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Medicine, University of Cincinnati College of Medicine, Cincinnati, OH, USA; and 9GE Healthcare, Princeton, NJ, USA

Received 18 December 2013; accepted after revision 22 February 2014; online publish-ahead-of-print 30 March 2014

Aims The purpose of this study was to determine the most appropriate prognostic endpoint for myocardial 123I-metaiodoben-
zylguanidine (MIBG) scintigraphy in patients with chronic heart failure (CHF) based on aggregate results from multiple
studies published in the past decade.

Methods
and results

Original individual late (3–5 h) heart/mediastinum (H/M) ratio data of 636 CHF patients were retrieved from six studies
fromEuropeand the USA.All-causemortality, cardiac mortality, arrhythmicevents, andheart transplantationwere inves-
tigated to determine which provided the strongest prognostic significance for the MIBG imaging data. The majority of
patients was male (78%), had a decreased left ventricular ejection fraction (31.1+12.5%), and a mean late H/M of
1.67+ 0.47. During follow-up (mean 36.9+ 20.1 months), there were 83 deaths, 67 cardiac deaths, 33 arrhythmic
events, and 56 heart transplants. In univariate regression analysis, late H/M was a significant predictor of all event categor-
ies, but lowest hazard ratios (HRs) were for the composite endpoint of any event (HR ¼ 0.30, 95% CI 0.19–0.46), all-
cause (HR ¼ 0.29, 95% CI 0.16–0.53), and cardiac mortality (HR ¼ 0.28, 95% CI 0.14–0.55). In multivariate analysis,
late H/M was an independent predictor for all event categories, except for arrhythmias.

Conclusions This pooled individual patient data meta-analysis showed that, in CHF patients, the late H/M ratio is not only useful as a
dichotomous predictor of events (high vs. low risk), but also has prognostic implication over the full range of the outcome
value for all event categories except arrhythmias.
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Introduction
Despite the numerous single-centre studies demonstrating the prog-
nostic value of myocardial 123I-metaiodobenzylguanidine (MIBG)
imaging in chronic heart failure (CHF) patients, clinical use of this

procedure remains limited.1– 4 One potential reason for the limited
clinical impact of many publications is that the different ways in
which increased risk was characterized could not be directly
related to patient management considerations. In addition, most of
the studies analysed the results using a dichotomous division of
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patients into low and high cardiac uptake groups, without adequate
standardization of the thresholds chosen for division of the popula-
tions.5 Cardiac uptake of MIBG was only rarely analysed as a continu-
ous quantitative variable, making it difficult to assess the full scope of
the prognostic potential of MIBG.6,7 In addition, there was a lack of
consistency in defining the population in whom MIBG should be
usedand the endpoints most likely to influence therapeutic decisions.

The purposeof this study was toexamine the relativeperformance
of cardiac MIBG imaging results as a prognostic marker for different
endpoints in order to determine the endpoint for which this imaging
had the greatest power. The basis for this new analysis was the aggre-
gate results from individual patient data from multiple studies pub-
lished in the past decade.

Methods

Study selection
Eligibility criteria
Published studies were eligible if survival was analysed in patients with
heart failure stratified by the late heart to mediastinal (H/M) ratio as a par-
ameter of MIBG myocardial uptake. The primary outcomes of interest
were all-cause mortality, cardiac death, non-fatal arrhythmic events [i.e.
sustained ventricular tachycardia, resuscitated cardiac arrest, and implan-
table cardioverter defibrillator (ICD) activations], cardiac transplant-
ation, and a composite endpoint of any of the listed events.

Search strategy
A computer-assisted search was performed on the medical databases
MEDLINE (January 2000 to January 2012), PubMed (January 2000 to
January 2012), EMBASE (January 2000 to January 2012), the Cochrane
Controlled Trial Register, and the Cochrane Database of Systematic
Reviews (from their inception to January 2012). We used the following
previously described highly sensitive search and adapted strategy:5,8

(((MIBG* [WORD] OR metaiodobenzylguanidine [WORD]) AND
(heart [WORD] AND failure [WORD])) AND (incidence [MESH] OR
mortality [MESH] OR follow-up studies [MESH] OR mortality [SH]
OR prognos* [WORD] OR predict* [WORD] OR course [WORD])).
The publications were restricted to those originating from Europe or
the USA without any language restrictions. In addition, data from the
ADMIRE-HF trial were not accessible for the current analysis.6

Selection procedure
All publications matching the eligibility criteria were retrieved. In the case
of overlapping and duplicated datasets, care was taken to include only the
most recent or most complete dataset. The primary responsible authors
of the selected articles were contacted to determine whether the data
used in the original publications still existed, and whether they were
willing and able to share individual subject results for the combined
pooled meta-analysis.

Definition of endpoints
All-cause mortality data were extracted from the long-term survival in-
formation collected as part of the original published research. The time
to death wasdefined as the number of days fromthe date of MIBG admin-
istration until the date of death. For reasons of consistency, the follow-up
was truncated at 60 months. Cardiac death was a component of the end-
point of all-cause mortality. Based on information collected during the
course of the original studies, all reported deaths were categorized as
either cardiac, non-cardiac, or unknown. Cardiac mortality included

sudden cardiac death, deaths as a result of progressive heart failure or
acute myocardial infarction, and other deaths for which complications in-
volving the heart were a central factor. All other deaths were categorized
as non-cardiac if a primary cause such as malignancy or infection was
known or unknown if there was no information concerning the circum-
stances of the death.

Arrhythmic events included any of the following documented occur-
rences: resuscitated cardiac arrest, appropriate ICD discharge (anti-
tachycardia pacing or defibrillation), sustained ventricular tachycardia
of .30 s duration and a heart rate .100 bpm. The rhythm must also
have been poorly tolerated (associated with hypotension and collapse)
and/or have required an intervention (intravenous medications, anti-
tachycardia pacing, and direct current shock) to terminate. Cardiac trans-
plantation performed for any indication was recorded.

Statistical analysis
Cox’s proportional hazard regression analysis was used to investigate the
relationship between several possible patient-related explanatory vari-
ables [age, gender, late H/M, left ventricular ejection fraction (LVEF), aeti-
ology of CHF, and baseline New York Heart Association (NYHA)
functional class] and the different endpoints: all-cause mortality, cardiac
death, arrhythmic events, cardiac transplantation, and the composite
endpoint. In the case of multiple events, only the first event was used
for analysis. Each individual parameter was entered in the Cox’s propor-
tional hazard regression analysis, based on forward likelihood ratio, if
P , 0.05 and removed from the analysis, if P . 0.10. The x2 test, Cox’s
proportional hazard regression coefficient (coefficient B), and exponent
(exponent B) were used to describe the model and relative contribution
of the parameters to the model. Exponent B can, therefore, be consid-
ered to be the predicted change in hazard for a unit change in the predict-
or, i.e. hazard ratio (HR). A P-value of ,0.05 was considered statistically
significant. All statistical analyses were performed with the SPSS software
(SPSS for Windows, version 20.0; SPSS, Inc., Chicago, IL, USA).

Results

Study selection
Full reports or abstracts from 129 references of papers yielded eight
studies that fulfilled the inclusion criteria of our pooled individual
patient data meta-analysis. The primary responsible authors of
these eight studies were contacted and six agreed to share their indi-
vidual patient data, all but one of the datasets were generated in
Europe.9– 14 The individual data of 601 subjects could be retrieved
from local databases and aggregated into one database. Compared
with the total number of subjects mentioned in the original publica-
tions, 35 additional subjects could be added to the aggregated data-
base. As part of an ongoing registry of CHF patients undergoing
MIBG, these subjects all came from one centre and were added to
the local database after the original publication.11 These 35 additional
subjects were not included in any other previous publication. In add-
ition, further follow-up data collected after the original publication
were submitted for subjects in one previous aggregated study.10

Therefore, 636 subjects were eligible for the aggregated analysis.
Figure 1 shows the progress through the selection of studies eligible
for the pooled individual patient data meta-analysis.

Datasets
The types of data available for all patients were: demographics,
medical history, medication usage, CHF aetiology, LVEF, late H/M,
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and follow-up data. The majority of datasets was lacking complete in-
formation on other parameters (e.g. biochemistry and renal function
data), thus requiring exclusion of these variables from the multivari-
ate analyses.

All eligible studies reported that, to block uptake of free 123I by the
thyroid gland, patients were pre-treated with either a form of satu-
rated solution of potassium iodide or perchlorate prior to the injec-
tion of MIBG. In all eligible studies, patients were intravenously

Figure 1: Selection of studies eligible for pooled individual patient data meta-analysis. One hundred and twenty-one reports were excluded: 62
reports not originating from Europe or the USA, 35 review and case reports, 4 reports related to ADMIRE-HF, 7 studies on ICD, and a group of 13
studies with miscellaneous subjects ranging from hypertension, diabetes mellitus to acquisition-related reports. No studies with overlapping and/or
duplicated datasets were found. Non-electronic search (contact with authors and hand searching) did not result in additional (unpublished) studies
that fulfilled the eligibility criteria.
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injected with �185 MBq (5 mCi) of MIBG. Anterior planar images of
the chestwereacquired in almost all eligible studies at�3–4 h (‘late’)
post-injectionofMIBG. In all studies, the myocardial regionof interest
(ROI) was drawn manually. A square or rectangular mediastinal ROI
was drawn in the upper mediastinum where the size of the mediastin-
al ROI changed with matrix size. All eligible studies reported that the
H/M ratio was calculated as the ratio of the counts/pixel in the two
ROIs.

Baseline subject characteristics
The majority of the 636 subjects (599 from Europe and 37 from the
USA) was male, had non-ischaemic CHF and a decreased LVEF, and
was on beta-blockers, aldosterone antagonists, and either
angiotensin-converting enzyme inhibitors or angiotensin II receptor
blockers (Table 1).

Follow-up and events
During follow-up, truncatedat60months (mean36.9+ 20.1months
with a range of 1–60 months), 159 patients had 172 events: 83 deaths
ofwhich 67werecardiacdeaths, 33 arrhythmicevents, and 56cardiac
transplantations. The majorityof subjects experienced one event and
only 13 subjects had a second event. All these 13 subjects eventually
died: six subjects had a cardiac transplantation prior to death and the
remaining seven subjects had arrhythmias prior to death.

123I-MIBG parameters
In all the subjects, the late H/M ratio was available. The mean late H/M
was 1.67+0.47 (first quintile≤1.32; second to fourth quintile 1.33–
1.97, and fifth quintile ≥1.98). Figure 2 shows the Kaplan–Meier
curves for the late H/M (in quintiles) in relation to the events. For
all defined endpoints, decreasing late H/M was associated with

increased event risk. This association was strongest for mortality
(both all cause and cardiac) and weakest for arrhythmic events.

Univariate Cox’s regression analysis
Table 2 presents the result of the univariate Cox regression analyses.
The late H/M was a significant predictor for all event categories, but
the highestx2 and the lowest HR were for the composite endpoint of
any event (HR ¼ 0.30, 95% CI: 0.19–0.46). The late H/M had similar
power as a predictor of all-cause mortality, cardiac mortality, or
cardiac transplantation (Table 2). For the prediction of arrhythmic
events, the late H/M had the lowest x2 and least powerful HR.

Multivariate Cox’s regression analysis
For all event categories, except for arrhythmias, late H/M was an in-
dependent predictor (Tables 3–7): i.e. a lower late H/M was asso-
ciated with a higher risk of events.

For the composite endpoint of any event, late H/M was an inde-
pendent predictor. Gender (i.e. females associated with a lower
risk), LVEF (i.e. lower LVEF associated with a higher risk), and
NYHA functional class (i.e. higher NYHA associated with a higher
risk) were also identified as independent predictors (Table 3).

The independent predictors of all-cause mortality and cardiac
mortality were late H/M and LVEF (i.e. lower LVEF was associated
with a higher risk), whereas for all-cause mortality age (i.e. higher
age was associated with higher risk) was also identified as an inde-
pendent predictor (Tables 4 and 5).

For cardiac transplantation, the independent predictors were late
H/M, age (i.e. higher age was associated with a lower risk), LVEF (i.e.
lower LVEF was associated with a higher risk), and baseline NYHA
functional class (i.e. higher NYHA class was associated with a
higher risk) (Table 6).

Arrhythmias could independently be predicted by age (i.e. higher
age was associated with a higher risk) and baseline NYHA functional
class (i.e. higher NYHA class was associated with a lower risk)
(Table 7).

Aetiologyof heart failure (i.e. ischaemic vs. non-ischaemic) was not
an independent predictor in the multivariate analyses for any of the
outcome events.

Discussion
This study demonstrates the independent prognostic value of
increased cardiac sympathetic activity as assessed by the late H/M
ratio as a measure of MIBG myocardial uptake when used as a con-
tinuous parameter by aggregating individual data of patients with
HF from multiple single-centre cohort studies. While the late H/M
ratio can be effectively used as a dichotomous or categorical predict-
or of events (high vs. low risk), the present results confirm that the
risk of events is continuously associated with the late H/M, with prog-
nostic implication over the full range of this parameter.

In heart failure, abnormal activity of the sympathetic nervous
system has been shown to be of pathophysiological importance.15

Increased neuronal release of norepinephrine (NE) in response to
a deterioration of cardiac function is accompanied by decreased pre-
synaptic NE reuptake due to down-regulation of the cardiac NE
transporter.16 If prolonged, this leads to a reactive desensitization

Table 1 Patient characteristics (N 5 636)

Age (years) 56+12 range: 21–87

Female/male 137/499 22 vs. 78%

BMI (kg/m2) 27.1+4.8 range: 16–45.8

LVEF (%) 31.1+12.5 range: 7–47

NYHA class

I 33 5.2%

II 300 47.2%

III 278 43.7%

IV 25 3.9%

Medical history

Ischaemic vs. non-ischaemic 264/372 42 vs. 58%

Hypertension 143

Diabetes Mellitus 84

Medication

ACE-I/ARB 519

Beta-blockers 420

Amiodarone 102

Aldosterone antagonist 128

BMI: body mass index; NYHA: New York Heart Association functional classification;
ACE-I: angiotensin-converting enzyme inhibitor I; ARB: angiotensin II receptor
blocker.

Prognostic value of myocardial 123I-MIBG: a pooled individual patient data meta-analysis 999
D

ow
nloaded from

 https://academ
ic.oup.com

/ehjcim
aging/article/15/9/996/2403293 by guest on 24 April 2024



of the myocardial beta-adrenergic receptors in the synaptic cleft,
further exacerbating ventricular dysfunction.17,18

MIBG is a radiolabelled NE analogue that allows for the visualiza-
tion and quantification of myocardial sympathetic innervation.
MIBG shares the same uptake, storage, and release mechanisms as
NE, but is not metabolized. The quantified myocardial MIBG para-
meters have proved to be of prognostic value in CHF. The
meta-analyses of Verberne et al.5 and Kuwabara et al.19 showed

that HF patients with abnormal myocardial MIBG parameters have
a significantly worse prognosis compared with those with relatively
preserved myocardial MIBG parameters (i.e. late H/M and MIBG
myocardial washout). The ADMIRE-HF trial demonstrated for the
first time in a large prospective study that the late H/M ratio, especial-
ly in concert with LVEF and B-type natriuretic peptide (BNP), was a
strong independent predictor of prognosis in HF patients.6 The
recent publication by Nakata et al.7 confirmed, by pooled analyses

Figure2: Kaplan–Meier (K–M) survival curves classified by quintiles of late H/M. The K–M survival curve for the combined endpoint without any
relation to the late H/M shows an overall cumulative increase of events over time (A). When the K–M survival curves for the combined event are
plotted in relation to the late H/M (expressed in quintiles), there is a clear association showing that with lower late H/M the risk of events increase (B).
This holds also true for all-cause mortality (C ) and cardiac mortality (D) and to lesser extent for arrhythmias (E) and cardiac transplantation (F ).
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of independent cohort studies from Japan, the long-term prognostic
value of cardiac MIBG uptake in patients with CHF independently of
other markers, such as NYHA functional class, BNP, and LVEF.
However, only in the most recent studies have MIBG parameters
been analysed consistently as continuous variables. In the majority

of earlier studies, cardiac uptake of MIBG was either dichotomized
to differentiate high-risk from low-risk populations (ADMIRE-HF)
or subdivided intomorepre-specified risk groups (i.e. low, intermedi-
ate, and high risks). These categorizations made it difficult to assess
the full scope of the prognostic potential of MIBG. The results of

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Univariate analysis for late H/M as a predictor
of events at 60-month follow-up

Events x2 HR (95% CI) P-value

Any event 36.86 0.30 (0.19–0.46) ,0.0001

All-cause mortality 20.14 0.29 (0.16–0.53) ,0.0001

Cardiac transplant 17.22 0.22 (0.10–0.49) ,0.0001

Cardiac mortality 17.13 0.28 (0.14–0.55) ,0.0001

Arrhythmia 10.00 0.33 (0.16–0.67) 0.002

Outcome of univariate analyses is ordered based on x2 scoring.
Any event: combined endpoint; x2: chi-square; HR: hazard ratio; 95% CI: 95%
confidence interval.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Multivariate analysis for predictors of the
combined endpoint of any event at 60-month follow-up

x2 of the model HR (95% CI) P-value

Any event 67.98 ,0.0001

Late H/M 0.43 (0.27–0.67) ,0.0001

Gender 0.55 (0.36–0.85) 0.006

LVEF 0.97 (0.95–0.99) ,0.0001

NYHA 1.34 (1.04–1.72) 0.023

Outcome of multivariate analysis is ordered based on HR scores. Parameters used as
possible explanatory variables: age, gender, late H/M, LVEF, aetiology of CHF, and
NYHA class.
x2: chi-square; HR: hazard ratio; 95% CI: 95% confidence interval; LVEF: left
ventricular ejection fraction; NYHA: New York Heart Association functional
classification.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 4 Multivariate analysis for predictors of all-cause
mortality at 60-month follow-up

x2 of the model HR (95% CI) P-value

All-cause
mortality

33.95 ,0.0001

Late H/M 0.50 (0.26–0.96) 0.038

LVEF 0.97 (0.95–0.99) 0.005

Age 1.02 (1.00–1.04) 0.025

Outcome of multivariate analysis is ordered based on HR scores. Parameters used as
possible explanatory variables: age, gender, late H/M, LVEF, aetiology of CHF, and
NYHA class.
x2: chi-square; HR: hazard ratio; 95% CI: 95% confidence interval; LVEF: left
ventricular ejection fraction.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 5 Multivariate analysis for predictors of cardiac
mortality at 60-month follow-up

x2 of the model HR (95% CI) P-value

Cardiac mortality 24.94 ,0.0001

Late H/M 0.40 (0.20–0.82) 0.012

LVEF 0.97 (0.94–0.99) 0.007

Outcome of multivariate analysis is orderedbased on HR scores. Parameters used as
possible explanatory variables: age, gender, late H/M, LVEF, aetiology of CHF, and
NYHA class.
x2: chi-square; HR: hazard ratio; 95% CI: 95% confidence interval; LVEF: left
ventricular ejection fraction.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 6 Multivariate analysis for predictors of cardiac
transplantations at 60-month follow-up

x2 of the
model

HR (95% CI) P-value

Cardiac
transplantation

72.56 ,0.0001

Late H/M 0.34 (0.14–0.79) 0.012

Age 0.95 (0.93–0.97) ,0.0001

LVEF 0.95 (0.92–0.98) 0.005

NYHA 2.66 (1.73–4.08) ,0.0001

Outcome of multivariate analysis is orderedbased on HR scores. Parameters used as
possible explanatory variables: age, gender, late H/M, LVEF, aetiology of CHF, and
NYHA class.
x2: chi-square; HR: hazard ratio; 95% CI: 95% confidence interval; LVEF: left
ventricular ejection fraction; NYHA: New York Heart Association functional
classification.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 7 Multivariate analysis for predictors of
arrhythmias at 60-month follow-up

x2 of the model HR (95% CI) P-value

Arrhythmias 10.10 0.006

NYHA 0.57 (0.33–0.98) 0.04

Age 1.04 (1.01–1.07) 0.01

Outcome of multivariate analysis is orderedbased on HR scores. Parameters used as
possible explanatory variables: age, gender, late H/M, LVEF, aetiology of CHF, and
NYHA class.
x2: chi-square; HR: hazard ratio; 95% CI: 95% confidence interval; NYHA: New York
Heart Association functional classification.
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this study using the late H/M as a continuous parameter give further
support to the prognostic role of cardiac MIBG in patients with CHF.

The two available meta-analyses on the prognostic role of MIBG in
CHF were based on published aggregate imaging and outcome
results.5,19 However, this study, like the recent study by Nakata
et al., involved collection of the individual data records for individual
patientswith CHF.This enableddetailedanalysesof the full combined
population and the merged data from the participating sites provided
consistent evidence of efficacy for cardiac MIBG imaging equivalent
to that typically obtained from a multicentre prospective trial.

The less robust performance of the planar late H/M for prediction
of arrhythmic events than for cardiac or all-cause death has been
observed in other studies.6 There are several possible explanations
for this finding. The relationship between occurrence of arrhythmic
events and late H/M as a measure of global cardiac innervation status
is non-linear (highest incidence in patients with modest reduction in
uptake)20 andas a result reduces theeffectivenessof theCoxpropor-
tional hazard regression analysis. This non-linear relationship was
also observed in the present dataset, with the highest incidence of ar-
rhythmic events in patients with a late H/M of 1.40–1.59 (15/147;
10.2%). The use of planar rather than SPECT quantitation of innerv-
ation status also likely contributes to the poorer performance of the
imaging results, given previous demonstrations of the relationship
between regional MIBG defect extent and susceptibility to occur-
rence of arrhythmic events.11,21 The use of tomographic techniques
to better predict arrhythmic events is further corroborated by the
publication of Fallavollita et al.,22 focusing on regional abnormalities
using PET. So, while cardiac MIBG imaging has potential for improving
assessment of arrhythmic risk in CHF patients, realizing this potential
will require greater use of SPECT with appropriate methods for rela-
tive or preferably absolute uptake quantification.

As aetiology of heart failure (i.e. ischaemic vs. non-ischaemic) was
not an independent predictor in the multivariate analyses for any of
the outcome events, this already suggested that in time the events
and possible explanatory variables were relatively more or less
equally divided over both groups. In addition, the number of patients
and their outcome events in the two subgroups (i.e. ischaemic and
non-ischaemic) was not sufficient to support meaningful multivariate
analyses for the individual event categories.

One factor that has constrained acceptance of cardiac MIBG
imaging as a clinical patient management tool in heart failure has
been the variability of technical aspects of the procedure. Although
most publications have included the late H/M as the measure of myo-
cardial uptake, the methods used to obtain this parameter have
varied. For example, variation in collimator selection and the
impact of administered activity, acquisition time, and duration have
been shown to influence the final results.23,24 With the publication
of the proposal for standardization of MIBG cardiac sympathetic
imaging by the European Association of Nuclear Medicine
(EANM), these variations will hopefully be limited in the future.25

However, as the majority of studies included in the present analysis
was performed before the publication of this standardization pro-
posal, the impact of variation in outcome related to the aforemen-
tioned parameters cannot be assessed.

The lack of consensus on how to extrapolate the available MIBG
data into clinical practice is reflected in the absence of MIBG in the
majority of the current guidelines regarding heart failure except in

Japan.26 The Japanese Circulation Society guidelines for nuclear
cardiology list the useof MIBG for the evaluation of severity andprog-
nosis of heart failure as Class I recommendation (general agreement
of effectiveness and usefulness) based on level B evidence (verified by
two or more multicentre randomized intervention trials on fewer
than 400 patients, well-designed comparative studies, or large-scale
cohort studies). As the amount of high-quality data continues to ac-
cumulate, it is likely that MIBG imaging will eventually be incorpo-
rated into both Europe and the USA HF guidelines. However, the
prerequisite for this is that future studies need to be of high quality
and with sufficient numbersof patients to allow foradequate and stat-
istically reliable analyses.

Limitations
The two most limiting factors of this study are that data from Japan
wereexcluded, and that ADMIRE-HFdatawerenot available. The ex-
clusion of data from Japan was primarily related to the difference in
the numerical range of the published H/M results, compared with
data from Europe or the USA. Published late H/M values in control
subjects from Japan are higher compared with similar data from
Europe and the USA (2.42+ 0.30 vs. 1.93+0.16).27– 29 These dif-
ferences cannot be explained by differences in baseline character-
istics of the control subjects, but are probably related to variations
in technique, especially variation in types of collimators. While the
exclusion of Japanese data may have limited the statistical power of
this study, the results of this study are nevertheless similar to those
of Nakata et al.7 With regard to ADMIRE-HF, even if these data
had been available, their addition would likely have skewed the aggre-
gate results towards shorter follow-up, given the median 17 months
in that study compared with 37 months in the present analyses.6

In contrast to the ADMIRE-HF study and the Nakata publication,
this study had no access to BNP and/or N-terminal prohormone
BNP (NT-proBNP) data. We can therefore not exclude the possible
prognostic role BNP or NT-proBNP might have played in our ana-
lyses. However, in both the recent Nakata publication and in the
ADMIREpublication, lateH/M remained significant in analyses includ-
ing BNP.

Conclusion
This meta-analysis, using the individual data of 636 CHF patients pre-
dominantly from Europe, showed the intermediate to long-term (i.e.
5 years) prognostic value of cardiac sympathetic activity as assessed
with cardiac MIBG-derived late H/M. The continuous numeric late
H/M hasprognostic implicationover the full numeric range of the par-
ameter, with greatest strength as a predictor of mortality. In the
present retrospective analyses, the weakest performance of the
planar H/M was for prediction of arrhythmias. In the future, use of
the late H/M by cardiologists for individual patient-risk assessment
or choice of therapeutic interventions will depend on improvements
in the technical consistency of clinical MIBG examinations, and pro-
spective generation of data documenting a positive effect of this pro-
cedure in clinically relevant situations.
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