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Severe left ventricular dysfunction or cardiac sympathetic nervous
system (SNS) abnormality predicts cardiac death in various heart
diseases, including arrhythmogenic disorders. However, it is not
clear whether SNS abnormality predicts sudden cardiac death
during long-term follow-up in patients with a history of ventricular
tachyarrhythmia. We hypothesized that SNS abnormality would
be associated with recurrent ventricular arrhythmic events.
Methods: 123I-metaiodobenzylguanidine (MIBG) scintigraphy
was performed on 86 patients (mean age 6 SD, 46 6 19 y,
65.1% men) with a history of ventricular tachycardia or fibrillation.
123I-MIBG (111 MBq) was intravenously administered under rest-
ing conditions, and planar images were obtained 15 min and 4 h
later (anterior view for 6 min; 512 · 512 matrices; zoom ratio,
1.0). SNS activity was assessed using the heart-to-mediastinum
ratio on delayed imaging. Results: During about 11 y of follow-
up (mean 6 SD, 5.2 6 3.7 y), 3 patients (3.5%) had sudden cardiac
death and 21 patients (24.4%) had sustained ventricular tachy-
arrhythmic events. SNS abnormality, defined as a heart-to-
mediastinum ratio of less than 2.8, and left ventricular dysfunction,
defined as a left ventricular ejection fraction of less than 50%,
were associated with sudden cardiac death or recurrent ventricu-
lar tachyarrhythmic events (18/40 patients [45%] with SNS abnor-
mality, vs. 6/46 patients [13%] without, P 5 0.004; 9/15 patients
[60%] with left ventricular dysfunction, vs. 15/71 patients
[21.1%] without, P 5 0.008). After adjustment for potential con-
founding variables such as age, sex, coronary risk factors, medi-
cation use, history of structural heart disease, and left ventricular
function, SNS abnormality was a powerful predictor of recurrent
arrhythmic events, with a hazard ratio of 3.6 [95% confidence in-
terval, 1.4–9.2, P 5 0.007]). Further, SNS abnormality had incre-
mental and additive prognostic power in combination with left
ventricular dysfunction, with an adjusted hazard ratio of 4.4
[95% confidence interval, 1.9–9.9, P , 0.0001]). Conclusion:
SNS abnormality predicted recurrent ventricular tachyarrhythmic
events during long-term follow-up. 123I-MIBG scintigraphic evalu-

ations for SNS abnormality may be an option for screening pa-
tients at high risk for sudden cardiac death.

Key Words: ventricular tachyarrhythmia; sympathetic nervous
system; long-term prognosis; scintigraphy; sudden cardiac
death

J Nucl Med 2009; 50:61–67
DOI: 10.2967/jnumed.108.055194

Severely depressed left ventricular ejection fraction (LVEF)
is a powerful predictor of sudden cardiac death (1–7), and
based on the guideline of the American College of Cardiol-
ogy, American Heart Association, North American Society for
Pacing and Electrophysiology, and European Society of
Cardiology, prophylactic implantation of a cardioverter defi-
brillator (ICD) is recommended in patients with ventricular
tachycardia (VT) or fibrillation (VF) who have severe left
ventricular dysfunction (3,6). Further, patients with ventricular
tachyarrhythmia in an apparently normal heart or a heart
with slight left ventricular dysfunction but no structural
heart disease may also have a high risk of sudden cardiac
death (8,9).

An association between autonomic dysfunction and a pro-
pensity toward VF during acute myocardial ischemia were
first demonstrated in 1982 (10), and impaired autonomic
nerve activity has been reported to be a powerful predictor of
mortality using heart rate recovery at physical exercise (11),
baroreflex sensitivity (12), or 123I-metaiodobenzylguanidine
(MIBG) scintigraphy (1). The role of cardiac sympathetic
nervous system (SNS) abnormality has been demonstrated
using 123I-MIBG scintigraphy in patients with ventricular
tachyarrhythmia (13,14), and SNS abnormality has been
reported to have significance in several heart diseases,
including arrhythmogenic disorder (14–18). We hypothesized
that SNS abnormality would be associated with recurrent
ventricular arrhythmic events during long-term follow-up.
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MATERIALS AND METHODS

Study Population
We studied patients with suspected ventricular tachyarrhythmia

who were admitted between December 1994 and February 2007 at
Showa University Hospital. The condition of ventricular tachyar-
rhythmia was diagnosed on the basis of documented VT or VF by
ambulance monitoring (usually 3-lead echocardiography), 12-lead
electrocardiography, or Holter monitoring. Ventricular tachyar-
rhythmia was diagnosed as nonsustained VT (3 or more consec-
utive extrasystoles) or sustained VT or VF (continual VT for at
least 30 s). 123I-MIBG scintigraphy was performed during stable
sinus rhythm to assess SNS activity. Structural heart diseases such
as ischemic heart disease, dilated or hypertrophic cardiomyopathy,
and arrhythmogenic right ventricular dysplasia were diagnosed by
echocardiography, myocardial perfusion scintigraphy, coronary
angiography, MRI, or left ventricular myocardial biopsy before
the 123I-MIBG study. Further, patients with ischemic heart disease
were reperfused no more than 6 mo before the time of study entry
and were confirmed not to have transient and persistent ischemia
on stress myocardial perfusion scintigraphy at the time of study
entry. A genetic arrhythmogenic disorder such as Brugada syn-
drome or QT prolongation syndrome was diagnosed by family
history, 12-lead electrocardiography at rest and at exercise, or
genetic analysis. LVEF was measured by 2-dimensional echocar-
diography within 1 mo before the 123I-MIBG study. All patients
gave written informed consent before this study, and the protocol
was approved by our Institutional Review Board. Prospectively
collected data included demographics, existing medical diagnoses,
symptoms, risk factors for cardiovascular disease, medications,
previous cardiac procedures, and a prior history of cardiac events.
Finally, 86 patients (mean age 6 SD, 46 6 19 y; 65.1% men) with
a history of ventricular tachyarrhythmia (VF, 13 patients; sus-
tained VT, 41 patients; and nonsustained VT, 32 patients) were
recruited into this study and were prospectively followed to
investigate SNS abnormality as a predictive marker of sudden
cardiac death. Of those, 23 patients had a history of structural
heart disease (7 patients with ischemic heart disease, 11 patients
with dilated cardiomyopathy, 4 patients with hypertrophic cardio-
myopathy, and 1 patient with arrhythmogenic right ventricular
dysplasia) and 9 patients had a genetic arrhythmogenic disorder (1
patient with Brugada syndrome, 1 patient with QT prolongation
syndrome, and 7 patients with familial arrhythmia).

123I-MIBG Scintigraphic Imaging
From 1 d before to 1 d after the study, 1 mg of potassium iodine

was given orally to block thyroid uptake of 123I-MIBG. 123I-MIBG
scintigraphy was performed during sinus rhythm, not tachyar-
rhythmia. 123I-MIBG (111 MBq) was injected intravenously (Dai-ichi
Radioisotope Laboratory) and flushed with normal saline solution.
Myocardial images were acquired using a standard-field g-camera
equipped with a medium-energy, parallel-hole collimator (Prism
2000XP; Picker). A 20% window centered at 159 keV was used.
Patients were positioned supine, and anterior-view planar imaging of
the chest was performed for 6 min. Identical acquisitions were obtained
15 min after tracer injection (early images) and 4 h after tracer injection
(delayed images). Images were acquired using 512 · 512 matrices and
a 1.0 zoom ratio on an Odyssey computer (Philips Co.) for later
analysis. Left ventricular MIBG activity was measured using a man-
ually drawn region of interest around the left ventricular myocardium
(19). A 20 · 20 pixel region of interest was placed over the upper

mediastinum. To evaluate the myocardial accumulation of MIBG, we
calculated the heart-to-mediastinum (H/M) activity ratio from delayed
images obtained 4 h after injection of the tracer (Fig. 1) (19).

Endpoint
The mean follow-up time was 5.2 6 3.7 y, through February 2007

(up to 11.8 y). The primary endpoint of this study was the occurrence
of sustained VTor VF; sudden cardiac death, that is, death within 1 h
after the onset of symptoms in a previously medically stable patient;
death during sleep; or unwitnessed death confirmed by dedicated
research personnel using a scripted review of the medical record,
telephone interview, or record of stored ICD electrograms.

Statistical Analysis
For descriptive purposes, the patients were divided into 2

groups based on SNS activity at the time of study entry or
ventricular arrhythmic events during follow-up. Continuous var-
iables are presented as mean 6 SD. Differences between groups
were tested using ANOVA, the post hoc test, or the x2 test, as
appropriate. Further, the Mantel–Haesnzel test was used to inves-
tigate whether significant differences remained after adjusting for
covariates. Receiver-operating-characteristic analysis was per-
formed to define thresholds for prognostic markers; this analysis
provided optimal sensitivity and specificity in predicting long-
term prognosis. Thresholds were obtained by minimizing the
expression (1 2 sensitivity)2 1 (1 2 specificity)2 (20). When
considered as a dichotomous variable, SNS abnormality was
defined as an H/M ratio of less than 2.8 (Fig. 2). The associations
between prognostic markers and mortality were formally tested
by construction of the Kaplan–Meier curve (21) and the Cox
proportional-hazards model (22). The final multivariate Cox
regression model was built by a stepwise procedure. All variables
considered to possibly affect arrhythmic events were entered
stepwise into a program to analyze for the best possible discrim-
ination between the 2 groups. At each step, a single additional
variable was entered into the set of discriminating variables. The
first variable (the H/M ratio) was the most powerful differentiating
dimension, but later variables represented additional significant
dimensions of differentiation. The variables entered were selected
on the basis of minimizing the overall Wilks l, a generalized
measure of distance. The statistical analysis was done using SPSS
for Windows, version 11 (SPSS Inc.).

FIGURE 1. Typical cardiac 123I-MIBG scintigraphy in pa-
tients with normal SNS (A) and abnormal SNS (B). (A) A 39-y-
old woman with VF who had shown normal SNS activity with
H/M ratio of 3.5 did not afterward have tachyarrhythmic
event. (B) A 34-y-old man with VF who had shown abnormal
SNS activity with lower H/M ratio of 1.81 then had recurrent
tachyarrhythmic event. Ovals indicate region of interest on
cardiac area.
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RESULTS

Forty patients had SNS abnormality, defined as an H/M ratio
of less than 2.8 (Table 1). There were no significant differences
in age, sex, history of structural heart disease, or cardiovascu-
lar risk factors between patients with and without SNS
abnormality. H/M ratio was similar among the various types
of ventricular arrhythmia at the time of study entry (VF, 2.6 6

0.7; sustained VT, 2.8 6 0.5; and nonsustained VT, 2.8 6 0.7,
P 5 not significant). The patients with SNS abnormality were
more likely to have a history of arrest or syncope than were the
patients without SNS abnormality (P , 0.05). LVEF was
significantly lower in patients with SNS abnormality than in
patients without SNS abnormality (P , 0.01).

Over 11 y of follow-up, 3 patients had sudden cardiac death
(3.5%) and 21 patients had sustained ventricular tachyar-
rhythmic events (24.4%). Of the 3 patients with sudden cardiac
death, 2 had a history of nonsustained VT at the time of study
entry, and 1 had a history of sustained VT. One patient with
sudden cardiac death had a history of dilated cardiomyopathy
with 41% of LVEF, and he refused ICD. On the other hand, of
13 patients with a history of VF at the time of study entry, 9
received an implanted ICD after study entry, and 7 had
recurrent VF during follow-up.

There was no significant difference in age, sex, or coronary
risk factors between patients with and without recurrent
ventricular arrhythmic events (Table 2). Forty-four patients
(51.2%) had a cardiovascular process (23 patients with struc-
tural heart disease, 9 patients with a genetic disorder, and 12
patients with hypertension or diabetes mellitus), and 42
patients did not have a cardiovascular process (idiopathic).
The patients with a cardiovascular process were more likely to
have arrhythmic events (17 patients [38.6%] vs. 7 patients
[16.7%], P 5 0.023) than were the patients without a cardio-
vascular process. In particular, a history of structural heart
disease was associated with events (P 5 0.013) (Table 2). Of
11 patients with dilated cardiomyopathy, 7 patients had
recurrent ventricular arrhythmic events, including 1 patient
with sudden cardiac death. On the other hand, of 4 patients
without recurrent arrhythmic events, 1 patient died of brain

FIGURE 2. Receiver-
operator characteristic
curve comparing sensitiv-
ity and specificity of H/M
ratio for predicting sud-
den cardiac death or ven-
tricular tachyarrhythmic
events. Optimal thresh-
olds for prediction of H/M
ratio were 2.78 (sensitivity
of 0.75 and specificity of
0.645, P 5 0.001).

TABLE 1. Cardiac SNS Abnormality in Patients with History of Ventricular Tachyarrhythmia

SNS activity

Variable
Abnormal (H/M ratio , 2.8)

(n 5 40)
Normal (H/M ratio $ 2.8)

(n 5 46) P

Age (y) 48 6 19 44 6 20 NS
Female 10 (25%) 20 (43.5%) NS

VF 8 (20%) 5 (10.9%) NS

Sustained VT 19 (47.5%) 22 (47.8%) NS

Nonsustained VT 13 (32.5%) 19 (41.3%) NS
Chief complaint

Arrest or syncope 18 (45%) 10 (21.7%) 0.022

Palpitation 15 (37.5%) 22 (47.8%) NS

No symptom 4 (10%) 8 (17.4%) NS
History of diabetes 4 (10%) 4 (8.7%) NS

History of hypertension 10 (25%) 8 (17.4%) NS

History of hyperlipidemia 3 (7.5%) 4 (8.7%) NS
Structural heart disease 14 (35%) 9 (19.6%) NS

Ischemic heart disease 2 (5%) 5 (10.9%) NS

Dilated cardiomyopathy 8 (20%) 3 (6.5%) NS

Hypertrophic cardiomyopathy 4 (10%) 0 0.028
Arrhythmogenic right ventricular dysplasia 0 1 (2.2%) NS

Genetic arrhythmogenic disorder 2 (5%) 7 (15.2%) NS

Congestive heart failure 5 (12.5%) 2 (4.3%) NS

Positive signal-averaged electrocardiography 11 (27.5%) 9 (19.6%) NS
LVEF (%) 54.5 6 12.4 61.8 6 9.4 0.003

Cardiothoracic ratio (%) 46 6 6.4 45.5 6 5.5 NS

NS 5 Not significant.

Positive signal-averaged electrocardiography was defined by guideline of American Heart Association/American College of Cardiology.

Cardiothoracic ratio was measured by chest radiography.
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carcinoma during follow-up, but the other 3 patients survived
without heart failure during follow-up.

Antiarrhythmic drugs were started at the time of study
entry, after diagnosis of ventricular arrhythmia. Sudden car-
diac death or recurrent arrhythmic events occurred during
follow-up in 10 of 24 patients (41.7%) who were using a
b-blocker, 3 of 11 patients (27.3%) who were using
sodium channel blockers, and 5 of 11 patients (45.5%)
who were using amiodarone. Antiarrhythmic drugs had
been used in 17 of 24 patients (70.8%) with recurrent
tachyarrhythmic events, compared with 24 of 62 patients
(38.7%) without events (P , 0.01), but the patients with a
history of structural heart disease had a greater tendency
to be using these drugs (17 of 23 patients [73.9%] with a
history of structural heart disease, vs. 24 of 63 patients
[38.1%] without, P , 0.005). After adjusting for a history of
structural heart disease, we found that the use of antiarrhythmic
drugs was not associated with arrhythmic events. An ICD had
been implanted in 11 of 17 patients (64.7%) with recurrent
ventricular tachyarrhythmic events during follow-up, but here,
too, we found no significant difference after adjusting for a
history of structural heart disease.

When considered as a dichotomous variable, SNS ab-
normality was associated with sudden cardiac death or
recurrent ventricular tachyarrhythmic events (P 5 0.002)
(Fig. 3). Left ventricular dysfunction, defined as an LVEF
of less than 50% (the optimal threshold for the prediction

based on receiver-operator-characteristic analysis), was also
associated with arrhythmic events (P 5 0.006) (Fig. 4). On
univariate Cox proportional-hazards analysis, SNS abnor-
mality, left ventricular dysfunction, or a history of structural
heart disease was a powerful predictor of long-term progno-
sis in each (Table 3). SNS abnormality was associated with
arrhythmic events with a hazard ratio of 9.4 (95% confidence
interval, 1.1–74; P 5 0.033) even if only patients with
structural heart disease were considered. Further, patients
with both SNS abnormality and left ventricular dysfunction
were more likely to have arrhythmic events than were
other patients (9 of 12 patients [75%] vs. 15 of 74 [20.3%])
(Table 3; Fig. 5). SNS abnormality had incremental and
additive prognostic power in combination with left ventric-
ular dysfunction (Table 3). In a multivariate Cox regression

TABLE 2. Long-Term Prognosis in Patients with History of Ventricular Tachyarrhythmia

Sudden death or ventricular arrhythmic event

over 11 y of follow-up

Variable Events (n 5 24) No events (n 5 62) P

Age (y) 51 6 18 44 6 20 NS
Female 7 (29.2%) 23 (37.1%) NS

VF 7 (29.2%) 6 (9.7%) NS

History of diabetes 3 (12.5%) 5 (8.1%) NS

History of hypertension 6 (25%) 12 (19.4%) NS
History of hyperlipidemia 2 (8.3%) 5 (8.1%) NS

Structural heart disease 11 (45.8%) 12 (19.4%) 0.013

Ischemic heart disease 1 (4.2%) 6 (9.7%) NS

Dilated cardiomyopathy 7 (29.2%) 4 (6.5%) 0.005
Hypertrophic cardiomyopathy 2 (8.3%) 2 (3.2%) NS

Arrhythmogenic right ventricular dysplasia 1 (4.2%) 0 NS

Genetic arrhythmogenic disorder 4 (16.7%) 5 (8.1%) NS

Congestive heart disease 4 (16.7%) 3 (4.8%) NS
H/M ratio 2.3 6 0.6 3.0 6 0.5 ,0.0005

LVEF (%) 53.4 6 15.4 60.3 6 8.9 0.012

Cardiothoracic ratio (%) 47 6 6.7 45.2 6 5.6 NS
Use of b-blocker 10 (41.7%) 14 (25.6%) NS

Use of calcium channel antagonist 3 (12.5%) 13 (21%) NS

Use of angiotensin-converting enzyme inhibitor 9 (37.5%) 14 (22.6%) NS

Use of sodium channel blockers 3 (12.5%) 8 (12.9%) NS
Use of amiodarone 5 (20.8%) 6 (9.7%) NS

Catheter ablation 6 (25%) 19 (30.6%) NS

NS 5 not significant.

Cardiothoracic ratio was measured by chest radiography.

FIGURE 3. Kaplan–Meier
survival curves of sudden
cardiac death or ventricu-
lar tachyarrhythmic event-
free survival according to
cardiac SNS abnormality
(H/M ratio , 2.8). Over
11 y of follow-up, SNS
abnormality was predic-
tive of sudden cardiac
death or ventricular ar-
rhythmic events.
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model analysis, SNS abnormality remained independently
predictive of sudden cardiac death or ventricular tachyarrhyth-
mic events, with a hazard ratio of 3.6 (95% confidence interval,
1.4 – 9.2; P 5 0.007) after adjusting for age, sex, coronary risk
factors, symptoms, LVEF, history of structural heart disease,
and medication use. A combination of SNS abnormality and
left ventricular dysfunction was a more powerful predictor of
recurrent ventricular tachyarrhythmic events, with a hazard
ratio of 4.4 (95% confidence interval, 1.9–9.9; P , 0.0001)
after adjusting for potential confounding variables.

DISCUSSION

Our major finding was that SNS abnormality predicted
sudden cardiac death or recurrent ventricular tachyarrhythmic
events in patients with a history of ventricular tachyarrhythmia.
Further, SNS abnormality had incremental and additive prog-
nostic power when combined with left ventricular dysfunction.

SNS Abnormality in Patients with a History of Ventricular
Arrhythmia

Since Schwartz et al. (10,23) reported a direct association
between autonomic dysfunction and a propensity toward VF

during acute myocardial ischemia, a wealth of evidence has
supported the widely held belief that SNS activity partici-
pates in the genesis of ventricular tachyarrhythmia and
sudden cardiac death (24) because of potentially proarrhyth-
mic electrophysiologic effects caused by catecholamine (25).
Recently, SNS abnormality has been described for ventric-
ular tachyarrhythmia associated with myocardial ischemia,
infarction (26), dilated and hypertrophic cardiomyopathy
(27), and heart failure (1). When compensatory support is
needed to meet the demands of organ perfusion due to
reduced myocardial contractility or hemodynamic overload
by structural heart diseases, the cardiac adrenergic system
becomes maladaptive and can cause the change that increases
susceptibility to ventricular tachyarrhythmia (24). Kimura
et al. (28) suggested that mechanical stretching or a pressure
overload into the heart in various heart diseases not only
causes sympathetic hyperinnervation but also results in
rejuvenation (hyperplasia, reduced norepinephrine uptake,
reduced norepinephrine synthesis, and fetal gene expression)

TABLE 3. Prediction of Long-Term Prognosis According to Univariate Analysis

Sudden death or ventricular
arrhythmic events over 11 y

of follow-up

Variable Present Absent
Hazard ratio, with

95% CI x2 P

H/M ratio , 2.8 18/40 (45%) 6/46 (13%) 4 (1.6–10) 8.5 0.004
LVEF , 50% 9/15 (60%) 15/71 (21.1%) 1.6 (1.3–7) 6.9 0.008

H/M ratio , 2.8 and LVEF , 50% 9/12 (75%) 15/74 (20.3%) 4.4 (1.9–9.9) 12.1 ,0.0001

History of dilated cardiomyopathy 7/11 (63.6%) 17/75 (22.7%) 2.8 (1.2–6.8) 5.3 0.021

History of structural heart disease 11/23 (47.8%) 13/63 (20.6%) 2.3 (1–5.2) 4.3 0.038
Older age ($65 y) 5/18 (27.8%) 19/68 (27.9%) 1.0 (0.4–2.6) 0.09 NS

Male 17/56 (30.4%) 7/30 (23.3%) 1.3 (0.6–3.3) 0.44 NS

History of ischemic heart disease 1/7 (14.3%) 23/79 (29.1%) 2.2 (0.3–16.4) 0.6 NS

History of hypertrophic cardiomyopathy 2/4 (50%) 22/82 (26.8%) 2.3 (0.5–9.7) 1.2 NS
History of genetic arrhythmogenic disorder 4/9 (44.4%) 20/77 (25.9%) 2.2 (0.7–6.4) 2 NS

History of congenital heart disease 4/7 (57.1%) 20/79 (42.9%) 2 (0.7–6) 1.7 NS

Use of b-blocker 10/24 (41.7%) 14/62 (22.6%) 1.7 (0.8–3.9) 1.7 NS

CI 5 confidential interval; NS 5 not significant.

FIGURE 4. Kaplan–Meier
survival curves of sudden
cardiac death or ventric-
ular tachyarrhythmic
event-free survival ac-
cording to left ventricular
dysfunction (LVEF ,

50%). Left ventricular
dysfunction was predic-
tive of sudden cardiac
death or ventricular ar-
rhythmic events.

FIGURE 5. Relationship
between cardiac SNS ab-
normality and left ventric-
ular function in patients
with history of ventricular
arrhythmia. Closed circle
indicates sudden cardiac
death or ventricular tachy-
arrhythmic events, and
open circle indicates no
events during follow-up.
Patients with both SNS
abnormality (H/M ratio ,

2.8) and left ventricular
dysfunction (LVEF , 50%) were more likely to have
ventricular tachyarrhythmic events than were other patients
(9/12 patients [75%] vs. 15/74 patients [20.3%]).
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of SNS, which eventually leads to cardiac denervation. Those
results support the close relationship between left ventricular
function and SNS activity in patients with ventricular tachy-
arrhythmia. On the other hand, patients who underwent heart
transplantation and had denervated hearts did not show
severe left ventricular dysfunction, but about 10% of the
patients experienced sudden cardiac death, presumably due
to arrhythmia (29), suggesting a direct effect of SNS abnor-
mality (30–32). In the present study, SNS abnormality
increased the occurrence of recurrent ventricular arrhythmia
independent of left ventricular dysfunction or structural heart
disease. A more recent study (18) also reported that SNS
abnormality was an independent predictor of arrhythmo-
genic mortality during 15 mo in high-risk patients with
ventricular tachyarrhythmia who included both patients with
and patients without structural heart disease. Those results or
ours suggest that SNS abnormality is more sensitive for
predicting arrhythmic events than is left ventricular dysfunc-
tion or structural heart disease. Our results may support the
possibility that SNS activity contributes to the fine control of
cardiac performance on demand, but not cardiac function (30).

SNS Abnormality and Left Ventricular Dysfunction for
Long-Term Prognosis

SNS activity correlates not only with LVEF but also with
various markers of cardiac function: x-ray cardiothoracic
ratio (1), left ventricular end-diastolic diameter (1), QRS
wave duration (4,5,33), cardiac index (34), and plasma
concentration of brain natriuretic peptide (35). Terai et al.
(27) reported in 2003 that the occurrence of malignant VT is
associated with SNS abnormality as measured by 123I-MIBG
scintigraphy in patients with hypertrophic cardiomyopathy,
but patients with VT had a significantly lower LVEF than did
those without VT. On the other hand, Wakabayashi et al. (26)
reported that a combination of cardiac function and SNS
activity identified patients at increased risk of cardiac death
unrelated to the underlying etiology of heart disease. Naga-
hara et al. (18) demonstrated that a combination of function
and SNS abnormality is predictive of ICD discharge during
15 mo in high-risk patients with VT or VF who were
diagnosed as being at high risk and who had an implanted
ICD. In the present study, we showed in the random cardiac
population with arrhythmic disorder that SNS abnormality
had incremental and additive long-term prognostic power in
combination with left ventricular dysfunction.

Study Limitations

Because our results are based on experience at a single
center with patients referred because of a history of VTor VF,
the more general applicability of our findings may be limited.
The H/M ratio obtained in our study patients was higher than
that obtained in other patients (1,36). However, our study
patients had H/M ratios significantly lower than reference
values (vs. 3.3 6 0.5, P , 0.0005). The variability in MIBG
distribution is well known, and there are significant variations

in H/M ratios from one nuclear medicine center to another in
both patients with and patients without heart disease.

We investigated SNS abnormality as a predictor of
sudden cardiac death in a limited number of patients, with
low event rates. However, many prognostic studies using
123I-MIBG scintigraphy have also been evaluated in small
samples (17). In the present study, the 86 reported patients
were well characterized, were followed for a long period,
and may therefore be accepted as a relatively large cohort
given the rarity of the disease.

The diagnostic accuracy for predicting recurrent ventricular
tachyarrhythmic events using 123I-MIBG scintigraphy was not
so high in our low-risk patients (75% sensitivity, 64.5%
specificity, 45% positive predictive value, and 87% negative
predictive value) as that using T wave alternans in high-risk
patients with severe left ventricular dysfunction (LVEF ,

30%) (37). Furthermore, the diagnostic accuracy was lower in
our study patients with an LVEF of greater than 50% (60%
sensitivity and 66% specificity) than in those with an LVEF of
50% or less. T wave alternans is also known to decrease
diagnostic accuracy in patients with random cardiac diseases
who are at relatively low risk (38). Lower sensitivity and a
relatively wide range of hazard ratios may result from a lower
event ratio in low-risk patients. However, our results indicate
the importance of SNS abnormality for risk management in the
random cardiac population, including low-risk patients, rather
than the significance of SNS activity as a discriminator of type
of ventricular tachyarrhythmia, such as VT and VF.

Sex, a history of hypertension, congestive heart failure,
VF, and the disuse of antiarrhythmic drugs are generally
considered incremental predictors of sudden cardiac death
or recurrent ventricular tachyarrhythmic events. However,
these variables were not predictive of this endpoint in the
current studies, which were evaluated not only in a small
sample using 123I-MIBG scintigraphy (18,26) but also in a
large sample at relatively low risk (38). Our results would
also be influenced by similar causes.

CONCLUSION

SNS abnormality predicted recurrent ventricular tachyar-
rhythmic events. The evaluation of SNS abnormality using
123I-MIBG scintigraphy may be an option for screening
patients at high risk for sudden cardiac death.
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