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ABSTRACT 

Objectives: Cardiac resynchronisation therapy (CRT) has proven its effectiveness in patients with symptomatic heart 
failure [1,2]. Although rewarding, the procedure of biventricular pacemaker implantation is challenging and subse- 
quently fails in 8% - 11% of patients. In patients whose left ventricular (LV) electrode cannot be placed transvenously, 
surgical implantation of an epicardial electrode can be achieved. Methods: Seventeen patients (14 male, 3 female), 
among whom LV electrode was failed to be placed transvenously, were included into our study. The epicardial LV elec- 
trodes were implanted through anterior mini thoracotomy. The patients were followed up for approximate six months 
and complications, ejection fraction (EF), New York Heart Association (NYHA) class, QRS durations as well as pacing 
parameters were recorded. Results: Mean age of the patients was 64.4 ± 7.01 (54 - 79) years. Preoperative mean EF of 
the patients was 26.1% ± 3.7%. The LV electrode was placed at the optimal place on the lateral LV wall through left 
sided mini thoracotomy. The mean duration of the operation was 26.76  8.12 minutes and the mean hospital stay was 
2.05  0.42 days. There were no intraoperative or postoperative complications. Only 1 patient had LV electrode dis- 
placed on the 3rd postoperative month and the patient was reoperated successfully. The EF on the 6th postoperative 
month was 29.4% ± 3.81% and NYHA class was 2.58 ± 0.5. The etiology of heart failure had no influence on outcome. 
Conclusions: Surgical implantation of LV lead is associated with low complication rates and excellent follow-up re- 
sults without exposure to radiation. Thus epicardial leads can be proposed as equal alternative to transvenous leads. 
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1. Introduction 

Among approximate 30% of patients with left ventricular 
(LV) dysfunction, the QRS duration is longer than 120 
milliseconds demonstrating ventricular dyssynchrony [1]. 
The cardiac resynchronization therapy (CRT) thus targets 
the delayed conduction sites and activates left ventricle 
through lateral branches of the coronary sinus. This in- 
creases myocardial performance by synchronous con- 
traction of both ventricles as well as harmonizing atrio- 
ventricular sequence. However, among 8% - 11% of pa- 
tients, the procedure fails due to difficulties in placing 
LV electrode [2,3]. Surgical implantation of the electrode 
is mandatory in such cases [4]. Here, we aime to present 
the clinical results of 17 patients who were operated on 

the implantation of LV electrodes. 

2. Patients and Methods 

Between 2009 and 2012, 17 patients (3 female, 14 male) 
with symptomatic heart failure and indications for CRT 
implantation Ejection fraction (EF) < 35% and QRS > 
120 sec and symptomatic despite optimal medical ther- 
apy in whom transvenous LV lead implantation had 
failed were included into the study. The LV electrodes 
were implanted surgically through anterior mini thora- 
cotomy. 

The demographic data of the patients are shown in 
Table 1. Mean age of the patients was 64.4 ± 7.01 (54 - 
79) years, and the mean EF was 26.1% ± 3.7% with poor 
functional capacity (NYHA class > 3). The mean QRS 
duration was 161.76  9.67 milliseconds. 
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Table 1. Preoperative demographic data of the patients (n: 
17). 

Age (years ) 64.35 ± 7.0 

Sex (male %) 14 ( 82.35) 

Ejection Fraction (%) 26.05 ± 3.69 

NYHA *(%) 3.4 ± 0.51 

Diabetes mellitus (%) 13 (76.4) 

COLD *(%) 8 (47.05) 

QRS duration(milliseconds) 161.76  9.67 

Nonischemic CMP* (%) 8 (47.05) 

Ischemic CMP (%) 9 (52.94) 

NYHA: New York Heart Association functional class, COLD: Chronic 
Obstructive Lung Disease, CMP: Cardiomyopathy. 

 
Half of the patients had ischemic heart disease as the 

etiology of heart failure while the other half had dilated 
cardiomyopathy. 

The reasons for failure of transvenous LV lead im- 
plantation are presented in Table 2. In most of the pa- 
tients (n = 12) the procedure failed due to failure to can- 
nulate coronary sinus. Two patients were operated be- 
cause of acute LV lead dislodgement and 1 patient had 
coronary sinus dissection and rupture during the trans- 
venous procedure. One patient had dextrocardia and one 
patient had bilateral upper extremit deep venous throm- 
bosis and had all electrodes implanted surgically include- 
ing right ventricular and right atrial electrodes. 

3. Surgical Technique 

The patients were operated under general anesthesia, en- 
tubated with double lumen endotracheal tube, and venti- 
lated unilaterally during the procedure. In 15 patients, 
LV was exposed through left sided mini thorachotomy 
while right sided thorachotomy was performed in one pa- 
tient with dextrocardia, and bilateral thoracotomy for im- 
plantation of all electrodes was performed in one patient 
with bilateral upper extremity deep venous thrombosis 
(Figure 1). 

The approporiate site of implantation on LV wall was 
selected via inspection and palpation to exclude scarred 
tissue. The pacing threshold and impedance measure- 
ments were done before deciding on the optimal sites. 
The leads (St. Jude Medical Inc., USA in 9 cases—Med- 
tronic, Minneapolis, MN, USA in 8 cases) were then 
placed as proposed (Figure 2). The pockets for the gen- 
erators were placed between the pectoral muscles below 
the clavicle in all but one patient and on the anterior ab- 
dominal wall in one patient in whom biventricular and 
right atrial electrodes were implanted surgically. The tips  

Table 2. Etiology of unsuccessful transvenous lead implan- 
tation. 

Failure to cannulate CS* 12

Acute lead dislodgement 2 

Dissection and rupture of CS 1 

Bilateral upper extremity deep venous thrombosis 1 

Dextrocardia 1 

*CS: Coronary sinus. 

 

 

Figure 1. Bilateral thoracotomy for implantation was per- 
formed in one patient with bilateral upper extremity deep 
venous thrombosis. 
 

 

Figure 2. The approporiate site of implantation on LV wall 
was selected via inspection and palpation to exclude scarred 
tissue. The pacing threshold and impedance measurements 
were done before deciding on the optimal sites. The leads 
were then placed as proposed. 
 
of the electrodes were connected to the appropriate sites 
at the generator through subcutaneous tunnels. The pa- 
tients were then extubated and transferred to the inten- 
sive care unit with no perioperative complications. 

The LV EF and CRT lead measurements were done at 
the 1 Week, 1 and 6 months postoperatively. The pa- 
tients were followed for 6.3 ± 1.13 months postopera- 
tively. 
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4. Statistical Analysis 

Results are expressed as mean values ± SD or as num- 
bers and percentages, as appropriate. Chi-square test was 
used for comparison of categorical data. All reported 
p-values were based on two-sided tests and a p-value of 
<0.05 was considered significant. All statistical calcula- 
tions were performed using the SPSS version 19.0 soft- 
ware (SPSS Inc., Chicago, IL, USA). 

5. Results 

Preoperative data of the patients are shown in Table 1. 
Mean QRS duration was 161.76  9.67 msec, mean EF 
was 26.1 ± 3.7 and New York Heart Association (NYHA) 
functional class was 3.47 ± 0.51. Intraoperative lead pa- 
rameters were obtained in all patients. The results are 
presented in Table 3. Mean epicardial pacing threshold 
was 0.97  0.32 V and the mean impedance was 378.23  
104.17 ohms. The mean duration of the operation was 
28.54 ± 9.07 minutes and the mean hospital stay was 
2.05  042 days. 

The QRS duration on the 6th postoperative month was 
148.76  7.52 msec, the EF was 29.4% ± 3.81% and 
NYHA was 2.58 ± 0.5. There was no mortality observed 
during the follow up, and in only one patient had LV 
electrode displaced on the 3rd week after the operation. 
In another patient, the LV lead had a fracture at the bipo- 
lar junction site. Both patients were reoperated success- 
fully. At the 6th Month of follow-up, the CRT device and 
leads were operating uneventfully in all patients. When 
the patients were divided into two groups in terms of 
ischemic and nonischemic etiology, there was no statis- 
tically significant influence of etiology on the procedural 
outcomes (Table 4). 

6. Discussion 

The CRT devices have shown to improve the symptoms,  
 
Table 3. Immediate and follow-up results of surgical epicar- 
dial LV lead implantation. 

Epicardial pacing threshold (V) 0.97 ± 0.32 

Impedance (ohms) 378.23 ± 104.17 

Duration of the operation (minutes) 28.54 ± 9.07 

ICU stay (days)  

Hospital stay (days) 2.05 ± 042 

QRS duration (at 6 Months, msec)  

EF (at 6 Months, %) 29.4 ± 3.81 

NYHA (at 6 Months) 2.58 ± 0.5 

NYHA: New York Heart Association, EF: Ejection fraction ICU: Intensive 
Care Unit. 

Table 4. Ethiological classification of heart failure. 

Ethiological Classification of Heart Failure 

 
Ischemic CMP 

(n: 9) 
Nonischemic CMP 

(n: 8) 
p Values

HS 2.0  0.53 2.11  0.33 NS 

OpT 26.12  7.07 27.33  9.34 NS 

Age 64.12  8.09 64.55  6.38 NS 

Sex (male) 7 7 NS 

EF1 25.62  3.88 26.44  3.71 NS 

EF2 29.25  3.32 28.66  4.30 NS 

NYHA 1 3.62  0.51 3.33  0.50 NS 

NYHA 2 2.75  0.46 2.44  0.52 NS 

HS: Hospital stay, OpT: Operation Time, EF1,2: 1Preoperative, 2postop- 
erative ejeksiyon fraksiyonu, NYHA1,2: 1Preoperative, 2postoperative New 
York Heart Association Functional Class. 

 
LVEF and quality of life in patients with heart failure 
and left bundle branch block via synchronous biven- 
tricular pacing [2,4]. In 66% - 75% of patients the symp- 
toms improve with decreasing NYHA levels and the EF 
increase by 3% - 7% [5]. 

The transvenous implantation of a CRT device is chal- 
lenging due to varied venous anatomy of cardiac veins 
and is usually time consuming. The rate of unsuccessful 
LV lead implantation is reported to be 8% - 12% [6]. 
When transvenous lead implantation fails, surgical im- 
plantation of LV electrode is mandatory [7]. The reported 
duration of the transvenous procedure varies between 90 
to 480 minutes; also increasing the fluoroscopic exposure 
to radiation of both the patient and the medical team [8]. 
Izutani et al. have reported the mean fluoroscopy time 
for biventricular pacing as 77 ± 19 min [9]. Perisinakis et 
al. have analysed the radiation risks associated with 
fluoroscopically guided CRT procedures and reported 
that radiation exposure parameter (dose area product- 
DAP) values of the patient as 4765 cGy·cm2. They also 
have shown that this exceed threshold dose for the in- 
duction of skin effects [10]. An other study addressing 
the operator’s side of the problem demonstrated that the 
radiation exposure of the hands is approximately 9.2 mSv, 
and the other part of the body as 1.2 mSv [11]. 

Altough “surgical” implantation of the LV electrode is 
perceived as invasive, it takes shorter time and involves 
no radiation when compared to transvenous route [3]. In 
our study group, the mean duration of the procedure was 
26.76  8.12 minutes. 

Among the surgical techniques used in epicardial lead 
implantation are mini thoracotomy, half sternotomy and 
thoracoscopic methods. Here we performed anterior tho- 
racotomy of 5 cm in length; with no operative and pos- 
teoperative complications. 
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The surgical implantation of LV electrode also has the 
advantage of correct lead positioning when compared to 
the transvenous route since it involves direct visualiza- 
tion and positioning of the lead at the obtuse marginal 
branch area. However, the rate of optimal positioning 
with transvenous route is 70% [12]. 

During the follow up, the lead impedance, R wave and 
threshold values were stable. There was only 1 patient 
with lead dislodgement on the 3rd Postoperative week 
who needed revision. 

When the patients were divided in terms of ischemic 
or nonischemic etiology, and the effect of the etiology on 
the procedure and long-term outcomes were sought, there 
was no statistically significant influence detected. Yet, 
the small number of two groups (7 patients in each group) 
excludes a conclusion to be reached. 

7. Conclusion 

Surgical implantation of left ventricular lead is associated 
with low complication rates and excellent follow-up re- 
sults without exposure to radiation. The etiology of car- 
diomyopathy (ischemic or nonischemic) has no influence 
on the success of the procedure. Thus, epicardial leads 
can be proposed as equal alternative to transvenous route. 

8. Study Limitations 

This study has some important limitations. First, this was 
a retrospective study and thus has all the limitations in- 
herent to this type of study. 
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