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coupling interval of extrastimuli was not constant between
participating hospitals and was sometimes shortened to
<200 ms to induce ventricular arrhythmias.

We did not show the results of genetic analysis in this
report, although more than half of the palients underwent
genetic screening. Detailed results will be presented in a
future report. So far, no positive relationship between genetic
findings and patient outcomes has been found.3!*

We did not record ECGs at the higher intercoslals spaces
systematically except for probands with cardiac events, be-
cause the importance of “high-recording™ became apparent in
the course of this study.® Therefore, some patients of the
non-type 1 group may have shown type 1 ST-elevation at the
higher precordial positions.

Conclusions

This study described the long-term prognosis of probands
with noncoved (non—type 1) Brugada-pattern ECG compared
with type 1 ECG. The annual incidence of fatal arrhythmic
events was similar between the 2 groups, which reached
10.6% in probands with non-type 1 ECG and a prior episode
of VF. A family history of SCD occurring at age of <45 years
and the presence of early repolarization were indicators of
poor outcome although VF inducibility and a spontaneous
type 1 ST-clevation were not reliable indicators in this
prospective study including only probands.

Appendix

The following investigators and institutions participated in
this study: A. Hukui, Yamagata University, Yamagata; M.
Hiraoka, Tokyo Dental and Medical University, Tokyo; S.
Takata, Kanazawa University, Kanazawa: H. Sakurada. Hi-
roo Metropolitan Hospital, Tokyo; Y. Eki, Ibaragi-higashi
National Hospital, Tokai; Y. Sasaki, Nagano National Hos-
pital, Ueda; Y. Tomita, Nagoya Medical Center, Nagoya; U.
Shintani, Mie-chuo Medical Center, Tsu; T. Hashizume,
Minami-Wakayama Medical Center, Tanabe; Y. Fujimoto,
Okayama Medical Center, Okayama: W. Matsuura, Higashi-
hiroshima Medical Center, Higashihiroshima; K. Sakabe,
Zentuuji National Hospital, Zentuuji; and I. Matsuoka, Ka-
goshima Medical Center, Kagoshima, Japan.
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Neurally Mediated Syncope as a Cause of Syncope in Patients

TAKASHI KURITA, M.D., PH.D., NAOHIKO AIHARA, M.D., SHIRO KAMAKURA, M.D., Pu.D.,

With Brugada Electrocardiogram

MIKI YOKOKAWA, M.D., HIDEO OKAMURA, M.D., TAKASHI NODA, M.D., Pu.D.,
KAZUHIRO SATOMI, M.D., Pu.D., KAZUHIRO SUYAMA, M.D., PH.D.,

and WATARU SHIMIZU, M.D., Pu.D.

From the Division of Cardiology, Department of Internal Medicine, National Cardiovascular Center, Suita, Japan

Neurally Mediated Syncope in Brugada Syndrome. Introduction: Patients with type 1 Brugada
electrocardiogram (ECG) and an episode of syncope are diagnosed as symptomatic Brugada syndrome;
however, all episodes of syncope may not be due to ventricular tachyarrhythmia.

Methods and Results: Forty-six patients with type 1 Brugada ECG (all males, 51 &+ 13 years, 29 spon-
taneous, 17 Ic-drug induced), 20 healthy control subjects (all males, 35 & 11 years), and 15 patients with
suspected neurally mediated syncope (NMS; 9 males, 54 £ 22 years) underwent the head-up tilt (HUT)
test. During the HUT test, 12-lead ECGs were recorded in all patients, and the heart rate variability was
investigated in some patients. Sixteen (35%) of 46 patients with Brugada ECG, 2 (10%) of 20 control
subjects, and 10 (67 %) of 15 patients with suspected NMS showed positive responses to the HUT test.
Although no significant differences were observed in HUT-positive rate among Brugada patients with doc-
umented VT (7/14; 50%), syncope (5/19; 26 %) and asymptomatic patients (4/13; 31%), the HUT-positive
rate was significantly higher in patients with documented VT (50%) and those with VT or no symptoms
(11/27,41% ) compared to that in control subjects (10%) (P < 0.05). Augmentation of ST-segment amplitude
(=0.05mV) in leads V1-V3 was observed in 11 (69 %) of 16 HUT-positive patients with Brugada ECG during
vasovagal responses, and was associated with augmentation of parasympathetic tone following sympathetic
withdrawal.

Conclusion: Thirty-five percent of patients with Brugada ECG showed vasovagal responses during the
HUT test, suggesting that some Brugada patients have impaired balance of autonomic nervous system,
which may relate to their syncopal episodes. (J Cardiovasc Electrophysiol, Vol. 21, pp. 186-192, February

2010)

autonomic nervous system, Brugada syndrome, head-up tilt test, syncope, sudden death

Introduction

Brugada syndrome is characterized by ST-segment ele-
vation in the right precordial leads V1 through V3 and an
episode of ventricular tachyarrhythmia (VT) in the absence
of structural heart disease.'™ In patients with Brugada syn-
drome, syncopal episodes are generally thought to be due to
VT; however, all episodes of syncope may not be owing to
VT events. Neurally mediated syncope (NMS) is 1 of the
causes of syncope in general population, and it refers to a re-
flex response that some triggering factors give rise to arterial
vasodilatation associated with relative or absolute bradycar-
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dia.* In general, the overall prognosis in patients with NMS
is quite favorable.* On the other hand, the precise cause of
syncope in patients with Brugada syndrome is difficult to
determine. Therefore, the therapeutic strategy for Brugada
patients with syncope is often problematic. The aim of this
study was to evaluate the possibility of NMS as a cause of
syncope in patients with Brugada electrocardiogram (ECG).

Methods
Patients Population

The study population consisted of 46 consecutive patients
with type 1 Brugada ECG who were admitted to the National
Cardiovascular Center, Suita, Japan, between May 2004 and
March 2006 (all males, ages 26 to 77; mean 51 % 13 years,
29 spontaneous, 17 Ic-drug induced), 20 healthy control sub-
jects (all males, 35 £ 11 years), and 15 patients suspected
of NMS (9 males, 54 £ 22 years). Ethical approval was ob-
tained from the Institutional Review Committee of our hospi-
tal, and all patients and control subjects gave their informed,
written consent before participation. The control subjects and
the patients with suspected NMS showed no structural heart
diseases, normal physical examination results, and normal
12-lead ECGs, and received no drug treatment affecting the
sympathetic nervous system. Type 1 Brugada ECG was de-
fined as a coved type ST-segment elevation of > 0.2 mV at
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J point observed in more than 1 of the right precordial leads
(V1 to V3) in the presence or absence of a sodium channel
blocker.?

Head-Up Tilt Test

The HUT test was performed in the afternoon after 4 hours
of fasting in a quiet and comfortable room equipped for car-
diopulmonary resuscitation. All patients were allowed to lie
on an electrically controlled tilt table an intravenous line
containing 5% dextrose was inserted into 1 arm, and allowed
to rest in supine position for at least 10 minutes. A posi-
tive HUT test was defined by the development of syncope or
presyncope associated with relative bradycardia (>20% de-
crease in heart rate compared with baseline) or hypotension
(systolic blood pressure <80 mmHg). Presyncope was de-
fined as the induction of symptoms of imminent syncope, and
syncope was defined as sudden transient loss of conscious-
ness. Positive response to the HUT test was classified into 3
types owing to hemodynamic status, such as vasodepressor
type (hypotension without significant bradycardia), cardioin-
hibitory type (bradycardia without associated hypotention),
and mixed type (hypotension followed by bradycardia).* At
first, we performed passive tilt (Control-Tilt) at an angle of 70
degrees for 30 minutes. When Control-Tilt was negative, sub-
lingual nitroglycerin (NTG) spray 0.3 mg was administered,
and the test was continued for 15 minutes (NTG-Tilt). The
endpoint of each tilt test was the time when patients showed
positive responses or the completion of HUT-protocol.

Parameters Measured During the Head-Up Tilt Test
Heart rate and blood pressure

Heart rate was monitored, and cuff blood pressure was
measured by electrosphygmomanometry with a microphone
placed over the brachial artery to detect Korotkoff sounds
every minute (STBP-780, Colin Electronics, Komaki, Japan)
in all patients during the HUT test.

ST-segment amplitude in the right precordial leads

Twelve-lead ECGs were recorded every 1 minute during
the HUT test, and the changes of ST-segment amplitude in
the right precordial leads (V1-V3) were analyzed (ML-6500,
Fukuda-denshi, Tokyo, Japan) in all patients during the HUT
test.

Heart rate variability

Six-lead ECGs from the Task Force Monitor (CNSys-
tem, Graz, Austria)®™’ were measured for beat-to-beat heart
rate and consecutive R-R intervals in 10 patients with Bru-
gada ECG (4 documented VT, 5 syncopal episode only, and
1 asymptomatic), 9 control subjects, and 5 patients with
suspected NMS. The heart rate variability (HRV) was in-
vestigated by a power spectral analysis delineating the low-
frequency component (LF; 0.04-0.15 Hz) and the high-
frequency component (HF; 0.15-0.40 Hz).® We analyzed the
normalized unit of the HF components (%) calculated au-
tomatically (HF/power spectral density-very low-frequency
component [0-0.04 Hz] x 100)*? and the LF/HF ratio. The
HF indicates the tone of the parasympathetic nervous system,
and the LF/HF ratio indicates the sympathovagal balance.
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Statistical Analysis

Numerical values were expressed as means = SD un-
less otherwise indicated. Comparisons of parameters be-
tween 2 groups were made using the unpaired Student r-
test. Comparisons of parameters among 3 groups were made
with a one-way analysis of variance (ANOVA), followed
by the Scheffe’s multiple-comparison test. Categorical vari-
ables were compared using a chi-square analysis using the
Yate’s correction or Fisher exact test if necessary. An overall
chi-square test fora 2 x n table was performed when compar-
isons involved >2 groups. A P-value < 0.05 was considered
significant.

Results
Clinical Characteristics

The clinical characteristics of 46 patients with Brugada
ECG and 15 patients with suspected NMS are shown in
Table 1. The patients with Brugada ECG were divided into
3 groups: (1) 14 patients with documented VT; (2) 19 pa-
tients with syncopal episodes only; and (3) 13 asymptomatic
patients. No significant differences were observed in age,
incidence of spontaneous type 1 ECG, family history of sud-
den cardiac death (SCD), induced ventricular fibrillation dur-
ing electrophysiologic study (EPS), and SCN5A mutation.
Implantable cardioverter-defibrillator (ICD) was implanted
more frequently in patients with documented VT. The trig-
gers of VT and/or syncope are also shown in Table 1. Seventy-
nine percent of VT episodes occurred during sleep or at rest
in patients with documented VT (P < 0.0001 vs the patients
with syncopal episodes only and suspected NMS). On the
other hand, in patients with syncopal episodes only, 15%
of syncopal episodes occurred after urination, 21% during
standing, and 21% after drinking alcohol, which seemed to
be similar patterns in patients with suspected NMS. Based on
the clinical description of the syncopal events, 16 (84%) of
19 Brugada patients with syncopal episodes were suspected
to have NMS. Syncopal episodes seemed to be due to VT in
1 of the remaining 3 patients.

Positive Response to the Head-Up Tilt Test

Comparison of the positive responses to the HUT test be-
tween 46 patients with Brugada ECG and 20 control subjects
along with 15 patients with suspected NMS are shown in
Table 2. Sixteen (35%) of 46 patients with Brugada ECG
showed positive responses. Positive responses were devel-
oped in 1 (2%) of 46 patients during Control-Tilt and in
15 (33%) of 45 patients during NTG-Tilt, and the mixed
type was predominant (94%). In patients with Brugada ECG,
there were no significant differences in the incidence of pos-
itive responses among patients with documented VT (50%),
those with syncopal episodes only (26%), and asymptomatic
patients (31%). No significant differences were observed in
the type of positive responses between the 3 groups. The
mixed type was predominant (100%, 100%, and 75%, re-
spectively), and cardioinhibitory type was not observed in all
3 groups. Two (10%) of 20 control subjects and 10 (67%) of
15 patients with suspected NMS showed positive responses.
The HUT-positive rate was not significantly different be-
tween all 46 patients with Brugada ECG, 20 control subjects
and 15 subjects with suspected NMS (35% vs 10% vs 67%);
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TABLE 3

Comparison of Clinical Characteristics Between Head-up Tilt-Positive
Patients and Head-up Tilt-Negative Patients

HUT-Positive =~ HUT-Negative
(n=16) (n=230) P-value

Age (years) 52+ 13 50+ 14 0.58
Documented VT 7 (44) 7(23) 0.15
Syncope only 53D 14 (47) 0.49
Asymptomatic 4 (25) 9 (30) 0.99
Spontaneous type | ECG 11 (69) 18 (60) 0.79
Family history of SCD 4 (25) 8(27) 1.0

Induced VF during EPS 13/15 (87) 20726 (77) 0.72
SCNSA mutation 1(6) 3(10) 1.0

ICD implantation 14 (88) 24 (80) 0.82

Values are expressed as frequency (%). ECG = electrocardiogram;
EPS = electrophysiological study; HUT = head-up tilt test; ICD = im-
plantable cardioverter-defibrillator; SCD = sudden cardiac death; VT = ven-
tricular tachyarrhythmias; VF = ventricular fibrillation.

significantly larger in 16 HUT-positive patients than in 30
HUT-negative patients at similar heart rate (0.06 £ 0.06
mV vs —0.04 4+ 0.06 mV, P < 0.0001). No ventricular
arrhythmias were induced during the HUT test in any pa-
tients with Brugada ECG. The ST-segment augmentation
was not observed during the HUT test in any control subjects
(—0.02 £0.02 mV, P < 0.0001 vs 16 HUT-positive Brugada
patients) and patients with suspected NMS (—0.02 £ 0.04
mV, P < 0.001 vs 16 HUT-positive Brugada patients; Fig. 2).

Heart Rate Variability and ST-segment Amplitude

Positive responses during NTG-Tilt were observed in 4
(40%) of 10 patients with Brugada ECG, in 1 (11%) of 9
control subjects, and in 4 (80%) of 5 patients with suspected
NMS in whom the HRV was monitored. The autonomic ac-

A. Supine

Neurally Mediated Syncope in Brugada Syndrome 189

tivities in a representative NTG-Tilt-positive patient with
Brugada ECG and those with suspected NMS are shown
in Figure 3A and B, respectively. Before positive responses
to the HUT test, sympathetic activity (LF/HF ratio) dramat-
ically increased; and then, sympathetic withdrawal occurred
immediately. Thereafter, parasympathetic nerve activity (the
normalized unit of the HF components) gradually increased.
The similar pattern of augmented parasympathetic nerve ac-
tivity following sympathetic withdrawal during positive re-
sponses to the HUT test was observed in all 9 HUT-positive
patients. The patterns of HRV were not different among the
HUT-positive patients with Brugada ECG, the HUT-positive
control subjects, and the HUT-positive patients with sus-
pected NMS. In 3 (75%) of 4 HUT-positive patients with
Brugada ECG, the LF/HF ratio decreased and the HF com-
ponent increased gradually toward the maximum ST-segment
elevation just before and after positive response for the HUT
test (Fig. 3A), but ST-segment was decreased in patients with
NMS (Fig. 3B).

Discussion

In this study, 35% of patients with Brugada ECG showed
vasovagal responses during the HUT test regardless of the
presence VT or syncope. The HUT test was also positive in
41% among only Brugada patients with documented VT or
no symptoms. During vasovagal response, ST-segment aug-
mentation in the right precordial leads (V1-V3) was observed
in 11 (69%) of 16 HUT-positive patients with Brugada ECG,
but no ventricular arrhythmias were induced in any HUT-
positive patients.

Neurally Mediated Syncope as a Cause of Syncope
in Brugada Syndrome

Several case reports have described patients exhibiting
clinical phenotype of both Brugada syndrome and NMS. %12

E. Supine

Figure 1. Thel2-leads electrocardio-
gram (ECG) during head-up tilt test
in a representative nitroglvcerin (NTG)-
Tilt-positive patient with tvpe 1 Bru-
gada ECG at supine position (A), at
standing position (B), at early phase of
NTG-Tilt (C), at syncope (D), and at
supine position following syncope (E).
The ST-segment elevation was decreased
Sfrom 0.45 mVto 0.26 mV at early phase of
NTG-Tilt as the heart rate was increased
(C), while it was augmented to 0.38 mV
at syncope (D), and to 0.50 mV at supine
position following syncope (E).
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Figure 2. Response of the heart rate and ST-segment amplitude during the head-up tilt (HUT) test in 16 HUT-positive patients with Brugada electrocardiogram
(ECG) (A, B) and in 10 HUT-positive patients with suspected neurally mediated syncope (NMS) (C, D). At first, the passive tilt (Control-Tilt) was performed
Sor 30 minutes (0-30 minutes). When Control-Tilt was negative, nitroglycerin tilt was continued for 15 minutes (30—45 minutes). The responses of heart rate
during positive responses to the HUT test were similar in patients with Brugada ECG (A) to those in patients with suspected NMS (C). In patients with
Brugada ECG, ST-segment in lead V2 was augmented before and after positive responses to the HUT test (B), but not in those with suspected NMS (D).
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Figure 3. Autonomic responses during
head-up tilt (HUT) test. The autonomic
activities in a representative nitroglyc-
erin (NTG)-Tilt-positive patient with type
1 Brugada electrocardiogram (ECG) (A)
and those in a representative NTG-
Tilt-positive patient with suspected NMS
(B). Before tilt-induced syncope, sym-
pathetic activity (LF/HF ratio) dramat-
ically increased; and then, sympathetic
withdrawal occurred immediately. There-
after, parasympathetic nerve activity (the
normalized unit of the HF components)
gradually increased. In the HUT-positive
patient with Brugada ECG, ST-segment
augmentation in lead V2 was observed
Just before and after positive responses,
and the LF/HF ratio decreased and the
HF component increased gradually to-
ward the maximum ST-segment elevation
(A). In contrast, in the HUT-positive pa-
tient with suspected NMS, ST-segment am-
plitude in lead V2 was decreased gradu-
ally after positive responses (B).
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It is well known that the autonomic nervous system plays
an important role on the arrhythmogenesis of Brugada syn-
drome. Previous studies showed that the withdrawal of sym-
pathetic activity and the sudden rise in vagal activity was
an important triggering factor of ventricular fibrillation.'-!3
Similarly, it has been presumed that parasympathetic tone
increase during NMS events in patients with Brugada ECG.
Recent basic study showed that SCN5A, a major responsible
gene in Brugada patients, is expressed not only in the my-
ocardial cells but also in intracardiac ganglia.'® Makita et al.
also demonstrated a novel nonsense mutation in SCN5A gene
in a patient with Brugada syndrome who had been diagnosed
as NMS.!7 These results suggested that the abnormal regu-
lation or imbalance of autonomic nervous system may exist
regardless of the presence or absence of cardiac events in
patients with Brugada ECG.

ST-Segment Elevation in the Precordial Leads During the
HUT Test in Patients with Brugada ECG

In Brugada syndrome, spontaneous augmentation of ST-
segment elevation occurred along with an increase in vagal
activity, especially just before and after the occurrence of
ventricular fibrillation.'* The ST-segment elevation is also
known to be modulated by exercise,'® pharmacological in-
terventions that interact with automatic nervous activities, '’
or taking meals associated with glucose-induced insulin lev-
els.?” In this study, ST-segment augmentation in the right
precordial leads was observed just before and after posi-
tive responses to the HUT test in two-thirds (69%) of the
HUT-positive patients with Brugada ECG but only in 7% of
the HUT-negative patients. In patients with Brugada ECG,
the preceding increase of sympathetic nerve activity during
the HUT test may cause augmentation of ICa-L, resulting in
attenuation of ST-segment elevation.'” Subsequent augmen-
tation of parasympathetic nerve activity during the HUT test
may decrease of ICa-L, and increase Ito, thus augmenting
ST-segment amplitude.

Clinical Implication

The second consensus report suggested that symptomatic
patients displaying type 1 Brugada ECG (either spontaneous
or after class Ic drugs) who present with aborted sudden
death should undergo ICD implantation.® ICD implantation
is also recommended in patients with syncope, seizure, or
nocturnal agonal respiration, after noncardiac causes of these
symptoms have been carefully ruled out.® Needless to say, the
ECG recording during syncope is the only convincing way to
rule in or out VT during syncope, and only clinical judgment
can be used to guide diagnostic and therapeutic decisions.
However, in patients with Brugada syndrome, there is an
abnormal regulatory imbalance of the autonomic nervous
system that may be a common denominator to both syncope
and ventricular fibrillation.

Limitations

The control subjects were significantly younger than pa-
tients with Brugada ECG or those with suspected NMS. How-
ever, it is reported that the positive rate of NTG-Tilt in the
elderly was comparable to that seen in younger subjects.?!
Therefore, lower incidence of positive rate of the HUT test
in the control subjects than that in the other 2 groups was
not due to the relevant difference of age. The incidence of

Neurally Mediated Syncope in Brugada Syndrome 191

spontaneous type 1 ECG and the positive rate of the HUT
test are smaller in Brugada patients with syncope episodes
only than in those with documented VT or asymptomatic
patients; however, statistical significance was not observed
between the 3 groups.

Conclusions

Thirty-five percent of patients with Brugada ECG showed
vasovagal responses during the HUT test. The HUT test was
also positive in 41% among only Brugada patients with doc-
umented VT or no symptoms. During vasovagal response,
ST-segment augmentation in the right precordial leads was
observed in 69% of the HUT-positive Brugada patients, but
no ventricular arrhythmias were induced. These data suggest
that some Brugada patients have impaired balance of auto-
nomic nervous system, which may relate to their syncopal
episodes. Additional studies including a large number of sub-
jects are needed to validate our findings and possibly evaluate
the role of the HUT test in risk stratification of patients with
Brugada ECG.
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QRS Prolongation is Associated With High Defibrillation
Thresholds During Cardioverter-Defibrillator Implantations
in Patients With Hypertrophic Cardiomyopathy

Takayuki Nagai, MD; Takashi Kurita, MD; Kazuhiro Satomi, MD; Takashi Noda, MD;
Hideo Okamura, MD; Wataru Shimizu, MD; Kazvhiro Suyama, MD;
Naohiko Aihara, MD; Junjiro Kobayashi, MD*; Shiro Kamakura, MD

Background: Although high defibrillation threshold (DFT) is a major and unavoidable clinical problem after
implantation of an implantable cardioverter defibrillator (ICD), litde is known about the cause and management
of a high DFT in patients with hypertrophic cardiomyopathy (HCM). The purpose of this study was to assess the
predictors of a high DFT in patients with HCM.,

Methods and Results: Twenty-three patients with non-dilated HCM who underwent ICD implantation were
included. The DFT at the time of the device implantation was measured in all patients. The patients were divided
into 2 groups, a high DFT group (DFT 213J, n=13) and a low DFT group (DFT <15], n=10); and their baseline
characteristics were compared. The QRS duration was longer in the high than in the low DFT group (128£31 vs
103£12 ms, respectively; P=0.02). QRS duration, left ventricular (LV) end-systolic diameter, and LV ejection
fraction were significant predictors of DFT in univariate analysis. However, in multivariate analysis, the only
factor significantly associated with DFT was QRS duration (P=0.002).

Conclusions: QRS duration is the most consistent predictor of a high DFT in HCM patients undergoing ICD
implantation.  (Circ J2009; 73: 1028-1032)

Key Words: Defibrillation threshold; Hypertrophic cardiomyopathy; Implantable cardioverter defibrillator;

Cire J 2009; 73: 10281032

QRS prolongation

opathy (HCM) is at a high risk of having ventricular

tachycardia and/or ventricular fibrillation. The
implantable cardioverter-defibrillator (ICD) is widely rec-
ognized as the most effective and essential therapy for this
patient population!-? It has been demonstrated that both
approptiate and inappropriate ICD discharges are frequently
observed in HCM patients!3 and this might impair quality-
of-life as well as reduce battery longevity. Class Il antiar-
rhythmic agents such as amiodarone have the potential for
reducing ICD shocks? and might improve patients’ progno-
sis. Purthermore, class I agents are also used in HCM
patients to control atrial fibrillation or reduce the pressure
gradient in the left ventricular (LV) outflow tract or mid-
ventiicle when an obstruction is present>~7 The combined
use of antiarrhythmic agents and an ICD in patients with
HCM, and the larger volume of myocardium (caused by
hypertrophy of the left ventricle) might result in a high
defibrillation threshold (DFT). However, the predictors of
a high DFT in patients with HCM have not been fully char-
acterized. Thus, the purpose of this retrospective study was

s; subgroup of patients with hypertrophic cardiomy-
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to evaluate the factors causing a high DFT in patients with
HCM and ventricular tachycardia/ventricular fibrillation.

Methods

Study Subjects

The study population consisted of 23 consecutive patients
with an established diagnosis of HCM who underwent initial
implantation of an ICD with a standard transvenous lead
system at the National Cardiovascular Center from 1997
through to 2005. ICDs were implanted for secondary pre-
vention in 20 of 23 patients, defined by clinical sustained
ventricular tachyarrhythmia or resuscitation from sudden
cardiac death. HCM was diagnosed on the basis of echo-
cardiographic criteria defined as the presence of LV hyper-
trophy in the absence of other causes of hypertrophy. These
patients also met the definition and classification proposed
by the 1995 World Health Organization/International Society
and Federation of Cardiology Task Force$ All defibrillation
leads were implanted by a left cephalic vein cutdown and
positioned in the right ventricular apex. No patient had any
prior pacemaker implantation, and 2 had permanent atrial
fibrillation. Patients who were diagnosed with HCM who
progressed to a dilated phase of HCM were excluded from
the study.

ICD Implantation and DFT Testing

The following ICD models were implanted: 7220C (n=
1), 7223Cx (n=6), 7227Cx (n=2), 7229Cx (n=5), 7271Cx
(n=1), and 7273Cx (n=5), manufactured by Medtronic, Inc
(Minneapolis, MN, USA); and the 1861 (n=3) manufac-
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Table 1. Patient Characteristics
Defibrillation threshold
Pvalue
<157 (n=10) 2151 (n=13)
Gender (M/F) /3 9/4 NS
Age, years 52118 54116 NS
Height, cm 16348 16248 NS
Body weight, kg 55+9 5927 NS
QRS duration, ms {03£12 128431 0.02
LV ejection fraction, % 68+16 58+10 0.09
Defibrillation threshold, J 10+0.4 1845 0.0001
Antiarrhythmic agents, n (%) 3(30) G (46) NS
Amiodarone, n (%) 2(20) 4(31) NS
Disopyramide, n (%} 1 (1) 1(8) NS
Mexiletine, n (%) 00 2(15) NS
Single coil Jead system, n (%) 9 (90) 8 (62) NS
Data are meant SD.
NS, not significant: LV, left ventricular.
Table 2.  Echocardiographic Measurements
Defibrillation threshold
P value
<15] (n=10) 215] (n=13)
LV end-diastolic diameter, mm 3946 4246 NS
LV end-systolic diameter, mm 2256 2645 0.048
Interventricular septal thickness, mm 1745 1816 NS
LV posterior wall thickness, mm 1343 1448 NS
LV mass, g 286+124 369211 NS
LV mass index, g/m? 178+64 2274126 NS

Data are meantSD.
Abbreviations see in Table 1.

tured by Guidant Corp (St. Paul, MN, USA). All ICD
systems used biphasic waveforms. A single-coil transve-
nous lead system was utilized in 17 patients and a dual-coil
system was used in 6 patients. All implant procedures were
performed under general anesthesia using propofol in the
operating room. At the end of the ICD implantation after
ventricular fibrillation was induced using a T-wave shock or
50-Hz burst pacing, DFT was measured using a step-down
method from an initial delivered energy of 157 with decre-
ments of 53910 If the initial 15 shock failed, the energy was
increased in 571 steps until defibrillation was successful. A
S-min interval was allowed between inductions and defi-
brillations of ventricular fibrillation. The DFT was defined
as the lowest delivered energy shock that resulted in a suc-
cessful defibrillation. According to the mean value of DFT
(14x57), the patients were classified into 10 patients with a
low DFT (<15]) and 13 patients with a high DFT (=15]).

Variables Assessed

The following variables were used for analysis: sex, age,
height, body weight, QRS duration, L'V ejection fraction
quantified by radionuclide ventriculography or LV cinean-
giography, the use of amiodarone or class I antiarrhythmic
drugs, utilization of a single-coil transvenous lead system,
echocardiographic parameters including the LV end-dia-
stolic and end-systolic diameters, interventricular septal
thickness, LV posterior wall thickness, LV mass calculated
from echocardiographic data by standard formulas!!-!2 and
LV mass index (dividing the L'V mass by the body surface
area). The QRS duration was defined as the maximal QRS
length in any lead measured manually from the first to the
last sharp deflection crossing the isoelectric line using
standard resting 12-lead ECG (sweep speed, 25mm/s and
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1 mV/cm standardization). The average values of QRS dura-
tion that were obtained from 2 independent investigators
blinded to each other’s results were used (interobserver
correlation for QRS duration was 0.941).

Statistical Analysis

The results are presented as percentages or the mean+ 8D,
as appropriate. Several parameters in the 2 groups were
compared with an unpaired Student’s t-test. Categorical
variables were compared using a Fisher’s exact test. Linear
regression analysis was used to determine the relationship
between DFT and QRS duration. The variables with a P
value <0.10 were entered into a multiple hnear regression
analysis to identify the independent predictors of DFT. The
level of statistical significance was set at a P value <0.05.

Results

Twenty-three patients (16 men; mean age 5317 years,
range 1677 years) were included in the analysis. None of
the patients had any extreme hypertrophy (230mm), and 4
patients were found to have significant LV outflow obstruc-
tion (=30mmHg) at rest by continuous Doppler echocar-
diography. The mean LV ejection fraction was 62+13%.
Indications for an ICD implantation were primary preven-
tion in 3 patients, ventricular tachycardia in 4 patients and
aborted sudden cardiac death in 16 patients. At the time of
device implantation, 6 patients were being treated with
amiodarone (200mg/day), 2 with sotalol and 4 with class |
antiarrhythmic agents (disopyramide and mexiletine). No
patient showed evidence of abnormalities in serum electro-
Iyte concentrations and/or in acid-base equilibrium at the
device implantation stage.
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The ICDs were implanted without any complications,
and the induction and termination of the ventricular fibril-
lation were successful in all patients. The DFT (energy
delivered) ranged from 10J to 31J (10 patients, 10-14];
9 patients, 15-197; 2 patients, 20-247J; 2 patients, 25-31J).
The DFTs in patients treated with amiodarone (6 patients),
combined amiodarone and a class 1 anttarthythmic agent
(mexiletine) (1 patient), class I antiarrhythmic agents (3
patients), and sotalol (2 patients) were 16£9], 15], 17£7],
and 13+3J, respectively. An unacceptably high DFT (225])
was obtained in 2 patients who were receiving amiodarone
(1 patient, 200mg/day) or mexiletine (1 patient, 450mg/day)
at the time of the implantation (these 2 patients were included
in the high DFT group). However, the DFT in these 2 patients
decreased to a level with a 10T safety margin between the
maximum shock energy of the ICD and the DFT after cessa-
tion of amiodarone (21J) or mexiletine (20]). Therefore,
none of the patients required any additional use of a subcu-
taneous array or patch.

The baseline characteristics and echocardiographic mea-
surements for the 2 groups are listed in Tables 1 and 2,
respectively. The QRS duration was significantly longer in
patients with a high than with a low DFT (128+31 vs 103%
12 ms, respectively; P=0.02). There was a trend toward a
fower LV ejection fraction in the patients with a high DFT
(P=0.09). The use of amiodarone and/or class I antiarrhyth-
mic drugs did not differ between the 2 groups. As shown in
Table 2, the LV end-systolic diameter was significantly
smaller in those patients with a low than with a high DFT
(2246 vs 265 mm, respectively; P=0.048). The LV mass
and mass index exhibited no statistically significant differ-
ence between the 2 groups.

The QRS duration demonstrated a modest positive cor-
relation with the DFT at the time of device implantation (x=
0.75, P<0.0001) for the group as a whole (Figure). A multi-
variate analysis was performed on the 3 variables that had a
P value <0.10 in the univariate analysis: QRS duration, LV
end-systolic diameter, and L'V ejection fraction. This analy-
sis showed that QRS duration was the only independent
predictor of DFT (P=0.002).

Discussion
In this study, we identified QRS duration as the only

200
Figure. Relationship between QRS duration and
DFT. The QRS duration demonstrated a modest posi-

tive correlation with the DFT at the time of the device
implantation. DFT, defibrillation threshold,

variable that was associated with a high DFT at the time of
ICD implantation in patients with HCM. To the best of our
knowledge, this is the first report to investigate the associa-
tion between QRS duration and DFT in patients with HCM.
Because of the pro-archythmic and/or negative inotropic
effects of class I antiarrhythmic agents, the use of these
drugs in patients with depressed LV function is contraindi-
cated. Furthermore, class Ia antiarthythmic drugs such as
disopyramide or cibenzoline might lead to a rise in DFT by
producing a wider zone between the resting membrane
potential and threshold potential!? However, class Ia antiar-
rhythmic agents have been regarded as part of the standard-
ized therapy, not only for reducing LV pressure gradients>-7
in patients with obstructive HCM, but also for improving
LV diastolic dysfunction even in patients with non-obstruc-
tive HCM14.15 Therefore, it is even more important to predict
an increase in DFT before ICD implantation in patients
with HCM. Previous studies have described several clinical
factors that are associated with a high DFT, such as LV
dilatation!® body sizel6 decreased LV ejection fraction)?
administration of antiarrhythmic drugs (class I; flecainide)®
mexiletine!?20 ete, class T; amiodarone?™-23), myocardial
ischemia2+27 the ventricular fibrillation duration28.2 and
LV massZ33031 Among these factors possibly associated
with high DFTs, only the LV ejection fraction was found to
be a univariate predictor of a high DFT in the present study.
This might be because HCM exhibits a unique structural and
electrophysiologic substrate in the myocardium. Almquist
et al reported that extreme LV hypertrophy (wall thickness
>45 mm} and the administration of amiodarone were related
to a high DFT in patients with HCM32 The LV mass index
was slightly larger in the high than in the Jow DFT group in
spite of the absence of any extreme LV hypertrophy in our
series. Although this result was not statistically significant
because of the small sample size, this suggests that a larger
LV mass might increase the DFT.

QRS Duration and DFT

Although 2 published studies have shown an association
between QRS duration and DFT, QRS duration was not an
independent predictor of DFT in multivariate analysis!630
However, those study populations included mainly ischemic
heart disease patients. This is the first study to investigate
the association between QRS duration and DFT in patients

Ciradlation Journal Vel 73, June 2009
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with HCM. Dhingra et al showed that QRS duration was
positively related to LV mass and dimensions in individuals
free of heart failure and myocardial infarction?? However,
there was no significant association between QRS duration
and LV mass in our subjects. Asymmetric L'V hypertrophy,
which is frequently observed in HCM, might make it diffi-
cult to precisely evaluate LV mass in the clinical setting.
This might be a possible explanation for our observed data.

Study Limitations

The results presented here must be viewed as preliminary
as they are based on experience in a single center and in a
small number of patients. Furthermore, this study was con-
ducted retrospectively. In addition, we did not have any
follow-up data on DFT after device implantation. All patients
underwent the implantations under general anesthesia using
propofol, as described above, which might have elevated
the DFT¥ Thus, it is possible that the DFT in the operating
room differed from that in the clinical setting. A further
major limitation is the absence of a uniform strategy for the
selection of lead systems and antiarthythmic agents that
could affect the DFT. Finally, 2 patients in this study who
had unacceptably high DFTs obtained a 10-J safety margin
after cessation of antiarrhythmic agents. Moreover, not all
patients taking antiarrhythmic agents at the ICD implanta-
tion had their DFTs measured after discontinuation of anti-
arrhythmic agents. We report here that the QRS prolonga-
tion was associated with a high DFT at the time of ICD
implantation in patients with HCM, leaving doubt as to how
much the antiarrhythmic agents would affect high DFT and
QRS prolongation. Additional studies in a larger patient
population are needed to determine the irapact of QRS
duration on DFT, as well as the influence of antiarrhythmic
agents on DFT, and the long-term consequences of an ele-
vated DFT in HCM patients.

Clinical Implications

In patients with HCM, the presence of a QRS prolonga-
tion on the 12-lead ECG should raise concern about a high
DFT at the time of ICD implantation, and those patients
should be started at a higher energy level for DFT measure-
ments using a high-output device to obtain an adequate
safety margin for defibrillation. In the patients who have
already been implanted with an ICD, antiarrhythmic agents,
which might cause a high DFT, should be prescribed very
carefully. Moreover, when QRS prolongation is present
before drug administration, DFT testing is warranted after
the initiation of drug therapy.

Conclusion

The present report revealed an association between the
QRS duration and DFT at the time of ICD implantation in
patients with HCM. This might provide an important insight
into the link between simple 12-lead ECG markers and the
energy requirements for successful defibrillation in patients
with HCM.
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Background: Magnetocardiography (MCG) is a new technique for visualizing a current distribution in
the myocardium. In recent years, current distribution parameters (CDPs} have been developed based on the
distribution. The CDPs reflect spatial-time current abnormalities in patients with coronary heart disease
{CHD). However, the criteria and scoring method of the abnormalities using CDPs are still controversial.

Method: We measured MCG signals for 101 normal controls and 56 CHD patients (single-, double-,
and triple-vessel diseases} using a MCG system. The CDPs (maximum current vector [MCV], total current
vector [TCV], current integral map, and current rotation) during ventricular repolarization were analyzed.
To evaluate the CDPs that are effective in distinguishing between normal controls and CHD patients, the
areas under the receiver operating characteristic curve (A;) are calculated. Furthermore, the total scores
(“0” to “4”) of four CDPs with high A, values are also calculated.

Results: MCV and TCV angles af the T-wave peuk had the highest A, value. Furthermore, TCV angular
differences between the ST-T segment also had high A, values. Using the four CDPs, the averaged total
score for patients with triple-vessel disease was the highest (“2.67”) compared to the other groups {(normal
controls: 0.53). Furthermore, based on the assumption that subjects with a total score over “1” were
suspected of having CHD, sensitivity and specificity were 85.7% and 74.3%, respectively.

Conclusion: We concluded that the score and criteria using MCV and TCV during repolarization in
CHD patients can reflect lesion areas and time changes of electrical activation dispersion due to ischemia.

(PACE 2008; 32:516-524)

magneticardiogram, coronary heart disease, cardiac electrical current

Introduction

The number of people throughout the world
who die each year from coronary heart disease
(CHD) is about 7 million and counting.! In Japan,
more than 70,000 people have died of CHD, and
this number has remained steady for the last
decade.? Under the circumstances, several types
of medical equipment that allow early diagnosis
of CHD have been developed.3-'#

The exercise-induced electrocardiogram
(ECG)*S with treadmill and ergometer exercise
test helps to diagnose and assess the severity of
CHD. This device can detect abnormal electrical
potential changes in an exercise examination.
Therefore, exercise-induced ECG is prevalent in
an initial evaluation when CHD is suspected.
However, some problems with this method in-
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clude the burden on patients and the long time
required for measurement.

The magnetocardiogram (MCG) is a new med-
ical device that measures the weak magnetic field
generated by the ionic current in the human
heart.®! It is a noninvasive technique that in-
volves no contact with the human body. The MCG
remains largely unaffected by other organs because
permittivity of the human body is relatively con-
stant. Therefore, the MCG is expected to be a use-
ful system to detect the imperceptible changes in
cardiac electrical activation that are caused by var-
ious heart diseases.

Some clinical research has been done based
on magnetic field parameters (MFPs), which are
calculated from MCG signals.’®13 These MFPs are
obtained from coordinates and amplitudes of max-
imum and minimum magnetic fields during the
veniricular repolarization phase. Park et al. exam-
ined four MFPs during the ST to T-wave peak for
185 patients with ischemic syndrome.!? Tolstrup
et al. examined seven MFPs during the ST-T seg-
ment for 125 patients with chest pain.’® These ex-
aminations showed that an MCG test using MFPs
had high sensitivity and specificity for detection
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