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Background: Increasing number of automated external defibrillators (AED) has been installed in public insti-
tutions nationwide. Therefore, there is increasing interest in the prognosis of patients who survived after inci-
dences of ventricular fibrillation (VF) and were resuscitated using AEDs. However, little information is available
about VF survivors with congenital heart disease (CHD).

Methods: Six CHD patients (median age: 17.1 years), who were resuscitated using an AED and subsequently
underwent implantable cardioverter defibrillator (ICD) implantation in our hospital between November 2006
and October 2012, were reviewed. Patient demographics and periprocedural data of the ICD were analyzed.
Results: Underlying diseases consisted of two patients with tetralogy of Fallot and one each of corrected trans-
position of the great arteries, subaortic stenosis, myocardial infarction post-surgery for congenital mitral regur-
gitation, and anomalous origin of the coronary artery. In five patients, repair of the cardiac abnormality was si-
multaneously performed with the ICD implantation. During a median follow-up period of 3.9 years, one patient
received appropriate therapy (once) and three patients received inappropriate therapies (eight times in total).
Conclusions: Here we reported on our strategy and the clinical outcome of VF survivors with CHD who under-
went ICD implantation at our hospital. Our treatment policy for ventricular tachycardia/VF includes aggressive
intervention of the underlying cardiac abnormality and jeopardized hemodynamics using cardiac medications
and surgery in addition to ICD implantation. As a result of this useful strategy, all patients are still alive without
residual disability.
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Table 1 Patient background
Case Sex Diagnosis Clinical course before VF/Medication Age at VF Situation/Place at VF
(years old)
® M AO of the LCA Chest discomfort during exercise since 13.3Y/ 13.7 During a game of football/
from the RCC No medical examination before VF Ground
@ F TOF, PA, MAPCA Diagnosed at birth, LUF and LBT at 12.8Y, Ras- 16.0 After running (900m) at the
telli and AVR at 14.1Y/aspirin 100 mg/day, physical education class of
enalapril 2.5mg/day p.o. the school/Ground
® F Dextrocardia, Diagnosed at birth, CS at 0.2Y, RBT at 1.3Y, 17.9 Sudden collapse/Railroad
C-TGA, PA, VSD Brock at 5.3Y/dipyridamole 100 mg/day, enal- station
april 5mg/day p.o.
®@ M SAS Diagnosed at 6Y by screening test at the time of 20.8 While in a rugby game/
school admission/Follow with no medication Ground
® M TOF Diagnosed at birth, ICR at 3.4Y/furosemide  23.2 While in a part-time job/
10mg/day, spironolactone 10mg/day, imi- Baseball field
dapril 5mg/day p.o.
® F Congenital MR, Ml Diagnosed at 3Y by HM, MVP at 9.8Y, MVR by 12.3 While riding a bicycle/Street

bioprosthetic valve at 9.9Y/furosemide 10 mg/
day, spironolactone 12.5mg/day, carve-
dilol 10mg/day, enalapril 5mg/day, digoxin
0.125mg/day, ubidecarenone 20 mg/day, iso-
sorbide mononitrate 10mg/day p.o.

VF: ventricular fibrillation, M: male, F: female, Y: years old, p.o.: per os, AO: anomalous origin, LCA: left coronary artery,
RCC: right coronary cusp, TOF: tetralogy of Fallot, PA: pulmonary atresia, MAPCA: major aorto-pulmonary collateral artery,
LUF: left unifocalization, LBT: left modified Blalock-Taussig shunt, Rastelli: Rastelli procedure, AVR: aortic valve replacement,
C-TGA: corrected transposition of the great arteries, VSD: ventricular septal defect, CS: central shunt, RBT: right modified
Blalock-Taussig shunt, Brock: Brock procedure, SAS: subaortic stenosis, ICR: intracardiac repair, MR: mitral regurgitation, Ml:
myocardial infarction, HM: heart murmur, MVP: mitral valvuloplasty, MVR: mitral valve replacement.

Table 2 Risk factors for lethal arrythmia before ICD implantation

Case Late potential VT episodes in LGE in cardiac Cardiac function BNP VT study
Holter ECG MRI (angiography) (pg/mL)

® Negative (—) Negative LVEF 52% 17.2 Positive (susVT)

() Negative (—) Negative LVEF 63% 48.7 Negative
RVEF 40%

® Negative (—) Negative LVEF 56% 51.3 Positive (VF)
RVEF 58%

@ Positive (—) Negative LVEF 54% 7.5 Positive (VF)

® Positive (—) Negative LVEF 46% 39.2 Negative
RVEF 45%

® ND NSVT Positive LVEF 36% 482 Negative

VT: ventricular tachycardia, LGE: late gadolinium enhancement, BNP: brain natriuretic peptide, EF: ejection fraction, susVT:
sustained ventricular tachycardia, ND: no data, NSVT: non-sustained ventricular tachycardia.
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Table 3 Clinical courses after the resuscitation by the use of AED and performing ICD implantation

AED shock  Hypothermia Time interval between Age at ICD BH/BW at ICD

Case AED user . VF and ICD implantation implantation
times treatment . .

implantation (days) (years old) (cm/kg)
® Bystander 1 (+) 239 14.4 170/54.2
@ Bystander 1 (-) 40 16.1 158/48.3
® Bystander (Firefighter) 1 (+) 51 18.0 159/36
®@ Bystander (Medical doctor) 1 (=) 8 20.8 174177
® Bystander 2 (-) 34 23.3 175/70.3
® Medical doctor 1 (+) 1082 15.2 163/55.5

AED: automated external defibrillator, ICD: implantable cardioverter defibrillator, BH: body height, BW: body weight.

Table 4 ICD data and therapy data

Programming Max HR at

Case Generator Mode S:zﬁk D(j)T data (bpm) exercise Fc:\l/lz;/\::;p ICD therapy
VFNT ECG (bpm)

@ Medtronic Virtuoso VR VVI Dual 15 231/182 186 6.4 Inappropriate therapy
(4 times, ST due to
exercise)

@ SJM EPIC+DR DDD (VIP)  Dual 20 231/182 140 8.2 (—)

—Fortify ST DR

® SJM Fortify ST DR DDD (VIP)  Single 15 222/171 114 3.0 Appropriate therapy
(once, ATP for VT)

@  Medtronic Secura DR DDD (MVP) Dual 15 222/171 177 4.8 Inappropriate therapy
(3 times, ST due to
exercise, FFRS,TWOS)

®  Medtronic Protecta DDD (MVP) Single 10 222/171 160 24 Inappropriate therapy

XT DR (once, ST due to
exercise)

® Medtronic Secura DR DDD (MVP) Dual 15 222/171 89 0.3 (—)

DFT: defibrillation threshold, SIM: St. Jude Medical, ST: sinus tachycardia, TWOS: T-wave oversensing, VIP: ventricular intrin-
sic preference, MVP: managed ventricular pacing, ATP: antitachycardia pacing, VT: ventricular tachycardia, FFRS: far-field R
wave sensing.
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Table 5 Treatment after VF and hemodynamic change
Case Treatment except for ICD implantation Hemodynamic change before/after ICD implantation
® Operation (coronary artery reconstruction) No medication Relative ischemic findings at the apex on myocardial
scintigraphy/The ischemic change found to be im-
proved at re-examination after operation
@ Operation (AVR) warfarin 4.5mg/day p.o. LVEDV261mL (212%N), LVEF63%, RVEDV149mL
(117%N), ARII°, PRI°, PG LPA-MPA 20mmHg, RPA-
MPA 25mmHg/AR (=), AS (—), PPS/PR progression
(=)
® Operation (conventional Rastelli and TVR) enalapril LVEDV185mL (182%N), LVEF56%, RVEDV252mL
2.5mg/day, carvedilol 10 mg/day, aspirin 100 mg/ (233%N), RVEF58%, MRI°, TRIII°, ARI°, PRIII®/
day, warfarin 3mg/day, amiodarone 50mg/day p.o. LVEDV93mL (91%N), LVEF63%, RVEDV113mL
(amiodarone was discontinued but resumed since ap- (101%N), RVEF40%, MRI-1I°, TRI°, ARII°, PRI°
propriate therapy)
®@ carvedilol 15mg/day p.o. SAS PG 30 mmHg/No hemodynamic change
® Operation (RVOTR) carvedilol 5mg/day, candesartan LVEDV176 mL (105%N), LVEF46%, RVEDV306 mL
4 mg/day, digoxin 0.125mg/day aspirin 100 mg/day p.o. (169%N), RVEF45%, MR (—), TRI°, AR (—), PRI,
(amiodarone was used in the acute phase) RVOTS PG 10 mmHg/LVEDV172mL (102%N),
LVEF45%, RVEDV232mL (127%N), RVEF53%, MR
(=), TRI°, AR (—), PRI°, RVOTS PG 30 mmHg
® Operation (reMVR by mechanical valve and CABG: LITA MVAO0.47 cm?, MPAP55 mmHg, MRII°, ischemic

to PL) furosemide 10mg/day, spironolactone 25mg/
day, carvedilol 20mg/day, candesartan 6 mg/day,
amiodarone 100 mg/day, warfarin3.5mg/day p.o.

change at PL and PD area/MPAP20mmHg, CABG
was ineffective, ischemic change was no change

AVR: aortic valve replacement, PG: pressure gradient, PPS: peripheral pulmonary stenosis, TVR: tricuspid valve replacement,
RVOTS: right ventricular outflow tract stenosis, RVOTR: right ventricular outflow tract reconstruction, CABG: coronary artery
bypass graft, LITA: left internal thoracic artery, PL: posterior lateral, MVA: mitral valve area, PCWP: pulmonary capillary wedge
pressure, MPAP: mean pulmonary arterial pressure, PD: posterior descending.
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Table 6 Operation and antiarrhythmic medicine and ICD therapy data

Amiodarone

Amiodarone Appropriate  Inappropriate

Case Diagnosis Operation 3 blocker acute phase chronic phase ICD therapy ICD therapy
® AO of the LCA from the RCC O X X X X 0000
@ TOF, PA, MAPCA O X X X X X
©) Dextrocardia, C-TGA, PA, VSD O O O X O X
@ SAS X O X X X 000
® TOF (@) O (@) X X (]
® Congenital MR, Ml O O @] O X X

AO: anomalous origin, LCA: left coronary artery, RCC: right coronary cusp, TOF: tetralogy of Fallot, PA: pulmonary atresia,
MAPCA: major aorto-pulmonary collateral artery, C-TGA: corrected transposition of the great arteries, VSD: ventricular septal
defect, SAS: subaortic stenosis, MR: mitral regurgitation, MI: myocardial infarction.
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