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1 | INTRODUCTION

| Khagendra Dahal MD? | Paari Dominic MD? |

Abstract

Background: Traditionally the right ventricular (RV) pacing lead is placed in the RV
apex in cardiac resynchronization therapy (CRT). It is not clear whether nonapical
placement of the RV lead is associated with a better response to CRT. We aimed to
perform a meta-analysis of all randomized controlled trials (RCTs) that compared
apical and nonapical RV lead placement in CRT.

Methods: We searched PubMed, EMBASE, Cochrane, Scopus, and relevant refer-
ences for studies and performed meta-analysis using random effects model. Our
main outcome measures were all-cause mortality, composite of death and heart fail-
ure hospitalization, improvement in ejection fraction (EF), left ventricle end-diastolic
volume (LVEDV), left ventricle end-systolic volume (LVESV), and adverse events.
Results: Seven RCTs with a total population of 1641 patients (1199 apical and 492
nonapical) were included in our meta-analysis. There was no difference in all-cause
mortality (5% vs 4.3%, odds ratio (OR) = 0.86; 95% confidence interval (Cl) 0.45-1.64;
P = .65; I> = 11%) and a composite of death and heart failure hospitalization (14.2%
vs 12.9%, OR = 0.92; 95% Cl: 0.61-1.38; P = .68; > = 0) between apical and nonapi-
cal groups. No difference in improvement in EF (Weighted mean difference
(WMD) = 0.37; 95% Cl: —2.75-348; P = .82; I>=68%), change in LVEDV
(WMD = 3.67; 95% Cl: —4.86-12.20; P = .40; I> = 89%) and LVESV (WMD = —1.20;
95% Cl: —4.32-1.91; P = .45; I?> = 0) were noted between apical and nonapical groups.
Proportion of patients achieving >15% improvement in EF was similar in both groups
(OR = 0.85; 95% Cl: 0.62-1.16; P = .31; I*> = 0).

Conclusion: In patients with CRT, nonapical RV pacing is not associated with

improved clinical and echocardiographic outcomes compared with RV apical pacing.

KEYWORDS
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therapy (CRT) has been found to improve symptoms and cardiac

function in some heart failure patients with New York Heart Associ-

Heart failure is the most common cause of hospitalization in patients ation (NYHA) llI-IV symptoms, left ventricular (LV) ejection fraction

older than 65 years in the United States.! Cardiac resynchronization (EF) <35% and electrocardiographic QRS widening of at least
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120-130 ms.2* Successful CRT has also been associated with signifi-
cant reduction in morbidity and mortality.” Recently, several retro-
spective and prospective studies have also suggested similar benefits
in patients with NYHA functional class | and Il heart failure.®”

The presence of left ventricular dyssynchrony as manifest by left
bundle branch block (LBBB) is common in heart failure® and is asso-
ciated with a better outcome and LV reverse remodeling after
CRT.?1° However, a significant proportion of heart failure patients
do not respond to CRT.}! Although response to CRT is at least
partly dependent upon left ventricular lead location, other factors
may play a significant role. One of these factors is right ventricular
(RV) lead placement. Although the RV lead is commonly placed at or
near the apex; septal, outflow tract and para-hisian sites (nontradi-
tional) have also been used with RV pacing leads. These nontradi-
tional pacing sites in the right ventricle have been postulated to
simulate a more physiologic electrical activation of the heart, to
reduce ventricular dyssynchrony and to potentially obtain more
favorable hemodynamics.’> The RV septum, RV outflow tract, RV
midseptum have been used as alternatives to RV apical pacing.*1®
The impact of alternate RV lead position on the outcome of CRT is
largely unknown. Studies comparing RV apical with alternative site
RV pacing have found conflicting evidence. To understand this issue
further, we performed a meta-analysis on this subject.

2 | METHODS

2.1 | Data sources and search strategy

This review was constructed according to Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines for
systematic reviews and meta-analyses.'® We searched Medline/
PubMed, Embase, Scopus, and the Cochrane Library for publications.
Databases were searched from inception to October 20, 2017, with
keywords “Right ventricular apical lead placement” OR “Right ven-
tricular nonapical lead placement” OR “Right ventricular septal lead
placement” OR “Right ventricular outflow tract lead placement” OR
“Right ventricular apical stimulation” OR “Right ventricular nonapical
stimulation” AND “Cardiac resynchronization therapy” OR “CRT” in
various combinations. The search strategy did not include the MeSH
term and it was adapted for each database as necessary. In addition
to the computer search, we manually reviewed the reference list of
all included studies and published reviews to complete the search.
The search strategy, study selection, and meta-analysis were guided
by a written protocol. Two investigators (SPS and KD) independently
performed the database search and agreed on the final study
selection.

2.2 | Inclusion and exclusion criteria

We included studies that met all of the following criteria (i) ran-
domized controlled studies comparing RV apical pacing with non-
apical sites in right ventricle (septum, midseptum, RV outflow
tract) for CRT; (ii)a report of at least one of the outcomes of

interest (All-cause mortality, composite of all-cause mortality or
heart failure hospitalization, change in EF, change in left ventricu-
lar end-systolic volume [LVESV] or left ventricular end-diastolic
volume [LVEDV]) . We excluded abstracts without full-text publi-
cations and nonrandomized studies. Also excluded were abstracts
from annual meeting as our protocol prespecified inclusion of full-

text articles only.

2.3 | Data extraction

First, items for data collection and the methodology for event count
extraction were standardized. Two authors (SPS and KD) extracted
data from the selected studies in duplicate using a standardized data
extraction table. Data were extracted on study characteristics (au-
thor, journal, year of publications, number of patients, study design,
follow-up duration, inclusion/exclusion criteria, primary and sec-
ondary outcomes), patients’ characteristics (age, gender, types of car-
diomyopathy, sites of nonapical lead placement, baseline EF, QRS
duration); outcomes of interest and adverse events. Event counts for
the primary and secondary outcomes were extracted as reported by
the individual studies.

2.4 | Major outcomes

The primary endpoints of our meta-analysis were all-cause mortality
and a composite of all-cause mortality and heart failure hospitaliza-
tions. Secondary endpoints were echocardiographic measures of
reverse ventricular remodeling (change in EF, LVESV, and LVEDV
and >15% improvement EF), and adverse events related to RV lead

placement, including arrhythmias.

2.5 | Statistical analysis

The meta-analysis was performed using a random effects model with
the help of Review Manager (RevMan 5.2, Cochrane Collaboration,
Nordic Cochrane Center, and Copenhagen, Denmark) for statistical
analyses. Categorical variables were pooled as an odds ratio (OR)
with 95% confidence interval (Cl). For the continuous variable, mean
difference was calculated with corresponding 95% confidence inter-
val. The P value <.05 (2 tailed) was considered statistically significant.
Study heterogeneity was evaluated by Cochrane’s Q and I? index.
We used the Cochrane Collaborations’ tool for assessing risk of bias

in the individual studies.

2.6 | Quality assessment

We used the Cochrane Collaboration tool for assessing risk of bias
to determine the quality of included randomized controlled trials
(RCTs). This tool assesses the risk of selection bias, performance
bias, detection bias, attrition bias, reporting bias, and other biases.
Each RCT is categorized on the basis of criteria determining the like-
lihood of potential threats to validity. Quality assessment was inde-
pendently performed by 2 reviewers (SPS and KD).
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3 | RESULTS

3.1 | Description of individual studies

We retrieved 82 citations from electronic database and manual
searches as shown in Figure 1. We reviewed 16 citations for full-
text articles; 7 full-text articles were included in the final analysis.”’
23 Four of the included studies were post hoc analyses of the
RCTs'?22 and one was randomized crossover trial.>! All the included
studies were published between 2011 and 2016. There were a total
of 1641 patients included in our meta-analysis. A total of 1199
patients had apical lead placement while 492 had nonapical place-
ment (midseptum, high septum, RV outflow tract, and RV free wall).
The study by Miranda et al*® compared patients with uniform RV
apical pacing to patients with maximal electric separation (MES)-
guided pacing. Although majority of MES-guided pacing occurred in
nonapical sites, the greatest MES was found in RV apex in some
patients. All the studies had biventricular lead placement except for

I** who were excluded from

2 patients in the study by Asbach et a
the final analysis. Left ventricular lead position was provided in all
studies except for the study by Asbach et al'. LV lead positions
were variable across the studies. The average age of study patients

was 66 years and males comprised of more than 75% of the total

74 studies
identified through
database
searching

10 studies
identified through
other sources

[dﬂ pertinent studies identified ]

18 studies
excluded (12
studies an

22 studies pacemaker or
screened = ICDs,6 reviews)

6 observational, 1
study comparing
RV pacing with
CRT, 1 compares
EKG identification
of prior MI during
RV apical vs
non-apical pacing

15 full-text articles
assessed for
eligibility

7 studies included
in qualitative
synthesis

1

7 studies included
in quantitative
synthesis
(meta-analysis)

FIGURE 1 Flow diagram of included studies
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population. Details of the included studies and baseline characteris-
tics of patients are summarized in Table 1. The details about pooled
outcomes and adverse events are summarized in Table 2.

3.2 | Primary outcomes

There was no difference in all-cause mortality between apical and
nonapical RV lead placement (5% vs 4.3%, OR = 0.86; 95% Cl: 0.45-
1.64; P = .65; I> = 11%) (Figure 2). We did not find a significant dif-
ference in the composite of death or heart failure hospitalization
between 2 groups (14.2% vs 12.9%, OR = 0.92; 95% Cl: 0.61-1.38;
P = .68; I? = 0) (Figure 2).

3.3 | Secondary outcomes

3.3.1 | Change in EF, LVEDV, and LVESV

No difference in improvement in EF was noted between apical and
nonapical group (Weighted mean difference = 0.37; 95% ClI: —2.75-
3.48; P = .82; I> = 68%) (Figure 3).

There was no difference in LVEDV between apical and nonapical
(WMD = 3.67; 95% Cl: —4.86-12.20; P = .40; I?> = 89%) group as
shown in (Figure 3). Because of significant heterogeneity in change
in EF and LVEDV, sensitivity analysis was performed by excluding 1
study at a time to evaluate the effect of any individual study in the
overall heterogeneity. We found that the Miranda et al study23 con-
tributed to significant heterogeneity in both our endpoints. How-
ever, even after removal of this study, there was no significant
difference in the weighted mean between the 2 groups. Similarly, no
difference was noted in change of LVESV between apical and non-
apical groups (WMD = —1.20; 95% Cl: —4.32-1.91; P = 45; > =0)
(Figure 3).

3.3.2 | Number of patients with >15%
improvement in LVESV

The proportion of patients who achieved >15% improvement in
LVESV was no different between the apical and nonapical groups
(OR = 0.85; 95% Cl: 0.62-1.16; P = .31; I? = 0) (Figure 4).

3.3.3 | Adverse events

Only 2 studies'®?° reported on the occurrence of ventricular
arrhythmias. It was more common in nonapical group but was not
statistically significant (16% vs 20%; P =.7). Only a few studies
reported on the RV lead-related complications. RV lead complication
rates were low and similar between 2 groups (0.5% vs 0.6%)
(Table 2).

3.4 | Sensitivity analysis

We performed the sensitivity analyses by assessing the contribu-

tion of each study to the overall estimate from the pooled
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RV apical RV non-apical Odds Ratio Odds Ratio
Study or Subgroup Events Total Ewvents Total Weight M-H, Random, 95% CI M-H, Random, 95% CI|
1.1.1 All-cause mortality
ASBACH etal 2016 B 53 0 45 4.T7%  12.45[0.68, 227 46] *
KRISTIANSEM et al 2012 3 43 2 42 11.3% 1.60 [0.24, 9.45]
KUTYIFA et al 2013 39  EBASB 7 86 43.5% 0.71 [0.31,1.69] ——
LECLERCG etal 2016 4 132 5 131 20.2% 0.79[0.21, 3.00] I E—
THEBAULT et al 2012 5 237 4 108 20.3% 056015 2.13] I R
Subtotal (95% CI) 1121 412 100.0% 0.86 [D.45, 1.64] -
Total events a7 18

Heterogeneity: Tau®= 006, ChF=4.48 af=4 (p =34}, F=11%
Testfor overall effect: 2= 0445 (p = BA)

1.1.2 All-cause mortality or heart failure hospitalization

KUTYIFAetal 2013 116 B56 14 86 45.5% 1.10[0.60, 2.03] ——
LECLERCGQ etal 2016 17 132 20 131 34.4% 0.821[0.41,1.689] —
THEBALULT et al 2012 13 237 i 108 20.1% 0.731[0.28,1.81] )
Subtotal (95% CI) 1025 325 100.0% 0.92 [0.61, 1.38] e
Total events 146 42

Heterogeneity: Tau®= 000, ChF=0.71,df=2{p=.70); F=0%
Testfor overall effect 2= 0.42 (p= &)

0.01 0.1 1 10 100
Favours RV apical Favours RV non-apical

FIGURE 2 Forest plot of all-cause mortality and composite of all-cause mortality and heart failure hospitalization

RV apical RV non-apical Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight I, Random, 95% Cl I/, Random, 95% CI
2.1.1 Change in Ejection fraction
ASBACH etal 2016 15.8 146 53 97 126 45 16.2% BAO[O.71,11.489] il
KRISTIANSEM et al 2012 [T 43 784 42 227%  —1.00[4.45 2.419] -+
LECLERCG et al 2016 82 10 132 67 96 13 266% 1.50[-0.87, 3.87] ol
Miranda 2012 a1 84 28 45 34 29 220% —440[-8.03 -0.77] =
ROMM et al 2011 79 122 28 65 144 0 125% 1.40[-5.44, 8.248] -
Subtotal (95% CI) 281 273 100.0% 0.37 [-2.75, 3.48] 4

Heterogeneity: Tau®=8.01; Chi*=12.92 df=4 {p= 01} F=63%
Testfor averall effect Z=023 {p= 82

2.1.2 Change in LVEDV

KRISTIAMNSEM et al 2012 -33 B 43 -38 98497 42 41% 5.00[-34.62, 44.62]

KUT¥IFA etal 2013 -208 114 E56 -21.4 12 BB 321% 0.80[-2.18, 3.18] L
LECLERCG etal 2016 —37.1 858 132 -326 536 131 185% -450[-17.72 877 T
Miranda 2012 =11 4 2\ =23 4 28 320% 12000917, 14.83] =
ROMNM etal 2011 =77y 28 -89 #1989 30 134% 2.20[-19.82, 20.22) T
Subtotal (95% CI) 884 314 100.0% 3.67 [-4.86, 12.20] ki

Heterageneity: Tau®= 8714, Chi®= 35,95, =4 (p = .00001}); F=89%
Testfor overall effect 2= 0.84 (p= 40}

2.1.3 Change in LVESVY

KRISTIAMSEM etal 2012 -3B BB2 43  -40 827 42  10% 4.00[-27.89,35.89] —
KUTYIFA et al 2013 -348 212 B56 -32.80 162 86 BT.5%  —1.90[-569,1.39] [ |
LECLERC® et al 2016 -385 508 97 -37 432 90 52% —BA&0[-20.21,7.21] —
RONM et al 2011 -18 50 28 -157 39 30 1.8% —2.30[-25.48, 20.89] S
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FIGURE 3 Forest plot of change in echocardiographic parameters

estimate and by excluding individual study one at a time and using random effect model. However, as there was extremely low
recalculating the pooled odds ratio for the remaining. It did not heterogeneity in primary outcomes, we also analyzed data using
substantially change the pooled point estimate on any endpoints. fixed-effect model. Final results did not differ between 2 models

As prespecified in our methodology, we performed meta-analysis for all the outcomes.
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Apical MNon-apical Odds Ratio Odds Ratio
Study or Subgroup Events Total BEvents Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
KRISTIANSEM et al 2012 26 43 25 42 128% 1.04 [0.44, 2 48]
LECLERCG et al 2016 66 132 B5 131 41.2% 1.02 [0.63, 1.65]
THEBAULT et al 2012 101 237 86 108 461% 0.69 [0.44,1.09]
Total (95% CI) 412 281 100.0% 0.85 [0.62, 1.16]
Total events 193 146

Heterogeneity: Tau®=0.00; Chi*=1.593 df = 2 {p=4E); F= 0%
Testfor overall effect Z=1.01 {p=_31)

FIGURE 4 Forest plot of >15% improvement in Ejection fraction

3.5 | Qualities of studies

Assessment of risk of bias was conducted by investigating random
sequence generation, allocation concealment, blinding, completeness
of outcome data, and potential for selective reporting. We found no
evidence of significant bias (Figure 5). Publication bias was not

assessed because the included number of RCTs was less than 10.24

4 | DISCUSSION

To our knowledge, this is the first meta-analysis evaluating the
impact of RV lead positions on clinical and echocardiographic out-
comes in heart failure patients undergoing CRT. A previous meta-
analysis on the topic by Zografos et al®*® included both RCTs and
observational studies and did not report on the hard clinical out-
comes because of lack of available data. In comparison, our study
included only RCTs and assessed both hard clinical outcomes and
echocardiographic parameters. Our main results suggest that there
are no differences in the clinical endpoints of all-cause mortality and
a composite of all-cause mortality or heart failure hospitalization
between apical and nonapical RV lead placement. There were also
no differences in echocardiographic parameters between 2 groups.
Mortality data were similar between the 2 groups in all studies
except for the study by Asbach et al where all mortality was seen in
the apical pacing group. Patients in the midseptal group were
younger (66.2 + 9.5 years vs 69.4 + 10.1 years, P = .042) and more
likely to be male (80% vs 60%, P = .048) in this study. It is arguable

that since in this study, a significantly greater number of younger

Random sequence generation (selection hias)

Allocation concealment (selection bias)

Blinding of participants and persannel (performance hias)
Elinding of outcome assessment (detection bias)
Incomplete outcome data (attrition hias)

Selective reporting (reporting hias)

Other hias
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patients were in the midseptal group, mortality was lower. An earlier
study had hypothesized that the elderly would not benefit as much
from CRT as the younger patients.?® However, this effect might have
been balanced by the proportion of men in the midseptal group, who
have in general been found to have a lower benefit with CRT-ICD in
MADIT-CRT trial compared with women.?” In the study by Asbach
et al, both apical and nonapical groups had a similar extent of reverse
remodeling; therefore the mechanism which may have promoted
heart failure and death in apical group remains unclear. In general,
the finding of no significant change in mortality rates between differ-
ent RV lead positions is in keeping up with the result of an observa-
tional study that used mortality and morbidity as endpoints.2®

The study by Kutfiya et al who did post hoc analysis on the
MADIT-CRT trial showed a significant number of ventricular arrhyth-
mias in the nonapical RV lead position with no difference in the pri-
mary endpoints of heart failure or death. This was attributed to
nonapical pacing-induced increase in electrical heterogeneity of the
preexisting arrhythmogenic substrate in the patients with left ven-
tricular dysfunction.?®

Overall, there were identical benefits between 2 groups in terms
of improvement in echocardiographic findings. The study by Miranda
et al showed marked benefit for nonapical pacing group for LVEDV
improvement. This may be because the study compared traditional
RV apical lead placement with nonapical placement guided by MES.
However, in this study, MES-guided pacing sites were found in RV
apex in some patients. Thus, this might not fully reflect the real
effect of nonapical pacing. Previous studies have shown electric
delay from the onset of the QRS complex to the left ventricular (LV)

lead electrogram correlates with improved response to CRT.1:2%:%0

0% 25%

50% 74%

100%

.LDW risk of hias DUncIearrisk of bias

Il Hiah risk of bias

FIGURE 5 Risk of Bias diagram
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An observational study that is not based on MES-guided elec-
trode placement had also found midseptal RV lead position to be
associated with greater improvement in left ventricular end-diastolic
diameter.®! In the study, patients from both groups showed similar
improvement in functional NYHA class and improvement in LVEDV
was mostly seen in subgroup of dilated cardiomyopathy patients.

A recently published Danish registry study found nonapical RV
lead position in CRT to be associated with improved outcome of
death and heart failure hospitalization in patients with nonischemic
heart disease only.>?

It has been suggested that optimal RV lead location may be tai-
lored according to LV lead position when RV lead implantation occurs
after LV lead. Apical or nonapical RV lead placement may derive maxi-
mal clinical benefit if a particular LV lead position is achieved, to create
maximal lead separation. Apical RV and nonapical RV lead positions
have been associated with better outcome when they were stimulated
in the presence of anterolateral and posterolateral LV leads, respec-
tively.®® Included studies used different LV lead locations. There is lack
of details regarding which LV lead position was stimulated in the pres-
ence of RV apical or nonapical lead. The position of the LV lead has
significant impact on events and parameters assessed in this study,
which could not be considered in the analysis. For a fixed LV site,
there is substantial RV site-specific inter- and intraindividual variability
in acute hemodynamic response to biventricular pacing.3* Such vari-
ability in the acute hemodynamic response may lead to variable CRT
response during long-term follow-up. Such variable response may
warrant strategies to incorporate individualized RV lead place-
ment.34In some patients, apical pacing may result in greater MES
when compared to septal or outflow tract pacing and this may counter
any measurable benefit from nonapical lead position.

All the studies included in our meta-analysis used fluoroscopy to
assess the RV lead position. Cardiac computed tomography (CT) is
considered to be more accurate to determine the RV lead position
when compared to fluoroscopy. Many early studies of non-RV apical
pacing sites are considered possibly flawed due to inaccuracies of
lead position reporting by fluoroscopy.®® In these studies, use of flu-
oroscopy alone can misclassify a true apical lead position as basal/
mid-RV and a free wall RV lead position as septal.*°There are con-
cerns that RV free wall lead positions may actually be worse than
RV apical positions, possibly resulting in a dilution of benefits of car-
diac resynchronization. The confounding effects of possible RV lead
misclassification may need to be considered in the results of our
meta-analysis.

Reverse remodeling and improvement in left ventricular function
are postulated to occur over a period of 3-6 months, but the
improvement in left ventricular function beyond a year has been
described, and the included studies do not address this.

5 | LIMITATIONS

Our meta-analysis has several limitations. A shorter and variable dura-
tion of follow-up, inherent weakness of using data from post hoc

Sowmal of Of’zz/gy/mj(r

analysis of RCTs and crossover trial, smaller sample sizes in the non-
apical group, small number of primary events are some important
shortcomings in the included studies. Studies are also limited by use of
fluoroscopy alone for lead placement evaluation, but this likely reflects
clinical practice well. Absence of details on LV lead position relative to

RV for determining clinical outcomes is other major limitation.

6 | CONCLUSION

This meta-analysis shows that nonapical RV pacing in CRT is not
associated with improvement in clinical and echocardiographic end-
points compared with apical RV pacing. Our conclusion is drawn
from small number of events noted in the included studies with
short follow-up. So, further studies with longer follow-up might be
needed to provide strong evidentiary base to draw firm conclusion.

Further studies should focus on detailed analysis of the LV with
RV apical and nonapical lead locations based on MES and confirma-
tion of lead location by cardiac CT.
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