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ABSTRACT

Background: We describe the application and effective-
ness of transthoracic electrode implantation for epicardial 
left ventricular pacing in cardiac resynchronization therapy 
(CRT) for patients with chronic congestive heart failure.

Methods: We assessed four patients with chronic conges-
tive heart failure for whom implantation of endocardial elec-
trodes was contraindicated. The epicardial electrodes were 
implanted via a mini-thoracotomy in the fourth or fifth left 
intercostal space. We analyzed the surgical implantation tech-
nique and the short-term effectiveness of the procedure.

Results: The epicardial electrodes successfully were 
implanted in all four patients. The patients’ hemody-
namic status, cardiac function, and symptoms significantly 
improved. Patients I, II, III, and IV were discharged from 
the hospital on the 8, 11, 4, and 7 days, respectively, after 
the operation. Follow up lasted for 12 months. None of the 
patients presented with electrode fractures or surgical wound 
infections, and the pacing threshold and electrode impedance 
were normal. In one case, phrenic nerve stimulation occurred 
due to the low placement position of the electrode. When the 
electrode was moved slightly inward and upward, the sacral 
nerve stimulation sign disappeared, and no other complica-
tions were noted. One patient developed capsule infection, 
and the presence of an ectopic pacemaker was noted; there-
fore, a pacemaker replacement procedure was required.

Conclusion: In CRT, the implantation of a left ventricular 
epicardial electrode through a left-sided small incision is safe, 
feasible, and effective. This hybrid surgery combining inter-
ventional and cardiac techniques can maximize the curative 
effect of CRT.

INTRODUCTION

Chronic heart failure, also known as chronic congestive 
heart failure, is a commonly observed clinical syndrome 

[Brennan 2018; Drugs for Chronic Heart Failure 2019]. It 
has attracted attention from the medical community owing 
to the associated high morbidity and mortality rates. Cardiac 
resynchronization therapy (CRT) can improve the clinical 
symptoms of patients with chronic heart failure, enhance 
their exercise tolerance, and significantly reduce the hos-
pitalization and mortality rates. The European Society of 
Cardiology in 2005 and the Chinese Medical Association in 
2012 have included CRT as a class I indication of non-drug 
therapy in their treatment guidelines. Approximately 10–30% 
of the patients reportedly are unable to undergo transvenous 
left ventricular lead implantation owing to congenital or 
acquired factors [Konstantinides 2020; Harjola 2018]. We 
performed combined epicardial left ventricular lead implan-
tation via small chest incisions and interventional endocardial 
lead implantation during CRT in four patients with chronic 
congestive heart failure for whom left ventricular endo-
cardial lead implantation was contraindicated. Herein, we 
describe the application and effectiveness of this technique.  
Specifically, we present the key technical points, intraop-
erative status, and postoperative follow-up results for these 
implantation procedures.
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Figure 1. An incision of about 5 cm in length was made at the left an-
terolateral chest through the fifth intercostal space.
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CASE REPORT

Case I: A 76-year-old female patient was admitted owing 
to repeated episodes of chest tightness and shortness of 
breath experienced for >10 years and chest pain experienced 
for one year, which had been aggravated for two weeks prior. 
The patient was diagnosed with dilated cardiomyopathy.  
Electrocardiography revealed a sinus rhythm, QRS 
length of 170 ms, complete left bundle branch block, 
PR interval of 150 ms, and P wave duration of 110 ms.  
Echocardiography revealed that the left ventricular end dia-
stolic diameter (LVEDD) was 83 mm; left ventricular end 
systolic diameter (LVESD) was 70 mm; and left ventricular 
ejection fraction (LVEF) 26%. The cardiothoracic ratio was 
0.70. The clinical characteristics of the case were in accor-
dance with the class I indication for CRT. Coronary sinus 
malformation and the great cardiac vein and posterior vein 
of the left ventricle were observed on angiography. Hence, 
transvenous implantation of the left ventricular lead was not 
possible. Therefore, we performed epicardial left ventricular 
lead implantation via a small chest incision.

The surgery was divided into two parts. First, right atrial 
and right ventricular lead implantation was performed in a 
catheterization laboratory. The patient then underwent epi-
cardial left ventricular lead implantation in the operating 
room. The patient was placed in the supine position, and the 
left chest was elevated. An incision of approximately 5 cm in 

length was created in the left anterolateral chest (Figure 1). 
The chest was accessed through the fifth intercostal space. A 
longitudinal incision was created in the anterior pericardium 
to expose the heart. Two 6-0 Prolene sutures were placed in 
the epicardium beneath the first diagonal branch of the left 
anterior descending artery to fix the epicardial lead in the 
avascular zone (Figure 2). The pacing parameters were mea-
sured. The left ventricular impedance was 783 Ω; threshold, 
2.0 mV; and the R-wave amplitude, 2.5 mV. A small incision 
was then created made in the corresponding part of the peri-
cardium to allow for the removal of the epicardial lead line, 
which was then pulled through the upper intercostal space to 
the subcutaneous tunnel and brought into the pocket of the 
pacemaker. A fistula was created in the pericardium posterior 
to the left phrenic nerve for drainage. Intermittent suturing 
of the pericardial incision was performed. The pacing param-
eters were measured again. The left ventricular impedance 
was 783 Ω; threshold, 1.0 V; and R-wave amplitude, 2.5 mV. 
Phrenic nerve irritation, corresponding to the higher thresh-
old, was observed once during the adjustment process. A 
drainage tube was placed through the left chest wall, and the 
chest wound was closed.

Case II: A 59-year-old female patient was admitted owing 
to repeated episodes of chest tightness and fatigue experienced 

Figure 3. Two 6-0 prolene sutures were preset in the triangle region lo-
cated inferior to the left atrioventricular groove and superior to the first 
obtuse marginal branch of the left circumflex artery, and the epicardial 
lead was fixed in this avascular zone.

Figure 2. Two 6-0 prolene sutures were preset in the epicardium be-
neath the first diagonal branch of the left anterior descending artery to 
fix the epicardial lead in the avascular zone.
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for five years, concurrent shortness of breath, and swelling of 
the whole body experienced for five months. The patient had 
undergone DDD pacing therapy five years prior to admission. 
The clinical diagnosis was dilated cardiomyopathy and third-
degree atrioventricular (AV) block. After pacemaker implan-
tation, the patient’s cardiac function was still class III. The 
electrocardiogram revealed sinus rhythm, and the QRS time 
was 200 ms. Echocardiography revealed that the LVEDD was 
58 mm, and the LVEF was 39%. The cardiothoracic ratio 
was 0.67. The patient was dependent on ventricular pacing 
and presented with cardiac dysfunction, indicating that CRT 
was necessary. Subclavian vein angiography revealed com-
plete occlusion from the left subclavian vein to the inferior 
vena cava. Therefore, we performed transthoracic epicardial  
lead implantation.

After the induction of general anesthesia, the patient was 
placed in the supine position, and the left chest was elevated. 
An incision of approximately 5 cm in length was created in 
the left anterolateral chest (Figure 1). The chest was accessed 
through the fourth intercostal space using a mini-thoracot-
omy retractor system. A longitudinal incision was created in 
the anterior pericardium, anterior to the left phrenic nerve 
to expose the heart. Unlike the first patient, two 6-0 Prolene 
sutures were placed in the triangular region located inferior 
to the left atrioventricular groove and superior to the first 
obtuse marginal branch of the left circumflex artery, and the 
epicardial lead was fixed in this avascular zone (Figure 3). 
The pacing parameters were measured. The left ventricular 
impedance was 640 Ω; threshold, 1.5 V; and R-wave ampli-
tude, 5.0 mV. A small incision was created in the correspond-
ing part of the pericardium to remove the epicardial lead line, 
which was then pulled through the upper intercostal space 
into the subcutaneous tunnel and brought into the pocket of 
the pacemaker. The pacing parameters were measured again. 
The left ventricular impedance was 640 Ω; threshold, 1.5 V; 
and R-wave amplitude, was 4.8 mV. A fistula was created in 
the pericardium posterior to the left phrenic nerve for drain-
age. Intermittent suturing was performed for the pericardial 
incision, and the chest was closed.

Case III: A 57-year-old female patient was admitted owing 
to repeated chest tightness and shortness of breath for expe-
rienced for more than six years. The patient had undergone 
three-chamber permanent pacemaker implantation three 
months prior to admission. The clinical diagnosis was dilated 
cardiomyopathy after CRT implantation with lead micro-
dislocation. The cardiac function was class II–III. The elec-
trocardiogram revealed sinus rhythm, and the QRS time was 
198 ms. Echocardiography revealed that the LVEDD was 
68 mm, and the LVEF was 35%. The cardiothoracic ratio 
was 0.66. Given that micro-dislocation of the left ventricu-
lar lead was observed during pacing control, and the pacing 
threshold was high, we performed transthoracic epicardial  
lead implantation.

The surgical procedure was the same as that described for 
case II. The pacing parameters were measured. The left ven-
tricular impedance was 560 Ω; threshold, 1.0 V; and R-wave 
amplitude, 3.5 mV. After the epicardial lead line was removed 
from the pericardium and placed into the pocket of the 

pacemaker, the measured left ventricular impedance was 540 
Ω; threshold, 1.0 V; and R-wave amplitude, 3.0 mV. A fistula 
was created in the pericardium posterior to the left phrenic 
nerve for drainage. Intermittent suturing was performed for 
the pericardial incision, and the chest was closed.

Case IV: A 57-year-old female patient was admitted owing 
to repeated episodes of chest tightness and shortness of breath 
experienced for more than two years, which had been aggra-
vated for one week prior. The patient was diagnosed with dilated 
cardiomyopathy and complete left bundle branch block. The 
cardiac function was class III. An electrocardiogram revealed 
complete left bundle branch block, and the QRS time was 125 
ms. Echocardiography revealed that the LVEDD was 75 mm, 
and the LVEF was 28%. The cardiothoracic ratio was 0.77. The 
ejection fraction for non-ischemic dilated cardiomyopathy was 
≤35%, and the patient had New York Heart Association class 
III symptoms. Transvenous implantation of the left ventricu-
lar lead was very difficult; therefore, we performed epicardial  
lead implantation.

The surgical procedure was the same as described for case 
II. The pacing parameters were measured after fixing the lead. 
The left ventricular impedance was 520 Ω; threshold, 0.8 V; 
and R-wave amplitude, 4.5 mV. Later, the pacing parameters 
were measured after the lead line was placed in the pacemaker 
pocket. The left ventricular impedance was 500 Ω; threshold, 
0.9 V; and R-wave amplitude, 3.5 mV.

RESULTS

Epicardial lead implantation successfully was performed in 
all four patients. The operative times were 135, 60, 70, and 
60 min, respectively. There were no serious complications. 
Enalapril maleate, metoprolol or bisoprolol, and furosemide 
tablets were administered after the surgery, and antibiotics 
were administered to prevent infection.

Serious complications were not observed. The symptoms 
had improved significantly at two weeks after the surgery. 
Echocardiography revealed that the left ventricular end-
diastolic diameter reduced from 83 mm to 67 mm. After the 
programmable pacemaker was optimized, echocardiogra-
phy revealed an improvement in synchronization between 
the interventricular and left ventricular contractions. The 
LVEF and cardiothoracic ratio, which were calculated using  
Simpson’s rule, significantly improved. The Simpson's 
method is used to measure the left ventricular end-diastolic 
volume in the four- and two-chamber views of the apex of 
the heart using the color Doppler trackball; the end-systolic 
volume is measured, and the LVEF of patients with heart fail-
ure is calculated through the change in the area. The patient 
was discharged eight days after the surgery, and no obvious 
heart failure symptoms were observed.

In the first patient, the symptoms of phrenic nerve stimula-
tion significantly were improved after adjusting the electrode 
position. In cases I, II, III, and IV, symptoms, such as chest 
tightness and shortness of breath, improved significantly after 
surgery. The range of the patients’ blood pressure and heart 
rate was 90–98/50–64 mmHg and 60–75 beats per minute, 
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respectively, and arrhythmias were not noted. Swelling in 
both limbs disappeared at 12, 11, 4, and 7 days after the oper-
ation in cases I, II, III, and IV, respectively, and all patients 
were discharged. Echocardiography revealed a decrease in 
the left ventricular end-diastolic and end-systolic diameters. 
The LVEF for cases I, II, III, and IV was 38%, 48%, 43%, 
and 49%, respectively. Moderate-to-severe mitral regurgita-
tion decreased to mild or moderate regurgitation, and severe 
tricuspid regurgitation decreased to moderate regurgitation. 
At 10 days after the surgery, the threshold of the epicardial 
lead was <1.5 mV, which stabilized at 0.5–0.8 mV during the 
follow-up visits.

DISCUSSION

CRT plays an important role in the treatment of chronic 
congestive heart failure [Separham 2019; Hoosain 2017]. 
It can change the sequence of myocardial activation via left 
ventricular pacing or biventricular pacing, thereby, improv-
ing the LVEF and hemodynamic parameters [Varma 2019; 
Vereckei 2018]. Many methods have been developed for plac-
ing the pacing leads. Among them, transvenous left ventricu-
lar lead implantation is the most common method. However, 
implantation failure may occur in as many as 10–30% of the 
patients because of malformation of the coronary sinus and 
target vein. Therefore, transthoracic epicardial pacing is an 
excellent therapeutic option in clinical practice.

As the coronary sinus and target vein were occluded, all 
our patients underwent epicardial lead implantation through 
a small transthoracic incision. Huntley et al. and Perrin et 
al reported that the outcomes of reasonable epicardial lead 
implantation are similar to those of endocardial lead implan-
tation [Huntley 2018; Perrin 2018].

Based on our experience, there are two key aspects of this 
procedure. First, the location of the left ventricular epicardial 
lead is very important. In case I, tissue Doppler imaging was 
performed before the surgery and revealed the loss of syn-
chronization between the base of the interventricular septum 
and the side wall of the left ventricle. The maximal differ-
ence in the time to peak was 251 ms, which suggests that the 
side wall of the left ventricle was the area being excited last. 
After the lead was placed in the side wall of the left ventricle, 
Doppler imaging revealed that the difference in the time to 
peak was only 10 ms, which implies improvement in left ven-
tricular dyssynchrony. In case I, the lead was placed in the 
epicardium inferior to the first diagonal branch of the left 
anterior descending artery. The location was relatively lower, 
and the pacing threshold was relatively higher. Moreover, the 
lead was placed close to the phrenic nerve, thereby, causing 
phrenic nerve irritation. Diaphragm stimulation is a common 
complication after administration of CRT. The incidence of 
diaphragm stimulation during or after the administration 
of CRT reportedly is 1.6–3.0%. Patients often experience 
seasonal discomfort, hiccups, decreased appetite, difficulty 
falling asleep, mood swings, and heart failure symptoms, 
which greatly affect their quality of life. Gurevitz reported 
that among 92 patients undergoing CRT, treatment was 

terminated for 4% of the patients because of phrenic nerve 
irritation [Gurevitz 2005]. Biffi et al. reported that the inci-
dence of phrenic nerve irritation is 18–30% during CRT and 
that this irritation can be prevented by phrenic nerve isolation 
[Biffi 2011]. Champagne et al. reported that lead replacement 
can correct 77% of the side effects after phrenic nerve irri-
tation [Champagne 2011]. In clinical practice, downregula-
tion of the left ventricular output voltage or multi-polar lead 
placement may prevent phrenic nerve irritation [Bhaskaran 
2019; Ohlow 2013]. In cases II, III, and IV, we adjusted the 
site of lead implantation, according to our experience with 
case I. The lead was placed in the triangular zone inferior to 
the left atrioventricular groove and superior to the first obtuse 
branch of the left circumflex artery. The pacing threshold in 
these three cases decreased compared with case I, and phrenic 
nerve irritation did not occur.

From our experience, we should perform an appropriate 
test during the operation and choose a suitable location. For 
example, the epicardial electrode lead can be implanted in the 
target site of the left or right lateral wall of the left ventricle 
or the target site of the left and right lateral walls. Timely 
program control and pacemaker voltage reduction effectively 
can reduce phrenic nerve stimulation. A review of the relevant 
literature revealed that resetting the electrode or performing 
phrenic nerve isolation can improve phrenic nerve stimula-
tion in some patients with intractable phrenic nerve stimula-
tion signs [Edgerton 2007].

The second key point is that it is critical to reduce surgical 
trauma and shorten the operative time. In the current study, 
we created a left-sided small incision in the fourth or fifth 
intercostal space and shortened the length of the incision to 
5 cm using minimally invasive surgical devices; thus, excel-
lent exposure was achieved for easy manipulation with less 
surgical trauma. However, this procedure may not be suit-
able for all patients. Nelson et al found that thoracoscopic 
left heart electrode implantation could not be performed in 
patients with severe chest adhesions. Open thoracotomy with 
epicardial electrode implantation was a feasible option for 
these patients [Nelson 2013].

In conclusion, during CRT, epicardial lead implantation 
via minimally invasive left-sided thoracotomy is safe, feasible, 
and effective. Our findings corroborate those of Marini et 
al, who reported a similar length of hospital stay, complica-
tion rate, and improvement in ventricular reverse remodeling 
and functional status between patients undergoing epicardial 
placement of the left ventricular lead using a video-assisted 
thoracoscopic technique and those undergoing the standard 
transvenous technique [Marini 2020].

Therefore, a hybrid surgery, combining interventional 
endocardial lead implantation with mini-thoracotomy, is an 
effective alternative method that can maximize the outcomes 
of CRT.
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