ORIGINAL ARTICLE
Korean Circ J 2007;37:574-580

Sfeta oo et ol e et
RS G - S B - AL
24 - AFE - A@ - HUE - AR

Print ISSN 1738-5520/ On-line ISSN 1738-5555
Copyright © 2007 The Korean Society of Cardiology

?:l)él'ﬂl-xl-

A Clinical Observation of Patients with Hypertrophic Cardiomyopathy and

Implantable Cardioverter-Defibrillators

Jong Wook Kim, MD, Gi-Byoung Nam, MD, Byung Wook Kang, MD, Yoonki Hong, MD,

Eun Young Jang, MD, Mi-Young Kim, MD, Jae-Cheol Jo, MD, Hyoung Young Kim, MD,

Kyoung-Min Park, MD, Kee-Joon Choi, MD and You-Ho Kim, MD

Division of Cardiology, Department of Internal Medicine, University of Ulsan College of Medicine, Asan Medical Center, Seoul, Korea

ABSTRACT

Background and Objectives: Hypertrophic cardiomyopathy (HCM) is one of the most common heritable cardiac
diseases. Patients with HCM are prone to ventricular tachyarrhythmias, and implantable cardioverter-defibril-
lator (ICD) implantation is recommended in high-risk patients to prevent sudden death. Clinical and tachycar-
dial characteristics in patients with HCM have not been studied systematically. Subjects and Methods: Between
April 1996 and February 2006, 23 patients with HCM underwent implantation of ICDs. ICDs were indicated for
primary prevention in 9 patients and for secondary prevention in 14 patients. Clinical features, follow-up events
and intracardiac electrograms were reviewed. Results: During a median follow-up period of 561 days (range 16
to 2,694 days), a total of 51 episodes of ventricular tachycardia (VT) occurred in 6 patients, while only one episode of
ventricular fibrillation (VF) was recorded. There were 45 (64.2%) appropriate shocks [30 defibrillation shocks in 5
patients and 15 antitachycardia pacings (ATP) in 2 patients] in 6 patients, and 25 (35.7%) inappropriate shocks in 7
patients. The coupling intervals and VT cycle lengths were highly variable within individual patients. Over-drive
acceleration in response to ATP was observed in 1 patient. Conclusion: As ventricular tachycardia is the main ven-
tricular tachyarrhythmia in patients with HCM, an empirical ATP setting for VTs appears to be mandatory even
in patients without previously documented VT. Based on the analyses of the intracardiac electrograms (presence
of overdrive acceleration, variations in coupling intervals and cycle lengths), triggered activity may have an im-
portant role in the mechanism of a ventricular tachycardia. (Korean Circ J 2007;37:574-580)
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Table 1. Indications for ICD implantation
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Indication

Pt. No Secondary

Primary ATP setting

SCD VT Family Hx NSVT

EPS EchoCG

Syncope TMT

O 00 N O bW o

SRS L ELRES
+ o+ +

+ o+ + o+
+ + + +
+ +

23 .

Total 3 11 5 3

14

9 8

Indications for ICD insertion for each patient are listed in this table. In some patients, inducible VT during electrophysiologic study was
included as an indication of ICD insertion for primary prevention (This was considered as an indication in previous studies,'® but the
relevance of invasively induced arrhythmias appeared to be limited in successive stidies™). ICD: implantable cardioverter-defibrillator, Pt.
No.: the number of patient, SCD: sudden cardiac death survivor, VT: ventricular tachycardia, Family Hx: family history of sudden cardiac
death, NSVT: non-sustained ventricular tachycardia during 24 hour Holter monitoring, EPS: ventricular tachycardia induced during elec-
trophysiologic study, EchoCG: excessive LV wall hypertrophy on echocardiography, TMT: abnormal BP response to treadmill test, Secon-
dary: secondary prevention, Primary: primary prevention, ATP: anti-tachycardia pacing setting



576 Hypertrophic Cardiomyopathy and Arrhythmia

all
Ao Hlwa=7]9] Mol 80 msec o= UATRAL, HA
W A7= Fej7h sesolAe] A7]e Fejet vlasto] 60%
0]5}9] GAMA (morphology discriminant)2 Ho|, ZHAF
2A AT - (100 msec o] Big 5271 ¥s}) 44

Hwoz Holstgth EAMHOoR AMMELZL Hot 180~
2003] ool 414 AFOR QIS AWE 47k A
HES ANEZIE A, ool A AEe] B2
o] QAU EEA| HE FEEo] ek Afolle @%‘2 =
o 200 E= 22032 Y= shgich guid =
chycardia pacing)< BA|%¥ WM o] BhF 7] (cycle leng-
th) 2] 85%% 8~107]29] A=) 2~3H A|LH= Aoz A
BE. ool HA o] mpA o] I A 117 F
6rgoll thote] NI =& A shlek (81, 7, 8, 9,

£ (antita-

17, 18) (Table 1), YH#] 57 2] AL (A} 2, 3, 4, 14,

15) (Table 1) A4 BRI O] TpA o] QUUATE, BFE==7]7} uf
S w2 A4 Ha ghA] Feto] Eobyste] Rl =g

o] gt A& Ao AZEGY] wiite] HAE aFA] ok
o}, 1 Qlof= A4 vl o] ThsAdo] Qld 24} 6, 11004
w283 Aol (B} 62 AAlY] IAZo] 919l
A} 11 24*]” s 5 AAEA HIXEA 414 Hldo]
22, & 8HollA gulw =g MAIN) o|F 37 Ynt
= %‘ﬂ@ﬂi FAENAA A7 HE 22 S

(oversensing) S°] Q=4 Eelskgct

3:2r'02l'

Y L M7|E B
A4 7F4 (coupling interval)-2 AAE7] A7|=oA 7=
& =4 8= (sinus beat)T 27] 422 (premature beat)7+]
WAoE ekl Gu 28 O ANE F ALHO
2 57 E4ulo] 7|2 A4l Hizlo] ERE)T F4ulo]
Q14 stch ZAst &3 (appropriate
HIE/ Alsol diste] AAls 7oA d&she A
7} ARl Ao AoJeglal, FA#GE 45 (inappropri-
ate shock)= A4 BIW/A|E0] ofd AL (A} Al S0] AF
A Q= e AL olF AA Sl 111*1157101]/\1
olg A wHT0] AR} ABEE Ao Folsiet”

)

2 o

ﬂ
N

o5 OOGL% 2?_;]7/}7\] A-gobab Yol A RS
Arolslole At 2 135909t o]& 32}2}01]/\1_4
o2 MM = Al R (30%, 407), HE7ith

3 ASS 7%, 23%)0] RES
2 AtelM= olg AAlE7IE A

HIER AT B4 233 YAOR o5 YA

(¢

3t

¢

oX o
L

Am

AAE7] 3 2= Al A W A7) 245 S5t o5
Fhxpol|af o] HAnIme] S4de stz siiet o 2
A 23799] E W& 16 1 7019031, Fat Hol= 53.0+
10,9412t (Table 1, 2). 5 23789] EHA}F 3 9FolA LA} of

AR A4 61, FAt

i BHo2 ANEYIE et (o
o 71 41y, BRI A4 e 3T, @.zs%ﬂroﬂm o
R A S 19, SERSI DY) oIS 23
A7AeIst ZAtlA] 414 e
A ZAe] Heo a2 AXE7] AY,"” 45‘%01]*1% 21} o
Hho] BA (o] 9] Al wlw 111:51’ XA FAL 3o =2 A A
57 2 skt A7)l er dAatellM A4 Rldjo] e
% (Table 1) (A} 5, 12, 13, 23) 19 (FA} 5)
Oﬂfﬁ —zrxd w2 5 A Hldo] WS (Table 1, 3).
vl A2 AMIE7IE AU SAlelA S
= 7]&%}_ AlA] _IT‘_Z%uH% AJA] H] uﬂo] Q AlA] H]EO] 13]
Sk, 519]9] A4 vl F 4530 A #H £ (appropriate
shock)7} 67 (26%)°M A|FY=UL (U A] 63)= AP =
= AAIE7] 277 ARYE7] Aol A

:(o
mE
rﬁ
rlok
_>i
,J;
O{N
)
E
IS

), 139 A4 Als
2 50| 402 3EEQt) (Table 3), 44 £3 (inap-
propriate shock)= 2394 = 794 (30%)o|A & 253] Ut
ol FA4 £39 7MY &gt A9 A Alsollon (778

[] Postmivt
- Brugada syndrome

|:| H-CM

D-CM

HII]]]]]] Sarcoidosis

Long QT syndrome
| ARVD

Idiopathic V.Fib
[ post-op v

% Restrictive

Others

Fig. 1. The Indications for ICD implantation at Asan Medical Cen-
ter. Post-MI VT, Brugada syndrome, HCM were the three major
causes of ICD implantation at Asan Medical Center. In 17% of total
ICD implantations, HCM was the underlying heart disease. MI:
myocardial infarction, VT: ventricular tachycardia, HCM: hypertro-
phic cardiomyopathy, DCM: dilated cardiomyopathy, ARVD: arrhy-
thmogenic right ventricular dysplasia, Post-op: post-operation.
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Table 2. Characteristics of the study subjects

Subject characteristics

Number of subjects 23

Female 7

Male 16
Mean age (yrs) 53.0£10.9*
Follow up period (days) 561 (range 16-2,694)
LV wall thickness (mm) 20.5+5.7*
LV EF (%) 57.0£12.2*

*Mean Estandard deviation. LV: left ventricle, LVEF: left ventri-
cular ejection fraction



Table 3. The type of ventricular tachyarrhythmias and the ICD discharges
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Pt. No Prevention VT VF Defibrillation shock ATP ATP setting Spontaneous termination
1 2° 17 0 3 14 + 0
2 2° 2 0 2 0 - 0
3 2° 23 0 23 0 - 0
4 2° 0 1 0 - 1
5 1° 0 0 - 3
6 1° 1 0 1 + 3
Total 51 1 30 15 2 7

Ventricular tachyarrhythmias occurred in 6 patients. The types of ventricular tachyarrhythmia and ICD discharge are described in this table.
4 patients received 30 defibrillation shocks and 2 patients received 15 antitachycardia pacings. Except for one case of overdrive acceleration
which needed defibrillation shock for termination in patient number 1, all ATPs successfully terminated VTs. ATP setting was not done in
patient number 2 due to LV outflow tract obstruction and mitral regurgitation with possible hemodynamic instability during ATP, in pa-
tients number 3 and 4 due to presence of fast VT, and in patient number 5 because there had been no previously documented VTs. ICD: im-
plantable cardioverter-defibrillator, Pt. No.: the number of patient, VT: ventricular tachycardia, VF: ventricular fibrillation, ATP: antita-

chycardia pacing

Table 4. Summary of ventricular arrhythmia
Abrupt onset/ VTCL CI

Overdrive

Pt. No S o o .
termination variation variation acceleratlon

1 + + + +

2 + - -

3 + - +

4 + - -

5 + + -

6 + + +

In every patient, the onsets and terminations of VT were abrupt.
Overdrive acceleration was noted in one patient (patient number 1).
Pt. No.: the number of patient, VTCL: ventricular tachycardial cycle
length, CI: coupling interval, VT: ventricular tachycardia
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Fig. 2. A marked variation in the coupling interval and ventricular tachycardial cycle length (Patient number 3). The panel A, B, C show 3
intracardiac electrograms recorded from patient number 3 during different VT events. The coupling intervals were 531, 875, 805 msec res-
pectively (indicated as double-headed arrows), and the mean VT cycle lengths were 370, 336, 429 msec respectively for each episode. Within
the same patient, coupling intervals and VT cycle lengths were highly variable. VT: ventricular tachycardia.
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Fig. 3. Distribution of coupling intervals and ventricular tachycardial cycle lengths. Coupling intervals and VT cycle lengths were measured by
analyzing intracardiac electrograms recorded on ICDs. Coupling intervals and VT cycle lengths were highly variable within each patient.
VTCL: ventricular tachycardial cycle length, CI: coupling interval, VT: ventricular tachycardia, ICD: implantable cardioverter-defibrillator.
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