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ADMIRE-HF (AdreView Myocardial Imaging for Risk Evaluation
in Heart Failure) established the prognostic significance of 123|-
metaiodobenzylguanidine ('23-MIBG) imaging in heart failure sub-
jects (median follow-up, 17 mo) using a composite endpoint dominated
by heart failure progression. The ADMIRE-HF extension (ADMIRE-HFX)
extended follow-up to a median of 24 mo and used mortality as
the primary endpoint. The objective of these analyses was to use
multiple multivariate risk modeling techniques to determine the in-
dependent predictive ability of 123|-MIBG imaging for mortality out-
comes. Methods: Data from 964 New York Heart Association class
Il subjects in ADMIRE-HFX were included. All-cause mortality
and a composite endpoint of death or death-equivalent events
(resuscitated arrest, successful defibrillation for ventricular tachy-
cardia or ventricular fibrillation) were analyzed with multivariate
Cox proportional hazards and logistic regression techniques us-
ing demographic and clinical variables and the '23|-MIBG heart-
to-mediastinum ratio (H/M). The incremental value of H/M was
also examined for the logistic regression models using receiver-
operating-characteristic curve methods and for the proportional haz-
ards models using net reclassification improvement. Results: There
were 101 deaths, and 136 subjects had a composite event during
follow-up. H/M was significant in all multivariate proportional hazards
and logistic regression models for the 2 mortality endpoints, both
models developed with only clinical variables and those including left
ventricular ejection fraction and b-type natriuretic peptide (BNP). For
baseline models including BNP, the addition of H/M did not signifi-
cantly increase receiver-operating-characteristic curve area. How-
ever, there was significant net reclassification improvement with the
addition of H/M to a proportional hazards model containing BNP
and left ventricular ejection fraction. Conclusion: The multivariate
Cox proportional hazards and logistic regression analyses demon-
strated consistent significance for H/M when added to the baseline
risk models for mortality and mortality-equivalent events.
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MoRTALITY PREDICTION IN HEART FAILURE

Hean failure (HF) is associated with damage to sympathetic
neurons, with resultant deleterious alterations in the homeostatic
regulation of heart rate, blood pressure, and myocardial contractile
function (/). The potential utility of assessing myocardial sympa-
thetic neurons with nuclear imaging using the norepinephrine an-
alog !'ZI-metaiodobenzylguanidine ('?’I-MIBG) (2,3) has been
extensively evaluated as a prognostic indicator in HF patients
(4-8). The largest prospective study to demonstrate prognostic
significance for the planar heart-to-mediastinum ratio (H/M) in
HF subjects was ADMIRE-HF (AdreView Myocardial Imaging
for Risk Evaluation in Heart Failure) (9).

Although ADMIRE-HF met its primary and key secondary
efficacy endpoints, concerns about the significant reliance on HF
progression, a relatively subjective endpoint, persist. Despite the
importance of cardiac sympathetic innervation for HF patient
morbidity and mortality (/,10,11), there remain questions about
how the imaging results and associated risk estimates can be incor-
porated into patient-management decision making. These questions
led to the performance of new primary analyses based on all-cause
mortality, the endpoint that is most relevant and least subject to bias.
These analyses were supplemented with additional analyses of
a composite mortality endpoint including events that likely would
have resulted in death in the absence of intervention.

The new analyses of the ADMIRE-HF extension (ADMIRE-
HFX) study (/2), which focused specifically on mortality predic-
tion, were designed to determine, first, whether planar H/M, as
a global measure of myocardial uptake, was a reliable indicator of
mortality risk; second, the relative importance of cardiac sympa-
thetic innervation as an indicator of mortality risk versus other
established clinical measurements; and third, whether '2’I-MIBG
imaging had utility beyond that of currently used prognostic
markers. The present analyses used 2 different coprimary analysis
methods (proportional hazards and logistic regression) suggested
by the U.S. Food and Drug Administration, to which the results
were submitted before U.S. approval of '23I-MIBG for cardiac
imaging in 2013.

MATERIALS AND METHODS

Patient Population

The ADMIRE-HF efficacy population has been described in previous
publications (/2,13). The population consisted of 964 New York Heart
Association class (NYHA) II-IIT HF patients on guideline-recommended
medical therapy and on-site determination of a left ventricular ejection
fraction (LVEF) of no more than 35%. The trial was closed after
the prespecified number of events had been achieved at a median
subject follow-up of 17 mo (from the date of '?*I-MIBG imaging). In
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TABLE 1
Baseline Clinical Characteristics of Study Subjects

No. of subjects

Variable with data All subjects Alive (n = 863) Dead (n = 101) P
Age* (y) 964 62 + 12 62 + 12 67 + 14 <0.0001
Male sex (%) 964 80 80 85 NS
Ischemic etiology (%) 964 66 65 70 NS
NYHA Il (%) 964 83 83 78 NS
Ejection fraction* (%) 964 27+ 6 27+ 6 25+ 6 0.0004
Systolic blood pressure* (mm Hg) 963 123 £ 19 123 £ 19 123 + 20 NS
ICD at enrollment (%) 964 19 20 13 0.08
ICD by death or end of study (%) 964 43 44 32 0.02
QRS width* (ms) 951 120 + 29 119 + 29 126 + 29 0.02
ACEI (%) 964 72 72 71 NS
ARB (%) 964 23 23 22 NS
B blocker (%) 964 92 92 87 0.09
Aldosterone blocker (%) 964 39 39 36 NS
Digoxin (%) 964 24 24 27 NS
Statin (%) 964 67 67 67 NS
Sodium* (meg/dL) 947 139+3 139+3 139+4 NS
Creatinine* (mg/dL) 946 1.20 £ 0.37 1.17 £ 0.34 1.41 + 0.49 <0.0001
Glomerular filtration rate by 946 68 + 21 69 £ 20 59 + 24 <0.0001

MDRD* (mL/min)

*Data are mean + SD.

NS = not statistically significant; ACEl = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker; MDRD =

modification of diet in renal disease.

ADMIRE-HFX, 470 surviving patients who had not reached 2 y of
follow-up provided new informed consent and underwent additional
data collection until 2 y. One hundred forty-nine other potentially
eligible subjects did not provide informed consent, for the following
reasons: 70 were originally enrolled at sites that did not participate in
ADMIRE-HFX; 34 declined participation; 16 could not be located; 25
whose last contact in ADMIRE-HF was between 21 and 23 mo after
123I_.MIBG administration were not approached; and 3 died shortly
after termination of the original study. For all 56 participating centers
in ADMIRE-HFX, the study was approved by the Institutional Review
Boards or Ethics Committees. The combined dataset from the original
and extension trials was used for the present analyses.

Data Collection and Data Analyses

As previously described, all subjects received 370 MBq (10 mCi *
10%) of 'ZI-MIBG (AdreView; GE Healthcare) and underwent planar
imaging of the anterior thorax on a nuclear camera equipped with low-
energy, high-resolution collimators (/3). Derived consensus H/M results
from 3 independent masked interpretations of 4-h planar images (10-
min scans that began at 3 h 50 min) were used in all analyses (9).

All demographic, medical history, and medication usage data were
collected before administration of '23[-MIBG. LVEF was based on on-
site interpretation of echocardiograms (n = 865; 90%), electrocardi-
ography-gated SPECT myocardial perfusion imaging (n = 81; 8%),
and other techniques (n = 18; 2%). Blood samples for b-type natri-
uretic peptide (BNP) were drawn at screening and were processed at
a central core laboratory. However, the blood samples for 38 subjects
were damaged or lost in transit; therefore, determinations of BNP
were available for 926 subjects (96%).
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The primary endpoint was all-cause mortality; the clinical adjudica-
tion committee of HF cardiologists (5 in ADMIRE-HE, 4 of the same 5
in ADMIRE-HFX) reviewed all death records, categorized all deaths as
either cardiac or noncardiac, and subcategorized cardiac deaths as due
to progressive HF, sudden death, myocardial infarction, or other causes.
Exploratory analyses used the composite endpoint of all-cause mortal-
ity, resuscitated cardiac arrest, and defibrillation for ventricular tachycar-
dia or fibrillation. The latter events were determined from source
documents, including implantable cardioverter-defibrillator (ICD)
interrogation reports. This composite endpoint was judged the closest
approximation for estimating what all-cause mortality rates would
have been in the absence of life-saving intervention (/4).

Two series of multivariate analyses were performed for each
endpoint. In each series, an analysis was performed using clinical and
laboratory variables only, and then the analysis was repeated with H/M
(treated as a continuous variable) included. The first analyses used the
following variables, designated the “primary list of factors,” with all
variables but age and body mass index treated as categoric: age, sex,
race (white, black, or other), history of hypertension, history of
dyslipidemia, current or past smoking, diabetes, etiology of HF (ischemic
or nonischemic), body mass index, use of an angiotensin-converting
enzyme inhibitor or angiotensin receptor blocker at baseline, use of
a [ blocker at baseline, use of lipid-lowering drugs at baseline, and
NYHA class. The second analyses used the primary list of factors with
the addition of LVEF and plasma BNP (treated as continuous variables),
with the augmented list designated the “secondary list of factors.”
Because of the large range of BNP values (2.5 to >3,900 ng/L),
a logarithmic transformation was used for this variable.
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TABLE 2
Cox Proportional Hazards Analysis for All-Cause Mortality

Model No. of deaths Variable HR P
Primary list of factors without H/M (n = 964) 101 (10.5%) Age 1.04 (1.02, 1.05) <0.001
Primary list of factors with H/M (n = 961) 101 (10.5%) H/M 0.08 (0.03, 0.24) <0.001
Age 1.03 (1.01, 1.05) <0.001
Secondary list of factors without H/M (n = 926) 97 (10.5%) Age 1.02 (1.00, 1.04) 0.024
Log BNP 4.80 (3.10, 7.43) <0.001
Secondary list of factors with H/M (n = 926) 97 (10.5%) H/M 0.23 (0.07, 0.76) 0.016
Age 1.02 (1.00, 1.04) 0.018
Log BNP 4.05 (2.56, 6.39) <0.001

Data in parentheses are 95% CI.

Two coprimary analyses were performed. The first was a multivariable
Cox proportional hazards regression model for time-to-mortality event
with and without H/M (with H/M hazard ratios [HRs] based on a 1-unit
change in this parameter). The second was a multivariable logistic
regression model for time-to-mortality event, including comparison of the
area under the curve (AUC) of the receiver-operating-characteristic
(ROC) curves for the models with and without H/M (15,16). For these
latter analyses, subjects censored alive before the minimum follow-up
time were excluded. Because 24-mo follow-up was defined as 24 mo =
30 d, subjects with a minimum of 23 mo of follow-up were included in
the 2-y logistic regression analyses. A backward-elimination stepwise
procedure was used in building each model. Factors significant at a prob-
ability level of less than 0.05 were retained in the final models. Relative
risks (with 95% confidence limits) were also calculated.

Net reclassification improvement was calculated for Cox pro-
portional hazards models without and with H/M (77).

Kaplan—Meier survival analyses were also performed, both using H/M
as a categoric variable with 0.1-unit increments (reflecting an estimate of
precision of the measurement to a single decimal place) and using cate-
gories based on the population H/M mean and SD rather than the pro-
spectively defined dichotomy at an H/M of 1.60 (9). All statistical analyses
were performed using SAS software, version 9.2 or higher (SAS Institute).

RESULTS

Clinical Characteristics
Three subjects did not have derived consensus H/Ms (2 subjects
without core laboratory image interpretations and 1 subject with

a consensus interpretation of nondiagnostic). Therefore, analy-
ses based on clinical variables included a maximum of 964
subjects, whereas analyses including H/M had a maximum of
961. Median follow-up was 24 mo. Four hundred twelve subjects
(43%) had an ICD at some time during the study, including 188
(19%) at study entry. During follow-up, there were 101 deaths
(10.5%).

On the basis of demographic and clinical information (Table 1),
subjects who died were older and had a lower LVEF, a longer QRS
duration, and worse renal function than survivors. Survival prob-
ability was 94.6% at 1 y and 88.3% at 2 y.

All-Cause Mortality

Cox Proportional Hazards Analysis. The univariate HR for
H/M was 0.07 (95% confidence interval [CI], 0.02-0.21; P <
0.001). Multivariate analyses are summarized in Table 2. Age
was the only significant predictor in the primary list of factors
(HR, 1.04). H/M was a significant additional predictor (HR,
0.08; P < 0.001). In the secondary list of factors, the model
contained 2 variables: age (HR, 1.02) and log BNP (HR,
4.80). H/M was a significant additional predictor (HR, 0.23;
P =0.016).

Multivariate Logistic Regression with ROC Curve Com-
parisons. The logistic regression analyses are summarized in
Tables 3 and 4. In all 1- and 2-y analyses, H/M was a significant
additional predictor. However, only for models with the pri-
mary list of factors did the addition of H/M improve the AUC

TABLE 3
Multivariate Logistic Regression Model and ROC Curve Analysis for 1-Year All-Cause Mortality

Factor Significant variable

Odds ratio estimate

ROC AUC P for AUC difference

Primary list without H/M (n = 899)  Age 1.031 (1.005, 1.058)  0.583 (0.490, 0.677)
Primary list with H/M (n = 898) Age 1.028 (1.002, 1.056)  0.684 (0.608, 0.760) 0.027
H/M 0.034 (0.006, 0.186)
Secondary list without Log BNP 6.049 (3.172, 11.535)  0.740 (0.670, 0.811)
H/M (n = 864)
Secondary list with H/M (n = 863)  Log BNP 4.859 (2.476, 9.537)  0.754 (0.687, 0.821) 0.302
H/M 0.130 (0.021, 0.818)

Data in parentheses are 95% CI.
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TABLE 4

Multivariate Logistic Regression Model and ROC Curve Analysis for 2-Year All-Cause Mortality

Factor

Significant variables

QOdds ratio estimate

ROC AUC

P for AUC difference

Primary list without
H/M (n = 760)

Age

Lipid-lowering drugs at baseline
NYHA classification

1.041 (1.021, 1.062)

0.574 (0.353, 0.934)
1.708 (1.006, 2.899)

0.650 (0.587, 0.713)

Primary list with Age 1.039 (1.019, 1.060)  0.687 (0.628, 0.746) 0.058
H/M (n = 759)
Lipid-lowering drugs at baseline  0.565 (0.344, 0.928)
H/M 0.070 (0.020, 0.238)
Secondary list without ~ Age 1.02 (1.00, 1.05) 0.751 (0.697, 0.805)
H/M (n = 731)
Lipid-lowering drugs at baseline 0.55 (0.33, 0.92)
Log BNP 5.45 (3.26, 9.12)
Secondary list with Age 1.03 (1.00, 1.047) 0.757 (0.704, 0.810) 0.475

H/M
Lipid-lowering drugs at baseline
Log BNP
H/M

Data in parentheses are 95% CI.

0.54 (0.32, 0.91)
4.56 (2.67, 7.77)
0.19 (0.05, 0.73)

of the ROC (P = 0.027 at 1 y, P = 0.058 at 2 y). The addition
of H/M did not significantly increase the AUCs for models
including log BNP.

Composite Endpoint of All-Cause Mortality, Resuscitated
Cardiac Arrest, and ICD Defibrillation Therapy for Ventricular
Tachycardia or Fibrillation. Among the 964 HF subjects in the
population, the composite endpoint occurred in 136 (14.1%),
including 7 subjects with resuscitated cardiac arrest and 36 with
ICD defibrillations. The 101 subjects who died included 2 who
underwent resuscitation and 6 with ICD defibrillation as a first
event. Among the 961 subjects with H/Ms, 135 (14.0%) had
a composite event (1 subject without H/M had ICD defibrilla-
tion).

Multivariate Cox Proportional Hazards Analysis. For the
primary list of factors, the baseline model (without H/M)
included age (P = 0.001), sex (male) (P = 0.014), race (black)
(P = 0.037), and NYHA class (P = 0.049). H/M was a signif-

icant addition to the model (P < 0.001), with age (P = 0.003)
and sex (P = 0.025) remaining significant. For the secondary
list, only LVEF and log BNP were significant variables (Table
5). With the addition of H/M, the statistically significant pre-
dictors were log BNP (P < 0.001), H/M (P = 0.008), and LVEF
(P = 0.004).

Multivariate Logistic Regression Analysis with ROC Curve
Comparison for 2-Year Outcomes. Using the primary list of
factors, the baseline model included 5 predictors: age (P =
0.001), sex (P = 0.008), race (black vs. other [P = 0.005]),
lipid-lowering drugs at baseline (P = 0.027), and NYHA class
(P = 0.019). H/M was a significant predictor (P < 0.001), and all
the previous factors except NYHA class (P = 0.091) remained
significant: age (P = 0.002), sex (P = 0.016), lipid-lowering drugs
at baseline (P = 0.027), and race (black vs. other [P = 0.024]).
The difference in ROC curve AUCs between the 2 models was
significant (0.680 vs. 0.643, P = 0.018).

TABLE 5
Multivariate Cox Proportional Hazards Model for Composite of All-Cause Mortality, Resuscitation, and ICD Defibrillation
Using Secondary List of Factors

Model Number of events Variable HR P
Without H/M (n = 926) 130 (14.0%) LVEF 0.96 (0.93, 0.99) 0.002
Log BNP 3.07 (2.14, 4.41) <0.001
With H/M (n = 924) 129 (14.0%) H/M 0.24 (0.08, 0.68) 0.008
LVEF 0.96 (0.94, 0.99) 0.004
Log BNP 2.56 (1.76, 3.72) <0.001

Data in parentheses are 95% CI.
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TABLE 6

Multivariate Logistic Regression Model for 2-Year Composite
Using Secondary

of All-Cause Mortality, Resuscitation, and ICD Defibrillation
List of Factors

Model Significant variable Odds ratio estimate ROC AUC
Without H/M (n = 735) History of hypertension 1.70 (1.08, 2.66) 0.728* (0.681, 0.776)
Lipid-lowering drugs at baseline 0.61 (0.39, 0.97)

LVEF 0.95 (0.92, 0.98)
Log BNP 3.62 (2.37, 5.52)
With H/M (n = 734) Log BNP 3.03 (1.96, 4.69) 0.733* (0.686, 0.779)
History of hypertension 1.62 (1.03, 2.54)
Lipid-lowering drugs at baseline 0.613 (0.387, 0.973)
LVEF 0.956 (0.926, 0.988)
H/M 0.227 (0.069, 0.743)

*P = 0.408.
Data in parentheses are 95% CI.

For the secondary list of factors (Table 6), the model in-
cluded log BNP, LVEF, history of hypertension, and lipid-
lowering medications. H/M was a significant additional pre-
dictor (P = 0.014). The AUC difference between the 2 models
was not statistically significant.

Net Reclassification Improvement Analysis

Net reclassification improvement analysis was applied to pro-
portional hazards models for the composite endpoint (924 subjects
with results for H/M, LVEF, and BNP) (Table 7). The 2-y event
rate was 13% at the mean of the 2 covariates LVEF and BNP. Two-
year event probability was defined as low if less than 8%, as in-
termediate if between 8% and 24% (approximately =50% from
the population average [50%—-150%]), and as high if more than
24%. The addition of H/M significantly improved net reclassifica-
tion (0.114, P = 0.002). The greatest benefit was in downward
reclassification of risk among subjects who did not have events.
Examples of subjects with improved risk classification after the
addition of H/M are shown in Figure 1.

Survival Analyses

Results for the 3 groups based on the mean H/M (1.44; n = 961)
and SD (0.20) are shown in Figure 2. The 2-y mortality rate in the
group with an H/M of at least 1.65 was significantly lower than
that for the remainder of the HF population; similar results were
obtained using an H/M of at least 1.60.

Two-year survival estimates for sequential 0.1 increments of H/M
are shown in Figure 3. There was a progressive decrease in all-cause
mortality rate as cardiac uptake increased from virtually none (H/M
< 1.10) to normal (H/M = 1.80).

Fatal and Potentially Fatal Arrhythmic Events

The occurrence of fatal and potentially fatal arrhythmic
events (sudden cardiac death, resuscitated cardiac arrest, and
appropriate ICD defibrillation) in relation to H/Ms is shown in
Figure 4. No subject with an H/M of at least 1.8 (n = 47; 5% of
the study population) experienced an event. In contrast, arrhyth-
mic events occurred in 6%—-10% of subjects with an H/M of less
than 1.6.

TABLE 7
Net Reclassification Improvement Analysis

Model with LVEF, log BNP, and H/M

Model with LVEF and log BNP Low probability (<8%)

Intermediate probability (8%—-24%)  High probability (>24%)

Subjects with events
Low probability (<8%)
Intermediate probability (8%—24%) 2
High probability (>24%)

Subjects without events

Low probability (<8%) 180
Intermediate probability (8%—24%) 71
High probability (>24%) 0

4 0
50 9
3 50
29 0
347 29
28 113

Net gain in reclassification (event) = 8/127 = 0.063 (P = 0.059). Net gain in reclassification (no event) = 41/797 = 0.051 (P = 0.001). Net
reclassification improvement: 0.114 (P = 0.002). Table includes only subjects with results for all 3 variables.

MortaLITY PREDICTION IN HEART FAILURE ¢ Narula et al. 1015
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though the shift in the ROC curves often
did not result in differences in AUCs.
Interestingly, increases in AUC were
greater for 1-y than 2-y regression anal-
yses, suggesting that the supplementary
information provided by '2*I-MIBG im-
aging at a single point in time has greater
potential utility for early decision mak-
ing, given that interval changes in therapy
and disease progression can affect myo-
cardial neuronal status and therefore

FIGURE 1.

Lower mortality risk based on preserved myocardial innervation. Prediction of risk
for composite endpoint of death or death-equivalent event is improved with addition of H/M. (A)
Image from 37-y-old man with nonischemic cardiomyopathy, LVEF of 28%, and BNP of 378 ng/mL.
Baseline 2-variable model predicted 21% (intermediate) 2-y risk. '23|-MIBG H/M was 1.69.
Three-variable model (LVEF, BNP, and H/M) predicted 14% (intermediate) risk. Risk for all-cause

the prognostic relevance of previous
1231.MIBG imaging results. The addition
of H/M did provide a statistically signif-
icant net reclassification improvement
for the 2-y composite endpoint.

For assessments that involve multivar-

mortality based on H/M alone (Fig. 4) was 6% (low). (B) Image from 51-y-old woman with ische-

mic HF, LVEF of 30%, and BNP of 166 ng/mL. Baseline 2-variable model estimated 13% (in-
termediate) 2-y risk for composite mortality endpoint. H/M was 1.80. Three-variable model (LVEF,
BNP, and H/M) estimated 7% (low) risk. No subject in trial with H/M = 1.80 experienced all-cause

mortality.

DISCUSSION

The first objective of the new analyses of ADMIRE-HFX was to
determine whether planar H/M, a global measure of myocardial
uptake, was a reliable indicator of mortality risk. The results
confirmed the prognostic significance of H/M in relation to
standard demographic and medical history variables, validating
the extensive published literature from primarily uncontrolled
experience (4,6,7,18).

The second objective was to determine the relative importance
of cardiac sympathetic innervation as an indicator of mortality
risk versus other clinical measurements often used for this
purpose. '23-MIBG imaging results remained a significant pre-
dictor of all-cause mortality in the multivariate analyses using
the secondary list of factors, which included BNP and LVEF.
Although BNP was a powerful predictor of mortality, there was
only a weak negative correlation between this measurement and
H/M (r = —0.25, P < 0.0001), indicating that the 2 parameters
reflected different attributes of the heart. The status of the car-
diac sympathetic nerves is an important indicator of risk for
adverse consequences in HF patients, which may include the
effects of more complex interactions with other body systems
(e.g., kidneys, lungs, or immune system) that often fail in this
population.

The third objective was to demonstrate that '23[-MIBG imaging
had utility beyond that of currently used prognostic markers,
thereby supporting the addition of this procedure to current clin-
ical practice. Given the substantial number of multivariate analy-
ses that demonstrated the significance of H/M as an independent
predictor of death (both all-cause and all-cause equivalent [includ-
ing defibrillation and resuscitated cardiac arrest]), it is evident that
I23I-MIBG imaging provides additional prognostic capability
when used in combination with other standard markers.

H/M improved the estimation of the probability that an HF
patient would die in the near-term. Both proportional hazards and
survival analyses consistently showed event risk decreasing with
increasing H/M. In addition, when H/M was added to logistic
regression models, the models were significantly improved, even

1016

iate risk models for events such as death,
time-to-event techniques such as Cox
proportional hazards produce more
meaningful results than probability-based
methods such as logistic regression
(16,19,20). Even among more severely
ill patients (e.g., NYHA class III), the
annual event rate of all-cause mortality is less than 20%, such that
even a significant increase in AUC may not be associated with
much improvement in sensitivity or selectivity. Furthermore, the
area under the ROC curve is so indirectly related to the medical
question being posed that a test of hypothesis based on it cannot be
expected to have adequate statistical power to detect the effect
being sought without studying a very large number of patients
(16).

This study had a number of limitations. As a continuation of
ADMIRE-HF, ADMIRE-HFX added further follow-up but not
new experience with '23-MIBG imaging. As before, only planar
ADMIRE-HF '23I-MIBG data were used (9), thus leaving explo-
ration of potential roles for quantitative SPECT to future investi-

100
H/M 21.65
e 95
= P=0.003
E
8 90t
3 |
5 H/M 1.25-1.64
g
S 85f P=0.015
3
D
"HIM =1.24
80 ul 1 1 1 1 1 1 1 1 =
0 100 200 300 400 500 600 700 800
Time (d)

FIGURE 2. Kaplan-Meier all-cause mortality survival curves based on
H/Ms of <1.25, 1.25-1.64, and =1.65. Mortality risk is significantly
stratified by dividing population on the basis of mean H/M (1.44) + SD
(0.20). Two-year mortality was 3.1% for H/M = 1.65 (n = 147), 11.8% for
H/M = 1.25-1.64 (n = 660), and 19.1% for H/M < 1.25 (n = 154).
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FIGURE 3. Two-year all-cause mortality rate in relation to H/M inter-
vals. Two-year all-cause mortality rates based on 0.1 increments of H/M
show progressive decline from maximum of 29.4% for H/M < 1.10.
There were no deaths among 47 subjects with H/M = 1.80.

gators. The fact that new follow-up data were not collected on
about 25% of potentially eligible subjects (15% of the total study
population) could have introduced bias, although the clinical char-
acteristics of that group were similar to those of the other subjects.
The primary list of factors included only readily available clinical
and demographic data and not laboratory and other measurements
that can be prognostic in HF patients (/2). As in the original
analyses, changes in clinical condition, medication use, and other
therapies that occurred during follow-up were not considered. The
relatively low event rates reflect the lower-risk character of the
ADMIRE-HF population, which limits application of the study
results in many HF patients, such as those recently discharged
from the hospital. These low event rates may also have con-
tributed to the lack of significant AUC differences in some ROC
curve comparisons. Use of the composite endpoint to identify
all subjects who might have died without intervention is only
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FIGURE 4. Occurrence of fatal and potentially fatal arrhythmic events
(sudden death, resuscitated arrest, ICD defibrillation) (n = 70) in relation
to H/M. Peak occurrence was in 1.30-1.39 range, with progressive de-
cline for higher H/Ms. There were no fatal or potentially fatal arrhythmic
events among subjects with H/M = 1.80.
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an approximation given that most ICD activations, including
defibrillations, are not lifesaving (27,22), but it was judged
a better approach than selecting a subset of ICD activations
either randomly or on the basis of other arrhythmic event risk
markers. Finally, future research and clinical studies are still
needed to demonstrate outcome improvements in patients with
H/M data.

CONCLUSION

This study demonstrated that '23I-MIBG imaging provides in-
dependent prognostic information for determining the risk of
death in HF patients that is additive to currently available risk
stratification procedures. The specific insight provided by car-
diac '231-MIBG imaging could be particularly important for
intermediate-risk NYHA class II-III HF patients for whom
a significant change in estimated mortality risk could change
the perceived need for an aggressive management strategy. Fu-
ture development of nomograms or computer programs using
the models developed in this study could facilitate use of '23I-
MIBG imaging results in clinical patient assessment. Although
the results of '23I-MIBG imaging will not be the single deter-
mining factor for a treatment decision (just as is the case with
LVEF or BNP measurements), more complete information on
the patient’s condition and future prognosis can only improve
the clinician’s ability to select the most effective management
approach.
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