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patients with Chagas disease, in whom the effect of RV pacing site
is not well investigated.

Between January/2011 and June/2012, 70 consecutive patients
referred for elective or urgent pacemaker (PM) implantation at Hospital
das Clínicas, Belo Horizonte, Brazil, were approached for study partici-
pation. Patients were excluded if they did not have an echocardiogram
within 24 h of PM implantation (n= 10), or were unable to present for
follow-up visits (n = 4). Written informed consent was obtained from
all patients and Institutional Review Board and Ethics Committee
approval was obtained.

Baseline (b24 h after PM implantation), 6-month, and 1-year follow-
Dear Editor:

The right ventricular (RV) apex has long been the most common
site of endocardial pacing, due to its anterior location and technical
ease of lead placement. However previous data show that RV apical
pacing can cause or worsen mitral regurgitation, increase BNP levels
[1] and may increase mortality [2,3]. Additionally, a dose-dependent
relationship, attributed to cardiac dyssynchrony [4], has been shown
between RV apical pacing and both hospitalization for heart failure
and mortality [5,6]. Thus, alternative RV sites have been evaluated
[7]. Accordingly, we aimed to assess the effects of RV pacing site (api-
cal vs. non-apical) on functional class, left ventricular (LV) function, and
serum B-type natriuretic peptide (BNP) 6 months and 1 year after lead
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placement. Uniquely, our population contains a large percentage of

up visits included clinical evaluation, functional class determination,
12-lead EKG, serum BNP (VIDAS®NT kit, Biomerieux), and transthorac-
ic echocardiogram (iE33, Philips Medical Systems, Andover, MA). Left
ventricle systolic (LVSd) and diastolic (LVDd) diameters and ejection
fraction (LVEF) were recorded.

Statistical analysis was performed using SPSS version 20.0 for Mac
OSX (SPSS Inc., Chicago, Illinois). To evaluate the variation of continuous
variables compared to baseline we used the paired Student's t-test or
the Wilcoxon paired test. Longitudinal data analysis was performed
usingANOVA, assuming intervalmeasurement (fixed timepoints: base-
line, 6 and 12 months) and normally distributed errors. Multivariate
linear regression analysis was used to identify predictors of changes in
LVSd at 12 months. p-Values ≤ 0.05 were considered statistically
significant.

Fifty-six patients met inclusion criteria, with 40 in the apical pacing
group (AP) and 16 in the non-apical pacing group (NAP). Baseline char-
acteristics, including age, gender distribution, percentage of patients
with Chagas disease, drug therapy, BNP, and echocardiographic
parameters were similar between groups. The NAP group had a
higher proportion of New York Heart Association (NYHA) class I
patients at study entry (44% vs. 13%, p = 0.04) (Table 1). Despite the
proportion of symptomatic patients, only 13% in each group had left
bundle branch block, and none fulfilled criteria for biventricular
pacing. Among NAP patients, 12 had implants in the septum, 3 in

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijcard.2015.04.127&domain=pdf
http://dx.doi.org/10.1016/j.ijcard.2015.04.127
mailto:ramosnas@gmail.com
http://dx.doi.org/10.1016/j.ijcard.2015.04.127
http://www.sciencedirect.com/science/journal/01675273
www.elsevier.com/locate/ijcard


Table 1
Patients baseline features according to pacing site.

Variable Non-apical pacing
(N = 16)

Apical pacing (N
= 40)

p

Age (years) 57.4 ± 15.5 62.7 ± 13.3 0.24
Male (%) 25.0 47.5 0.12
Chagas disease 8 (50%) 26 (65%) 0.30
NYHA functional class I 7 (44) 5 (13) 0.010⁎

II/III 9 (56) 35 (87)
Symptoms Syncope 1 (7%) 8 (20%) 0.06

Pre-syncope 1 (7%) 2 (5%)
CHF (N, %) 5 (33%) 18 (45%)

Lead displacement 1 (6%) 2 (5%) 0.85
Drugs ACEI/ARB 9 (56%) 25 (63%) 0.67

Beta-blocker 5 (31%) 14 (35%) 0.79
Amiodarone 2 (13%) 6 (15%) 0.81

Stimulation N 75% 13 (81) 31 (78) 0.76
Dual chamber (DDD) pacing 14 (88%) 30 (75%) 0.48
RBBB/LBBB (N, %) 4 (25%)/2 (13%) 17 (42%)/5 (13%) 0.36/1.00
QRS durationa (ms) 96.3 ± 22.2 109.2 ± 24.8 0.074
BNP (pg/dl) 343 (78/1452) 272 (115/1231) 0.964
LVDd (mm) 53.3 ± 10.1 56.6 ± 7.7 0.179
LVSd (mm) 37.7 ± 11.8 41.9 ± 10.0 0.186
LVEF (%) 56.1 ± 14.8 49.3 ± 16.0 0.186

Abbreviations: NYHA:NewYorkHeart Association; CHF: congestive heart failure; ACEI: angiotensin-converting enzyme inhibitors; ARB: angiotensin receptor blockers; RBBB: right bundle
branch block; LBBB: left bundle branch bock; BNP: B-type natriuretic peptide; LVDd: left ventricle diastolic diameter; LVSd: left ventricle systolic diameter; LVEF: left ventricle ejection
fraction.

a Before PM implantation.
⁎ p b 0,05.
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the sub-tricuspid region and 1 in the RV outflow tract. Complete
atrioventricular block (48%), advanced atrioventricular block (35%)
and atrial fibrillation (17%) were the most frequent indications for
PM.

Plasma BNP levels began to diverge at 6 months, leading to
a significant increase in the AP group (+121 (−29/1002) pg/dl,
p = 0.04) and a non-significant decrease in the NAP group (−22
(−272/22) pg/dl, p= 0.41) by the 12-month follow-up. LVSd curves
also started to diverge at 6-months, with an increase in the AP, and
decrease in NAP (Fig. 1), which also demonstrated a decrease in
LVDd. At 12-months, LVSd and LVDd decreased significantly in NAP
(p = 0.04; p b 0.01), whereas LVSd increased in AP (p b 0.01)
(Table 2). Furthermore, the NAP group showed a significant increase
in LVEF (p= 0.04), which was significantly higher in this group com-
pared to AP after 12 months (58.3% vs. 46.6%, p = 0.02). There was
no correlation between changes in QRS width and the variation of
LV parameters or BNP levels. The comparison of absolute and percent
changes in BNP and LV measurements between groups is showed in
Table 3. There was similar improvement in NYHA functional class for
both groups (Table 2).

In the multivariate linear regression analysis, apical stimulation:
β = 8.0 (CI 95% 0.3–15.7, p = 0.042) and positive Chagas serology:
β=−10.1 (CI 95%−17.2 to−3.0, p = 0.006) were independent pre-
dictors of LVSd variation.

Our findings suggest that, in a cohort of patients undergoing PM
implantation, AP pacing sites may lead to increased BNP – a marker
of poor prognosis in Chagas [8] and other cardiomyopathies – and
also deleterious effects on LV diameters and function compared
with NAP pacing. The effect of the pacing site is reinforced by the
multivariate linear regression. These data are in agreement with
previous published studies that evaluated cardiac structure and
function in response to various forms of artificial stimulation [1]
and are especially relevant considering the particularities of a popula-
tion with high prevalence of Chagas disease, another predictor of
LV enlargement.

Chagas cardiomyopathy has a highly variable and sometimes
relentless progression, regardless of therapy. Severe conduction
disorders are among the most common complications and may
occur early in the development of this cardiomyopathy [9], recog-
nized as a leading cause of pacemaker implantation in endemic
countries. In comparison with pacemaker patients without the dis-
ease, Chagas pacemaker patients are significantly younger, have a
lower LVEF andmore frequent ventricular arrhythmias during Holter
monitoring [8]. It must be also considered that dyssynchrony
resulting from AP pacing in chagasic patients may lead to or speed
the increase LV diameters and BNP levels [1], resulting in functional
decline and worse prognosis. This study, which included a popula-
tion with high percentage of Chagas disease, urges us to further eval-
uate if formal recommendations are needed to optimize PM
placement in this population.

While our data are compelling, there are several limitations. This
was a prospective cohort design with limited sample size, and selec-
tion of PM site was the operator's choice. It is also impossible to rule
out that the slightly worse baseline cardiac function in the AP group
could have influenced the myocardial response to artificial pacing.
Our study, like many previous, involved a heterogeneous population,
limiting definite conclusions about specific patient subgroups [10,
11] (e.g. Chagas). Previous similar studies have been relatively
small, with current literature showing conflicting results — some
supporting that NAP results in slower progression of Chagas cardio-
myopathy [10], and others showing nomorphological and functional
differences between NAP and AP groups at 1 year [11].

In conclusion, our findings confirm previous data, suggesting that
AP pacing is detrimental to LV function, and leads to increased LV
size and elevated BNP. This is contrasted by the improvement of LV
diameters and function in NAP patients. The choice of NAP sites should
be encouraged, and this recommendation may be particularly impor-
tant to consider in patients with Chagas disease, though further studies
are needed.
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Fig. 1. Longitudinal data analysis (baseline, 6 and 12 months) of serum BNP levels, left ventricular systolic diameter (LVSd) and left ventricle ejection fraction (LVEF).

Table 2
Longitudinal data analysis of NYHA functional class, electrocardiographic and echocardiographic variables at 6-month and 12-month follow-ups.

Pacing site 6 months 1 year p (baseline to 1 year)

Non-apical pacing
NYHA functional class II/III 3 (19) 4 (25) 0.18
QRS duration (ms)a 111.2 ± 18.2 114.4 ± 16.7 0.24
BNP (pg/dl) 168 (86/820) 189 (75/738) 0.41
LVDd (mm) 54.3 ± 9.5 51.4 ± 9.5 0.007⁎

LVSd (mm) 39.1 ± 11.9 36.9 ± 12.4 0.04⁎

LVEF (%) 55.0 ± 11.3 58.3 ± 12.4 0.04⁎

Apical pacing
NYHA functional class II/III 24 (60) 26 (65) 0.09
QRS duration (ms)a 139.5 ± 15.8 140.0 ± 16.2 0.32
BNP (pg/dl) 569 (141/1388) 404 (154/2015) 0.04⁎

LVDd (mm) 55.5 ± 8.5 56.5 ± 7.4 0.13
LVSd (mm) 41.0 ± 11.6 43.7 ± 10.9 0.002⁎

LVEF (%) 48.2 ± 16.7 46.6 ± 17.4 0.25

Abbreviations: NYHA: New York Heart Association; BNP: B-type natriuretic peptide; LVDd: left ventricle diastolic diameter; LVSd: left ventricle systolic diameter; LVEF: left ventricle
ejection fraction.

a Paced QRS.
⁎ p b 0,05.
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Table 3
Absolute and relative changes in left ventricular measurements and BNP during follow-up according to pacing site.

Variables Interval Non-apical pacing Apical pacing p (NAP vs. AP)

Absolute Relative (%) Absolute Relative (%) Abs/Rel.

BNP (pg/dl) 0–6 months −61 (−407/21) −33 (−57/18) 47 (−89/573) 20 (−27/89) 0.06/0.05
0–12 months −22 (−272/22) −14 (−65/22) 121 (−29/1002) 41 (−31/148) 0.014⁎/0.015⁎

LVDd (mm) 0–6 months 0 (−2.0/2.0) 0 (−3.4/4.1) −1.0 (−3.0/2.0) −2 (−5.7/4.2) 0.43/0.41
0–12 months −2.5 (−5.0/1.5) −4.2 (−10/3.7) 1.0 (−3.5/4.0) 1.6 (−5.5/7.4) 0.19/0.22

LVSd (mm) 0–6 months 0 (−1.5/4.5) 0 (−4.6/10.2) 0 (−2.0/2.0) 0 (−6.7/5.3) 0.40/0.43
0–12 months −2.0 (−3.0/1.5) −4.2 (−10.0/3.7) 2.5 (−0.5/6.0) 1.6 (−5.5/7.4) 0.023⁎/0.042⁎

LVEF (%) 0–6 months −2.0 (−6.5/4.0) −3.1 (11.5/9.2) 0.5 (−5.5/3.5) 0.9 (−10.6/9.1) 0.78/0.83
0–12 months 1.0 (−2.0/4.5) 2.5 (−3.5/7.5) −2.5 (−9.0/4.0) −5.4 (−17.1/8.6) 0.12/0.13

Abbreviations: AP: apical pacing; BNP: B-type natriuretic peptide; LVDd: left ventricle diastolic diameter; LVSd: left ventricle systolic diameter; LVEF: left ventricle ejection fraction; NAP:
non-apical pacing.
⁎ p b 0.05.
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