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Current Pacing Therapy for Adults with Congenital Heart Disease

Daiji Takeuchi
Department of Pediatric and Adult Congenital Cardiology, Tokyo Women'’s Medical University, Tokyo, Japan

As the number of adults with congenital heart disease (ACHD) increases, the number of cardiovascular elec-
tronic implantable devices is also increasing. The selection of leads and implantation methods is critical for
patients with the unique heart structures of CHD. Additionally, new technology has been developed recently
and is being used for adults with CHD. This paper describes recent advances in the field of implantable cardiac

electronic devices that can be utilized in adults with CHD.
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Table 1 Comparison between epicardial and endocardial leads

Epicardial lead

Endocardial lead

Invasiveness Strong (thoracotomy or sternotomy is Low
required)
Body size No limitation except lowbirth infant BW =10-20 or 15kg is generally
recommended
Presence of intracardiac shunt Acceptable Basically, avoid or should be closed prior to
lead placement
Venous access No limitation Limited (Glenn/Fontan procedures and SVC

Incidence of lead failure

Cardiac strangulation/coronary
artery compression

Lead-related systemic thrombosis

Possible

Venous occlusion None
Infection
Lead extraction/removal

Possible

MRI Not approved

Higher than endocardial lead

None, even with intracardiac shunt

Thoracotomy or sternotomy is required

stenosis et al.)
Less than epicardial lead
None

There is a possibility. High risk in a patient
with intracardiac shunts

Possible

Possible

Most are possible by transcutaneous lead
extraction

Approved if MRI-compatible model

BW, body weight; MRI, magnetic resonance imaging; SVC, superior vena cava

ARNRBERSBSFRIME £38F F45



209

REEIC K O B U T OLOIMEY — FREZAH N E S L
TEWHRGEICIE, T AT LR ZH 5 Lt
BHL75 A TREIRMICY — Fz2@iEdT 52 Lidd
% V. TCPC fith/x & THIRT 7 L AWRIE LT3
maicid, —RICDIMRY — Rz ieX—2 > 7
TINA ADA AP 23R % (Fig. D W, BHOD
RIS KB DD — R 7% TR U7l 2 AT Bk
52kt Hb (Bih Q5 2. AR .0 M
& COEHBRRELE) » EREIRIAERITIE, H5H
C it/ 7 —7 )Vl HR RAREHEI® 2 7 > b JiE
iz L7z Z TLAIRY — F2RE 2 AL C L IEATHET
& D R EIMARZERRIE S o KEIRIE RO TR A H
THs (Fig.2).

Q2) =ZRFPEWINNTEXRIE T T TEN T

Fig. 1

ventricular tachycardia at Fontan conversion

ARNRNRNN]

BIGEODLEY — RER

TN 5 ZRFE IR0 BN T E DY 1 i
I, FHBERFIAE, AKX D ONBEY — RO —
FikZEZS 2% LR L RS 728, DYDY — KD
HEZHESET S, T TITONBLLEY — R =R
HTORICHAIN TV SEEE, "THERIR O THils
WONREY — REREL, DAVEY — RICEFET ST
EOHEREI NS, T TCICERFPEIIND I TSN T
A%e0E, DAY — RZRWS 0 e LL L, dikEr
IR & DR AY B USRI E AR bRk Y — R
ZEZEM (FOR) IS ZIART % T & TRFIRIIG
BR—V YV IHAGEICTRD 5 %D TREMRT 70—
LT BIMEN D B, =ZRFPBNICTHT 5 i
T V2 UG G AR IRRR T AL EIC Y — R

Complete Epicardial ICD implantation in a patient with asplenia, dextrocardia, single ventricle and

A: 3D CT image before Fontan conversion. B: Complete Epicardial ICD implantation at same time of Fontan conversion.
Ao, aorta; CT, computed tomography; Epi-A lead, epicardial atrial lead; Epi-ICD lead, ICD lead placed in posterior epi-
cardial space; Epi V lead, epicardial ventricular lead; ICD, implantable cardioverter defibrillator; IVC, inferior vena cava;
LSVC, left-sided superior vena cava; RSVC, right-side superior vena cava; SV, single ventricle; SV atrium, systemic

venous atrium

Fig. 2

Adult women repaired tetralogy of Fallot with sustained ventricular tachycardia and residual atrial

shunt. She underwent atrial septal defect closure using atrial septal defect occluder before transve-

nous ICD implantation to prevent lead related systemic thrombosis

A: Chest X-ray (frontal view). B: Chest X-ray (lateral view). White arrow: atrial septal defect occluder. ICD, implantable

cardioverter defibrillator
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Fig. 3 CRT using transvenous ICD combined with epicardial lead on systemic right ventricle in a patient

underwent Senning operation for TGA, complete atrioventricular block and systemic ventricle failure

A: 3D CT image of all chamber. B: 3D CT image of systemic venous chamber. C: 3D CT image of subpulmonary ventri-
cle and pulmonary artery. D: Chest X-ray (frontal view). E: Chest X-ray (lateral view). A lead, atrial lead; Ao, aorta; Epi
lead, epicardial lead; ICD, implantable cardioverter defibrillator; LAA, left atrial appendage; LV, left ventricle; MV, mitral
valve; PA, pulmonary artery; RV, right ventricle; SVC, superior vena cava; TGA, transposition of great arteries
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Table 2 Comparison among transvenous, epicardial and subcutaneous ICD

TV-ICD Epicardial ICD S-ICD
Invasiveness Little Stronger than TV- or Little. It enables without
S-ICD (thracotomy or vein puncture
sternotomy required)
Leads TV-ICD lead Epicardial pacing lead and S-ICD lead only

(and pacemaker lead)

Site of ICD generator
Rarely submammary
and axillary pocket

Usually subclavian pocket.

ICD lead (TV-ICD lead,

S-coil lead ICD patch)
Abdominal pocket or

subclavian pocket

Side of (usually left
occasionally right side)
chest wall below the
armpit

Available None

Cardiac pacing/antitachycardia Available
pacing

Lead-related systemic There is a possibility. High
thrombosis risk in a patient with

Intracardiac shunt
Venous occlusion
Venous access

Cardiac strangulation/coronary
artery compression
Lead extraction/removal

MRI

an intra cardiac shunt

Basically avoid

Possible

Limited (Glenn/Fontan
procedures and SVC
stenosis et al.)

None

Most are possible by
transcutaneous lead
extraction

Approved if MRI
compatible model

None, even with
intracardiac shunt

Acceptable
None
No limitation

Possible

Thoracotomy or
sternotomy is required

Not approved

None, even with
intracardiac shunt

Acceptable
None
No limitation

None

Comparatively easy

Approved

ICD, implantable cardioverter defibrillator; MRI, magnetic resonance imaging; S-, subcutaneous; SVC, superior vena cava; TV-,

transvenous
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S-ICD

device l

Fig. 4 S-ICD implantation in a patient with unoperated TOF, MAPCA, syncope due to unstable ventricular

tachycardia and deep cyanosis

A: 3D computed tomography (frontal view). asterisk showed large aortic aneurysm from right valsalva sinus. B: 3D
computed tomography (left posterior view view). MAPCA from descending aorta connected to left side pulmonary
artery. C: Chest X-ray (frontal view). The ICD lead was placed left parasternal. Ao, aorta; DAo, descending aorta; LV, left
ventricle; RA, right atrium; PA, pulmonary artery; MAPCA, major aortopulmonary collateral artery; S-ICD, subcutaneous
implantable cardioverter defibrillator; TOF, tetralogy of Fallot
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Fig. 5 Successful atrial anti-tachycardia pacing therapy for perioperative atrial tachycardia after Fontan

conversion in a patient with single left ventricle

A: Venography in extracardiac conduit. B: Ventriculography. C: Atrial anti-tachycardia pacing (burst pacing) successfully
terminated frequent perioperative atrial tachycardia. A, atrial; LV, left ventricle; OC, outlet chamber (rudimentary right

ventricle); V, ventricle
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Fig. 6 Para-Hisian pacing in a patient post ventricular septal defect closure with atrioventricular block

improved left ejection

A: Fluoroscopic image of right anterior oblique position during procedure. Epicardial ventricular pacing (endocardial
leads were placed on the epicardial side) showed pacing failure due to high pacing threshold. His bundle electrogram
of own beat detected by His catheter showed HV block. 4.1Fr lumenless lead was screwed to the right ventricular side
below HV block site (asterisk). B: Chest X-ray after transvenous pacemaker implantation. Old epicardial leads and device
still remained. C: Electrocardiogram before para-Hisian pacing. D: Electrocardiogram after para-Hisian pacing showed
narrowing QRS duration. Low left ejection fraction on echocardiography due to chronic right ventricular anterior free
wall pacing improved from 42% to 54% after para-Hisian pacing. Epi-A lead, epicardial atrial leal; Epi-V lead, epicardial

ventricular lead
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Fig. 7 Leadless pacemaker (Micra VDD, Medtronic) and accelerometer signal in relation to body surface

electrocardiogram and A1, A2, A3, and A4 events: Provided by Medtronic Japan Co., Ltd

A: lllustration of leadless pacemaker placed on the right ventricular septum. B: Four segments of accelerometer signal
corresponded to isovolumic contraction and mitral/tricuspid valve closure (A1), aortic/ pulmonic valve closure (A2), pas-
sive ventricular filling (A3), and atrial contraction (A4). C: P wave and A4 signal following P wave during own heat beat
with atrioventricular block. D: AV sequential pacing during VDD mode. ECG, electrocardiogram
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Abal!ned \
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Fig. 8 Conversion from pacemaker to ICD by transcutaneous lead extraction in a patient with (IDD) cor-

rected TGA post Mustard combined with Rastelli operation and atrioventricular block had unstable

ventricular tachycardia with syncope. The patient underwent transvenous pacemaker implantation

for complete atrioventricular block showed syncope due to unstable ventricular tachycardia, there-

fore we performed V pacemaker lead extraction and ICD lead exchange and upgraded device pace-

maker to ICD

A: 3D CT image. B: Chest X-ray before by transcutaneous lead extraction. C: Chest X-ray after lead extraction and
upgrading system from pacemaker to ICD. A, atrial; Ao, aorta; ICD, implantable cardioverter defibrillator; IVC, inferior
vena cava; LV, left ventricle; PA, pulmonary artery; PV, pulmonary venous chamber; RV, right ventricle; SV, systemic

venous chamber; SVC, superior vena cava; V, ventricular
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