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INTRODUCTION

IN PATIENTS with heart failure, cardiac adrenergic nerve
function is characterized by a reduction in norepinephrine
uptake and acceleration of spillover in the myocardial
adrenergic nerve terminals.1 This abnormality of adrener-
gic nerve function is one of the important factors deter-
mining the prognosis of patients with heart failure.2

Metaiodobenzylguanidine (MIBG) is an analog of the
adrenergic blocking agent guanethidine; it shares the
same uptake, storage, and release mechanisms as norepi-
nephrine in adrenergic nerve terminals.3 Cardiac iodine-
123 MIBG imaging has been used extensively to assess
cardiac adrenergic nerve activity.4,5 In patients with heart
failure, abnormal findings in cardiac MIBG imaging
studies have been observed.6–8 Volume and pressure
overload causes increased washout and decreased uptake
of MIBG in cardiac adrenergic nerve terminals, and it is
related to the severity of heart failure independent of the
underlying cause.9,10 The heart and mediastinum ratio
(H/M) of delayed planar images and the cardiac MIBG
washout rate are useful for determining the prognosis of
patients with heart failure.11–18
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In patients with heart failure, the mortality rate of
patients with a creatinine clearance (Ccr) <44 ml/min is 3
times as high as that of those with a Ccr >76 ml/min.19

Due to hyperactivity of cardiac sympathetic nerve func-
tion, abnormality of cardiac MIBG imaging has been
observed in patients with chronic renal failure (CRF)
especially in case of hemodialysis.20,21 In previous stud-
ies, 60–70% of MIBG in the blood rapidly disappeared
through kidneys within 24 hours.4,22 In patients with renal
failure, MIBG disappearance from blood is decreased.
However, the power of cardiac MIBG imaging as a
predictor of cardiac prognosis has been unclear in patients
with CRF. It may be important to consider the renal
function in interpreting the results of cardiac MIBG
imaging. The purpose of this study was to investigate
whether cardiac MIBG imaging is useful as a predictor of
mortality in heart disease patients with or without CRF.

MATERIAL AND METHODS

Patient Population and Study Protocol
Patients with a previous history of heart failure (n: 135,
males/females: 87/48, mean age: 62.5 ± 15.6 years) due to
coronary artery disease (n = 41), dilated cardiomyopathy
(n = 62), or myocarditis (n = 32) underwent cardiac MIBG
imaging. We defined origin of heart diseases as follows:

Coronary artery disease; past history of coronary
angioplasty at least 6 months before due to angina pectoris
or myocardial infarction. No patients with coronary spasm
were included in this study.

Dilated cardiomyopathy; unknown etiology of heart
disease: coronary artery disease was ruled out by coronary
angiography or stress myocardial perfusion imaging. Pre-
vious history of myocarditis could not be detected.

Myocarditis; acute onset of heart failure and sup-
pressed cardiac function with previous cold symptoms
with normal coronary angiography and stress myocardial
perfusion imaging.

All the patients had New York Heart Association
(NYHA) functional classifications of I (n = 92) to II (n =
43), and were in stable condition for at least for 2 months
before cardiac MIBG imaging.

Patients were taking various medications at the time of
the study (angiotensin-converting enzyme inhibitors: 53%;
angiotensin receptor blocking agents: 20%; beta-blocker:
32%; calcium-channel blocker: 18%; spironolactone: 21%;
digitalis: 16%); no patient was taking tricyclic antidepres-
sants, sympathomimetic agents or other medications
known to interfere with MIBG uptake. Patients were
subjected to cardiac MIBG imaging once they were stabi-
lized after receiving medical treatment.

Left ventricular end-diastolic dimension (LVDd) and
left ventricular ejection fraction (LVEF) were measured
by M-mode echocardiography within 1 month of MIBG
imaging (mean LVDd: 55.8 ± 11.9 mm, mean LVEF: 50.7
± 17.8%). Diabetes mellitus, hypertension, and CRF were

identified in 21%, 43%, and 24% of patients respectively.
We defined diabetes mellitus as a glycosylated hemoglo-
bin (HbA1c) fraction of >7.0%, or when patients were
required treatment with insulin or hypoglycemic agents.
We defined CRF as a glomerular filtration rate (GFR) <60
ml/min/1.73 m2 as calculated by the Modification of Diet
in Renal Disease (MDRD) equation according to Kidney
Disease Outcomes Quality Initiative chronic kidney dis-
ease guidelines. The cause of CRF was hypertensive renal
sclerosis in 21 patients, diabetic nephropathy in 10 pa-
tients, and unknown in 2 patients. Patients who required
continuous hemodialysis were excluded from this study.
All CRF patients underwent cardiac MIBG imaging at
chronic and stable phase (at least for last 6 months). No
CRF patients underwent kidney biopsy.

Patient follow-up was started after the assessment of
cardiac function and cardiac I-123 MIBG imaging. The
primary endpoint was definitive cardiac death due to
pump failure and the secondary endpoint was sudden
death due to sustained ventricular tachycardia or fibrilla-
tion. Patients were followed regularly for at least 2 months.
Sudden cardiac death was defined as witnessed cardiac
arrest or death within 1 h after the onset of acute symptoms
or unexpected death (i.e., during sleep) in a patient known
to have been well within the previous 24 h. Death due to
deterioration of left ventricular function was classified as
pump failure death. All patients gave informed consent
for their participation in the study, which was approved by
the Committee on Human Investigation at Toho Univer-
sity Ohashi Medical Center.

Quantification of Cardiac I-123 MIBG Activity
All patients underwent cardiac sympathetic nerve func-
tion imaging with I-123 MIBG (111 MBq, Daiichi Radio-
isotope Laboratory, Tokyo, Japan) using a three-headed
gamma camera (MS-3, Siemens, Chicago, IL, USA)
equipped with a low-energy high-resolution parallel-hole
collimator (Siemens), and a 15% window centered at 158
keV was used. Early imaging began 15 min after the
intravenous injection of 111 MBq I-123 MIBG. An ante-
rior chest image was acquired for 300 sec in a 512 × 512
matrix, and then single photon emission computed to-
mography (SPECT) images were acquired. Delayed pla-
nar imaging was performed 240 min after the injection
under the same acquisition conditions as used in the early
imaging and then delayed SPECT imaging was per-
formed. Two independent observers, unaware of the clini-
cal status of the patients, assessed MIBG uptake. I-123
MIBG uptake in cardiac sympathetic nerve terminals was
determined by using a manually drawn region of interest
(ROI) over the whole left ventricular myocardium, and
mean heart counts per pixel were calculated. Another 20
× 40 pixel ROI was placed over the upper mediastinal
area, and the mean counts per pixel were calculated. The
heart-to-mediastinum count ratio (H/M) was determined
from the cardiac I-123 MIBG images using the following
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equation:

[H] = mean pixel counts for the heart ROI
[M] = mean pixel counts for the mediastinal ROI
H/M (%) = [H]/[M] × 100

Cardiac MIBG washout rate was defined as the percent
change in activity from the immediate to delayed images
within the left ventricle. The washout rate was calculated
without a physical decay correction as follows:

Washout rate (%)
    

=
([H] − [M]) early − ([H] − [M]) delayed

× 100
([H] − [M]) early

We previously performed cardiac MIBG imaging in
normal male subjects (n = 20, mean age; 52.3 ± 2.6, range
40–60). In these patients, mean delayed H/M was 220 ±
30% and mean washout rate was 27 ± 5.8%.

As shown in a previous study,16 the disappearance of
MIBG from blood is defined as the percent change in
activity within the upper mediastinal area where mainly
the aortic arch is present. The MIBG disappearance rate
from blood was calculated as follows:

Disappearance rate from blood (%)
    

=
[M] early − [M] delayed

× 100
[M] early

Statistical Analysis
Data are presented as the mean value + SD. Chi-square
analysis was utilized for comparison of differences in
gender, underlying disease, medical treatment and num-
ber of cardiac deaths between patients with CRF and those
without CRF. Student’s test was utilized for comparison
of age, follow-up period, echocardiograph parameters,
and parameters related to cardiac MIBG imaging. Kaplan-
Meier time to event curves and the log-rank test were
utilized to analyze the risk of cardiac mortality in patients
stratified into two groups on the basis of cardiac MIBG
parameters. For parameters related to cardiac MIBG
imaging and echocardiography, receiver operating char-
acteristic (ROC) curves were adopted to determine the
utility of factors as predictors of cardiac mortality, and to
determine cutoff values. The Cox proportional hazards
regression model was used to analyze the relationship
between cardiac death and the following candidate

Table 1   Baseline characteristics of the study population (n = 135)

All patients CRF (−)  CRF (+) p-value

Male/Female (n) 87/48 67/36 20/12 0.83
Age (y) 62.5 ± 15.6 59.8 ± 15.2 71.3 ± 13.5 <0.001
GFR (ml/min/1.73 m2) 73.2 ± 35.2 93.4 ± 26.8 41.3 ± 10.1 <0.001
Echocardiography

LVDd (mm) 55.8 ± 11.9 55.8 ± 12.5 53.5 ± 9.7 0.99
LVEF (%) 50.7 ± 17.8 51.2 ± 18.1 49.1 ± 16.8 0.56

Cardiac MIBG imaging
Delayed H/M (%) 166 ± 29 169 ± 29 155 ± 29 0.018
Washout rate (%) 45.5 ± 13.9 44.6 ± 13.9 48.4 ± 13.7 0.17

MIBG disappearance rate from blood (%) 34.3 ± 5.2 35.3 ± 4.8 31.0 ± 5.4 <0.001
Underlying disease

Coronary artery disease 41 (30) 26 (25) 15 (47) 0.028
Dilated cardiomyopathy 62 (46) 50 (49) 12 (38) 0.54
Myocarditis 32 (24) 28 (29)   4 (13) 0.10
Diabetes mellitus 28 (21) 18 (17) 10 (31) 0.13
Hypertension 58 (43) 37 (31) 21 (66) 0.004
Hyperlipidemia 35 (26) 25 (24) 10 (31) 0.49

Medication
ACE-I 71 (53) 51 (50) 20 (63) 0.23
Angiotensin receptor blocker 27 (20) 22 (21)   5 (16) 0.62
Beta-blocker 43 (32) 27 (26) 16 (50) 0.017
Ca channel blocker 24 (18) 16 (16)   8 (25) 0.29
Digitalis 21 (16) 18 (17) 3 (9) 0.40
Spironolactone 28 (21) 18 (17) 10 (31) 0.13
No medication 28 (21) 23 (22)   5 (16) 0.47

Cardiac deaths 15 (11) 9 (9)   6 (19) 0.19
Follow-up period (months) 33.7 ± 20.8 34.3 ± 21.2 31.9 ± 19.3 0.57

Data are presented as the mean value ± SD. CRF: chronic renal failure (glomerular filtration rate (GFR) < 60 ml/
min/1.73 m2 calculated by the modification of diet in renal disease (MDRD) equation, patients requiring
hemodialysis were excluded) LV: left ventricular. LVDd: left ventricular end-diastolic dimension. EF: ejection
fraction. H/M: heart and mediastinum ratio. ACE-I: Angiotensin converting enzyme inhibitor.
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variables: age, gender, underlying disease, parameters
related to echocardiography, and cardiac MIBG imaging.
The variables entered into the multivariate analysis were
selected after assessment of univariate association of all
potential covariates with the endpoints. A stepwise mul-
tivariate Cox regression analysis was performed to iden-
tify variables providing the best prognostic information.
A p-value < 0.05 was considered significant. These analy-
ses were performed using the SPSS statistical program
package (SPSS II; SPSS Inc. Chicago, IL, USA).

RESULTS

Patient Characteristics and Outcomes
Table 1 summarizes the baseline characteristics of the

study population. During a mean follow-up period of 33.7
(range: 2 to 65) months, 15 cardiac deaths were observed:
11 patients died from pump failure and 4 patients died
from sudden cardiac death. In 15 patients with cardiac
death, cardiac death occurred in 9 patients (9%) without
CRF and 6 patients (19%) with CRF. During the follow-
up period, no acute coronary syndrome occurred and no
patients were subjected to coronary revascularization.
Mean age, presence of coronary artery disease, and hyper-
tension were significantly higher in patients with CRF
than in those without CRF. There were 28 patients without
any medications for heart failure, such as ACE-I, angio-
tensin receptor blockers, beta blockers or spironolactone.
In these patients, 5 patients had CRF and 23 patients had
no CRF. There was no significant difference between

Fig. 1   Inter-observer variability in delayed H/M of cardiac
MIBG imaging. There was an excellent correlation in the
delayed H/M between the 2 observers.

Fig. 2   Receiver operating characteristic (ROC) curves for
predicting cardiac death based on parameters related to cardiac
I-123 metaiodobenzylguanidine (MIBG) imaging. Parameters
of cardiac MIBG imaging in patients without CRF; the ROC
curves are shifted leftward compared to those in patients with
CRF. Cardiac MIBG image parameters are good predictors in
patients without CRF. In patients with CRF, the ROC curves
could not indicate clear cut-off values for cardiac MIBG
imaging.

Fig. 3   Kaplan-Meier survival curves for patients without chronic renal failure (CRF) based upon cardiac
I-123 metaiodobenzylguanidine (MIBG) imaging parameters. The incidence of cardiac death in patients
with delayed H/M <146% was higher than in patients with delayed H/M ≥146% (p < 0.001 by log-rank
test). The incidence of cardiac death in patients with a washout rate >50% was greater than that in patients
with a washout rate ≤50% (p = 0.016 by log-rank test).
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patients with and without CRF in no medication patients
(p = 0.47). The delayed H/M of cardiac MIBG images
tended to be lower in patients with CRF than those without
CRF. The MIBG disappearance rate from blood was
significantly lower in patients with CRF than in patients
without CRF. As shown in Figure 1, Pearson’s analysis
revealed that there was an excellent correlation in the
delayed H/M between the 2 observers (observer A: range
107–261%, mean 166 ± 29.4%; observer B: range 105–
262%, mean 165 ± 29.8%, R2 = 0.92, p < 0.001).

Prognostic Analysis
In Kaplan-Meier survival curves, the mortality ratio tended
to be higher in patients with CRF than in patients without
CRF. For the parameters related to cardiac MIBG imag-
ing (delayed H/M and cardiac washout rate), the ROC
curves showed greater areas under the curve for patients
without CRF than for patients with CRF, confirming the
better prognostic value for predicting cardiac death in
patients without CRF. Based on the ROC curves, the
utility of cardiac MIBG imaging as a predictor for cardiac
death was unclear in patients with CRF (Fig. 2). We also
performed power analysis between patients without CRF
and with CRF. The power was only 33%; therefore, we
could not confirm the predictive value of cardiac MIBG
imaging in patients with CRF. On the other hand, in
patients without CRF the power was 74%.

In patients without CRF, the Kaplan-Meier survival
curves using a threshold value of 146% for delayed H/M
and 50% for washout rate are shown in Figure 3. These
thresholds were adopted based on the ROC curves. The

survival rate in patients with a delayed H/M <146% or
washout rate >50% were significantly lower than those
with a delayed H/M >146% (p < 0.001 by log-rank) or a
washout rate <50% (p = 0.016 by log-rank).

The variables used for the univariate analysis are pre-
sented in Table 2. There were no significant associations
between cardiac death and age, gender, or underlying
disease. For parameters related to echocardiography,
LVDd and LVEF predicted cardiac mortality. For the
variables related to cardiac MIBG imaging, a delayed H/
M or cardiac washout rate also predicted cardiac death.

In patients with CRF, parameters of cardiac MIBG
imaging (delayed H/M and cardiac washout rate) and
GFR were adopted for univariate analysis. These param-
eters were not predictive of cardiac deaths in CRF patients
(delayed H/M; hazard ratio = 0.26, p = 0.45. cardiac
washout rate; hazard ratio = 1.02, p = 0.57. GFR; hazard
ratio = 0.97, p = 0.54).

As shown in Table 3, multivariate analysis was applied
to parameters related to cardiac MIBG images and
echocardiography. The best predictor of cardiac death
was a delayed H/M for cardiac MIBG imaging <146%
(hazard ratio: 6.9, p = 0.014).

DISCUSSION

Advanced renal dysfunction itself can be an independent
risk factor for cardiac death.19 In a Kaplan-Meier survival
analysis, there was a trend toward greater cardiac death in
patients with CRF than in those without CRF. However,
this trend was not significant (p = 0.10). In this study, the

Table 2   Univariate proportional hazard model in patients without CRF (n = 103)

Hazard ratio 95% CI Wald chi-squared p-value

Age (y) 1.0 0.97 to 1.1 0.65 0.42
Gender (Female) 0.48 0.10 to 2.3 0.83 0.36
Underlying disease

Coronary artery disease 2.8 0.61 to 12 1.8 0.19
Diabetes mellitus 0.8 0.092 to 6.3 0.064 0.80
Hypertension 0.27 0.032 to 2.2 1.4 0.22
Hyperlipidemia 0.52 0.063 to 4.3 0.36 0.55

Echocardiography
LVDd 1.1 1.0 to 1.1 4.7 0.030
LVEF 0.91 0.85 to 0.98 6.4 0.011

Cardiac MIBG imaging
Delayed H/M 0.94 0.90 to 0.98 9.5 0.002
Washout rate 1.1 1.0 to 1.2 11 <0.001

Data are presented as the mean value ± SD. Abbreviations as in Table 1.

Table 3   Multivariate proportional hazard model in patients without CRF

Hazard ratio 95% CI Wald chi-squared p-value

Echocardiography (LVEF < 47%) 1.3 0.27 to 5.9 0.09 0.77
Cardiac MIBG imaging (delayed H/M < 146%) 6.9 1.5 to 32 6.0 0.014

Data are presented as the mean value ± SD. Abbreviations as in Table 1.
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mean GFR of patients with CRF was relatively high (41.3
± 10.1 ml/min/1.73 m2). It might be the reason that the
mortality ratio tended to be higher but not significantly so
in patients with CRF than in patients without CRF.

In all patients, GFR could be a predictor for cardiac
death in all patients in univariate hazard analysis (hazard
ratio = 0.98, p = 0.028). In multivariate hazard analysis
between cardiac MIBG imaging (delayed H/M) and GFR,
cardiac MIBG imaging was a stronger predictor (hazard
ratio = 0.95, p = 0.011) than GFR (hazard ratio = 0.98, p
= 0.30).

In patients without CRF, the H/M for the delayed
cardiac MIBG image was the most predictive parameter
for cardiac death. However in patients with CRF, the
utility of cardiac MIBG imaging in predicting cardiac
death was unclear.

Electrolyte (sodium and potassium) imbalances, im-
paired volume control, and anemia might be dominant
factors affecting prognosis in patients with CRF.23,24

These factors make it difficult to predict long-term cardiac
death. Previous studies showed that MIBG is excreted
mainly from the kidneys.4,22 And MIBG excretion rate
from blood correlated with GFR.22 On the other hand, a
study concluded that disappearance rate of MIBG is 53%
per 24 hours, and only partially related to GFR.25 There-
fore, we hypothesized that renal dysfunction affects dis-
appearance of MIBG from the blood, and we calculated
disappearance of MIBG from the blood. In this study, the
disappearance rate of MIBG was significantly lower in
patients with CRF than in patients without CRF (31.4 ±
5.4% vs. 35.3 ± 4.8%, p < 0.001). Within 4 hours after
injection of MIBG for cardiac imaging, urinary excretion
of MIBG may be a small factor for cardiac MIBG imaging
in heart disease patients with CRF.

One study showed that MIBG imaging is very useful in
predicting cardiac death in patients with both coronary
artery disease and cardiomyopathy.10 In this study, based
on multivariate analysis, cardiac MIBG imaging was a
stronger predictor than a history of coronary artery dis-
ease in patients without CRF.

Limitations of This Study
In this study, GFR was calculated using the MDRD
equation, which approximates the actual value. We did
not calculate GFR based on urinary collections. Because
of the small number and varied causes of heart diseases in
CRF patients, we can not conclude that cardiac MIBG
imaging is useless for prediction of cardiac death in CRF
patients. The number of patients with diabetes mellitus
was small in this study; therefore we cannot assess the
impact of diabetes mellitus on cardiac MIBG imaging. In
addition, we performed echocardiography to evaluate
left-ventricular volume and left-ventricular systolic func-
tion, instead of left-sided and right-sided catheterization,
which might be more exact methods for this evaluation. In
this study, 28 (21%) patients were receiving no medica-

tion for heart failure. In patients with no medication, 24
patients had preserved left-ventricular systolic function
(LVEF > 50% calculated by echocardiography). In no
medication patients, 3 of 5 (60%) CRF patients and 21 of
23 (91%) non-CRF patients had preserved left-ventricu-
lar systolic function. That is why patients had no medica-
tion for heart failure. In CRF patients, one of 5 (20%)
patients with no medication and 5 of 27 (19%) patients
with medication patients experienced cardiac deaths (p >
0.99). We can not conclude the effectiveness of the
medication of ACE-I and angiotensin receptor blocker
due to the small number. We also did not consider the
influence of medications during follow-up on cardiac
death. Use of diuretics, renin-angiotensin system inhibi-
tors, and beta-blockers and changes in the dosages of
these medications after the assessment might bias the
outcome of the follow-up study. One study suggested that
the underlying etiology of cardiac dysfunction may affect
the threshold of cardiac MIBG activity for the differentia-
tion of high-risk patients.10 In this study, the frequency of
coronary artery disease was significantly higher in pa-
tients with CRF. This may explain, in part, the loss of
utility for cardiac MIBG imaging to predict cardiac death
in patients with CRF.

Serum B-type natriuretic peptides (BNP) levels were
measured within 1 month from cardiac MIBG imaging.
However, only 58 were measured (17 CRF patients; 387
± 452 pg/ml. 41 non-CRF patients; 277 ± 297 pg/ml. p =
0.28). Cardiac deaths were observed in 6 of the 58 pa-
tients. In this study, due to the small number of patients
whose serum BNP levels were measured, we can not
assess the utility as a predictor of cardiac death as com-
pared with cardiac MIBG imaging.

Left ventricular diastolic function (E/A ratio) was meas-
ured by echocardiography only in 26 patients (6 patients
with CRF: E/A = 1.0 ± 0.2, 20 patients without CRF: E/A
= 1.2 ± 0.1, p = 0.43). Among these patients whose E/A
ratio was calculated, no cardiac death was observed. We
can not assess the prognosis of cardiac death from this
parameter.

CONCLUSION

In heart disease patients with normal renal function,
cardiac iodine-123 MIBG imaging is very useful in evalu-
ating prognosis with respect to cardiac death. Heart dis-
ease patients with CRF should be distinguished from heart
disease patients with normal renal function because the
usefulness of cardiac MIBG imaging in this group of
patients is unclear.
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