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Topics 

I.  Prevalence, mechanism of DCM in CCAVB 

II.  Influence of the ventricular pacing site on 
LV function (predictors) 

III.  CRT/Biventricular pacing in children 
(management) 



Prevalence of DCM in CCAVB 

•  DCM/HF developed in 8 of 32 (25%) patients who underwent PMI but in 
none of 6 patients who did not                                           (Tsujii, Circ J 2016) 

•  postnatal DCM was present in 35 cases of 186 (18.8%) and among the 35 
cases, 9 (26%) had PMI and 14 (40%) died        (Levesque, Autioimmun Rev 2015) 

•  325 children with cardiac NL, 40 (12%) cardiac-related deaths, with 37 
from cardiomyopathy                                                    (Izmirly. Circulation 2011) 

•  impaired LV function in 17 (12%) of 141 cases in a multicenter study.  
(Eliasson, Circulation 2011) 

•  7-10% of chronically RV-paced patients develop heart failure and that up 
to 13% have depressed LV function combined with LV dilatation. 

Moak J Am Coll Cardiol 2011, Gebauer Eur Heart J 2009, Vatasescu Europace 2007  



Etiology of DCM in CCAVB 

Horigome, Circulation Journal Vol.80, May 2016 
LV dysfunction at F-UP was associated with abnormal LV function before PMI  

(Eliasson, Circulation 2011 



Etiology of DCM in CCAVB 

•  pathological studies demonstrated antibodies, complements, 
and signs of inflammation or fibrosis throughout the 
myocardium, suggesting the importance of “autoimmun” 
mechanisms 

Ambrosi, Exp Cell Res 2014 
  

•  there is a convincing number of reports demonstrating that 
chronic right ventricular (RV) single-site pacing can cause 
left ventricular (LV) dysfunction and DCM through ventricular 
dyssynchrony  

Tsujii, Circ J 2016 
Gebauer, Eur Heart J 2009 

van Geldorp Heart Fail Rev 2011 



Etiology of DCM in CCAVB 

•  Chronic RV pacing, rather than the aetiology of AV block, 
has been identified as an independent risk factor for 
development of LV dilatation and dysfunction   

Karpawich, Pacing Clin Electrophysiol 1999 
Gebauer, Eur Heart J 2009  

•  implication of RV single-site pacing in the development of 
DCM is supported by the fact that  
–  DCM may develop after PMI in patients with originally normal LV 

function 
–  improvement or resolution of LV dysfunction/heart failure after 

upgrading the pacemaker to the CRT system or changing the pacing 
site to the LV 

•  maternal autoantibody status did not significantly 
influence LV function or LV dilatation score  

van Geldorp Heart Fail Rev 2011 
 
? 



Mechanisms of DCM Development by RV Pacing 
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cardiac resynchronisation therapy or cardiac transplantation for
heart failure, or died. For those cases, data from the last echo-
cardiography before the event were used.

Data
Demographic data and clinical characteristics (gender, age, body
surface area, aetiology of AV block, maternal autoantibody
status, year of pacemaker implantation, duration of pacing)
were collected. Parameters from the last echocardiography
performed at a routine follow-up visit at age <18 years were
reviewed. In all patients, LVend-diastolic diameter (LVEDD) and
end-systolic diameter (LVESD) were assessed. The degree of LV
dilatation was evaluated by adjusting LVEDD for body size,
expressed as a z-score.8 As a measure of LV function, LV frac-
tional shortening (LVFS) was calculated (LVFS¼(LVEDD"L-
VESD)/LVEDD3100%). According to generally accepted
criteria,8 9 we classified LVFS as ‘normal’ (LVFS $28%),
‘subnormal’ (LVFS <28%) or ‘depressed’ (LVFS <25%). For the
subset of patients in whom end-diastolic and end-systolic LV
volumes (LVEDV and LVESV, respectively) were assessed, LV
ejection fraction (LVEF) was calculated (LVEF¼(LVEDV"L-
VESV)/LVEDV*100%). Mitral regurgitation was scored on
a scale from 0 (¼ no regurgitation) to 4 (¼ severe regurgitation).

Based on the location of the tip of the ventricular pacing
electrode (the site of pacing), the cohort was divided into three
groups: RVepicardium (RVepi), RVendocardium (RVendo), or LV
epicardium (LVepi).

Statistical analysis
Comparisons between groups were performed with analysis of
variance or c2 tests, as appropriate. Linear regression analyses
were used to examine whether LVFS and LVEDD z-scores
differed between the groups (ie, between pacing sites). These
analyses were adjusted for the following covariates: maternal
autoantibody status (‘positive’, ‘negative’, or ‘unknown’), year
of pacemaker implantation, age at implantation, participating
centre and duration of pacing and body surface area at echo-
cardiographic follow-up. The influence of pacing mode (VVI vs
DDD) on LVFS was investigated only in the subset of patients
for whom pacing mode at follow-up was reported.

Additionally, to carefully investigate the potential influence
of maternal autoantibody status on LV function, linear regres-
sion analyses were performed on the study population grouped
into ‘autoantibody positive’, ‘autoantibody negative’ and
‘unknown autoantibody status’. In these analyses, ‘pacing site’
was included as a covariate in addition to above-mentioned
characteristics.

Group characteristics are expressed either as mean6SD, or as
proportion (%). Mean differences in LVFS and LVEDD adjusted
for covariates are expressed as effect sizes (b) with 95% CIs,
p<0.05 ¼ significant.

RESULTS
Study population: demographic data and clinical characteristics
A total of 297 children, from the institutional databases of the
27 participating centres, were included in the study. Pacing site
distribution was: RVendo (n¼113), RVepi (n¼147), and LVepi
(n¼37). Maternal autoantibody status (anti-SSA (Ro), anti-SSB
(La)) was reported for 201 (68%) of the patients. Maternal
autoantibodies were present in 88 (44%) of these. Patient char-
acteristics summarised for each pacing site are listed in table 1.
With the above-mentioned numbers of patients in each group, it
would be possible to detect differences in LVFS between the
pacing site groups with a power >90% (m¼5% points; SD 8%
points; a¼0.05; unequal groups).

Effect of pacing site on left ventricular fractional shortening
and dilatation score
At routine follow-up, LVFS was significantly higher in children
with LVepi pacing (3965%) than in children with RVendo
pacing (3367%) and RVepi pacing (3568%) (figure 1). Pacing
site was the solitary significant determinant (p¼0.001) of LVFS
(maternal autoantibody status, p¼0.266; duration of pacing,
p¼0.833; body surface area at follow-up, p¼0.882; centre,
p¼0.560; year of implantation, p¼0.182; and age at implanta-
tion, p¼0.809). The mean LVFS differences adjusted for cova-
riates (ie, ‘effect size b’) are reported in table 2.
In the subgroup of patients for whom the pacing mode (either

VVI or DDD) at follow-up was reported (n¼242), pacing mode

Table 1 Patient characteristics

Characteristics
RV endo
(n[113)

RV epi
(n[147)

LV epi
(n[37) p Value

Gender (M/F; %) 50/50 44/56 46/54 0.692

Aetiology of AV block

Congenital/infectious/
unknown (%)

69/3/28 85/1/14 92/0/8 0.126

Anti-Ro/La antibodies:
+/"/unknown (%)

17/38/45 40/43/17 27/19/54 <0.001

Age at implantation (years) 7.964.1 2.062.4 2.763.5 <0.001*

Age at follow-up (years) 13.863.4 7.464.2 7.364.5 <0.001*

BSA at follow-up (m2) 1.560.3 0.960.3 0.960.4 <0.001*

Duration of pacing at
follow-up (years)

5.963.4 5.463.6 4.663.1 0.108

Year of implantation,
(expressed as years since
implantation until July 2010)

8.964.0 8.264.5 8.166.1 0.468

QRS duration (paced; ms) 146619 139620 148624 0.004y
Pacing mode at follow-up

VVI/DDD/not reported (%) 32/50/18 46/40/14 22/38/40 0.059

*No significant differences between RVepi and LVepi (p¼0.229, p¼0.809 and p¼0.837 for
age at implantation, age at follow-up and BSA at follow-up, respectively).
yRVepi versus RVendo, p¼0.005; RVepi versus LVepi, p¼0.012; RVendo versus LVepi,
p¼0.545.
AV block, atrioventricular block; BSA, body surface area; LVepi, left ventricular epicardial
pacing; RVendo, right ventricular endocardial pacing; RVepi, right ventricular epicardial
pacing.

Figure 1 Left ventricular fractional shortening after chronic ventricular
pacing. Left ventricular fractional shortening (LVFS), a measure of LV
function, was significantly (*) higher in children being paced at the LV
epicardium (LVepi) than in children being paced at the RV epicardium
(RVepi) or RV endocardium (RVendo). Box plots represent 25th, 50th and
75th centiles. Whiskers represent the minimal and maximal values
within the range of (25th centile " 1.53IQR) and (75th centile +
1.53IQR), respectively. Dots display mean values.
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it is predominantly the pacing site that affects LV function, as 
reflected by  

(1) a higher LVFS in the LV- paced group than in the RV-paced groups;  
(2) pacing site being the only significant factor influencing LVFS  
(3) dissimilar incidence of patients with LVFS<28% between the pacing 
site group 
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cal synchrony and pump function of the left ventricle (LV) in 
animals and children.11–15 Janousek et al11 reported on the 
effect of permanent pacing on the mechanical synchrony, 
efficiency, and pump function of the LV in 178 children (age 
<18 years) with atrioventricular block and a structurally nor-
mal heart.11 However, the direct relationship between ven-
tricular pacing sites and DCM incidence in patients with 
CCAVB is uncertain.

In this study, we aimed to evaluate and assess (1) the DCM 
and/or heart failure death (HFD) incidence with or without 
PMI, (2) the relationship of ventricular pacing site with DCM/
HFD incidence, (3) the effect on LV function of the pace-
maker and pacing sites, and (4) the clinical course of patients 
who developed DCM/HFD.

ongenital complete atrioventricular block (CCAVB) 
without intracardiac structural abnormalities is a rela-
tively rare disease that occurs in 1/20,000 live births.1 

It is associated with maternal autoimmune disorders, such as 
systemic lupus erythematosus and Sjögren’s syndrome. The 
SS-A/Ro and SS-B/La antibodies are considered to cause 
CCAVB by inducing injury, fibrosis, and scarring of the fetal 
cardiac conduction system.2–4 The prognosis for children with 
CCAVB after pacemaker implantation (PMI) has been consid-
ered to be benign; however, some develop dilated cardiomy-
opathy (DCM), with a reported prevalence of 5–30%,4–10 
mostly within 1 year of PMI.2,9

Editorial p 1110

The site of ventricular pacing has an effect on the mechani-

C
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High Incidence of Dilated Cardiomyopathy After Right 
Ventricular Inlet Pacing in Patients With Congenital 

Complete Atrioventricular Block
Nobuyuki Tsujii, MD; Aya Miyazaki, MD; Heima Sakaguchi, MD, PhD; Koji Kagisaki, MD;  

Tetsuya Yamamoto, MD; Michio Matsuoka, MD; Yuriko Shima, MD;  
Hajime Ichikawa, MD, PhD; Hideo Ohuchi, MD, PhD

Background: Some patients with congenital complete atrioventricular block (CCAVB) develop dilated cardiomy-
opathy (DCM) after pacemaker implantation (PMI). We evaluated the relationship between pacing site and DCM 
incidence.

Methods and Results: We retrospectively evaluated 38 patients with CCAVB; 8 (25%) of 32 patients who had PMI 
developed DCM/heart failure death (HFD) after PMI, although none of the 6 patients without PMI showed DCM/HFD. 
All DCM/HFD occurred within 50 months of PMI. Among the 32 patients with PMI, the DCM/HFD incidence was 55% 
(6/11) for right ventricular inlet (RVI), 18% (2/11) for RV apex (RVA), and 0% for left ventricle (LV) (P=0.013). At the 
endpoint, the LV ejection fraction and septal-to-posterior wall motion delay of patients with LV pacing were better 
than those for patients with other pacing sites. Among the 8 DCM/HFD patients, 2 in whom the pacing site was 
changed from RVI to LV apex or in whom therapy was upgraded to cardiac resynchronization remained alive with 
no heart failure symptoms, whereas the other 6 died of heart failure.

Conclusions: A total of 25% of the patients who underwent PMI because of CCAVB, but none in the non-PMI group, 
developed DCM/HFD. DCM/HFD incidence was higher in patients with RVI pacing. Ventricular dyssynchrony related 
to pacing site may be one cause of DCM in patients with CCAVB.  (Circ J 2016; 80: 1251 – 1258)

Key Words: Congenital complete atrioventricular block; Dilated cardiomyopathy; Pacemaker implantation; Pacing 
site
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Predictors of DCM in CCAVB 
preservation of LV function by LV pacing  

•  During LV (free wall) pacing, the total duration of 
activation is prolonged similarly to that during RV 
free wall pacing, reflected by a similar QRS duration. 

•  LV pacing activates the LV lateral wall before the 
septum and RV lateral wall, preventing paradoxical 
septal movement and resulting in better 
haemodynamic performance 

•  above and beyond synchrony (reflected by the total 
duration of activation), the sequence of activation is 
a major determinant of cardiac pump function  



Management of DCM in CCAVB 
Revision of Pacing Site/Mode 

Circulation Journal Vol.80, May 2016

1111DCM in CCAVB

after upgrading the pacemaker to the CRT system or changing 
the pacing site to the LV,8,10–16 although some report poor 
outcome (examples of such cases in which individual data are 
available are listed in Table 2). CRT might be ideal for resto-
ration of ventricular synchrony, but the device is large to 
implant in a small child and the majority of children’s hospi-
tals in Japan do not meet the institutional criteria for CRT 
use.14 Vanagt et al11 presented a 2-year-old girl with CCAVB 
and heart failure under permanent RV single-site pacing, who 
showed recovery of normal LV function shortly after changing 
the pacing site to the LV apex. They stated that LV single-site 
pacing was practical, compared with CRT, and sufficient to 
restore LV function, suggesting the importance of pacing site 
rather than atrioventricular sequence. Acute positive effects of 
temporary termination of RV pacing on LV function were also 
demonstrated in other studies.11,17 Results of LV pacing as an 
initial PMI instead of conventional RV pacing for 10 neonates 
or infants with CCAVB have been published recently,18 show-
ing normal and synchronous LV function in most patients at 
12-month follow-up. The benefits of biventricular pacing have 
also been reported in patients with CCAVB who developed 
congestive heart failure or DCM after RV pacing.10,15 Actually, 
strategies using LV single-site pacing or CRT have been 
increasingly applied worldwide, even in infants, with favorable 
results. However, there are currently no guidelines for selec-
tion of patients or timing for revision of pacing site or upgrad-
ing of pacing mode or devices. Definite parameters to detect 
LV dyssynchrony have not been established either.

Conclusions
Development of DCM in CCAVB children is frequently 
associated with pre-PMI LV dysfunction possibly caused by 

DCM may develop after PMI in patients with originally nor-
mal LV function. In CCAVB, most of the pacemaker recipi-
ents are small children whose typical abnormality is bradycardia 
because of CCAVB usually associated with healthy myocar-
dium, and ventricular pacing is beneficial to directly increase 
heart rate. The epicardial side of the RV free wall is easy to 
approach, and has long been chosen for most small children, 
without recognition of the possibility of LV systolic dysfunc-
tion induced by permanent RV pacing.

Abnormal electrical activation pattern and the consequent 
mechanical dyssynchrony of the ventricles have been pro-
posed as the most significant contributors to LV dysfunction.9 
The LV portion close to the RV pacing site contracts at low 
chamber pressure and stretches the opposing non-contracting 
wall. The delayed activated portion contracts with increased 
force through the Frank-Starling mechanism produced by this 
stretching, and at high wall stress as the early-activated region 
is in a period of systolic stiffening. This stretching and con-
traction of opposing LV walls leads to redistribution of myo-
cardial mechanical work and perfusion, wasted energy, as well 
as inefficient global pump function caused by mechanical 
dyssynchrony. Other proposed mechanisms include changes 
in LV myocardial remodeling, and alterations in myocardial 
protein expression because of changes in regional hypertrophy 
and blood flow.9

Pacemaker Upgrade
Development of significant LV dysfunction or DCM in a child 
with CCAVB after permanent RV pacing is a marker of poor 
prognosis,4–8 and additional interventions should be consid-
ered. The literature describes encouraging results of apparent 
improvement or resolution of LV dysfunction/heart failure 

Table 2. Examples of CCAVB in Children With DCM Who Underwent Revision of Pacing Site/Mode

Case 
no. Author Year Original pacing site 

(age)
Revised PM  

site/mode (age)
Before PM  
revision

After PM revision,  
clinical outcome

1 Moak et al10 2006 RV (0.2 years) CRT (6 years) LVEF 30% LVEF 59%

2 Moak et al10 2006 RV (3 years) CRT (15.5 years) LVEF 20% LVEF 60%

3 Moak et al10 2006 RV (5.5 years) CRT (17 years) LVEF 12% LVEF 66%

4 Vanagt et al11 2007 RV free wall (1 day) LV apex (2 years) LVSF 20% LVSF 36%

5 Kurosaki et al12 2008 RV (5 days) LV (5 years) – Alive (for 10.5 years), LVSF 38%, 
CTR 54%, BNP 17 pg/ml

6 Kurosaki et al12 2008 RV (10 days) CRT (4 years) – Alive (for 4.3 years), LVSF 20%, 
CTR 54%, BNP 23 pg/ml

7 Kurosaki et al12 2008 RV (1 day) LV – Alive (for 11.2 years), LVSF 31%, 
CTR 55%, BNP 56 pg/ml

8 Kurosaki et al12 2008 RV (5 days) CRT-P (6 months) – Died (7 months) from DCM

9 Gebauer et al8 2009 RV free wall (neonatal) CRT (3.4 years) NYHA class IV, 
LVSF 30%

Deterioration, LVSF 10%

10 Matsuhisa et al13 2014 RV lateral (0.2 years) LV apex (3.8 years) LVSF 24%,  
BNP 18.2 pg/ml

LVSF 41%, BNP 10.2 pg/ml

11 Matsuhisa et al13 2014 LV base (1.2 years) LV apex (4.7 years) LVSF 14%,  
BNP 327 pg/ml

LVSF 48%, BNP 21.1 pg/ml

12 Horigome et al15 2014 RV (neonatal) CRT-P (16 months) CTR 70%,  
BNP 6,520 pg/ml

CTR 55%, BNP 28 pg/ml

13 Ellesøe et al16 2014 RV outflow (31 days) CRT-P (16 months) LVSF 10% LVSF 33%

14 Tsujii et al4 2016 RV inflow LV apex – Alive (for 7 years), NYHA class I

15 Tsujii et al4 2016 RV apex CRT – Alive (for 8 years), NYHA class I

Most cases showed improvement or resolution of LV dysfunction/heart failure after upgrading pacemakers to CRT system or changing the 
pacing site to LV, though some showed poor outcome. Only cases with cited individual data are included. BNP, B-type natriuretic peptide; 
CCAVB, congenital complete atrioventricular block; CRT, cardiac resynchronization therapy; CRT-P, CRT with a biventricular pacemaker; 
CTR, cardiothoracic ratio; DCM, dilated cardiomyopathy; LV, left ventricular; LVEF, LV ejection fraction; LVSF, LV shortening fraction; NYHA, 
New York Heart Association; PM, pacemaker. Other abbreviation as in Table 1.
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withepicardial leadsplaced in theLV.Despite the small samplesize that
makes relevance and reliability of correlations questionable and the
relatively short follow-up, data obtained prospectively from this pecu-
liar patient subset seem to provide valuable information.
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Figure 2 Changes in LV EF. pt., patient; pre-impl., before pace-
maker implantation. Median (range): pre-impl. 55% (36–62%); 1
month 58% (53–60%); 12 months 59% (53–66%). Kendall’s coeffi-
cient 0.35, P ¼ 0.4. See text for further details.
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(SPWMD). ms, milliseconds, pt., patient. Median (range): 1
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Kendall’s coefficient 0.44, P ¼ 0.5. See text for further details.

0

2

4

6

8

10

12

14

16

%

SDI

1 month 12 months

pt.1 pt.2 pt.3 pt.4 pt.5
pt.6 pt.7 pt.8 pt.9 pt.10
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coefficient 0.38, P ¼ 0.6. See text for further details.

0

10

20

30

40

50

60

1 month 12 months

m
s

IVMD

pt.1 pt.2 pt.3 pt.4 pt.5
pt.6 pt.7 pt.8 pt.9 pt.10

Figure 3 Changes in IVMD. ms, milliseconds, pt., patient. Median
(range): 1 month, 16 ms (5–53 ms); 12 months, 13 ms (3–35 ms).
Kendall’s coefficient 0.79, P ¼ 0.1. See text for further details.
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Summary I. 

•  Development of DCM in CCAVB children is 
frequently associated with pre-PMI LV dysfunction 
possibly caused by an autoimmune mechanism  

•  However, it can occur after chronic RV single-site 
pacing, even in patients with completely normal 
echocardiography before PMI  



Summary II. 

•  tailored follow-up of patients at risk and 

•  accurate monitoring of LV function before and 
after PMI  

MANDATORY 

•  for detection of deterioration of LV dysfunction at 
an early stage (+revision of pacing site) 



Thank you ! 


