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Introduction
Cardiac resynchronization therapy (CRT) is shown to prolong 

survival, decrease hospitalizations and improve symptoms in 
patients with left ventricular ejection fraction (LVEF) of ≤35% and 
evidence of ventricular dysynchrony demonstrated by prolonged 
QRS duration on an electrocardiogram.1-3 Despite, the effectiveness 
of CRT, there are several challenges associated with implantation 
of the left ventricular (LV) lead such as inability to cannulate the 
target cardiac vein, lead instability, high pacing thresholds, excessive 
phrenic nerve stimulation (PNS) and lead deactivation, lead revision 
or replacement.4-6

Recently, quadripolar LV lead (QL) has been a new innovation in 
pacing lead technology. The QL, by using 4-electrodes offers greater 
flexibility and programmability in LV lead placement and CRT by 
offering ten possible unipolar and bipolar pacing configurations and 
is designed to improve ease of implantation, decrease short-term and 
long term complications.7,8

Several recent studies have demonstrated that CRT using a QL 
was associated with lower PNS, procedure and fluoroscopy times and 
fewer lead related complications including lead deactivation, lead 
revision or replacement.7-18 We aimed to conduct a meta-analysis 
from eligible randomized controlled trials (RCTs) and observational 
studies comparing QL versus bipolar LV leads (BL) performance 
and its impact on post-procedural CRT outcomes.

Methods
Search Strategy  

We searched MEDLINE, the Web of Science, EBSCO database, 
Cochrane Central Register of Controlled Trials, Google Scholar, 
scientific conference sessions and the reference lists of retrieved 
reports from inception to June 30, 2015 using the search terms 
‘cardiac resynchronization therapy’; ‘quadripolar lead’; ‘bipolar lead’ 
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Abstract
Objective: We aimed to perform a meta-analysis from eligible studies to analyze the true impact of QL when compared with BL with regard 

to post-procedural outcomes including lead deactivation, revision or replacement.
Background: Many observational and retrospective studies showed that quadripolar left ventricular leads (QL) are associated with better 

outcomes and fewer complications when compared with bipolar leads (BL).
Methods: We performed a comprehensive literature search through June 30, 2015 using: quadripolar, bipolar, left ventricular lead and 

CRT in Pubmed, Ebsco and google scholar databases.
Results: The analysis included 8 studies comparing QL and BL implantation. Post-procedural outcomes such as lead deactivation, revision 

or replacement were used as primary outcome and assessed with Mantel–Haenszel risk ratio (RR). Secondary outcomes included total 
fluoroscopy/procedure time, occurrence of phrenic nerve stimulation (PNS) and all-cause mortality on follow up. Follow-up duration for the 
studies ranged from 3 to 60 months. Compared with BL, the use of QL is associated with 52 % reduction (relative risk 0.48; 95% CI: 0.36-
0.64, p=0.00001) in the risk of deactivation, revision or replacement of the LV lead. QL had significantly lower fluoroscopy/procedure time, 
PNS and all-cause mortality when compared with BL.

Conclusion: Our meta-analysis shows that QL implantation was associated with decreased risk of LV lead deactivation, revision or 
replacement when compared with BL.
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and ‘left ventricular lead’ to identify all RCT’s and observational 
studies comparing the effects of QL with BL lead on outcomes of 
CRT. A hand search was also performed in major search databases 
to identify potentially relevant literature on QL with regard to CRT.
Study Selection  

The inclusion criteria of our meta-analysis consisted of RCTs and 
observational studies of patients undergoing biventricular device 
implantation in age ≥18 years’ assigned to QL or BL which reported 
post-procedural outcomes including lead deactivation, revision or 
replacement at any time during follow-up. Our literature search was 
limited to studies published in peer-review journals in English. We 
excluded studies having no reported procedural outcomes. Studies 
published in animal models and foreign languages were excluded. A 
search for unpublished literature was not performed.
Data Extraction  

Two investigators independently performed a search strategy for 
eligible studies. All items were initially reviewed at the title and 
abstract level. Potential eligible manuscripts were reviewed in full 
text. The data was extracted using a standardized form.
Primary Outcome  

The primary endpoint was post-procedural outcomes including 
lead deactivation, lead revision or replacement.
Secondary Outcome  

Total duration of the procedure/fluoroscopy, PNS and all-cause 
mortality were assessed as secondary outcomes with random effect 
meta-analysis.
Quality Assessment  

We followed the criteria established by Juni et al in the quality 
assessment of the included RCTs in the meta-analysis.19

Statistical Analysis  
After the data elements were verified for accuracy, systematic and 

statistical analyses were conducted using Cochrane RevMan version 
5.3, and results were expressed as risk ratio (RR) for dichotomous 
outcomes and mean difference for continuous variables with 95% 
confidence intervals (CIs). The difference between the QL and 
BL were estimated by weighted mean difference (WMD) with a 
two-tailed 95% CI in a DerSimonian-Laird random-effects model 
for heterogeneous studies. Statistic value I2 was used to quantify 

the degree of inconsistency. P < 0.05 was considered statistically 
significant. For the I2 statistic, heterogeneity was defined as low 
(25%–50%), moderate (50%–75%), or high (>75%). A fixed-effects 
model was only used if heterogeneity was low.

Results
Search Results  

The original search strategy retrieved 29 clinical studies. The 
title and abstract were reviewed and after applying the inclusion 
and exclusion criteria, 20 articles were selected for further detailed 
assessment. After the exclusion of review articles, duplicates and 
studies with irrelevant outcomes, we found a total of 8 studies 
comparing QL and BL implantation in CRT outcomes for inclusion 
in the final analysis (Figure 1). Follow-up duration for the studies 
ranged from 3 to 60 months. The years of publication ranged from 
2012 to 2015 (Table 1).
Study Characteristics  

Table 1 summarizes the characteristics of included studies. The 
meta-analysis includes a total of 8 studies (one randomized control 
study, four prospective observational and three retrospective studies). 
Baseline characteristics, procedural details and patient’s follow up 
were similar across all studies. A total of 5,763 patients with QL and 
20,894 patients with BL were found. The median follow-up duration 
was 7.5 months (range 3 months to 60 months), and the median 
sample size was 248 patients (range 29 to 24,293 patients).
Quadripolar Leads Last Longer Than Bipolar Leads  

Compared with BL, the use of QL is associated with 52 % 
reduction (relative risk 0.48; 95% CI: 0.36-0.64, p=0.00001) in the 
risk of deactivation, lead revision or replacement of the LV lead 
(Figure 2).
QL Leads Require Reduced Fluoroscopic Exposure And Procedure 
Time For Optimal Placement  

Compared with BL, the use of QL reduced fluoroscopy by a mean 
duration of 5.21 minutes (95% CI: -7.67 to -2.75, P<0.0001) and 
mean procedure time by 10.33 minutes (95% CI: -16.85 to -3.81, 
P=0.002) (Figure 3A, 3B).
QL Leads Are Associated With Decreased Phrenic Nerve 
Stimulation  

Compared with BL, the use of QL is associated with 76 % 
reduction (relative risk 0.24; 95% CI: 0.09-0.65, p=0.005) in risk of 
PNS due to the LV lead (Figure 4).
Placement Of QL Leads Improves Survival   

Compared with BL, the use of QL is associated with 44 % 

Figure 1: Flow diagram for the included studies

Figure 2:

Forest plot showing relative risk (RR) of lead deactivation, revision 
or replacement with quadripolar lead (QL) and bipolar lead (BL) at 
follow-up. The use of QL results in a 52% reduction (relative risk 
0.48; 95% confidence interval [CI]: 0.36-0.64, p=0.00001) when 
compared with BL. M-H: Mentel-Haenszel
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Impact On Lead Longevity  
The current meta-analysis confirms the findings of several 

recent studies showing that QL are more durable. The most 
plausible explanation for the decreased need for lead revision or 
lead replacement with QL is the flexibility in programming in the 
presence of multiple poles.
Impact On The Procedure Duration  

The current meta-analysis results are consistent with the findings 
of prior studies demonstrating superiority of QL when compared 
with BL.12,13,20 Our meta-analysis including 26,657 patients 
demonstrated that QL was associated with a 52% reduction in post 
procedural complications in a median follow up of 7.5 months when 

reduction (relative risk 0.56; 95% CI: 0.38-0.81, p=0.002) in the risk 
of all-cause mortality at follow up (Figure 5).

Discussion
Major Findings  

The principal finding of this meta-analysis of RCTs and 
observational studies is that QL had lower post-procedural 
complications including lead deactivation, lead revision or 
replacement when compared with BL. To our knowledge, this is so 
far the first comprehensive meta-analysis comparing post procedural 
CRT lead outcome of QL and BL.

compared with BL placement. Our data supports and extends the 
current notion that optimal lead implantation using QL is easier 
than BL. A significantly lower fluoroscopy and procedure time was 
noted with QL when compared with BL with a mean difference 
-5.21 minutes and -10.33 minutes respectively. The lower rate of lead 
revision and total procedure/fluoroscopy time in the QL versus BL 
was most likely due to ease of implantation from the programming 
flexibility due to multiple pacing vectors the lead has offered. The 
alternative pacing vectors with the QL can also overcome other 
commonly encountered challenges commonly seen with BL such as 
PNS, higher pacing thresholds and micro-dislodgement of the LV 
lead without the need for another surgical procedure. Furthermore, 
QL are reported to have lower impedance and use lower energy to 
capture the left ventricle that promotes longevity of the device and 
lowers the need for replacement.11,12

Impact Of QL Leads On The PNS  
While implanting a CRT, it is of paramount importance to locate 

a suitable coronary sinus vein or tributary which is associated with 
low PNS and pacing thresholds. Prior studies have reported post-
implantation PNS rates with bipolar leads ranged from 7.4-14% 
and were more commonly associated with the LV lead location.21-24 

PNS was more commonly seen with the LV lead in the mid-apical, 
posterior and lateral sites and less common with the LV lead in the 
anterior or basal site. Our meta-analysis demonstrates that compared 
with BL, the use of QL is associated with 76 % reduction in PNS. 
The QL has low PNS as it offers LV pacing from any of the four 
electrodes as cathode, and RV coil and LV electrodes as anode when 
compared with BL that offer LV pacing from the ring or the tip 
as cathode with various anode options. Furthermore, PNS can be 
posture-dependent and is usually detected post-implantation rather 
than during implantation. Post-procedural lead re-intervention 
including CRT termination due to PNS with BL was reported to be 
2-13%.21-25 A QL due to its multiple electrodes and pacing options 

Figure 4:

Forest plot showing relative risk (RR) of phrenic nerve stimulation 
(PNS) with quadripolar lead (QL) and bipolar lead (BL) at follow-
up. The use of QL results in a 76 % reduction (relative risk 0.24; 
95% CI: 0.09-0.65, p=0.005) of PNS when compared with BL. 
M-H: Mentel-Haenszel

Figure 3B:

Reduction in procedure duration. Forest plot showing unadjusted 
difference in mean (95% confidence interval [CI]) procedure 
duration with quadripolar lead (QL) and bipolar lead (BL). QL 
results a reduction in mean procedure duration of 10.33 minutes 
(95% CI: -16.85 to -3.81, P=0.002) when compared with BL. IV: 
inverse variance

Table 1:

Study ID Type of Study Age Mean±SD Sample Size Longest follow up Risk difference between QL versus BL (95% CI)

Arias et al 2012 Prospective Observational 65.6 ± 9.9 42 9 months -0.05 [-0.20, 0.11]

Forleo et al 2012 Retrospective 68.3±10.7 45 6 months -0.23 [-0.43, -0.03]

Corbisiero et al 2014 Retrospective No data 79 3 months -0.02 [-0.09, 0.04]

Dhillion et al 2014 Retrospective 71±8 29 6 months 0.00 [-0.12, 0.12]

MORE-CRT 2014 Prospective randomized 68±10 1,068 6 month -0.03 [-0.06, 0.01]

Turakhia et al 2014 Prospective Observational 69.8±11.3 24,293 12 months -0.01 [-0.02, -0.01]

Forleo et al 2015 Prospective Observational 70.3±9.2 418 39 months -0.05 [-0.10, -0.01]

Behar et al 2015 Prospective Observational 68.4 ± 0.55 721 60 months -0.08 [-0.12, -0.05]

Figure 3A:

Reduction in fluoroscopy duration. Forest plot showing 
unadjusted difference in mean (95% confidence interval [CI]) 
fluoroscopy duration with quadripolar lead (QL) and bipolar lead 
(BL). QL results a reduction in mean fluoroscopy duration of 5.21 
minutes (95% CI: -7.67 to -2.75, P<0.0001) when compared with 
BL. IV: inverse variance
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procedural complications including lead deactivation, revision or 
replacement than BL in patients referred for CRT implantation. This 
meta-analysis encourages the use of QL and also highlights the need 
for large-scale multicenter trials to further validate the effectives of 
this LV lead technology.
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overcomes the necessity for re-intervention by physically moving the 
LV lead to another location or CRT termination.
Improved Survival With QL  

Our meta-analysis also demonstrates that compared with BL, 
the use of QL is associated with 44 % reduction in risk of all-cause 
mortality. These finding can be attributed to the ease of implantation 
and identification of optimal pacing site with QL which could 
have resulted in reverse myocardial remodeling and hemodynamic 
benefit when compared with BL. Implantation of LV lead at the site 
of a myocardial scar in patients with ischemic cardiomyopathy and 
presence of atrial arrhythmias has been associated with non-CRT 
responders.6,26,27 QL with their multiple programming and pacing 
vectors can avoid such areas of myocardial scar improving outcomes 
in patients when compared with BL.
Strengths Of The Current Meta-Analysis  

The potential strengths of this meta-analysis are that it is large and 
includes 26,657 patients. There was no heterogeneity or publication 
bias among individual studies as noted from our analysis. There is 
no previous meta-analysis comparing the effectiveness of QL when 
compared with BL with respect to post procedural complications. 
The current meta-analysis is the first attempt to explore the beneficial 
effects of QL over BL in regards to post procedural complications.
Study Limitations  

The study has some potential limitations.
1.Most of the studies performed on QL have been from prospective 

registries. Only one study was a RCT. We cannot exclude the existence 
of potential unmeasured confounding factors in the included studies.

2.There were more patients in the BL (N=20,894) than compared 
to the QL (N=5,763) which can lead to some discrepancy in 
interpretation of results and the sample size may be not large enough 
to draw firm conclusions.

3.The type of lead implanted in the studies was at the discretion of 
the invasive cardiac electrophysiologist that could result in a selection 
bias.

4.Median follow- up in our study was limited to 7.5 months, so 
we cannot exclude the possibility of lead complications arising over a 
longer follow-up period.

5.Our meta-analysis does not include data regarding number of 
patients with ischemic cardiomyopathy and atrial arrhythmias in 
each individual group as it may impact CRT response and mortality.

6.We are unable to perform additional analysis due to limited 
number of studies and unpublished data.

Conclusions
Overall, this meta-analysis confirms and extends the findings 

of most clinical trials by demonstrating that QL have lower post 

Figure 5:

Forest plot showing relative risk (RR) of all-cause mortality with 
quadripolar lead (QL) and bipolar lead (BL) at follow-up. The use 
of QL results in a 44 % reduction (relative risk 0.56; 95% CI: 0.38-
0.81, p=0.002) in all-cause mortality when compared with BL. 
M-H: Mentel-Haenszel
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