-tipped dissectors and 
scissors. The pocket dimension has to be large enough to include 
the final electrode connection.

Video 4: Pulmonary ligament section.

Video 5: Thresholds.

Video 6: Anchoring.

Video 3: Pericardiotomy.

Video 7: Pericardial closure.
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In comparison with other procedures, this technique does not 
need systematic suture of the pericardial incision so long as the 
pericardiotomy is finely performed in tight proximity to the target 
area. This approach prevents complications such as phrenic nerve 
injury following stretch trauma and stimulation.

RESULTS

Ninety-one patients were referred to our service following trans-
venous LV lead implantation failure between January 2008 and 
June 2014.

The mean age was 68 ± 16 years, 50 (54%) were male, the EF 
was 24 ± 6%, 35 (38%) patients had ischaemic cardiomyopathy 
and 80 (90%) were in NYHA functional classes III/IV (Table 1).

The success rate was 100%. The postero-lateral area was 
reached in all patients, with a 97% basal and 3% intermediate 
lead placement. The LV pacing threshold was 1.04 ± 0.5 V/0.5 ms. 
The QRS duration after biventricular pacing was 137 ± 20 ms. 
Procedural time was 38 ± 18 min, while the mean hospital stay 
was 4 ± 2 days. All pacing parameters remained stable over time 
at a mean follow-up of 815 days. Only three cases of minimal 
bleeding were observed; no one needed any particular 
treatment.

All procedures were performed according to the described 
approach without any switch to thoracotomy even in patients 
with severe cardiomegaly or previous cardiothoracic surgery.

Since the first procedure in 2008, we have employed the same 
technique with the FasTac™ Flex. CO2 insufflation was introduced 
after the third procedure; this evolution allowed the anchoring 
process with a remarkable decrease in cases requiring pulmonary 
ligament dissection. CO2 insufflation helps keep the lung moved 
up and the diaphragm pushed down, ensuring good exposure of 
the postero-lateral pericardial surface.
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Table 1: Demographics and baseline characteristics of the 
study population

Parameter N = 91

Male gender, n (%) 50 (54)
Age, years 68 ± 16
Ischaemic aetiology, n (%) 35 (38)
NYHA class
  Class II, n (%) 11 (10)
  Class III–IV, n (%) 80 (90)
QRS duration, ms 169 ± 25
Hypertension, n (%) 63 (69)
Diabetes, n (%) 33 (36)
COPD, n (%) 17 (18)
Chronic kidney disease, n (%) 24 (26)
Echocardiographic data
  LV ejection fraction, % 24 ± 6
  LVEDV, ml 251 ± 103
  LVESV, ml 197 ± 101

NYHA: New York Heart Association; COPD: chronic obstructive pulmonary 
disease; LV: left ventricle; LVEDV: left ventricular end-diastolic volume; 
LVESV: left ventricular end-systolic volume.

Figure 5: Tunnelling.

Figure 3: Steri-Strips.

Figure 4: Myodex® tool.

Figure 6: In the pocket.



Procedural outcome after 6 months

Eighty-two (90%) patients reported an improvement in NYHA func-
tion class from the median preoperative class III to postoperative 
class II. The mean QRS duration was reduced from 169 ms preoper-
atively to 128 ms after 6 months. Pacing thresholds and impedances 
for the epicardial LV lead were 1.06 V/0.5 ms and 338 ± 59 Ω, 
respectively, at median follow-up of 790 days (range 6–72 months). 
LVEF improved from an average of 24–43% (Table 2 and Fig. 7).

Postoperative complications included 2 cases of transient renal 
failure not requiring dialysis, 1 case of heart failure, 3 cases of pocket 
infection and 1 case of sepsis requiring the removal of all electrodes. 
There was no perioperative death.

DISCUSSION

Thoracotomy is currently the most commonly used surgical 
approach for epicardial LV lead delivery, although it has several 
limitations: long recovery time, postoperative pain and morbidity, 
but the most consistent limitation is difficulty in reaching the tar-
get stimulation area (basal postero-lateral cardiac surface).

This disadvantage is determined by the limited view of the ven-
tricular surface, when using the traditional inflexible positioner, 
thus limiting the possibility of reaching the LV area orthogonally 
to ensure correct anchorage of the electrode. This condition could 
lead to non-optimal cardiac resynchronization with an unsatisfac-
tory clinical outcome (Figs 8 and 9).

In previously published series, the surgical approach reported 
was thoracotomy or sternotomy, and pericardiotomy was per-
formed next to the neurovascular phrenic bundle.
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Figure 7: Radiographic results.

Table 2: Outcome after epicardial LV lead placement

Data Pre-surgery 6 months P-value

LV ejection fraction (%) 24 ± 6 43 ± 11 0.031
LV end-diastolic volume (ml) 251 ± 103 132 ± 26 0.013
QRS duration (ms) 169 ± 25 128 ± 19 0.030

Data Surgery 1 year P-value

LV capture threshold (V/0.5 ms) 1.04 ± 0.5 1.06 ± 0.5 0.5

Figure 8: Thoracoscopic view.

Figure 9: Orthogonality.



Our approach facilitates reaching the target area of the left ven-
tricle in comparison with the supine position suggested in previ-
ous papers. This technique permits the exposure of the 
postero-lateral basal wall of the left ventricle using a pericardiot-
omy, which is distant from and posterior to the neurovascular 
phrenic bundle, as reported also in other studies [15–17]. In this 
way, the pericardiotomy may be extremely short (2 cm long).

The double preparation of a sterile field when passing from the 
lateral position to the supine position must be carried out  carefully. 
The electrode terminal must be well attached to the skin by apply-
ing Steri-Strips and then covered with gauze and Steri-Drape. The 
electrode protection can be removed only after having prepared a 
new sterile field including the pectoral pocket containing the 
implantable cardioverter-defibrillator (ICD).

Owing to minimal morbidity and reduced invasiveness of the 
procedure, we believe that the described technique is a safe and 
effective method to achieve adequate cardiac resynchronization. 
In particular, those patients with a history of failed trans-
venous electrode placement could gain much benefit from this 
technique.

Proper selection of patients plays a crucial role for a successful 
response to CRT.

About 40% of the patients, in a large series, after standard trans-
venous CRT, are non-responders. This is partially related to the 
failure to locate in the ideal cardiac area to stimulate [6].

The thoracoscopic procedure could solve this issue; in fact, the 
target area could be chosen by anatomical topography and elec-
trocardiography during this procedure, avoiding scarred or adi-
pose areas, in order to obtain an optimal stimulation threshold 
with the result of improved contractility.

In light of our result of 100% survival, the thoracoscopic epicar-
dial procedure could represent a preferential alternative tech-
nique for stimulation electrode placement, at least for patients 
with a previously failed transvenous lead positioning attempt.

Conflict of interest: Maurizio Malacrida and Alessandra Colombo 
are employees of Boston Scientific, Inc.
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