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Abstract

Aims Co-morbidities are associated with poor clinical outcomes in patients with chronic heart failure, while cardiac
iodine-123 (I-123) metaiodobenzylguanidine (MIBG) imaging provides prognostic information in such patients. We sought to
prospectively investigate the incremental prognostic value of cardiac MIBG imaging over the co-morbid burden, in patients
admitted for acute decompensated heart failure (ADHF).
Methods and results In 433 consecutive ADHF patients with survival to discharge, we measured the co-morbidity using
age-adjusted Charlson co-morbidity index (ACCI), commonly employed to evaluate a weighted and scored co-morbid
condition, adding additional points for age. In cardiac MIBG imaging, the cardiac MIBG heart-to-mediastinum ratio (late
HMR) was measured on the delayed image. Over a follow-up period of 2.9 ± 1.5 years, 160 patients had a cardiac event
(a composite of cardiac death and unplanned hospitalization for worsening heart failure). Patients with high ACCI (≥6: median
value) had a significantly greater risk of a cardiac event. In multivariate Cox analysis, the ACCI and late HMR were significantly
and independently associated with a cardiac event. In both high and low ACCI subgroups (ACCI ≥ 6 and <6, respectively),
patients with low late HMR had a significantly greater risk of a cardiac event (high ACCI: 51% vs. 34% P = 0.0026, adjusted
HR 1.74 [1.21–2.51]; low ACCI: 34% vs. 17%, P = 0.0228, adjusted HR 2.19 [1.10–4.37]).
Conclusions Cardiac MIBG imaging could provide additional prognostic information over ACCI, which was also promoted to
be a useful risk model, in patients admitted for ADHF.
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Introduction

The prevalence of heart failure (HF) has increased dramati-
cally over the past decades. One of the main causes is an
increase in the number of elderly patients,1–3 because the
general population continues to age rapidly. In addition,
although the improved treatment of acute coronary
syndrome and valvular diseases is extending life expectancy,
earlier diagnosis and better treatment of HF are also leading
to progressive aging of the HF population.2,4 The elderly with
HF often suffer from multiple co-existent diseases and/or

conditions (co-morbidities). Co-morbidities are strongly asso-
ciated with poor clinical outcomes in patients with chronic
HF, although most existing reviews or reports focus on indi-
vidual diseases or syndromes.1–5 Age-adjusted Charlson
co-morbidity index (ACCI), which is a validated instrument
to assess co-morbidity and has been shown to predict
prognosis in a variety of cardiovascular patient groups,6–9

has recently been used as a robust prognostic model in
chronic HF patients.3,10–12 However, the long-term prognostic
significance of ACCI remains to be fully clarified in patients
with acute decompensated HF (ADHF).
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In HF, abnormalities in cardiac autonomic control charac-
terized by sympathetic overactivity are strongly associated
with poor clinical outcomes.13 Cardiac iodine-123 (I-123)
metaiodobenzylguanidine (MIBG) imaging is known to esti-
mate cardiac adrenergic nerve activity and provides prognos-
tic information on patients with chronic HF.14–20 Moreover,
we have recently reported the prognostic value of cardiac
MIBG imaging in patients admitted for ADHF.21

The aim of this study was to evaluate the incremental
prognostic value of cardiac MIBG imaging over the
co-morbid burden in case of usefulness of ACCI in patients
admitted for ADHF.

Methods

Subjects

We analysed data from Osaka Prefectural Acute Heart
Failure Syndrome Registry (UMIN 000015246), which was a

single-centre, observational, prospective cohort study.22,23

We enrolled 492 consecutive patients who were admitted
for ADHF with survival to discharge between October 2011
and November 2016. We ascertained the presence of ADHF
by clinical signs and symptoms based on the Framingham
Heart Failure criteria. Patients were excluded from this study
if they had severe valvular disease or coronary artery disease
requiring urgent or semi-urgent operation (n = 13), compli-
cating acute coronary syndrome (n = 3), or severe non-car-
diac complications (n = 3). Patients were also excluded
because they withdrew informed consent (n = 2). Patients
were judged as inappropriate for the study due to difficulties
of the follow-up by primary care physicians (n = 12) were also
excluded. Patients who did not receive cardiac 123I-MIBG
imaging at discharge (n = 10) were also excluded. Patients
who were taking serotonin-noradrenaline reuptake inhibitor
(SNRI) (n = 6) and who had Parkinson’s disease (n = 10) were
also excluded because these factors interfere with cardiac
123I-MIBG uptake. After excluding these patients, we studied
433 ADHF patients (Figure 1). All patients gave written
informed consent for the participation in this study, which

Figure 1 Flow of patients through the study in Osaka Prefectural Acute Heart Failure Syndrome Registry (OPAR).
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was approved by the Osaka General Medical Center’s Review
Committee. The investigation conformed with the principles
outlined in the Declaration of Helsinki.

Data collection

All patients underwent echocardiography and venous blood
sampling at discharge. In echocardiography, left ventricular
end-diastolic (LVDd), end-systolic dimensions (LVDs), and left
atrial dimension (LAD) were measured by two-dimensional
echocardiography using the standard technique. Left ventric-
ular ejection fraction (LVEF) was measured by the modified
Simpson’s method. Blood samples for the assessment of
complete blood count, haemoglobin, serum sodium, chloride,
potassium, creatinine, blood urea nitrogen (BUN), albumin,
uric acid, C-reactive protein (CRP), and plasma B-type
natriuretic peptide (BNP) level were obtained at discharge.

Evaluation of non-cardiac co-morbidity

The co-morbid conditions of patients at discharge was evalu-
ated using ACCI by a clinician who was blinded to the clinical
status of the patient. ACCI contains 19 medical conditions:
myocardial infarction, congestive HF, peripheral vascular dis-
ease, cerebrovascular disease, dementia, chronic obstructive
pulmonary disease, connective tissue disease, gastrointesti-
nal ulcer disease, mild or moderate to severe liver disease,
diabetes mellitus with or without its complications, moderate
or severe renal disease, any tumour, leukaemia, lymphoma,
secondary metastasis, and acquired immunodeficiency syn-
drome. These medical conditions are weighted and scored,
and additional points are assigned per decade of age over
40 years.24,25 ACCI values were derived for each patient
based on chart review and assigned according to baseline
clinical information.

Cardiac metaiodobenzylguanidine imaging

At discharge, all patients underwent myocardial imaging
with 123I-MIBG (MyoMIBG-I 123 injection; FUJIFILM Toyama
Chemical, Tokyo, Japan) using a conventional rotating
gamma camera (BrightView; Philips, Amsterdam, The
Netherlands) equipped with a low-energy type, cardiac
high-resolution collimator. An 111 MBq dose of I-123 MIBG
was injected intravenously at rest after an overnight fast. Ini-
tial and delayed image acquisitions were performed in the
anterior chest view at 20 and 200 min after isotope injection
as previously described.14,15 A clinician who was unaware of
the clinical status of the patients assessed the cardiac MIBG
uptake. The MIBG heart-to-mediastinum ratio (HMR) was
determined by dividing the counts/pixel in a visually drawn
heart region of interest by the counts/pixel in an upper

mediastinum region of interest. Background subtraction
was performed with the upper mediastinal region of interest.
After considering the radioactive decay of I-123, the cardiac
MIBG washout rate (WR) was calculated from the initial
and delayed images.

Clinical outcome

After discharge, all patients were followed up by the HF team
at our institution. Survival data were obtained by physicians
of the patients making direct contact with them in a hospital
outpatient setting, by a telephone interview with the family
of the patients, or by a mail by dedicated coordinators and
investigators. The primary endpoint of this study was a
cardiac event, defined as a composite of cardiac death and
unplanned hospitalization for worsening HF.

Statistics

All continuous variables were expressed as mean (±standard
deviation, SD) or median (25–75 percentiles) as appropriate,
and categorical variables were expressed as percentage. Uni-
variate differences in baseline variables between patients
with and without cardiac events were evaluated using a χ2

test for categorical variables or a two-sample t-tests for con-
tinuous variables. A Mann–Whitney U-test was also used to
compare differences in data that was not normally distrib-
uted. The areas under the curve (AUC) of cardiac MIBG
parameters were compared using a receiver-operating
characteristic (ROC) curve analysis. Event-free survival rates
were calculated using the Kaplan–Meier method, and differ-
ences in survival rates were compared between groups using
the log-rank test. Cox proportional hazards regression
models were used to identify patients at risk of a cardiac
event by calculating the multivariate-adjusted hazard ratios
(HR) and 95% confidence interval (CI). Multivariate analysis
consisted of major confounding variables that were pro-
posed by previous HF reports, namely sex, systolic blood
pressure and heart rate at discharge, body mass index
(BMI), LVEF, New York Heart association functional classifica-
tion (NYHA class), history of atrial fibrillation, ischaemic
origin, haemoglobin, serum sodium, BUN, albumin, and
plasma BNP levels.26–30 Net reclassification improvement
(NRI) and integrated discrimination improvement (IDI)
attained by the addition of late HMR to ACCI were also
calculated. A P value <0.05 was considered statistically sig-
nificant. MedCalc version 17.11.5-64 bit (MedCalc software
bvba) and EZR version 1.03 (Saitama Medical Center,
Jichi Medical University, Saitama, Japan) was used for the
statistical analysis.
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Results

Comparison of baseline characteristics in patients
with acute decompensated heart failure with and
without cardiac events

The distribution of ACCI is shown in Figure 2. During a mean
follow-up period of 2.9 ± 1.5 years, 160 out of 433 ADHF
patients (37%) had a cardiac event. Baseline characteristics
of ADHF patients with and without cardiac events were
shown in Table 1. When compared with patients without car-
diac events, those with cardiac events were significantly
older, had a significantly higher NYHA class and BNP level,
and had lower BMI and lower haemoglobin, serum albumin,
sodium, and chloride levels. Furthermore, patients with car-
diac events had a significantly higher ACCI. Representative
cardiac MIBG images in patients with and without cardiac
events were shown in Figure 3. The early and late HMRs were
significantly lower, and the WR was significantly higher in
patients with cardiac events. There was no significant correla-
tion between ACCI and either HMR or WR. When compared
with non-ischaemic HF patients, late HMR were significantly
lower in patients with ischaemic HF (late: 1.61 ± 0.26 vs.
1.70 ± 0.30, P = 0.0032).

Prognostic analysis by age-adjusted Charlson
co-morbidity index and cardiac
metaiodobenzylguanidine imaging

Patients with a higher ACCI (≥6: median value) had a signifi-
cantly greater risk of cardiac events than those with a lower
ACCI (<6) (43% vs. 26%, P = 0.0001; Figure 4). Patients with

a lower early and late HMR had a significantly greater risk
of cardiac events (early HMR < 1.78 determined by ROC
analysis; 49% vs. 31%, P = 0.0087, late HMR < 1.56
determined by ROC analysis; 54% vs. 24%, P < 0.0001). Fur-
thermore, a higher WR also had a significantly greater risk
of cardiac events (WR > 38.4% determined by ROC analysis;
47% vs. 32%, P < 0.0001). ROC curve analysis showed that
AUC of early HMR, late HMR, and WR were 0.597 (95% CI:
0.549–0.644), 0.625 (95% CI: 0.577–0.670), and 0.575 (95%
CI: 0.527–0.622) respectively, and the predictive power of
late HMR was superior to that of the other parameters
(Figure 5).

Incremental prognostic value of cardiac
metaiodobenzylguanidine imaging over
age-adjusted Charlson co-morbidity index

In the multivariate Cox proportional hazards analysis, both
ACCI (P = 0.0015) and late HMR (P = 0.0069) were signifi-
cantly and independently associated with cardiac events after
adjustment for major HF confounders (Table 2). In the
ACCI ≥ 6 subgroup, patients with a lower late HMR (<1.65:
median value) had a significantly greater risk of a cardiac
event (51% vs. 34%, P = 0.0026, HR 1.74 [1.21–2.51]).
Furthermore, in the ACCI < 6 subgroup, patients with a lower
late HMR (<1.71: median value) also had a significantly
greater risk of a cardiac event (34% vs. 17%, P = 0.0228,
adjusted HR 2.19 [1.10–4.37]; Figure 6). Net reclassification
improvement (NRI) and integrated discrimination improve-
ment (IDI) attained by the addition of late HMR to ACCI were
also statistically significant for the prediction of the cardiac
events (NRI: 0.3491 [95% CI: 0.1654–0.5329], P = 0.0002;
IDI: 0.0214 [0.0079–0.0348], P = 0.00185).

Figure 2 Histogram of age-adjusted Charlson co-morbidity index (ACCI).
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Table 1 Baseline characteristics of the study patients in ADHF patients with and without cardiac events

Cardiac events

P valueWith (N = 160) Without (N = 273)

Clinical data
Age (years) 77 ± 11 72 ± 14 0.0002
Gender (men, %) 57 60 0.5342
Body mass index 20.8 ± 3.5 21.5 ± 4.8 0.0947
Heart rate (b.p.m.) 66 ± 11 66 ± 11 0.9424
Systolic blood pressure (mmHg) 114 ± 18 117 ± 18 0.0959
NYHA class I/II/III (%) 43/38/19 30/35/36 0.0001
Prior HF hospitalization (%) 34 12 <0.0001
Atrial fibrillation (%) 50 45 0.4039
Ischaemic origin (%) 47 31 0.0006
Hypertension (%) 16 18 0.4655

Co-morbidity burden (%)
Peripheral vascular disease 26 25 0.1925
Cerebrovascular disease 23 26 0.5752
Dementia 8 7 0.6626
Chronic obstructive pulmonary disease 12 8 0.1137
Connective tissue disease 5 4 0.6403
Peptic ulcer disease 3 6 0.2542
DM without complications 0 16 0.0085
DM with complications 41 27 <0.0001
Moderate to severe CKD 11 10 0.756
Mild liver disease 1 2 0.4772
Moderate to severe liver disease 1 0 0.1923
Haemiplegia 2 2 0.6423
Leukaemia 0 0 ・・・

Malignant lymphoma 0 1 0.2775
Tumour 0 1 0.9161
Secondary metastasis 1 0 0.4431
AIDS 0 0 ・・・

ACCI (points) 6.5 ± 1.6 5.8 ± 1.7 <0.0001
Medication use

ACE inhibitors/ARB (%) 58 58 0.7878
MRA (%) 34 36 0.3652
Beta-blockers (%) 90 89 0.5751
Loop diuretics (%) 82 86 0.2837
Digitalis (%) 3 4 0.4900

Echocardiography
LVEF (%) 46 ± 15 46 ± 14 0.8738
LVDd (mm) 54 ± 10 53 ± 9 0.4118
LVDs (mm) 41 ± 12 40 ± 11 0.6558
LAD (mm) 43 ± 7 43 ± 7 0.0887

Laboratory data
Haemoglobin (g/dL) 11.1 ± 1.9 12.2 ± 2.3 <0.0001
Albumin (g/dL) 3.3 ± 0.5 3.5 ± 0.5 0.0027
Creatinine (mg/dL) 1.4 (1.2, 1.5) 1.1 (1.0, 1.1) <0.0001
BUN (mg/dL) 30 (27, 33) 23 (22, 25) <0.0001
Uric acid (mg/dL) 7.3 ± 2.3 7.0 ± 1.9 0.1246
Serum sodium (mEq/L) 138 ± 4 138 ± 3 0.0086
Serum potassium (mEq/L) 4.2 ± 0.5 4.2 ± 0.5 0.2563
Serum chloride (mEq/L) 101 ± 6 102 ± 4 0.0448
BNP (pg/mL) 260 (219, 350) 192 (164, 222) 0.0022

MIBG data
Early HMR 1.82 ± 0.31 1.93 ± 0.30 0.0004
Late HMR 1.61 ± 0.30 1.73 ± 0.28 <0.0001
WR (%) 38.5 ± 16.5 34.2 ± 13.8 0.0034

ACCI, age-adjusted Charlson co-morbidity index; ACEI, angiotensin converting enzyme inhibitor; AIDS, acquired immune deficiency syn-
drome; ARB, angiotensin receptor blocker; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; CKD, chronic kidney disease; DM,
diabetes mellitus; HF, heart failure; HMR, heart-to-mediastinum metaiodobenzylguanidine uptake ratio; LAD, left atrial diameter; LVDd,
left ventricular diastolic diameter; LVDs, left ventricular systolic diameter; LVEF, left ventricular ejection fraction; MRAs, mineralocorticoid
receptor antagonists; NYHA, New York Heart Association; WR, washout rate.
Values are mean ± SD or %.
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Discussion

In the present study, we show the prognostic significance of
co-morbidities in patients with ADHF. Furthermore, to our
knowledge, this is the first prospective study to show the
incremental prognostic value of cardiac MIBG imaging over
the co-morbid conditions evaluated by ACCI in ADHF patients.

Co-morbid burden of patients admitted for acute
decompensated heart failure

The increased population of elderly patients with HF, their
higher risk mortality, and repetitive hospitalization imposes
a heavy social and economic burden. Therefore, the manage-
ment of older HF patients with complex co-morbidities is
becoming an important topic, and prognosis prediction for
such patients is an urgent issue for society. Although holisti-
cally recognizing multiple co-morbidities is necessary for the
comprehensive understanding of the clinical condition of

elderly HF patients, most previous studies have focused on
individual diseases or syndromes.1,31,32 One reason for this
was the presumed difficulty in evaluating the burden of
co-morbidity quantitatively, and that there were few
established risk models to score it. Charlson co-morbidity
index (CCI) is derived from a cohort of 604 oncology patients
in a single US hospital for whom the 1 year mortality was pre-
dicted in 1987, and because age is undoubtedly an important
predictor of mortality, it has been revised such that for each
decade over the age of 40 years, 1 point is added to the over-
all score of a patient.24,25 ACCI became widely known and
recently has been used as a robust prognostic model to eval-
uate multiple co-morbid conditions in patients with various
diseases, including HF.2,3,10,11,33–35

Previous studies has showed that a non-cardiac co-
morbidity burden is strongly associated with poor clinical
outcomes in chronic HF.1,31 Regarding patients with ADHF, a
few studies34,36 have shown the prognostic significance of
non-cardiac co-morbidity burden. In these studies, the fol-
low-up period was relatively short (12 months), and there
was consequently no information available on the long-term

Figure 3 Representative cardiac metaiodobenzylguanidine images in patients with and without cardiac event. HMR, heart-to-mediastinum ratio.
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prognostic significance of co-morbidity burden in ADHF pa-
tients. In our study, we demonstrate that ADHF patients with
multiple co-morbidities evaluated by ACCI had a greater risk of
cardiac events over a 5 year period, suggesting that ACCI is a
useful long-term prognostic marker not only in chronic HF pa-
tients but also in ADHF patients.

Incremental prognostic value of cardiac
metaiodobenzylguanidine imaging over
age-adjusted Charlson co-morbidity index and
future perspective

Cardiac MIBG imaging is a useful tool for examining the in-
crease in sympathetic nerve activity, which is strongly associ-
ated with a poor prognosis in HF patients. Because the first
report by Merlet et al., which demonstrated the prognostic
value of cardiac MIBG imaging in patients with chronic HF,
the predictive value of MIBG imaging has been confirmed in
several studies, including our own previous work.15,18,37–39

In the present study, there was no significant correlation
between the ACCI and cardiac MIBG parameters, although
these variables were independently associated with poor out-
comes. A previous report suggested that chronic obstructive
pulmonary disease was associated with sympathetic nerve

system dysfunction.40 However, there are no reports that de-
scribe the prognostic value of the co-morbid burden as a
whole and sympathetic nerve system. ACCI includes multiple
co-morbid conditions, while there is a paucity of information
on the sympathetic nerve activity that is an essential factor
when considering the conditions of HF patients.

In the previous reports which mainly included chronic HF
patients with reduced LVEF, late HMR was significantly asso-
ciated with the poor outcome independently of plasma BNP
level and LVEF.18,38 In the present study, we enrolled ADHF
patients irrespectively of reduced or preserved LVEF, which
resulted in that late HMR was more predictive and LVEF
was not predictive. The discrepancy between the present
study and previous reports might be due to the patient’s
characteristics (chronic HF vs. acute HF, reduced LVEF vs.
non-reduced LVEF).

Limitations

There are several limitations in this study. First, because this
is a single-centre study, the small and empirically selected
population sample size was a major limitation. Second, the
medications used during the follow-up might have affected
MIBG uptake and the clinical outcome. A study with serial

Figure 4 Cardiac event-free rates in ADHF patients with high and low ACCI. ACCI, age-adjusted Charlson co-morbidity index; ADHF, acute decompen-
sated heart failure.
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evaluation of cardiac MIBG might therefore be necessary.
Third, we need to consider the specificity of our study pa-
tients when we generalize our results. There were few

patients with tumours, secondary metastases, moderate to
severe liver disease, or malignant lymphoma. Additionally,
there were no patients with leukaemia or acquired immune

Figure 5 Receiver-operating characteristic curve analysis of cardiac metaiodobenzylguanidine parameters for the prediction of the cardiac events.
AUC, areas under the curve; HMR, heart-to-mediastinum ratio; WR, washout rate.

Table 2 Univariate and multivariate Cox proportional hazards analysis to identify patients with ADHF at risk of cardiac event

Variables

Univariate Multivariate

P HR (95% CI) P HR (95% CI)

ACCI <0.0001 1.3487 (1.2147–1.4974) 0.0015 1.2269 (1.0817–1.3912)
Late HMR <0.0001 0.2557 (0.1426–0.4585) 0.0069 0.4244 (0.2278–0.7907)
BUN <0.0001 1.0260 (1.0172–1.0349) 0.0021 1.0169 (1.0061–1.0279)
Haemoglobin <0.0001 0.7938 (0.7333–0.8594) 0.0019 0.8349 (0.7452–0.9353)
NYHA class III <0.0001 2.0743 (1.4983–2.8718) 0.0396 1.5086 (1.0568–2.1536)
SBP 0.0076 0.9880 (0.9792–0.9968) 0.0011 0.9839 (0.9744–0.9935)
Log BNP <0.0001 1.4633 (1.2458–1.7188) – –

Sex 0.6222 1.0826 (0.7895–1.4846) – –

Body mass index 0.0105 0.9485 (0.9109–0.9877) – –

Heart rate 0.8020 1.0018 (0.9875–1.0164) – –

Albumin 0.0005 0.5511 (0.3943–0.7702) – –

Sodium 0.0002 0.9184 (0.8782–0.9605) – –

LVEF 0.4766 0.9962 (0.9857–1.0068) – –

Ischaemic origin 0.0003 1.7901 (1.3090–2.4480) – –

AF history 0.2160 1.2170 (0.8916–1.6613) – –

ACCI, age-adjusted Charlson co-morbidity index; AF, atrial fibrillation; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; CI, con-
fidence interval; HMR, heart-to-mediastinum metaiodobenzylguanidine uptake ratio; HR, hazard ratio; LVEF, left ventricular ejection frac-
tion; NYHA, New York Heart Association; SBP, systolic blood pressure.
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deficiency syndrome, which score 2 and 6 points, respec-
tively, and as such, the ACCI score may be lower than at other
institutions in Japan or in non-Japanese populations. Thus,
external validation would be needed to verify our results.

Conclusions

Cardiac MIBG imaging could provide additional prognostic
information over the co-morbid conditions evaluated by the
ACCI.

Conflict of interest

None declared.

Author contributions

Takahisa Yamada designed this study. Takahisa Yamada,
Shunsuke Tamaki, and Masatake Fukunami contributed to
the analysis and assisted in writing the manuscript. All
remaining authors have contributed to the data collection,
interpretation, and critical review of the manuscript.

References

1. Braunstein JB, Anderson GF,
Gerstenblith G, Weller W, Niefeld M,
Herbert R, Wu AW. Noncardiac comor-
bidity increases preventable hospitaliza-
tions and mortality among Medicare
beneficiaries with chronic heart failure.
J Am Coll Cardiol 2003; 42: 1226–1233.

2. Oudejans I, Mosterd A, Zuithoff NP,
Hoes AW. Comorbidity drives mortality
in newly diagnosed heart failure: a

study among geriatric outpatients. J
Card Fail 2012; 18: 47–52.

3. Formiga F, Moreno-Gonzalez R, Chivite
D, Franco J, Montero A, Corbella X. High
comorbidity, measured by the Charlson
comorbidity index, associates with
higher 1-year mortality risks in elderly
patients experiencing a first acute heart
failure hospitalization. Aging Clin Exp
Res 2018; 30: 927–933.

4. Arnett DK, Goodman RA, Halperin JL,
Anderson JL, ParekhAK,ZoghbiWAAHA.
ACC/HHS strategies to enhance applica-
tion of clinical practice guidelines in pa-
tients with cardiovascular disease and
comorbid conditions: from the American
Heart Association, American College of
Cardiology, and U.S. Department of
Health and Human Services. J Am Coll
Cardiol 2014; 64: 1851–1856.

Figure 6 Cardiac event-free rates in ADHF patients with high and low late HMR in the subgroups with high and low ACCI. ACCI, age-adjusted Charlson
co-morbidity index; HMR, heart-to-mediastinum ratio.

Incremental prognostic value of cardiac MIBG imaging over the comorbid burden in ADHF 1175

ESC Heart Failure 2021; 8: 1167–1177
DOI: 10.1002/ehf2.13173



5. Triposkiadis F, Giamouzis G, Parissis J,
Starling RC, Boudoulas H, Skoularigis
J, Butler J, Filippatos G. Reframing the
association and significance of
co-morbidities in heart failure. Eur J
Heart Fail 2016; 18: 744–758.

6. Stavem K, Hoel H, Skjaker SA,
Haagensen R. Charlson comorbidity in-
dex derived from chart review or admin-
istrative data: agreement and prediction
of mortality in intensive care patients.
Clin Epidemiol 2017; 9: 311–320.

7. Lu KJ, Kearney LG, Ord M, Jones E,
Burrell LM, Srivastava PM. Age adjusted
Charlson co-morbidity Index is an inde-
pendent predictor of mortality over
long-term follow-up in infective endocar-
ditis. Int J Cardiol 2013; 168:
5243–5248.

8. Sanchis J, Nunez J, Bodi V, Nunez E,
Garcia-Alvarez A, Bonanad C, Regueiro
A, Bosch X, Heras M, Sala J, Bielsa O,
Llacer A. Influence of comorbid
conditions on one-year outcomes in
non-ST-segment elevation acute coro-
nary syndrome. Mayo Clin Proc 2011;
86: 291–296.

9. Kearney L, Ord M, Buxton B, Matalanis
G, Patel S, Burrell L, Srivastava P. Use-
fulness of the Charlson co-morbidity in-
dex to predict outcomes in patients
>60 years old with aortic stenosis dur-
ing 18 years of follow-up. Am J Cardiol
2012; 110: 695–701.

10. Lee CS, Chien CV, Bidwell JT, Gelow JM,
Denfeld QE, Masterson Creber R, Buck
HG, Mudd JO. Comorbidity profiles and
inpatient outcomes during hospitaliza-
tion for heart failure: an analysis of the
U.S. Nationwide inpatient sample. BMC
Cardiovasc Disord 2014; 14: 73.

11. Huang W, Chai SC, Lee SGS, MacDonald
MR, Leong KTG. Prognostic factors after
index hospitalization for heart failure
with preserved ejection fraction. Am J
Cardiol 2017; 119: 2017–2020.

12. Theuns DA, Schaer BA, Soliman OI,
Altmann D, Sticherling C, Geleijnse ML,
Osswald S, Jordaens L. The prognosis
of implantable defibrillator patients
treated with cardiac resynchronization
therapy: comorbidity burden as predic-
tor of mortality. Europace 2011; 13:
62–69.

13. Cohn JN, Levine TB, Olivari MT,
Garberg V, Lura D, Francis GS, Simon
AB, Rector T. Plasma norepinephrine as
a guide to prognosis in patients with
chronic congestive heart failure. N Engl
J Med 1984; 311: 819–823.

14. Hr PM, Luc J, RandÃ© D, Moyse D,
Duboc D, Dove P, Bourguignon MH,
Benvenuti C, Duval AM, Agostini D,
Loisance D, Castaigne A, Syrota A.
Prognostic value of cardiac
metaiodobenzylguanidine imaging in
patients with heart failure. J Nucl Med
1992; April 1, 1992; 33: 471–477.

15. Ogita H, Shimonagata T, Fukunami M,
Kumagai K, Yamada T, Asano Y, Hirata
A, Asai M, Kusuoka H, Hori M, Hoki N.
Prognostic significance of cardiac (123)

I metaiodobenzylguanidine imaging for
mortality and morbidity in patients with
chronic heart failure: a prospective
study. Heart 2001; 86: 656–660.

16. Tamaki S, Yamada T, Okuyama Y, Morita
T, Sanada S, Tsukamoto Y, Masuda M,
Okuda K, Iwasaki Y, Yasui T, Hori M,
Fukunami M. Cardiac iodine-123
metaiodobenzylguanidine imaging pre-
dicts sudden cardiac death indepen-
dently of left ventricular ejection
fraction in patients with chronic heart
failure and left ventricular systolic dys-
function: results from a comparative
study with signal-averaged electrocar-
diogram, heart rate variability, and QT
dispersion. J Am Coll Cardiol 2009; 53:
426–435.

17. Kuramoto Y, Yamada T, Tamaki S,
Okuyama Y, Morita T, Furukawa Y,
Tanaka K, Iwasaki Y, Yasui T, Ueda H,
Okada T, Kawasaki M, Levy WC, Komuro
I, Fukunami M. Usefulness of cardiac
iodine-123 meta-iodobenzylguanidine
imaging to improve prognostic power of
Seattle heart failure model in patients
with chronic heart failure. Am J Cardiol
2011; 107: 1185–1190.

18. Nakata T, Nakajima K, Yamashina S,
Yamada T, Momose M, Kasama S,
Matsui T, Matsuo S, Travin MI, Jacobson
AF. A pooled analysis of multicenter co-
hort studies of (123)I-mIBG imaging of
sympathetic innervation for assessment
of long-term prognosis in heart failure.
JACC Cardiovasc Imaging 2013; 6:
772–784.

19. Kawai T, Yamada T, Tamaki S, Morita T,
Furukawa Y, Iwasaki Y, Kawasaki M,
Kikuchi A, Kondo T, Takahashi S, Ishimi
M, Hakui H, Ozaki T, Sato Y, Seo M,
Sakata Y, Fukunami M. Usefulness of
cardiac meta-iodobenzylguanidine im-
aging to identify patients with chronic
heart failure and left ventricular ejection
fraction <35% at low risk for sudden
cardiac death. Am J Cardiol 2015; 115:
1549–1554.

20. Tamaki S, Yamada T, Morita T,
Furukawa Y, Iwasaki Y, Kawasaki M,
Kikuchi A, Kondo T, Kawai T, Takahashi
S, Ishimi M, Hakui H, Ozaki T, Sato Y,
Seo M, Sakata Y, Fukunami M. Risk
stratification of patients with chronic
heart failure using cardiac iodine-123
metaiodobenzylguanidine imaging: in-
cremental prognostic value over right
ventricular ejection fraction. ESC Heart
Fail 2015; 2: 116–121.

21. Seo M, Yamada T, Tamaki S, Watanabe
T, Morita T, Furukawa Y, Kawasaki M,
Kikuchi A, Kawai T, Abe M, Nakamura
J, Yamamoto K, Kayama K, Kawahira
M, Tanabe K, Kimura T, Ueda K,
Sakamoto D, Sakata Y, Fukunami M.
Prognostic significance of cardiac
I-123-metaiodobenzylguanidine imag-
ing in patients with reduced, mid-range,
and preserved left ventricular ejection
fraction admitted for acute decompen-
sated heart failure: a prospective study
in Osaka Prefectural Acute Heart Failure

Registry (OPAR). Eur Heart J Cardiovasc
Imaging 2020.

22. Kondo T, Yamada T, Tamaki S, Morita
T, Furukawa Y, Iwasaki Y, Kawasaki
M, Kikuchi A, Ozaki T, Sato Y, Seo M,
Ikeda I, Fukuhara E, Abe M, Nakamura
J, Sakata Y, Fukunami M. Serial
change in serum chloride during hospi-
talization could predict heart failure
death in acute decompensated heart
failure patients. Circ J 2018; 82:
1041–1050.

23. Seo M, Yamada T, Tamaki S, Morita T,
Furukawa Y, Iwasaki Y, Kawasaki M,
Kikuchi A, Kawai T, Abe M, Nakamura
J, Yamamoto K, Kayama K, Kawahira
M, Tanabe K, Kimura T, Ueda K,
Sakamoto D, Sakata Y, Fukunami M.
Prognostic significance of serum cholin-
esterase in patients with acute decom-
pensated heart failure: a prospective
comparative study with other nutri-
tional indices. Am J Clin Nutr 2019;
110: 330–339.

24. Charlson ME, Pompei P, Ales KL,
MacKenzie CR. A new method of classi-
fying prognostic comorbidity in longitu-
dinal studies: development and
validation. J Chronic Dis 1987; 40:
373–383.

25. Charlson M, Szatrowski TP, Peterson J,
Gold J. Validation of a combined comor-
bidity index. J Clin Epidemiol 1994; 47:
1245–1251.

26. Aaronson KD, Schwartz JS, Chen TM,
Wong KL, Goin JE, Mancini DM. Devel-
opment and prospective validation of a
clinical index to predict survival in am-
bulatory patients referred for cardiac
transplant evaluation. Circulation 1997;
95: 2660–2667.

27. Spinar J, Jarkovsky J, Spinarova L,
Mebazaa A, Gayat E, Vitovec J, Linhart
A, Widimsky P, Miklik R, Zeman K,
Belohlavek J, Malek F, Felsoci M, Kettner
J, Ostadal P, Cihalik C, Vaclavik J,
Taborsky M, Dusek L, Littnerova S,
Parenica J. AHEAD score—long-term
risk classification in acute heart failure.
Int J Cardiol 2016; 202: 21–26.

28. Shiraishi Y, Kohsaka S, Abe T, Mizuno A,
Goda A, Izumi Y, Yagawa M, Akita K,
Sawano M, Inohara T, Takei M, Kohno
T, Higuchi S, Yamazoe M, Mahara K,
Fukuda K, Yoshikawa T. Validation of
the Get With The Guideline-Heart Fail-
ure risk score in Japanese patients and
the potential improvement of its dis-
crimination ability by the inclusion of
B-type natriuretic peptide level. Am
Heart J 2016; 171: 33–39.

29. Levy WC, Mozaffarian D, Linker DT,
Sutradhar SC, Anker SD, Cropp AB,
Anand I, Maggioni A, Burton P, Sullivan
MD, Pitt B, Poole-Wilson PA, Mann DL,
Packer M. The Seattle Heart Failure
Model: prediction of survival in heart
failure. Circulation 2006; 113:
1424–1433.

30. Sartipy U, Dahlström U, Edner M, Lund
LH. Predicting survival in heart failure:
validation of the MAGGIC heart failure

1176 K. Kayama et al.

ESC Heart Failure 2021; 8: 1167–1177
DOI: 10.1002/ehf2.13173



risk score in 51,043 patients from the
Swedish heart failure registry. Eur J
Heart Fail 2014; 16: 173–179.

31. Ather S, Chan W, Bozkurt B, Aguilar D,
Ramasubbu K, Zachariah AA, Wehrens
XH, Deswal A. Impact of noncardiac co-
morbidities on morbidity and mortality
in a predominantly male population
with heart failure and preserved versus
reduced ejection fraction. J Am Coll
Cardiol 2012; 59: 998–1005.

32. Scrutinio D, Passantino A, Guida P,
Ammirati E, Oliva F, Braga SS, La
Rovere MT, Lagioia R, Frigerio M.
Prognostic impact of comorbidities in
hospitalized patients with acute exacer-
bation of chronic heart failure. Eur J In-
tern Med 2016; 34: 63–67.

33. Clarke B, Howlett J, Sapp J, Andreou P,
Parkash R. The effect of comorbidity on
the competing risk of sudden and
nonsudden death in an ambulatory
heart failure population. Can J Cardiol
2011; 27: 254–261.

34. Ruiz-Laiglesia FJ, Sanchez-Marteles
M, Perez-Calvo JI, Formiga F,
Bartolome-Satue JA, Armengou-Arxe A,

Lopez-Quiros R, Perez-Silvestre J,
Serrado-Iglesias A, Montero-Perez-
Barquero M. Comorbidity in heart fail-
ure. Results of the Spanish RICA Regis-
try. Qjm 2014; 107: 989–994.

35. Ioannou A, Papageorgiou N, Barber H,
Falconer D, Barra S, Babu G, Ahsan S,
Rowland E, Hunter R, Lowe M, Schilling
R, Lambiase P, Chow A, Providencia R.
Impact of an age-adjusted co-morbidity
index on survival of patients with heart
failure implanted with cardiac
resynchronization therapy devices. Am
J Cardiol 2017; 120: 1158–1165.

36. Newton PJ, Si S, Reid CM, Davidson PM,
Hayward CS, Macdonald PS. Survival
after an acute heart failure admission.
Twelve-month outcomes from the NSW
HF snapshot study. Heart Lung Circ
2019.

37. Yamada T, Shimonagata T, Fukunami M,
Kumagai K, Ogita H, Hirata A, Asai M,
Makino N, Kioka H, Kusuoka H, Hori
M, Hoki N. Comparison of the
prognostic value of cardiac iodine-123
metaiodobenzylguanidine imaging and
heart rate variability in patients with

chronic heart failure: a prospective
study. J Am Coll Cardiol 2003; 41:
231–238.

38. Jacobson AF, Senior R, Cerqueira MD,
Wong ND, Thomas GS, Lopez VA,
Agostini D, Weiland F, Chandna H,
Narula J. Myocardial iodine-123 meta-
iodobenzylguanidine imaging and car-
diac events in heart failure. Results of
the prospective ADMIRE-HF (AdreView
Myocardial Imaging for Risk Evaluation
in Heart Failure) study. J Am Coll Cardiol
2010; 55: 2212–2221.

39. Nakajima K, Scholte A, Nakata T,
Dimitriu-Leen AC, Chikamori T, Vitola
JV, Yoshinaga K. Cardiac sympathetic
nervous system imaging with
(123)I-meta-iodobenzylguanidine: per-
spectives from Japan and Europe. J Nucl
Cardiol 2017; 24: 952–960.

40. van der Wal HH, van Deursen VM, van
der Meer P, Comorbidities in Heart Fail-
ure VAA. Comorbidities in heart failure.
Handb Exp Pharmacol 2017; 243:
35–66.

Incremental prognostic value of cardiac MIBG imaging over the comorbid burden in ADHF 1177

ESC Heart Failure 2021; 8: 1167–1177
DOI: 10.1002/ehf2.13173



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


