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IntroductIon

Cardiac  resynchroniza t ion  therapy (CRT)  can 
significantly improve the cardiac function of chronic 
heart failure patients with cardiac asynchrony. In addition 
to reducing the hospitalization rate for heart failure and 
hard endpoints such as all‑cause mortality,[1,2] CRT can 
also reduce the risk of ventricular arrhythmias (VTA).[3] 
A subgroup study in the MADIT‑CRT showed that the 
number of VTA and appropriate defibrillation in patients 
with left ventricular ejection fraction (LVEF) >50% 

after CRT significantly decreased, whereas there was no 
significant change in patients with LVEF <35%.[4] The 
antiarrhythmic function of CRT may be associated with 
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Background: The influence of different right ventricular lead locations on ventricular arrhythmias (VTA) in patients with a cardiac 
resynchronization therapy (CRT) is not clear. This study aimed to evaluate the influence on VTA in patients with a CRT when right 
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multivariate analysis.
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increased risk of ventricular arrhythmias and appropriate defibrillation (hazard ratio [HR] = 3.29, P = 0.01 and HR = 4.33, P < 0.01, respectively); 
when the left ventricular lead was at the posterolateral cardiac vein (PLCV), these risks in the RVMS group decreased (HR = 0.45, P = 0.02 
and HR = 0.33, P < 0.01, respectively), and when the left ventricular lead was at the lateral cardiac vein, there was no difference between the 
two groups. In regard to inappropriate defibrillation, there was no significant difference among all these groups.
Conclusions: When the left ventricular lead was positioned at ALCV or PLCV, the right ventricular lead location was associated with 
VTA and appropriate defibrillation after CRT. Greater distances between leads not only improved cardiac function but also may reduce 
the risk of VTA.
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improvements in myocardial remodeling and electrical 
remodeling.[5‑7]

Previous studies showed that the left ventricular lead location 
has an important influence on myocardial remodeling and 
arrhythmias in CRT patients. Compared with the apex and 
anterior wall, the lateral wall and posterior lateral wall have 
better responsiveness and confer a lower risk of VTA.[8,9] 
However, few studies have been reported on the influence 
of the right ventricular lead position, and the results are not 
consistent.[10‑12] However, it has been shown that the right 
ventricular lead position affects myocardial remodeling 
corresponding to different left ventricular lead positions; 
in addition, the improvement in myocardial remodeling 
might be associated with the distance between left and right 
ventricular leads or electrical separation.[13,14] The CRT 
efficacy may increase for greater distances between the right 
ventricular lead position and the left ventricular lead position. 
However, the effect of lead distance on VTA remains unclear.

This study analyzed the clinical and implantable cardioverter 
defibrillator (ICD) follow‑up data in patients with a 
CRT‑defibrillator (CRT‑D). We compared the influence of 
different right ventricular lead positions on VTA.

Methods

Ethical approval
This study was approved by the Ethics Committee of Anhui 
Provincial Hospital Affiliated to Anhui Medical University, 
Hefei, Anhui, China.

Study population
Patients implanted with a CRT‑D between May 2012 and July 
2016 in the Department of Cardiology of Anhui Provincial 
Hospital were enrolled. The inclusion criteria of patients 
were as follows: over the age of 18 years, having received 
optimal pharmacological treatment before implantation, 
a QRS  duration ≥120 ms, a New York Heart Association (NYHA) 
class of II–IV, LVEF ≤35%, primary and secondary prevention, 
and having received at least 12 months of echocardiography 
follow‑up and device follow‑up. The exclusion criteria of 
patients were as follows: having received coronary artery bypass, 
a pacemaker upgrade, permanent atrial fibrillation, not receiving 
regular follow‑ups, or incomplete data. Enrolled patients were 
divided into the right ventricular apical (RVA) group and the 
right ventricular middle septum (RVMS) group based on the 
right ventricular lead position.

Baseline information
General demographic and clinical data of patients were 
collected. Clinical data included NYHA classification, 
cardiomyopathy etiology, ICD prophylaxis indication, 
echocardiography, electrocardiography, antiarrhythmic drug, 
and imaging data of intraoperative left and right ventricular 
lead locations.

Localization of lead positions
The lead positions were localized according to the 
intraoperative imaging data. Right ventricular lead 

positioning was performed using the SPICE trail method.[15] 
According to the intraoperative fluoroscopic, when the 
lead was at the border of the right ventricle at the right 
anterior oblique view (RAO ≥15°) and the lead went down 
and pointed toward the spine at the left anterior oblique 
view (LAO ≥30°), it was defined as RVA. The RVMS was 
positioned such that the lead pointed toward the septum at 
the RAO view, the lead was between the right ventricular 
outflow tract and the lower edge of the tricuspid valve, and 
the lead pointed horizontally toward the spine or slightly 
upward at the LAO view and avoided pointing toward the left 
lateral position at the right ventricular free wall [Figure 1a].

The left ventricular lead position was localized based on 
LAO view and was divided into three equal regions as 
shown in Figure 1b: the anterolateral cardiac vein (ALCV), 
the lateral cardiac vein (LCV), and the posterolateral 
cardiac vein (PLCV). RAO view was performed to avoid 
implantation of the lead into the apical location.

Parameters including the sensing, impedance, and pacing 
threshold values of the left and right ventricular leads were 
measured after implantation. All imaging data of the left 
and right ventricular lead positions were acquired by an 
independent electrophysiology expert who was blinded to 
the grouping condition. The determination results that were 
not consistent with the initial implantation positions were 
excluded from this study.

Pacemaker program
All patients underwent routine postoperative follow‑up 1, 3, 
and 6 months after CRT‑D implantation and every 6 months 
thereafter. The 2‑year follow‑up data were analyzed. If 
a defibrillation event of the pacemaker occurred, timely 
follow‑up was performed. The model of the CRT‑D program 
was monitoring combined with treatment, and the primary 
prophylaxis parameters of the pacemaker program was 
according to previous studies.[16,17] A control program strategy 
was adopted to reduce inappropriate discharge, and there were 
two or three recognition intervals. In primary prophylaxis, the 
VTA recognition frequency was usually 170 times/min. The 
treatment measure was performed after 60 s of monitoring. 

Figure 1: The lead positions were localized by fluoroscopic imaging. 
(a) RV lead positioned at the RVMS in the RAO 40° view; (b) LV lead 
position at PLCV in the LAO 30° view. RVMS: Right ventricular middle 
septum; ALCV: Anterolateral cardiac vein; LCV: Lateral cardiac vein; 
PLCV: Posterolateral cardiac vein; RAO: Right anterior oblique; LAO: 
Left anterior oblique; RV: Right ventricular; LV: Left ventricular.
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When the fast ventricular arrhythmia frequency reached 
200 times/min, antitachycardia pacing (ATP) was performed 
after 12 s of recognition. If ATP fails, a shock was used. When 
the ventricular fibrillation frequency was 250 times/min, 
during the initiation of ATP, a shock was directly performed 
after 2.5 s. The secondary prevention usually reduced the 
VTA recognition frequency of the pacemaker to 20 times/min 
based on the VTA frequency of the patient. The ventricular 
fibrillation frequency was the same as that in the primary 
prophylaxis. The pacemaker therapy was divided into 
appropriate defibrillation and inappropriate defibrillation.[18] 
Appropriate defibrillation was defined as VTA or ventricular 
defibrillation with a frequency difference within 40 ms. 
Inappropriate defibrillation was defined as atrial tachycardia 
or atrial fibrillation confirmed by electrocardiography with a 
frequency difference greater than 40 ms. All arrhythmia events 
and pacemaker treatment information were determined by 
professional pacemaker follow‑up electrophysiology experts.

Echocardiography
Conventional cardiac echocardiography examinations 
were performed before implantation and 12 months after 
implantation. A Philips IE33 echocardiography diagnosis 
instrument (S5‑1 probe; Philips, Eindhoven, The Netherlands) 
was used. The patient assumed a left lateral recumbent position, 
and the cardiac images of the four apical chambers were 
obtained. Three cardiac cycles were continuously measured. 
LVEF, left ventricular end‑diastolic volume (LVEDV), and 
left ventricular end‑systolic volume (LVESV) were obtained 
using Simpson’s method; responsiveness was considered for 
LVEF improvement >10%.[19]

Statistical analysis
The statistical software used was SPSS version 20.0 (SPSS 
Inc., Chicago, IL, USA). Continuous variables were described 
using the mean ± standard deviation (SD), and categorical data 
were expressed as a percentage (%). Continuous variables 
with a normal distribution in the baseline data between 
groups were examined using the independent samples t‑test. 
Percentages were compared using the Chi‑square test. Ranked 
data were examined using a Wilcoxon Mann‑Whitney test. 
The Kaplan‑Meier curve and Cox multivariate regression 
analysis were used to evaluate the influence of the right 
ventricular lead position on VTA events and appropriate 
defibrillation, with comparisons of cumulative event rates by 
using the log‑rank test. Gender, ischemic cardiomyopathy, 
primary prophylaxis, QRS duration, CRT response, left 
bundle branch block, right ventricular lead position and 
factors with P < 0.1 in the univariate analyses were included 
in the multivariate analysis model. The bilateral P < 0.05 was 
considered statistically significant.

results

Baseline data
A total of 384 patients were enrolled in this study. Twelve 
patients who lacked 1st‑year echocardiography or ICD 
follow‑up data were excluded. A total of 15 patients with 

right ventricular lead positions at the ventricular high septum, 
low septum, and right ventricular free wall were excluded. 
Five patients with the left ventricular lead position at the apex 
were excluded. A total of 352 patients were finally enrolled 
in this study [Figure 2].

These 352 patients were divided into the RVMS group 
with 155 patients (44.0%) and the RVA group with 
197 patients (56.0%). The baseline data including ischemic 
cardiomyopathy, primary prophylaxis, and distribution of 
left ventricular leads of patients did not have significant 
differences between the two groups (P > 0.05) [Table 1].

Effect of right ventricular lead position on VTA and 
mortality
Twelve months after implantation, 62.8% of patients had 
LVEF improvement >10%. The response rates between 
RVMS group and RVA group were similar (62.6% vs. 
62.9%, χ2 = 0.01, P = 0.94). The 2‑year VTA‑free survival 
of patients was not significantly different between the two 
groups, and the mortality between the two groups was similar 
[Figure 3]. The results of the Cox multivariate analysis 
suggested that ischemic cardiomyopathy (hazard ratio [HR] 
= 1.78, 95% confidence interval [CI]:1.25–2.54, P < 0.01), 
primary prophylaxis (HR = 0.57, 95% CI: 0.41–0.79, 
P < 0.01), and CRT response (HR = 0.43, 95% CI: 0.31–0.60, 
P < 0.01) were influencing factors of VTA, whereas the right 
ventricular lead position did not affect VTA (HR = 0.99, 
95% CI: 0.71–1.38, P = 0.94).

Effects of different right ventricular lead and left 
ventricular lead combination on myocardial remodeling 
and VTA
The left ventricular leads included 62 patients of 
ALCV (17.6%), 205 patients of LCV (58.2%), and 85 patients 

384 CRT-D enrolled
patients

15 patients had the right ventricular lead positioned 
in the RVOT, the right ventricular high septum, or 

the right ventricular low septum

5 patients had the left ventricular lead positioned
in the apical

12 patients lacked 1st-year echocardiography
or ICD follow-up data

352 patients with complete 
follow-up data were finally 
enrolled for final analyses

Figure 2: Flowchart of the study on influence of the right ventricular 
lead location in cardiac resynchronization therapy. CRT‑D: Cardiac 
resynchronization therapy‑defibrillator; RVOT: Right ventricular outflow 
tract; ICD: Implantable cardioverter defibrillator.
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of PLCV (24.2%), the response rate was not significant in 
these three groups (56.5% vs. 66.8% vs. 58.1%, χ2 = 0.28, 
P = 0.18). In the subgroup analysis, when the left ventricular 
lead was positioned at the ALCV, the response rate and VTA 
at 12 months in the RVMS group were worse than in the 
RVA group (41.7% vs. 68.4%, χ2 = 4.32, P = 0.04 and 66.7% 
vs. 28.9%, χ2 = 8.51, P < 0.01, respectively). When the left 
ventricular lead was at the LCV, there were no differences 
between these two groups in regard to response rate or VTA 
(65.6% vs. 67.8%, χ2 = 0.12, P = 0.73 and 32.2% vs. 36.5%, 

χ2 = 0.41, P = 0.52, respectively). When the left ventricular 
lead was at the PLCV, the results in the RVMS group were 
better than those in the RVA group (68.3% vs. 45.4%, 
χ2 = 4.50, P = 0.03 and 39.0% vs. 65.9%, χ2 = 6.16, P = 0.01, 
respectively) [Table 2]. The further multivariate analysis results 
suggested that when the left ventricular lead was positioned at 
the ALCV, the risk of VTA (HR = 3.29, 95% CI: 1.33–8.16, 
P = 0.01) and appropriate defibrillation (HR = 4.33, 
95% CI: 1.64–11.40, P < 0.01) in the RVMS group increased 
[Figure 4a‑4c]. When the left ventricular lead was positioned 

Figure 3: Effect of right ventricular lead position on VTA and mortality in RVMS location (n = 155) and RVA lead location (n = 197). Echocardiography 
response at 12‑month follow‑up of in patients with RVMS location vs. RVA lead location, *P > 0.05 (a). Survival free of VTA in the RVMS and 
RVA after 24‑month follow‑up, unadjusted P = 0.65 (b). Survival free of death in the RVMS and RVA group after 24‑month follow‑up, unadjusted 
P = 0.50 (c). LVEDV: Left ventricle end‑diastolic volume; LVESV: Left ventricle end‑systolic volume; LVEF: Left ventricular ejection fraction; RVMS: 
Right ventricular middle septum; RVA: Right ventricular apical; VTA: Ventricular arrhythmias.

cba

Table 1: Baseline characteristics of patients with a CRT‑D in the RVA and RVMS groups

Characteristics RVMS (n = 155) RVA (n = 197) Statistics P
Age (years), mean ± SD 59.9 ± 13.1 61.6 ± 11.8 −1.29* 0.20
Female, n (%) 48 (31.0) 56 (28.4) 0.20† 0.60
Ischemic cardiomyopathy, n (%) 38 (24.5) 51 (25.9) 0.09† 0.77
Primary prophylaxis, n (%) 104 (67.1) 128 (65.0) 0.17† 0.68
NYHA class, n (%)

II 12 (7.7) 21 (10.7) −0.18‡ 0.86
III 101 (65.2) 116 (58.9)
IV 42 (27.1) 60 (30.5)

LVEF (%), mean ± SD 26.0 ± 5.2 26.0 ± 5.4 −0.91* 0.93
LVEDV (ml), mean ± SD 280.1 ± 81.1 280.2 ± 79.3 −0.05* 0.96
LVESV (ml), mean ± SD 208.1 ± 64.8 208.8 ± 65.2 −0.11* 0.92
QRS duration (ms), mean ± SD 159.0 ± 25.2 154.3 ± 24.4 1.73* 0.08
LBBB, n (%) 103 (66.5) 129 (65.5) 0.04† 0.85
Diabetes, n (%) 32 (20.6) 52 (26.4) 1.58† 0.21
Renal failure, n (%) 26 (16.8) 39 (19.8) 0.53† 0.47
Hypertension, n (%) 105 (67.7) 121 (61.4) 1.51† 0.22
β‑blockers, n (%) 135 (87.1) 176 (89.3) 0.42† 0.52
ACEI or ARB, n (%) 130 (83.9) 172 (87.3) 0.84† 0.36
Aldosterone, n (%) 107 (69.0) 134 (68.0) 0.04† 0.84
Amiodarone, n (%) 25 (16.1) 33 (16.8) 0.02† 0.88
LV lead position, n (%)

ALCV 24 (15.5) 38 (19.3) 1.32† 0.52
LCV 90 (58.1) 115 (58.4)
PLCV 41 (26.5) 44 (22.3)

Values are presented as mean ± SD or n (%). *Student’s t‑test; †Chi‑square test; ‡Wilcoxon Mann‑Whitney test. NYHA: New York Heart Association; 
LVEF: Left ventricular ejection fraction; LVEDV: Left ventricle end‑diastolic volume; LVESV: Left ventricle end‑systolic volume; LBBB: Left bundle 
branch block; ACEI: Angiotensin‑converting enzyme inhibitor; ARB: Angiotensin receptor blocker; ALCV: Anterolateral cardiac vein; LCV: Lateral 
cardiac vein; PLCV: Posterolateral cardiac vein; SD: Standard deviation; CRT‑D: Cardiac resynchronization therapy‑defibrillator; RVA: Right ventricular 
apical; RVMS: Right ventricular middle septum; LV: Left ventricular.



Chinese Medical Journal ¦ October 20, 2018 ¦ Volume 131 ¦ Issue 202406

at the PLCV, the risk of VTA (HR = 0.45, 95% CI: 0.23–0.89, 
P = 0.02) and appropriate defibrillation (HR = 0.33, 95% CI: 
0.15–0.71, P < 0.01) in the RVMS group decreased [Figure 
5a‑5c]. When the left ventricular lead was positioned at 
the LCV, the risk of VTA (HR = 0.93, 95% CI: 0.58–1.51, 
P = 0.78) and appropriate defibrillation (HR = 1.20, 95% 
CI: 0.69–2.09, P = 0.51) between the RVMS and RVA 
groups was similar. Inappropriate defibrillation among all 
combinations of leads did not have a significant difference 
between groups (P > 0.05).

dIscussIon

By comparing the influence of different right ventricular 
lead positions on VTA after CRT, we obtained the following 
results: (1) without considering the left ventricular lead 
position, only analysis of the right ventricular lead positions 
was performed, and the results showed that the risks of VTA 
and appropriate defibrillation between the RVMS and RVA 
groups were similar; (2) when the left ventricular lead was 
at the ALCV or the PLCV, the respective performances of 
the RVA and RVMS groups were differences, and the risk 
of VTA and appropriate defibrillation was reduced when a 
farther right ventricular lead was chosen. However, when 
the left ventricular lead was at the LCV, there were no 
differences; (3) the right ventricular lead position did not 
have significant effects on inappropriate defibrillation.

Three previous large‑scale studies compared the influence of 
the right ventricular lead location on VTA of CRT patients 

but obtained conflicting results. A subgroup study of the 
MADIT‑CRT trial showed that the risk of VTA increased in 
the 1st year in the non‑RVA (NRVA) group.[10] A subsequent 
Danish study showed that appropriate treatment was 
delivered significantly more often in the RVA group than 
in the NRVA group.[11] The subgroup analysis of the SPICE 
trial,[12] which used the right ventricular lead for random 
grouping, showed neither a reduction in VTA and appropriate 
defibrillation nor an increased in the RVMS group. Our study 
simply divided patients into RVMS and RVA groups, and 
the conclusion was similar to that reported in the SPICE 
trial. However, opposite results were obtained in the other 
two studies. The variation in the results might be due to the 
differences in the baseline data of the samples. In addition, 
the nonrandom grouping based on the right ventricular 
leads introduced selection bias that caused an unbalanced 
distribution of the sample sizes between the NRVA group 
and the RVA group (the NRVA group in the MADIT‑CRT 
trial only accounted for 12% of patients).

It is worth noting that although the MADIT‑CRT trial 
showed that NRVA increased the risk of arrhythmia, the risk 
was reduced in the 2nd year. The reason might be due to the 
gradual reduction of repolarization dispersion in patients 
with the improvement in myocardial remodeling; therefore, 
the arrhythmic effect was offset by the antiarrhythmic 
effect. Another subgroup study in the MADIT‑CRT trial 
grouped patients according to the degree of cardiac function 
improvement and showed that the incidence of the first 
VTA within 2 years in the CRT‑D super‑response group 

Figure 5:  Kaplan‑Meier analysis of survival free of VTA (a), appropriate shock (b), and inappropriate shock (c) by RVMS and RVA in the PLCV 
cohort. *Univariate Cox proportional hazard analysis; †Multivariate Cox proportional hazard analysis. RVMS: Right ventricular middle septum; 
RVA: Right ventricular apical; VTA: Ventricular arrhythmias; PLCV: Posterolateral cardiac vein; HR: Hazard ratio.

cba

Figure 4:  Kaplan‑Meier analysis of survival free of VTA (a), appropriate shock (b), and inappropriate shock (c) by RVMS and RVA in the ALCV 
cohort. *Univariate Cox proportional hazards analysis; †Multivariate Cox proportional hazard analysis. RVMS: Right ventricular middle septum; 
RVA: Right ventricular apical; VTA: Ventricular arrhythmias; ALCV: Anterolateral cardiac vein; HR: Hazard ratio.

cba



Chinese Medical Journal ¦ October 20, 2018 ¦ Volume 131 ¦ Issue 20 2407

was significantly lower than that in the simple ICD group 
and the CRT‑D low‑response group. In addition, with 
the reversal of myocardial remodeling, with every 10% 
reduction in LVESV, the risk of VF was reduced by 21%, 
and the number of appropriate defibrillations significantly 
decreased.[5] Schaer et al.[19] and Van Boven et al.[20] 
showed that patients with cardiac function improvement of 
LVEF >35% had a significantly reduced number of ICDs. 
Patients who responded to CRT had a clearer reduction in 
the risk of VTA.[6] Whether the right ventricular lead position 
affects myocardial remodeling in CRT patients may partially 
determine the risk of the development of VTA. So is there 
a better right ventricular lead position than the RVA? A 
small‑sample, nonrandomized study by Riedlbauchová 
et al.[21] with 99 subjects showed that RVMS pacing could 
significantly reduce LVEDV. Unfortunately, the majority 
of relevant studies did not show that the NRVA pacing 
location could improve myocardial remodeling;[10,12,21] of 
these studies, the subgroup analysis in the SEPTAL CRT 
study only showed that the NRVA was not worse than the 
RVA.[22] The SPICE trial also did not show that the RVMS 
had an advantage on myocardial remodeling,[12] which might 
be the reason why the SPICE trial did not show an effect of 
the right ventricular lead on arrhythmias.

In contrast to conventional pacemakers, CRT depends on the 
collaborative work of the left and right ventricular leads to 
increase cardiac synchronization. The simple consideration 
of the right ventricular lead position has some limitations, 
and therefore, we further analyzed the influence of the right 
ventricular lead position on myocardial remodeling and VTA 
under different left ventricular lead positions. The results 
showed that compared with the RVA group at the ALCV, the 
RVMS had lower response rates; compared with the RVMS 
group at the PLCV, the RVA group had lower response rates, 
and the performances of these two groups at the LCV were 
similar. These results were consistent with previous study 
results. Some studies compared different combinations of the 
left and right ventricular leads and showed that the distance 

between the left and right ventricular leads or the electrical 
separation might influence the response to CRT.[13,23] The 
response of the lead combinations improved for greater lead 
distances. When the left ventricular lead was positioned at 
the ALCV or the PLCV, the right ventricular lead position 
had different influences on myocardial remodeling. The 
improvement in myocardial remodeling might influence the 
development of VTA. We further compared the influence 
of the right ventricular leads between the two groups on 
arrhythmias and appropriate defibrillation under different 
left ventricular lead conditions. The results showed that the 
RVA was better than the RVMS when left ventricular lead 
was positioned at the ALCV, and the RVMS was better 
than the RVA when left ventricular lead was at the PLCV; 
however, there was no effect on inappropriate defibrillation. 
Some studies suggest that high VTA rate is associated with 
the apex or anterior left ventricular lead position,[9] while our 
study shows that there is no significant difference between 
the anterior or lateral and posterior groups in the influence on 
VTA after CRT; however, in the ALCV subgroup, the risk of 
VTA was lower when right ventricular lead was positioned in 
RVA, while the response rate was higher. We speculate that 
the different VTA rate between RVA and RVMS may be due 
to the different response rate. Therefore, the distance between 
the left and right ventricular leads might influence not only 
myocardial remodeling but also electrical remodeling.

Because of myocardial scars and vascular anatomical factors, 
CRT‑D patients might not be able to freely receive left 
ventricular lead implantation. This study showed that when 
the left ventricular lead was implanted into the ALCV or the 
PLCV, the selection of the right ventricular lead position 
had a greater influence on both myocardial remodeling 
and arrhythmias in patients; therefore, implantation of the 
right ventricular lead into inappropriate locations should 
be avoided. However, when the left ventricular lead is 
positioned at the LCV, the right ventricular lead can be 
implanted into either the RVA or the RVMS, and more 
options are available, which may be one of the reasons 

Table 2: Echocardiography response, VTA, appropriate shock, and inappropriate shock in patients with RVMS and 
RVA leads corresponding to different LV lead position

Items ALCV χ2 P LCV χ2 P

RVMS (n = 24) RVA (n = 38) RVMS (n = 90) RVA (n = 115)
Response (%) 41.7 68.4 4.32 0.04 65.6 67.8 0.12 0.73
VTA (%) 66.7 28.9 8.51 <0.01 32.2 36.5 0.41 0.52
Appropriate shock (%) 66.7 26.3 9.84 <0.01 26.7 25.2 0.06 0.81
Inappropriate shock (%) 20.8 28.9 0.51 0.48 24.4 23.5 0.03 0.87

Items PLCV χ2 P Total χ2 P

RVMS (n = 41) RVA (n = 44) RVMS (n = 155) RVA (n = 197)
Response (%) 68.3 45.4 4.50 0.03 62.6 62.9 0.01 0.94
VTA (%) 39.0 65.9 6.16 0.01 39.3 41.6 0.19 0.67
Appropriate shock (%) 26.8 63.6 11.58 <0.01 32.9 34.0 0.05 0.83
Inappropriate shock (%) 31.7 25.0 0.47 0.49 25.8 24.9 0.04 0.84
ALCV: Anterolateral cardiac vein; LCV: Lateral cardiac vein; PLCV: Posterolateral cardiac vein; RVMS: Right ventricular middle septum; RVA: Right 
ventricular apical; VTA: Ventricular arrhythmias; LV: Left ventricular.
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why the majority of current studies all showed that the best 
location of the left ventricular lead is the LCV.[12]

This study was a retrospective study. The lead was not 
implanted randomly; therefore, implantation of the left and 
right ventricular leads might be associated with selection 
bias, and a lower percentage of leads was positioned at the 
ALCV. The conventional localization method was used for 
the RVMS and was confirmed by a third party; however, due 
to technical limitations, this method might not be accurate. 
In this study, the prevalence of ischemic cardiomyopathy 
was low, whether the same conclusion can be obtained for 
ischemic cardiomyopathy and nonischemic cardiomyopathy 
is unclear. Similarly, determining whether there are 
differences in primary prophylaxis, secondary prophylaxis, 
or gender still requires large‑scale, randomized controlled 
studies in the future.

In conclusion, when the left ventricular lead was positioned 
at the ALCV or the PLCV, the right ventricular lead position 
was associated with the development of VTA after CRT and 
appropriate defibrillation. Positioning the right ventricular 
lead at the RVA and the RVMS respectively can help to 
reduce this risk.
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背景：右室导线位置对心脏再同步治疗（cardiac resynchronization therapy，CRT）后室性心律失常（ventricular 
arrhythmias，VTA）的影响并不明确，为此本研究评价CRT右室导线位于右室中位间隔部（right ventricular middle septum, 
RVMS）和右室心尖部（right ventricular apical, RVA）对于VTA的影响。
方法：选取我院心脏中心2012年5月至2016年7月行心脏再同步治疗和植入式除颤器（cardiac resynchronization therapy 
defibrillator，CRT‑D）治疗的患者352例，统计2年的临床随访资料和起搏器随访资料，根据右室导线位置的不同分为RVMS组
和RVA组，通过Kaplan‑Meier曲线和COX多因素分析评价右室导线位置对VTA的影响。
结果：不考虑左室导线位置时，RVMS组和RVA组对VTA无影响。但亚组分析发现当左室导线位于前侧静脉（anterolateral 
cardiac vein，ALCV）时，RVMS有增加VTA、恰当除颤风险（HR=3.29, P=0.01 和 HR=4.33, P<0.01），当左室导线为后侧静
脉（posterolateral cardiac vein，PLCV）时，RVMS组风险降低（HR=0.45, P=0.02和HR=0.33, P<0.01），当左室导线为外侧静
脉（lateral cardiac vein，LCV）时，两组间无明显差异。对于不恰当除颤，各组之间均无明显差异。
结论：左室导线为ALCV和PLCV时，右室导线位置与CRT后VTA的发生和恰当除颤相关。较远的导线间距离除了进一步改善
心功能外还有可能降低VTA的风险。

心脏再同步治疗右室导线位置选择对室性心律失
常的影响

摘要


