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Follow-up of a Group of Patients with Automatic Implantable Defibrillator
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ABSTRACT

Background and Objectives : Several randomized studies have shown that the implantable cardioverter-defibrillator
(ICD) is a very effective treatment modality for the primary and secondary preventions of sudden cardiac death. The
purpose of this study was to analyze our initial experience of ICD implantation in patients who had experienced syncope
or sudden cardiac death between 1997 and 2004. Subjects and Methods : Between Aug. 1997 and Feb. 2004, 28 patients
who had undergone an ICD implantation at the Yonsei Cardiovascular Center were retrospectively analyzed. Results :
There were 28 patients (24 men, 4 female), with a mean age of 48+13.1 (21-74) years. ICD implantation was performed
in 2 and 26 patients for the primary and secondary preventions of sudden cardiac death. Eight patients (28.6%) had nei-
ther a structural heart disease nor an electrical disease, but 8 (28.6%) had Brugada Syndrome. Twelve patients (42.8%)
presented with structural heart disease. The most frequent documented clinical arrhythmia was ventricular fibrillation,
which occurred in 11 patients (39.3%). During the mean follow-up of 29.3 months, the were 60 events of tachyarrhythmia
triggered shock; 25 of these were from inappropriate shock due to atrial fibrillation (16), sinus tachycardia (6) and far-
field T wave sensing (3). Two patients died: one of stomach cancer and the other died suddenly without DC shock. An
autopsy revealed a moderate amount of bloody pericardial effusion, but unknown hemodynamic significance. Conclusion :
The implant of an ICD is an effective measure for the secondary prevention of sudden cardiac death. Dual-chamber ICD
is desirable for the prevention of inappropriate ICD shock for supraventricular tachyarrhythmias. (Korean Circulation J
2005;35:69-83)
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Fig. 1. Induction of ventriculat fibrillation by T-shock and termination by shock of ICD during ICD implantation (case 4). *: VF induction by

T-shock, T :termination of VF by shock of ICD.
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Table 1. Patients demographics and clinical data

Gender Male 24 (85.7%)
Female 4 (14.3%)
Age Mean 48+13
(atimplantation) Range 21-74
Heart disease Brugada 8 (28.6%)
Cc;);)()orwscrunry artery disease or 4 (14.3%)
Dilated cardiomyopathy 3 (10.7%)
Hypertrophic cardiomyopathy 3 (10.7%)
Valvular disease 1 (3.6%)
Nonspecific cardiomyopathy 1 (3.6%)
None 8 (28.6%)
Clinical Aborted sudden cardiac death 16 (57%)
manifestation First presentation: ASCD 5(17.9%)
Syncope, ASCD 9 (32.1%)
Presyncope, ASCD 1 (3.6%)
Palpitaion, ASCD 1 (3.6%)
Syncope 8 (28.6%)
Palpitation 2 (7.1%)
Dyspned 1 (3.6%)
None* 1 (3.6%)
Documented VF 11 (39.3%)
arrhythmia VT 8 (28.6%)
VPC 1 (3.6%)
Asystole 1 (3.6%)
Atrial flutter, sinus pause 1 (3.6%)

None 6 (21.4%)
ASCD: aborted sudden cardiac death, VF: ventricular fibrillation,
VT: ventricular tachycardia, VPC: ventricular premature beat.
x. Brugada pattern EKG with family history of sudden cardiac
death

Lo, oj2] o] AARE AR ¥ AN T A9
g A 1o WAl dAls BT B9 8o
Rqow, AARANE AP A4 200, TEFLANE A
ke 9= 1edlolSiv 1o S8 S2de] (U9l
t HARe] 7o) §lal Brugada el AHE7E Q191
4571 1ell 2091tk (Table 1, 2).

sRkE AA3ko 23= Brugada 9 8, 384 A4
g 30l Bl e AFo] 10, Y AT 3¢, HlsA
AT 3o, TRt S 16, w5elH Aol
Lejglon, Fx4, A7|Hew o] gl A7t 8¢
SAtH(Table 1, 2).

TEA AEEEE et 3 QS EAeEN Bru-
gada 5 89)2] - AAlo] 4o, ol 2] Al &
BARE W Ae7E 20, AARRE AR A5t
o, 58E Sl §llR 297k 1o A 3
3 gl s A% 1o9] A W]

e}
— T
ARE 7R A5 1o, o= Ao AARR $ A9

o
>
a2
)
> X
o
A O_>L



72 Korean Circulation J 2005;35:69-83

Table 2. Clinical characteristics of 28 patients

No  Sex Age Underlying HD Clinial manifestation Documented arrhythmia
1 M 44 Brugada syndrome Syncope, aborted sudden cardiac death VF
2 M 54 Brugada syndrome Syncope None
3 M 42 Brugada syndrome Syncope None
4 M 47 Brugada syndrome Palpitation Atrial flutter, sinus pause
5 M 29 Brugada syndrome Syncope, aborted sudden cardiac death Polymorphic VT
6 M 39 Brugada syndrome Syncope None
7 M 22 Brugada syndrome None None
8 M 74 Brugada syndrome Syncope VF
9 M 65 CAOD Palpitation, aborted sudden cardiac death Monomorphic VT
10 M 55 Spasm of RCA Syncope, aborted sudden cardiac death Asystole, Af
11 M 71 Recent MI Dyspnea Monomorphic VT
12 M 54 OMI Palpitation Monomorphic VT
13 M 51 DCMP Syncope, dyspnea Frequent VPC
14 F 61 DCMP Syncope, aborted sudden cardiac death Polymorphic VT
15 M 46 DCMP Syncope, aborted sudden cardiac death Monomorphic VT
16 M 60 HCMP Syncope Polymorphic VT
17 M 43 HCMP Syncope None
18 M 48 HCMP Syncope None
19 M 34 Rheumatic VHD (MS, ASR) Aborted sudden cardiac death VF
20 F 60 Nonspecific cardiomyopathy Syncope, aborted sudden cardiac death VF
21 M 44 None Aborted sudden cardiac death VF
22 M 21 None Syncope, aborted sudden cardiac death VF
23 F 64 None Aborted sudden cardiac death Polymorphic VT
24 M 51 None Presyncope, aborted sudden cardiac death VF
25 F 41 None Syncope, aborted sudden cardiac death VF
26 M 46 None Aborted sudden cardiac death VF
27 M 42 None Syncope, aborted sudden cardiac death VF
28 M 43 None Aborted sudden cardiac death VF

Af: afrial fibrillation, ASR: aortic valve stenosis and regurgitation, CAOD: coronary artery obstructive disease, DCMP: dilated cardiomyo-
pathy, HCMP: hypertrophic cardiomyopathy, HD: heart disease, MI: myocardial infarction, MS: mitral valve stenosis, OMI: old myocardial
infarction. RCA: right coronary artery, VHD: valvular heart disease, VF: ventricular fibrillation, VT: ventricular tachycardia, VPC: ventricular
premature beat
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Table 3. Clinical manifestation according to underlying heart disease
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Brugada syndrome (8) 2 0 0 0 4 1 0 1
Coronary artery disease (4) 1 0 1 0 0 1 1 0
Dilated Cardiomyopathy 2 0 0 0 1 0 0 0
Hypertrophic cardiomyopathy (3) 0 0 0 0 3 0 0 0
Valvular heart disease (1) 0 0 0 1 0 0 0 0
Nonspecific cardiomyopathy (1) 1 0 0 0 0 0 0 0
No Heart disease (8) 3 1 0 4 0 0 0 0
ASCD: aborted sudden cardiac death, () : number of case
Table 4. Electrophysiologic characteristics of induced arrhythmia
No Induced arrhythmia Hemodynamics Duration CL AXis Morphology Induction mode

1 Fast polymorphic VT Unstable S 220 TVEST

2 Fast polymorphic VT Unstable Non (9—15 beat) 180 TVEST

3 Fast polymorphic VT Unstable S 167 TVEST

4 Fast polymorphic VT Unstable S 210 DVEST

5 Fast polymorphic VT Unstable S 200 TVEST

6 Fast polymorphic VT Unstable S 190 TVEST

7 Fast polymorphic VT Stable Non (2 sec) 200 TVEST

8 Fast polymorphic VT Unstable S 200 TVEST

9 Fast monomorphic VT-VF Unstable S 274 Normal LBBB TVEST
10 PMVT Stable Non (4beat) 190 TVEST

11 Monomorphic VT Unstable S 400 NW RBBB RVP320ms
12 Fast monomorphic VT Unstable S 230 RAD LBBB DVEST
13 Monomorphic VT Unstable S 240 RAD LBBB TVEST
14 No induction

15 Fast monomorphic VT Unstable S 279 RAD LBBB DVEST
16 Fast PMVT Unstable S 180 DVEST

Monomorphic VT Stable S 340 Vertical LBBB RVP320ms

17 Fast monomorphic VT Unstable S 190 TVEST
18 PMVT&VF Unstable S 200 RVP220ms
19 No induction
20 Fast monomorphic VT Unstable S 220 TVEST
21 Fast monomorphic VT Unstable Non (8 sec) 180 TVEST
22 Fast monomorphic VT Unstable S 200 TVEST
23 Fast monomorphic VT Stable Non (4—6 beat) 210 LAD LBBB TVEST
24 No induction
25 Not done
26 Fast monomorphic VT Unstable Non (2 sec) 150 NW RBBB TVEST
27 No induction
28 Fast monomorphic VT Unstable S 200 DVEST

LAD: left axis deviation, DVEST: double ventricular extrastimulation, Non: nonsustained, LBBB: left bundle branch block, NW: north west
axis, PMVT: polymorphic ventricular tachycardia, RAD: right axis deviation, RBBB: right axis deviation, RVP: rapid ventricular pacing, S:
sustained, TVEST: triple ventricular extrastimulation, VT: ventricular tachycardia, VF: ventricular fibrillation
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Fig. 2. Polymorphic ventricular tachycardia (fachycardia cycle length 200 ms) induced by rapid ventricular pacing 220 ms in a patient
with aborted sudden cardiac death (case 18). RA: right atvium, RV: right ventricle.

Table 5. Indication of ICD implantation

ACC/AHA/NASPE 2002

Indication Number of patients T
indication class
Cardiac arrest due to VF or VT 16 |
Syncope, VT/VF induced at EPS |
Spontaneous sustained VT in association with structural heart disease |
Syncope of unexplained etiology or family history of unexplained sudden cardiac death
in association with typical or atypical right bundle-branch block and ST-segment 5 Ilb

elevations (Brugada syndrome)

ACC/AHA/NASPE: American College of Cardiology/American Heart Association/North American Society for Pacing and Electrophy-

siology, VF: ventricular fibrillation, VT: ventricular tachy-cardia
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Table é. ICD implantation data
Pacing R wgve Lead imp HV Imp . .
NO Model threshold orrzpmll\T/L;de (ohm) DFT (ohm) Anesthestia  Pocket site Ind mode Pacemaker
1 VENTAK mini Il 0.4VX0.5 ms 8 480 10 43 General Subpectoral T-shock
2 Micro JEWEL Il 0.3VXx0.5 ms 10.6 712 10 66 Local Subcutaneous T-shock
3 Micro JEWEL Il 0.3Vx0.4 ms 6.3 646 5 65 Local Subcutaneous T-shock DDDR
4 Micro JEWEL Il 1.0X0.24 ms 5 720 10 58 Local Subcutaneous T-shock
5 Micro JEWEL Il 1.0V X0.18 ms 8 703 10 61 Local Subcutaneous T-shock
6 Ventalk-Prizm I 0.4vx0.5 ms 13.3 1040 15 44 Local Subcutaneous  T-shock, maual
burst induction
7 Ventalk-Prizm 0.8VX0.5 ms 6.1 996 17 17 Local Subcutaneous T-shock
8 GEMIII 0.8Vx0.4 ms 18.2 807 10 49 Local Subcutaneous T-shock
9 Micro JEWEL Il 1.0V X0.27 ms 10 559 99 61 Local Subcutaneous T-shock
10 GEMII DR 7273 0.7VX0.4 ms 9 650 15 21 Local Subcutaneous T-shock
11 Atlas 1.0VX0.5 ms 5.2 440 25 50 Local Subcutaneous RV pacing 320 ms
12 VENTAK Prizmm DR 0.6VX0.4 ms 10.7 1470 14 69 Local Subcutaneous RV pacing 300 ms
13 Micro JEWEL Il 1.0VX0.1 ms 20 745 10 61 Local Subcutaneous T-shock
14 Micro JEWEL Il 1.0V X0.18 ms 13 542 10 38 Local Subcutaneous T-shock
15 GEM 7227 0.5Vx0.4 ms 5 385 15 17 Local  Subcutaneous DVEST VVIR
16 VENTAK mini Il 0.5VX0.5 ms 12.3 470 8 46 General Subpectoral RV pacing 30 ms
17 GEM 7227 1.0V X0.2 ms 11 323 10 40 Local Subcutaneous T-shock
18 Ventalk Prizm Il 0.4VX0.5 ms 16.9 1130 21 45 Local Subcutaneous RV pacing 220 ms
19 Ventritex Profled MD 0.4V x0.45ms 20 980 159 47 local  Subcutaneous T-shock VVIR
20 Micro JEWEL Il 0.7VX0.5 ms 11 982 12 49 General Subpectoral T-shock
21 Micro JEWEL Il 0.5V X0.5 ms 11 680 15 57 General Subpectoral T-shock
22 Micro JEWEL Il 2.0V X0.06 ms 16 601 20 53 Local Subcutaneous T-shock
23 Micro JEWEL Il 1.0V X0.15ms 7 576 20 63 Local Subcutaneous T-shock
24  Ventritex Profle MD 1.0V X0.5 ms 7 540 106 46 Local Subcutaneous T-shock
25 GEM 7227 0.4vx0.4 ms 12.6 470 20 16 Local Subcutaneous T-shock
26 GEM 7227 0.5Vx0.4 ms 52 490 15 36 Local Subcutaneous T-shock
27 GEM 7229 0.7VX0.4 ms 11.2 507 15 17 Local Subcutaneous T-shock
28 GEMII 0.4VX0.4 ms 14.4 499 10 50 Local Subcutaneous DVEST

DFT: defibrillation threshold, DVEST: double ventricular extrastimulation, Ind mode: induction mode, RV: right ventricle
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Table 7. Follow-up of patients

Pneumothorax 2 (Case 4, 21)
Replacement 4 (Caselé,19,
of ICD 21,24)
Case 16 Battery depletion
Cose 21 LS cron
Cose 24 L ton
Case 19 Charging time
prolongation
Appropriate DF 35 event
Case 21 Ventricular fibrillation 2
Case 25 Ventricular fibrillation 3
Case 1 Ventricular fibrillation 4
Case 5 Ventricular fibrillation 5
Case 8 Ventricular fibrillation 14
Case 15 Ventricular fibrillation 5
Case 20 Ventricular fibrillation 2
Inappropriate 25 event
DF
Case 23 Atrial fibrillation 3
Case 27 Sinus tachycardia 1
Case 1 Sinus tachycardia 3
Case 4  Far-field Twave 3
sensing
Case 5 Sinus tachycardia
Case 16 Atrial fibrillation 13
Death 2 (Case 10, 23)
DF: defibrillation
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Fig. 3. Termination of ventricular fibrillation by ICD. Charging time was 4.2 seconds, ventricular fibrillation was terminated 8.4 second after
onet. CD: charge delivery, EGM: electrogram, FD: ventricular fibrillation detect, FS: ventricular fibrillation sense, VS: ventricular sense, VR:
ventricular refractory sense. *: onset of ventricular fibrillation, 1: detection of ventricular fibrillation and onset of ICD charging, *: delivery

of ICD shock.
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Fig. 4. Inappropriate ICD shock in the case of Brugada syndrome with DDDR and ICD. Panel A showed normal sensing of ICD. Panel B
showed that far field T-wave sensing of ICD friggered inappropriate ICD shock during sinus tachycardia.
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Fig. 5. Panel A showed inappropriate shock delivery during sinus fachycardia because interval of sinus tachycardia was within detection
interval of ventricular fibrillation (VF detection cycle length: 320 ms). Panel B showed gradual shortening of cycle length during sinus
tachycardia.
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Fig. 6. Panel A showed inappropriate shock delivery due to atrial fibrillation with rapid ventricular response. Panel B showed iregular R-R
interval of atrial fibrillation.
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