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Prediction of sudden cardiac death in patients
with chronic heart failure by regional washout
rate in cardiac MIBG SPECT imaging
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Background. The sympathetic nervous system provides an important trigger for major
arrhythmic events through regional heterogeneity of sympathetic activity, which could be
evaluated by SPECT imaging as the regional MIBG washout rate (WR). There is little infor-
mation available on the prognostic value of regional WR in SPECT imaging for the prediction
of sudden cardiac death (SCD) in patients with chronic heart failure (CHF).

Methods. We studied 73 CHF outpatients with LVEF < 40%. At study entry, the regional
WR was measured in 17 segments on the polar map. We defined abnormal regional WR as both
the regional WR range (maximum — minimum regional WR) and maximum regional
WR > mean value + 2SD obtained in 15 normal controls.

Results. During a mean follow-up of 7.5 + 4.1 years, 15 of 73 patients had SCD. The
abnormal regional WR and abnormal global WR on planar images were significantly and
independently associated with SCD. Patients with both the abnormal regional WR and global
WR had a significantly higher risk of SCD than those with none of these criteria.

Conclusions. The analysis of regional MIBG WR on SPECT imaging provides additional
prognostic value to global WR on planar images for SCD prediction in CHF patients. (J Nucl
Cardiol 2019;26:109-17.)
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Abbreviations LVEF Left ventricular ejection fraction
SPECT Single-photon  emission  computed ICD Implantable cardioverter defibrillator
tomography HMR Heart-to-mediastinum ratio

MIBG  Meta-iodobenzylguanidine SES Summed extent score
WR Washout rate SSS Summed severity score
SCD Sudden cardiac death
CHF Chronic heart failure
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INTRODUCTION

The identification of patients with chronic heart
failure (CHF) who are at risk for sudden cardiac death
(SCD) remains an important goal.! As CHF largely
involves disruption of the neurohumoral state, neural
innervation plays a key role in the pathophysiology of this
condition.” In patients with CHF, sympathetic overactiv-
ity produces deleterious neurohumoral and myocardial
structural changes that worsen the patient’s condition and
that increase the likelihood of arrhythmic SCD.?

Cardiac iodine-123 (I-123) meta-iodobenzylguanidine
(MIBG) imaging is useful for the estimation of cardiac
sympathetic nerve activity and can predict poor clinical
outcomes, including life-threatening arrhythmia and sud-
den cardiac death, in patients with CHF.*™"* Most cardiac
MIBG studies are based on the measurements from
anterior planar images of the chest, with cardiac uptake
quantified in terms of the heart-to-mediastinum ratio
(HMR) and washout rate (WR) between early and delayed
images. Recently, it has become more common for MIBG
single-photon emission computed tomography (SPECT)
imaging to be used for clinical evaluation of patients.'*'¢
The sympathetic nervous system provides an important
trigger for major arrhythmic events through regional
heterogeneity of sympathetic activity,'” which might be
evaluated by SPECT imaging as the regional MIBG
washout rate (WR).'®2° However, no data on the prog-
nostic significance of the regional WR in CHF patients are
currently available. Therefore, the present study investi-
gated whether the regional WR in SPECT imaging
provides additional prognostic value to global WR on
planar images for the prediction of SCD in CHF patients.

METHODS

Study patients

We studied 80 outpatients with stable CHF who had been
diagnosed based on clinical signs and symptoms according to
the Framingham criteria.?! The study patients were the
participants of our prospective cohort study (unpublished)
from 1995 October to 1999 October, where the efficacy of
carvedilol or amlodipine was investigated. To be included in
this study, all patients who had experienced at least one
episode of decompensated heart failure were required to be
stable for at least 3 months on conventional therapy with
angiotensin-converting enzyme inhibitors, diuretics and
digoxin, and left ventricular ejection fraction determined by
radionuclide angiography remained <40% after the medical
treatment. The exclusion criteria were sustained ventricular
tachycardia, significant renal dysfunction, insulin-dependent
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diabetes mellitus, and autonomic neuropathy. None of the
patients were receiving beta-blockers or had an
implantable cardioverter defibrillator (ICD), biventricular
pacemaker, or biventricular defibrillator at enrollment. At the
time of entry into the study, all patients had been assessed by
cardiac MIBG imaging, echocardiography, and Holter electro-
cardiography, and a venous blood sample was obtained from
each patient. Osaka General Medical Center’s Review Com-
mittee approved the protocol of this study, and all patients
provided written informed consent to participate.

Cardiac MIBG imaging

All patients were assessed while resting in the supine
position by myocardial imaging with 1-123 MIBG (FUJIFILM
RI Pharma Co., Ltd, Tokyo, Japan) using a dual-head gamma
camera (Prism 2000, Picker, Bedford, Ohio) equipped with a
low-energy, high-resolution, parallel-hole collimator. The
patients were injected intravenously with a 111-MBq dose of
I-123 MIBG after an overnight fast and underwent anterior
planar and SPECT imaging of the thorax beginning at 20 min
(early) and 3 h 20 min (delayed) post injection. A 128 x 128
matrix was used for SPECT studies, and 20% energy peak was
centered around the 159-keV energy peak of 1-123 MIBG. All
planar and SPECT images were reviewed by two independent
observers who were blinded to clinical data.

As previously reported,” HMRs on early and delayed
images were determined from the counts/pixel in a visually
drawn region of interest over the whole left ventricular
myocardium divided by the counts/pixel in a 7 x 7 pixel
region of interest placed in the upper mediastinum. The cardiac
global WR of MIBG was calculated from the initial and delayed
images with the correction for radioactive decay of 1-123 and
background subtraction. Based on findings from our previous
study,?? an abnormal global WR was defined as >27%.

[-123 MIBG SPECT studies were processed with filtered
back-projection and reconstructed into the standard long and
short axis, and perpendicular to the heart axis 7 patients were
excluded from this analysis because MIBG SPECT recon-
struction was difficult because of too low MIBG uptake in 2
patients and overlying extracardiac (lung and liver) accumu-
lation interfered the cardiac visibility in 5 patients. In the
remaining 73 patients, we analyzed the SPECT images with
cardioBull,? fully automated software for the quantification of
1-123 MIBG SPECT (FUJIFILM RI Pharma). We constructed
a polar map of MIBG uptake, which was divided into 17
segments, and the regional MIBG washout rate in each
segment was calculated by (regional counts in early image —
regional counts in delayed image) x 100/(regional counts in
early image) with correction for radioactive decay without
background subtraction. The regional WR range was calcu-
lated by subtracting the minimum regional WR from the
maximum regional WR among 17 segments. We defined the
abnormal regional WR as both the regional WR range and
maximum regional WR > mean value + 2SD obtained in 15
subjects (chest pain syndrome in 12 subjects, mild hyperten-
sion in 2 subjects, and suspected vasospastic angina in 1
subject) with normal cardiac function documented by
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echocardiography, 27.2% and 31.1%, respectively. Further-
more, the extent and severity maps were also generated
automatically based on a control database acquired from the 15
control subjects. We obtained summed extent score (SES) as the
sum total of the % area where 1-123 MIBG uptake was less than
mean-2SD of normal controls. SES could range from 0 to 1700
(17 x 100). A scoring algorithm for the evaluation of low
uptake employs a 5-point scoring system as 0-4 for normal,
mildly abnormal, moderately abnormal, severe abnormal, and
perfusion defect, respectively. The summed severity (SSS)
scores were obtained by summing the score for all segments.
SSS could range from 0 to 68 (17 x 4). We compared SES and
SSS to abnormal regional WR with regard to prediction of SCD.

Echocardiography and 24-hour Holter
monitoring

The patients were assessed by two-dimensional echocar-
diography using an SSH-380A recorder equipped with a 2.5- or
3.75-MHz transducer (Toshiba, Tokyo, Japan). Left ventricular
end-diastolic dimension and left atrial dimension were measured
using standard techniques. The patients were also assessed by
24-hour electrocardiogram monitoring using an 8000 Holter
system (Marquette Electronics, Milwaukee, WI, USA). Ventric-
ular arrhythmias were classified according to Lown’s grade, and
nonsustained ventricular tachycardia was defined as 5 or more
consecutive premature ventricular beats lasting <30 s. We also
performed serial Holter monitoring at 2, 6, 12, 18, 24, 30, and
36 months after the enrollment, and every one year thereafter.

Measurements of plasma noradrenaline
concentration and other parameters

To assess the plasma noradrenaline concentration, serum
sodium, and creatinine levels, blood sampling was performed from
an intravenous cannula after resting for at least 30 min in the supine
position. The estimated glomerular filtration rate was calculated by
the Modification of Diet in Renal Disease formula. Plasma
noradrenaline concentration was determined in ethylenediaminete-
traacetic acid plasma by high-performance liquid chromatography
at Shionogi Biomedical Laboratory (Osaka, Japan).

Follow-up

All study patients were then followed in our hospital by
clinicians who were not aware of the results of cardiac MIBG
imaging. The primary endpoint of this study was SCD, defined
as witnessed cardiac arrest or death within 1 h after the onset
of acute symptoms or unexpected or unwitnessed death in a
patient known to have been well within the previous 24 h. The
secondary endpoint was the development of sustained ventric-
ular tachycardia lasting >30 s.

Statistical analysis

Data are shown as the mean value = SD. Differences
among continuous and discrete variables were compared using
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Student’s ¢ test and Fisher’s exact test in patients with and
without cardiac events, respectively. Cardiac event-free rates
were calculated using the Kaplan-Meier method, and differ-
ences between each group were detected using the log-rank
test. The Cox proportional hazards regression model was used
to determine the significance of variables predictive of
outcomes by univariate analysis (P < 0.05) as independent
predictors of cardiac events on multivariate analysis. All data
were statistically analyzed using StatView version 5 (SAS
Institute, Cary, North Carolina). P values < 0.05 were con-
sidered to indicate statistical significance.

RESULTS

Patient characteristics

The mean age of the patients was 64 + 12 years.
There were 54 men and 19 women. CHF was due to
ischemic heart disease in 37 patients and due to
idiopathic dilated cardiomyopathy in 36 patients. Mean
New York Heart Association (NYHA) functional class
was 2.1 = 0.6, with 10% of patients in class I, 67% in
class II, and 22% in class III. Mean LVEF was 29 + 7%.

Comparison of baseline characteristics
between patients with and without SCD

During a mean follow-up of 7.5 + 4.1 years, 15
patients had SCD. The baseline characteristics of
patients with and without SCD are listed in Table 1.
There were no differences in age, gender, the proportion
of patients with ischemic heart disease, NYHA func-
tional class, heart rate, blood pressure, drug use, left
ventricular end-diastolic dimension, left atrial dimen-
sion, serum sodium and creatinine levels, estimated
glomerular filtration rate, or plasma concentration of
noradrenaline. Patients with SCD had a significantly
greater Lown’s grade.

The results of cardiac MIBG planar and SPECT
imaging are shown in Table 2. In the planar image
analysis, patients with SCD had a significantly smaller
HMR on the delayed images and greater global WR than
those without SCD. Representative SPECT images in
patients with and without SCD are shown in Figures 1
and 2, respectively. In SPECT image analysis, abnormal
regional WR was more frequently observed in patients
with SCD than in those without SCD, while patients
with SCD had non-significantly greater SSS on the
delayed image.

Prognostic analysis

Univariate and multivariate analyses for the iden-
tification of CHF patients at risk for SCD are shown in



112 Yamamoto et al

Sudden cardiac death and MIBG SPECT in CHF

Table 1. Clinical characteristics of patients with and without sudden cardiac death
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Sudden cardiac death

Variables Yes (n = 15) No (n = 58) Vall,ue

Age (years) 62 +12 64 + 12 0.5880
Men 87% 71% 0.2142
NYHA class 2.1 £0.7 2.1 +0.5 0.6132
Heart rate (beats/min) 72 + 14 73+ 12 0.0958
Systolic blood pressure (mmHg) 129 + 14 125 £ 19 0.5514
Diastolic blood pressure (mmHg) 73 +6 72 + 9 0.7270
Ischemic heart disease 47% 52% 0.7313
Diabetes Mellitus 33% 31% 0.8667
Atrial fibrillation 40% 21% 0.1254
Medications

ACE inhibitor/ARB 80% 82% 0.8067

Beta-blocker” 73% 72% 0.9442

Loop diuretics 87% 76% 0.3742

Aldosterone antagonist 60% 64% 0.7898

Amiodarone 21% 14% 0.3174
Radionuclide angiography

LV ejection fraction (%) 307 29 +7 0.4473
Echocardiography

LVDd (mm) 64 +6 639 0.8287

LAD (mm) 44 + 8 43 + 8 0.5942
Holter ECG

Lown’s grade 43 +0.5 3414 0.0123

Nonsustained VT 21% 14% 0.4156
Laboratory examination

Serum sodium (mEq/L) 138+ 3 140 + 3 0.1410

Creatinine (mg/dL) 1.01 £ 0.34 0.90 + 0.24 0.1932

eGFR (mL/min/1.73 m?) 622+ 175 65.4 + 20.8 0.6003

Noradrenaline (pg/mL) 553 + 241 423 + 248 0.0827

Data are shown as mean + SD or ratios (%) of patients

NYHA New York Heart Association, ACE angiotensin-converting enzyme, ARB angiotensin Il receptor blocker, LV left ventricular,

LVDd left ventricular end-diastolic dimension, LAD left atrial dimension
* Medication with beta-blocker (carvedilol) scored at the last follow-up

Table 3. Multivariate analysis revealed that both abnor-
mal global WR and abnormal regional WR were
significantly and independently associated with SCD,
although HMR or SSS on the delayed image showed the
significant association at univariate analysis.

SCD-free rate curves, according to abnormal global
WR and abnormal regional WR, are shown in Figure 3.
Patients with both abnormal global WR and abnormal
regional WR had a significantly higher rate of SCD than
those with either abnormal global WR or abnormal
regional WR or than patients with none of these criteria
(P < 0.0001, 45% vs. 15% vs. 9%, respectively). The
hazard ratio for SCD prediction in the patients with both
abnormal global WR and abnormal regional WR was
about sixfold higher than that of patients with either

abnormal global WR or abnormal regional WR. Fur-
thermore, it was threefold higher than that of patients
with abnormal global WR only.

As for the development of sustained ventricular
tachycardia, patients with both abnormal global WR and
abnormal regional WR had a significantly higher rate of
the arrhythmic event than those with either abnormal
global WR or abnormal regional WR or than patients
with none of these criteria (P = 0.0001, 16% vs. 10%
vs. 0%, respectively).

DISCUSSION

The major findings of this study were that the
abnormal regional WR in SPECT imaging was
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Table 2. Cardiac MIBG parameters in CHF patients with and without sudden cardiac death

Sudden cardiac death

Variables Yes (n = 15) No (n = 58) Vall,ue

Planar image analysis
HMR(e) 1.79 £ 0.24 1.92 £ 0.30 0.1110
HMR(d) 1.62 + 0.24 1.78 + 0.28 0.0450
Global WR (%) 36.8+11.0 273 +12.2 0.0080

SPECT image analysis
Maximum regional WR (%) 379 £+ 9.7 32.1 94 0.0383
Minimum regional WR (%) 6.4 +89 4.1 +11.4 0.4701
Regional WR range (%) 31.5+10.5 28.0+8.5 0.1840
Abnormal regional WR 60 (9/15)% 22 (13/58)% 0.0119
SES(e) 668 * 296 617 + 323 0.5818
SES(d) 804 + 0399 690 + 354 0.2873
SSS(e) 22 + 11 21 +13 0.8898
SSS(d) 29+ 18 23 +13 0.1264

HMR(e)/(d): MIBG heart-to-mediastinum ratio in early/delayed image of chest anterior view, WR: washout rate of MIBG, regional
WR range: the difference between maximum and minimum regional WR, abnormal regional WR was defined as both of maximum
regional WR and regional WR range greater than the mean value + 2SD in normal controls (31.1% and 27.2%, respectively).
SES(e)/(d) summed extent score in early/delayed SPECT image, SSS(e)/(d) summed severity score in early/delayed SPECT image

significantly associated with SCD, independently of
global WR in the planar imaging, and that the combi-
nation of abnormal global WR and abnormal regional
WR could improve the prediction of SCD in CHF
patients. These data suggest that the analysis of regional
WR on SPECT imaging provides additional prognostic
value to global WR for the prediction of SCD in CHF
patients, which suggests that imaging assessment of
regional inhomogeneity of adrenergic innervations also
holds promise to identify patients with CHF who are at
risk for SCD.

Factors that increase the electrical heterogeneity in
the ventricles may be important in promoting the
development of ventricular arrhythmias. Theoretically,
a ventricle that is totally homogenous electrically would
not be arrhythmogenic. One such factor responsible for
electrical heterogeneity is sympathetic heterogeneity.
Sympathetically denervated areas of myocardium exhi-
bit abnormal ventricular refractoriness such as greater
shortening of the effective refractory period with nore-
pinephrine infusion compared to normally innervated
regions, predisposing to re-entrant arrhythmia.'” These
findings suggest the present result that abnormal
regional WR, which would reflect the regional hetero-
geneity of sympathetic activity, provides additional
value to global WR for the prediction of SCD in CHF
patients.

Impaired regional myocardial sympathetic hetero-
geneity can be imaged with SPECT with MIBG.**
Previous studies with regard to regional MIBG WR have

evaluated the severity of dilated cardiomyopathy,'® the
effectiveness of beta-blocker therapy in patients with
dilated cardiomyopathy,'® and the relationship between
cardiac sympathetic nerve function and myocardial
necrosis in patients with CHF due to ischemic heart
disease.”® However, there is no information available on
the prognostic significance of regional WR in CHF
patients. In the present study, abnormal regional WR in
SPECT imaging was significantly associated with SCD.
This finding is supported by previous basic and clinical
studies that have documented an important role for
sympathetic activation in the development of lethal
ventricular tachyarrhythmias and that have shown that
inhomogeneity in myocardial innervations might create
a myocardial substrate that is particularly vulnerable to
arrhythmic death.”

Most investigators performing MIBG SPECT stud-
ies had shown that arrhythmic event risk increases with
the size of denervated area. Patients with inducible
ventricular tachycardia during electrophysiology testing
had a greater total MIBG SPECT defect score than those
who did not have inducible ventricular tachycardia.*® In
prospective studies in CHF patients with ICDs, MIBG
SPECT defect size was a significant and independent
predictor of ventricular arrhythmia requiring ICD ther-
apy.””?® In the present study, although the summed
severity score on the delayed SPECT image was
significantly associated with SCD within univariate
analysis, multivariate analysis showed that the MIBG
defect size had no independent association with SCD.
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SES: 175

maximum
regional WR: 27.8%
minimum
regional WR: 15.6%

regional WR
range: 12.2%

Figure 1. Polar maps of the regional MIBG distribution from SPECT study in a patient without
sudden cardiac death (SCD). SES summed extent score, SSS summed severity score.

The difference in results between this study and previous
studies might be partially due to the definition of the
study endpoint (SCD vs. appropriate ICD shock ther-
apy). The occurrence of ICD shock in CHF patients does
not necessarily mean that they would have expected
SCD if not for the device, although this is the currently
accepted hypothesis.

Based on several large prospective randomized
trials, ICD implantation as primary prevention is a Class
IA indication for CHF patients with NYHA II-III CHF
and LVEF < 35%.%° Nevertheless, most patients who
receive an ICD based on these criteria do not use their
device, and it is widely acknowledged that LVEF is an
imperfect predictor of arrhythmic death. The patients
included in his study were treated during the last

century, and we realized the advantage for this study of
being able to follow patients who did not have an ICD as
it was before these guidelines were established. In the
present study, the hazard ratio for SCD prediction in
patients with both abnormal global WR and abnormal
regional WR was about threefold higher than that in
patients with abnormal global WR alone. These results
suggest that the combination of global WR and regional
WR could identify a subset of patients who are at higher
risk of SCD and who could benefit from ICD
implantation.

There are several limitations to the present study.
For example, the small sample size, the empirically
chosen study population, and the empirically chosen
follow-up time represent the major limitations. The
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SES: 1426

maximum
regional WR: 44.3%
minimum
regional WR: 12.3%

regional WR
range: 32.0%

Figure 2. Polar maps of the regional MIBG distribution from SPECT study in a patient with
sudden cardiac death (SCD). SES summed extent score, SSS summed severity score.

Table 3. Univariate and multivariate Cox proportional hazard analysis for the identification of CHF

patients at risk of sudden cardiac death

Univariate Multivariate
Variable P value HR (95% CI) P value HR (95% CI)
Abnormal regional WR 0.0004 7.569 (2.472-23.173) 0.0187 4.081 (1.254-13.279)
Abnormal global WR 0.0022 10.684 (2.339-48.813) 0.0182 6.539 (1.324-32.284)
HMR(d) < 1.5 0.0004 8.070 (2.557-25.472) - -
SSS(d) > 33 0.0037 4.708 (1.655-13.389) - -
Lown’s grade 0.0287 2.692 (1.108-6.541) - -

WR washout rate of MIBG, HMR(d) MIBG heart-to-mediastinum ratio in delayed image of chest anterior view, S55(d) summed
severity score in delayed SPECT image
Receiver operator curve analysis revealed that the cut-off values of HMR(d) and SSS(d) were 1.5 and 33, respectively
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Neither abnormal global WR
nor abnormal regional WR (n=34)

Either abnormal global WR
or abnormal regional WR (n=20)
(Hazard ratio: 3.2 [0.5-19.5])

21 Both abnormal global WR
0.0001 and abnormal regional WR (n=19)
p<0. (Hazard ratio: 20.8 [4.3-101.2])

Sudden cardiac death-free rate

T T T T T T

0 2 4 6 8 10 12 14 16
years of follow-up

Figure 3. Kaplan-Meier curves for the sudden cardiac death-
free rate in CHF patients classified according to abnormal
global WR and abnormal regional WR.

prognostic value was evaluated in a too small sample
size. So the prognostic value should be verified in
another study with a larger sample size. Second, no
study patients were treated according to current stan-
dards of care (e.g., beta-blockers or ICD) at study entry,
because most study patients were participants of our
prospective cohort study that were treated during the last
century. The medications used during follow-up may
also have affected the MIBG uptake and clinical
outcomes. Beta-blocker was administered in 35 of 73
study patients just after enrollment. In patients with such
beta-blocker, abnormal regional WR was significantly
associated with SCD (P = 0.01). Third, we excluded
patients with global MIBG defects, as this made SPECT
reconstruction difficult, and we excluded patients with
poor tomographic images (secondary to accumulation of
tracer within the liver and lung accumulation that
interferes with cardiac visibility). Forth, the subtracting
minimal regional WR from maximal WR, the WR
range, might not reflect the regional WR dispersion.
However, in the present study, the abnormal regional
WR was defined not only as the WR range > median
value but also maximum regional WR > median value.
The standard deviation of regional WR was significantly
greater in patients with than those without increased
abnormal regional WR (10.0 =24 vs. 6.9 £ 3.0%,
P < 0.0001). From this finding, the definition of abnor-
mal regional WR in this study would reflect the regional
WR dispersion. Furthermore, a technique known as
modified fractal analysis may be better to assess the
regional WR dispersion.”® Further study will be needed
to investigate the clinical significance of fractal analysis
in MIBG SPECT image. Lastly, because we only studied
stable outpatients, patients with NYHA functional class
IV disease were not included. Therefore, our results
should not be generalized to inpatients with severe CHF.
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The abnormal regional MIBG WR in SPECT
imaging provides additional prognostic value to global
WR for the prediction of SCD in CHF patients.
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