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Abstract

BACKGROUND

Cardiac resynchronization therapy (CRT) can be used as an escalated therapy to
improve heart function in patients with cardiac dysfunction due to long-term
right ventricular pacing. However, guidelines are only targeted at adults. CRT is
rarely used in children.

CASE SUMMARY

This case aimed to implement biventricular pacing in one child with heart failure
who had a left ventricular ejection fraction < 35% at 4 years after implantation of
an atrioventricular sequential pacemaker due to atrioventricular block.
Postoperatively, echocardiography showed atrial sensing ventricular pacing and
QRS wave duration of 120-130 ms, and cardiac function significantly improved
after upgrading pacemaker.

CONCLUSION
Patients whose cardiac function is deteriorated to a level to upgrade to CRT
should be upgraded to reverse myocardial remodeling as soon as possible.

Key words: Artificial cardiac pacing; Atrioventricular block; Cardiac resynchronization
therapy; Child; Heart failure; Case report

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Current guidelines are based on adults, which do not enroll pediatric patients for
recommendation of cardiac resynchronization therapy, making it more difficult to
accurately assess its curative effects. Moreover, the physiological characteristics of
children cause a higher risk in surgery compared with adults. In January 2015, the
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Cardiology Department of Guizhou Provincial People's Hospital implemented
biventricular pacing for the first time in one child with heart failure due to right
ventricular pacing. The cardiac function of the child improved significantly after
upgrading the pacemaker.

Citation: Yu S, Wu Q, Chen BL, An YP, Bu J, Zhou S, Wang YM. Biventricular pacing for
treating heart failure in children: A case report and review of the literature. World J Clin
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INTRODUCTION

Atrioventricular block is a common bradyarrhythmia in childhood, which can be
either congenital or acquired. The congenital atrioventricular block has an incidence
of about 1/20000'"), and the resulting severe bradycardia not only affects the growth
and development of children but also may cause sudden death!"*l. Implantation of
pacemakers is the only long-term, safe, effective measure for treating children with
symptomatic atrioventricular block”#l. The improvement in pacemaker electrode leads
has resulted in increased implantation of endocardial pacemaker electrode leads in
children. The right ventricular apex is a common site of pacing due to easy
implantation, unlikelihood of dislocation, stable threshold and so on. Pacing can be
categorized as right ventricular single-chamber pacing or dual-chamber (right atrial
and right ventricular) pacing. If pacemakers are implanted in children at a young age,
they have a long-term pacing dependence and require multiple replacements.
Therefore, the single-chamber pacing is often preferred. The right ventricular apical
pacing alters the synchrony of ventricular activation sequence and cardiac
conduction”'!. The right ventricular single-chamber pacing and atrioventricular
sequential pacing can lead to a decline in cardiac function due to atrioventricular
excitation asynchrony and delayed left ventricular contraction!'!], resulting in an
increased incidence of atrial fibrillation and heart failure!'”. The incidence of cardiac
insufficiency in children receiving right ventricular single-chamber pacing is up to
7%-13%!"). Cardiac resynchronization therapy (CRT) enhances left ventricular pacing
on the basis of dual-chamber pacing in the right atrium and right ventricle, thereby
restoring cardiac synchrony, improving cardiac function and quality of life, and
reducing hospitalization and mortality!'!l. However, current guidelines are based on
adults, which do not enroll pediatric patients for recommendation of CRTV*°],
making it more difficult to accurately assess its curative effects. Moreover, the
physiological characteristics of children cause a higher risk in surgery compared with
adults. In January 2015, the Cardiology Department of Guizhou Provincial People's
Hospital implemented biventricular pacing for the first time in one child with heart
failure due to right ventricular pacing. The cardiac function of the child improved
significantly after upgrading the pacemaker.

CASE PRESENTATION

The patient was a 13-year-old boy (full-term birth) with normal development and no
family history of genetic diseases or similar heart diseases. Four years ago,
examination at admission revealed normal myocardial enzymes and thyroid, liver,
and kidney functions. Echocardiography (ECG) showed normal cardiac structure.
ECG (Figure 1A) revealed Mobitz II atrioventricular block, with a ventricular escape
rate of 45 beats/min. He was not given drug treatment before admission. After
admission, the patient was diagnosed as having arrhythmia with Mobitz II
atrioventricular block. He was transferred to the Cardiology Department of Guizhou
Provincial People's Hospital and implanted with an automatic atrioventricular
sequential pacemaker (DDD pacemaker) despite huge risks and complications!'‘,
because he had a history of recurrent syncope. The preoperative ECG showed full
pacing rhythm, atrial sensing ventricular pacing, and atrial ventricular sequential
pacing, with a QRS wave duration of 150 ms (Figure 1B). The patient was followed for
a long time after surgery, during which no dislocation or rupture of the right
ventricular electrode was seen. The pacemaker showed good pacing and sensing
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function, the atrial pacing ratio was 30%-40%, and the ventricular pacing rate was >
80%. Three years after surgery, he experienced chest tightness, fatigue, and other
symptoms. ECG showed left atrium 40.0 mm, left ventricle 66.1 mm, moderate mitral
and tricuspid regurgitations, and ejection fraction (EF) 32%. The patient was given
oral administration of metoprolol 6.25 mg twice a day, digoxin 0.125 mg once a day
(qd), furosemide 20 mg qd, spironolactone 20 mg qd, perindopril 2 mg qd, and other
intensive medical treatment for 1 year. However, the improvement in cardiac function
was not satisfactory, the symptoms still recurred, the ventricle gradually expanded,
and the cardiac function progressively declined. The patient was admitted in January
2015 because of implantation of pacemakers for 4 years, fatigue for 1 year, and
aggravation for 3 mo. In terms of physical examination at admission, ECG showed left
atrium 42.4 mm, left ventricle 71.4 mm, moderate mitral and tricuspid regurgitation,
and EF 19%. Programming revealed a right ventricular pacing rate > 99%. Chest X-ray
showed a heart-chest ratio of 0.61. B-type brain natriuretic peptide (BNP) was 1023
pg/mL. Blood routine and blood biochemistry did not show obvious abnormalities.
Referring to the 2013 ESC guidelines on cardiac pacing and CRT!"! (Referring to
relative guidelinesl”*'")), the patient underwent CRT for treating cardiac insufficiency.

FINAL DIAGNOSIS

A child with heart failure due to right ventricular pacing.

TREATMENT

The left subclavian vein was punctured under local anesthesia, and retrograde
coronary vein angiography was performed to reveal the main coronary vein and its
branches. The lateral vein was selected as the target vein. A double guidewire
(Ruinough, Pilot 50) was inserted at the distal part of the lateral vein and fixed, and
then the left ventricular electrode (QUICKFLEXTMy, 1258T, St. Jude Medical, United
States) was delivered to the target vein and fixed using the protection sleeve. The
threshold was 1.0 V (pulse width, 0.48 ms) and impedance was 839 Q. No
diaphragmatic stimulation occurred with 10 V pacing. The skin at the original
pacemaker was cut open along the inferior part of the left clavicle, and the
subcutaneous tissue was bluntly dissected up to the sac. Subsequently, the original
right atrial electrode was tested, which showed a threshold of 0.9 V (pulse width, 0.48
ms), sensing of 5.0 mV, and impedance of 520 Q. For the right ventricular electrode,
the testing showed a threshold of 0.6 V (pulse width, 0.48 ms), sensing of 10.0 mV,
and impedance of 600 Q (because the child was pacing dependent, a left ventricular
electrode was used for temporary pacing in the process of testing the right ventricular
electrode). The lead was connected to the three-chamber pacemaker (FRONTIER II,
5596, St. Jude Medical) and embedded into the original sac. Postoperatively, Quick
Optive (S]) was combined with ECG to optimize the atrioventricular and ventricular
intervals. When the atrioventricular interval was 130 ms and the left ventricle was
advanced 20 ms, the mitral valve velocity time integral and aorta velocity time
integral were the largest, and the QRS wave duration was the narrowest, which was
shortened from 150 ms preoperatively to 130 ms (Figure 1C). The present study
referred to the standards for adults because, currently, no standards and guidelines
exist for pacemaker upgrades in children. Moreover, children are at a rapid stage of
growth and development, which makes CRT implantation more difficult.

OUTCOME AND FOLLOW-UP

Postoperatively, the patient was regularly followed, during which no cardiac
dysfunction or adverse cardiac events occurred. At postoperative 3 and 6 mo, ECG
showed atrial sensing ventricular pacing and a QRS wave duration of 120-130 m:s.
Programming showed that the threshold of the right atrial electrode, right ventricular
electrode, and left ventricular electrode was 0.75-1.0, 0.6-0.75, and 0.9-1.0 V (pulse
width, 0.48 ms), respectively; the ventricular pacing rate was > 99%; and the atrial
pacing rate was 32%. Although chest X-ray showed no significant reduction in the
heart-chest ratio compared with that before surgery, ECG revealed the left atrium of
35.6 mm, left ventricle of 55.6 mm, mild mitral and tricuspid regurgitations, and an EF
of 49%. Tissue Doppler echocardiography showed a significant improvement in
ventricular synchrony compared with preoperative measurements [peak systolic
velocity (Ts) and early peak diastolic velocity (Te) of the 12 segments] (Table 1 and
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Figure 1 Echocardiography of the patient. A: Preoperative echocardiography (ECG); B: ECG after DDD (DDD pacing mode, QRS duration 150 ms); C: ECG after
cardiac resynchronization therapy (CRT) (CRT pacing mode, QRS duration 120 ms).
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Figure 2), and BNP decreased to 126.8 pg/mL. The exercise tolerance increased
significantly, and the child could live a normal life and participate in appropriate
physical activity, with a New York Heart Association (NYHA) functional class up to
II.

DISCUSSION

Right ventricular single-chamber pacing and atrioventricular sequential pacing can
lead to a decline in cardiac function due to atrioventricular excitation asynchrony and
delayed left ventricular contraction!'". Hence, the present study used atrioventricular
sequential pacing to reduce atrioventricular asynchrony due to single-chamber
pacing. The pacing sites at the right ventricular outflow tract, septum, and beside the
His bundle and other places were selected to reduce the adverse effects of long-term
apical pacing of the right ventricle on the cardiac function in children. Nevertheless,
some children still suffered from cardiac dysfunction caused by activation sequence
asynchrony in the left ventricle and between the left and right ventricles due to right
ventricular pacing!”’l. Previous studies have reported that left ventricular pacing
through the epicardial pathway can reverse cardiac dysfunction and loss of
synchronism with a decline in EF caused by long-term right ventricular pacing, thus
achieving better long-term echocardiographic cardiac function indexes compared
with the right ventricular pacing!"*'”. However, this procedure requires surgical
implantation of epicardial electrodes, which tends to cause a large trauma and a high
surgical risk, and therefore is not widely accepted. Meanwhile, using biventricular
pacing re-synchrony, CRT can regulate left and right ventricular pacing sequences,
reverse left ventricular remodeling, delay the deterioration of cardiac function, and
thus reduce hospitalization rate and mortality of heart failure”. The guidelines!**
recommend that patients with an EF < 35%, high ventricular pacing rate, NYHA class
III, and ambulant IV should be upgraded to CRT treatment. However, no uniform
standard exists for CRT in children; all refer to adult indications. The patient in the
present study was first implanted with DDD, in which the right ventricular pacing
electrode was placed in the right ventricular septum. However, he presented with
progressive exertional dyspnea 3 years after operation, with a gradually increased left
ventricular end-diastolic diameter and gradually decreased left ventricular ejection
fraction. His symptoms did not improve significantly after receiving intensive medical
treatment. Therefore, this case presumed the cause of heart failure in children as
follows: (1) the right ventricular pacing leads to the widening of the QRS wave
duration (> 120 ms). Consequently, the intraventricular conduction is delayed, the left
lateral ventricular wall agitation is later than that of the septum, the agitation is
transmitted from the right ventricular myocardium to the left ventricle via the
ventricular septum and slowly transmitted in the left ventricular myocardium, and
the left ventricular myocardium is changed from overall synchronic contraction to
individual myocardial contraction. This ultimately leads to left and right ventricular
contraction asynchrony, left intraventricular contraction asynchrony, and asynchrony
of left ventricular and left atrial contractions, resulting in reduced effectiveness of left
ventricular contraction and cardiac insufficiency”; and (2) adverse effects of long-
term right ventricular pacing on cardiac function lead to the lack of myocardial
perfusion™], and even varying degrees of apoptosis of myocardial cells. These
apoptotic cells are replaced by fibrous connective tissue, which causes a slower
conduction velocity than normal myocardium and manifests as electrical and
mechanical asynchrony in the heart, further aggravating the heart failure™*l. For the
child in the present study, the cardiac function did not improve after intensive
medical treatment, the left ventricular end diastolic diameter expanded progressively,
and EF continued to decline. Referring to the adult guidelines, on the basis of right
atrial and right ventricular sequential pacing, the left ventricular electrode was
implanted into the lateral vein via the coronary sinus to restore the atrioventricular,
left and right ventricular, and left intraventricular synchronicity; shorten QRS wave
duration; and improve the child's heart function. After nearly a year of follow-up, the
child’s exercise tolerance increased significantly, and EF values were close to the
normal level.

CONCLUSION

In conclusion, CRT decreases to a IIb-type indication in patients with heart failure
who experience worsening of symptoms following conventional pacemakers and a
high rate of right ventricular pacing in the 2016 ESC Guidelines for the diagnosis and
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Table 1 Preoperative and postoperative atrioventricular pacing, cardiac function, and ventricular synchronization indicators

Anteroposterior Left ventricular end-

Left ventricular Left ventricular Left ventricular

diameter of left diastolic dimension

ejection fraction (%)  systolic peak time  diastolic peak time

atrium (mm) (mm)
Before surgery 424 714 19 39.8 38.5
Postoperative 1 mo 413 66.7 28 35.9 37.6
Postoperative 3 mo 36.1 60.8 32 32.7 35.3
Postoperative 6 mo 35.6 55.6 49 30.6 35.6

treatment of acute and chronic heart failure”’l. However, in the present study, the
cardiac function recovered well after CRT, and the therapeutic effect was satisfactory.
This might be because that the QRS duration was significantly widened after right
ventricular pacing and presented as a “complete left bundle branch block**1.” The
widening of the QRS wave was a sign of ventricular contraction asynchrony, and the
worse the left ventricular asynchrony, the wider the QRS wave duration™. On the
basis of solving atrioventricular asynchrony by DDD, CRT further restored the
synchrony in the left ventricle and between the left and right ventricles, shortened
QRS wave duration, and thus benefitted the cardiac function in the child. The cardiac
function, QRS wave duration, and ECG of patients dependent on right ventricular
pacing should be closely observed during follow-up. Patients whose cardiac function
is deteriorated to a level that meets the criteria to upgrade to CRT should be upgraded
to reverse myocardial remodeling as soon as possible.
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Figure 2 Tissue Doppler echocardiography. A: Synchronicity of mitral valve annulus in tissue Doppler echocardiography after DDD; B: Synchronicity of mitral valve
annulus in tissue Doppler echocardiography after cardiac resynchronization therapy.
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