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Selective improvement in Seattle Heart Failure
Model risk stratification using iodine-123
meta-iodobenzylguanidine imaging

Eric S. Ketchum, MD, MS,a Arnold F. Jacobson, MD, PhD,b James H. Caldwell,

MD,a Roxy Senior, MD,c Manuel D. Cerqueira, MD,d Gregory S. Thomas, MD,

MPH,e Denis Agostini, MD, PhD,f Jagat Narula, MD, PhD,g and

Wayne C. Levy, MDa

Background. The Seattle Heart Failure Model (SHFM) is a multivariable model that uses
demographic and clinical markers to predict survival in patients with heart failure. Inappro-
priate activation of the sympathetic nervous system, which contributes to the progression of
heart failure and increased mortality, can be assessed using iodine-123 meta-iodobenzylgua-
nidine (MIBG) cardiac imaging. This study investigated the incremental value of MIBG cardiac
imaging when added to the SHFM for prediction of all-cause mortality.

Methods. Survival data from 961 NYHA II-III subjects in the ADMIRE-HFX trial were
included in this analysis. The predictive value of the SHFM alone and in combination with
MIBG heart-to-mediastinum ratio (H/M) was compared for all-cause mortality (101 deaths
during a median follow-up of 2 years).

Results. The addition of H/M to the SHFM in a Cox model significantly improved risk
prediction (P < .0001), with a greater utility in higher risk SHFM patients. The observed 2-year
mortality in the highest-risk SHFM subjects (rounded SHFM score of 1) was 24%, but varied
from 46% with H/M <1.2 to 0% with H/M >1.8. Net reclassification improvement was 22.7%
(P < .001), with 14.9% of subjects who died reclassified into a higher risk category than sug-
gested by SHFM score alone (P 5 .01) and 7.9% of subjects who survived reclassified into a
lower risk category (P < .0001). The 2-year integrated discrimination improvement (14.14%,
P < .0001) and the 1-year area under the receiver-operator characteristic curve (10.04,
P 5 .026) both showed significant improvement for the combined model with H/M compared to
the SHFM alone.

Conclusion. The addition of MIBG imaging to the SHFM improves risk stratification,
especially in higher risk patients. MIBG may have clinical utility in higher risk patients who are
being considered for devices such as ICD, CRT-D, LVAD, and cardiac transplantation. (J Nucl
Cardiol 2012;19:1007–16.)
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INTRODUCTION

Heart failure is an important contributor to morbidity

and mortality, with one in nine death certificates in the

United States mentioning heart failure and approximately

50% of patients with the condition dying within 5 years

of their diagnosis.1 The Seattle Heart Failure Model

(SHFM) is a multivariable predictor of risk and mode of

death in heart failure that has been validated in tens of

thousands of subjects, ranging from ambulatory outpa-

tients to ventricular assist device (VAD) recipients.2-6

SHFM includes a variety of demographic and clinical

markers to predict 1- to 5-year mortality in heart failure

patients. It also shows changes in life expectancy with

alterations in heart failure medications and by placement

of implantable cardioverter-defibrillators (ICD), biven-

tricular cardiac resynchronization therapy (CRT), and left

VADs (LVADs). A modified version of the SHFM

(SHFM-D) was developed using a separate derivation

cohort of 10,038 HF patients for analysis of the differ-

ential benefit of ICD placement in the Sudden Cardiac

Death in Heart Failure Trial (SCD-HeFT).7 The SHFM-D

was validated in the placebo arm of SCD-HeFT with a

4-year predicted and observed survival of 71% and a

1-year c-statistic of 0.71 in the derivation cohort and in

the validation cohorts. Subsequent application of the

SHFM-D has resulted in an area under the receiver-

operator characteristic curve (AUC) as high as 0.81.8

The reduced cardiac output of the failing heart leads to

many compensatory neuroendocrine changes, one of which

is a sustained activation of the sympathetic nervous system

and subsequent changes in expression of autonomic

receptors in the myocardium.9,10 Direct measurement of

serum levels of norepinephrine has shown promise in

smaller11,12 studies, although its predictive power has been

less impressive in larger trials when compared against other

markers.13 This is due in part to the complex relationship

between local myocardial and systemic levels of norepi-

nephrine. Indirect measures of autonomic nervous system

function and altered sympathetic/parasympathetic balance,

such as heart rate variability and turbulence, have also been

evaluated but are currently only infrequently used for

clinical risk assessment of heart failure patients.14 Myo-

cardial imaging using an analogue of norepinephrine,

iodine-123 meta-iodobenzylguanidine (MIBG), was first

reported in the early 1980s as a potential marker of

sympathetic dysregulation in the human heart.15,16 Numer-

ous small studies have since demonstrated that sympathetic

neuronal imaging provides prognostic information in heart

failure patients.17,18

None of the variables included in the SHFM

provides a direct measure of cardiac sympathetic neu-

ronal status. An indication that addition of such a

measure could improve performance of the SHFM was

provided by a recent analysis of data from a small HF

trial in the pre-b-blocker era.19 This study was under-

taken to expand upon these observations to better assess

the incremental value of MIBG imaging when added to

the SHFM. We hypothesized that a model combining the

SHFM-D risk score and cardiac MIBG imaging results

would be additive to both for all-cause and cardiac

mortality prediction.

METHODS

Patient Population

The primary efficacy population from the AdreView Myo-

cardial Imaging for Risk Evaluation in Heart Failure (ADMIRE-

HF) trial was examined in this study. The population consisted of

961 NYHA II-III heart failure patients with impaired systolic

function (ejection fraction B35%) who were on guideline-

recommended medical therapy.20 Subjects were excluded at

enrollment if they had a functioning cardiac pacemaker (including

for resynchronization) or had ever received electrical therapy

(defibrillation or pacing, including appropriate ICD shock) for a

ventricular arrhythmia. Subjects were not withdrawn from the

trial if they received a device (ICD with or without CRT) after

enrollment in the trial or as a result of any device activation

(pacing, shock, etc). Subjects were followed for a maximum of

2 years after cardiac MIBG imaging. The original trial was closed

and the primary data analyzed after a pre-specified number of

cardiac end points occurred. 470 of the surviving patients who did

not reach 2 years of follow-up were subsequently enrolled in

ADMIRE-HFX and underwent additional surveillance to reach

two full years of follow-up. The extension study was approved by

the Institutional Review Board or Ethics Committee at each

participating center, and all subjects signed informed consent for

the additional data collection. The combined dataset from the

original and extension trials was used for the present analysis.

Baseline clinical data recorded prior to administration of

MIBG were used to calculate the SHFM-D. The SHFM-D was

calculated as previously described, with variables including

age, gender, systolic blood pressure, ischemic origin, NYHA

class, ejection fraction, serum sodium and creatinine, the use of

medications [angiotensin-converting enzyme inhibitor (ACEI),

angiotensin receptor blocker (ARB), b-blocker, carvedilol,

statin, digoxin, and furosemide equivalent daily dose in

milligrams per kilogram], and a variable ICD benefit as shown

in SCD-HeFT.7 Rare missing values were assigned the cohort

mean of the variable.

Statistical Methods

SHFM-D and the late heart-to-mediastinum ratio (H/M)

on cardiac MIBG imaging were compared independently and

in combination against the end points of all-cause mortality
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and cardiac mortality, both of which were independently

adjudicated by a panel of 5 cardiologists.21 Statistical analyses

were conducted using commercial statistics packages (SPSS

19.0, Chicago, IL; Stata 11.2, College Station, TX). Baseline

comparisons were completed using Student’s t test. Cox

proportional hazards modeling was employed with the use of

Chi-squared calculations for comparison of factors. The

Hosmer-Lemeshow goodness-of-fit statistic was used to assess

model calibration.22 To facilitate graphical comparisons of risk

profiles, H/M and SHFM-D scores were clustered into risk

groups: \1.2, 1.2-1.39, 1.4-1.59, 1.6-1.79, C1.8 for H/M and

rounded-to-the-nearest integer (-2, -1, 0, 1, 2) for SHFM-D.

To allow a comparison of risk estimates with disparate

variables, SHFM-D score and H/M risk were expressed as one

standard deviation changes in risk score (0.688 and 0.202,

respectively). The H/M variable was added to the SHFM-D

and a formal interaction term was tested (SHFM-D * H/M) to

determine if the risk of H/M varied with the SHFM-D score.

H/M Kaplan-Meier survival curves were compared via log

rank testing among absolute strata of SHFM-D score. SHFM-D

scores for this comparison were rounded to the nearest integer

(-1, 0, or 1) to cluster patients into risk groupings. The small

number of patients (n = 31) with rounded scores of -2 or ?2

was included in the -1 or 1 risk strata, respectively, for ease of

depiction.

The SHFM-D and H/M were combined in a Cox proportional

hazards model.23 The net reclassification improvement (NRI) and

integrated discrimination improvement (IDI),24 discrimination

slope method,25 and area under the receiver operator characteristic

curve (AUC)26 were calculated using published methods in SPSS

19. Comparison of AUCs was done with the Hanley-McNeil

method in Stata 11.2. For all analyses, P B .05 was considered

statistically significant.

RESULTS

SHFM-D and H/M as Single Variable
Predictors

101 deaths occurred among 961 subjects, with a median

of 24 months and a mean of 21 months (25th to 75th

percentile range 21-24 months) of follow-up. There were 64

cardiac deaths (63% of all deaths). Baseline characteristics

of all subjects and comparison between the 860 survivors

and the 101 who died are shown in Table 1. Subjects who

died were older with lower EF, greater QRS width, higher

daily diuretic dose, and increased serum creatinine. The

average SHFM-D risk score was -0.05 in the survivors and

0.44 in the patients who died (P \ .0001). Figure 1 depicts

Kaplan-Meier survival curves generated for rounded

SHFM-D risk scores (five categories of grouped risk),

which varied from 0% to 30% 2-year mortality. The mean H/

M was 1.45 in survivors and 1.35 in those who died

(P\ .0001). Figure 2 depicts Kaplan-Meier survival curves

based on H/M scores divided into five risk groups, which

varied from 0% to 24% 2-year mortality.

The SHFM-D was highly predictive of all-cause

mortality with an 85.6% increase in risk for each one

standard deviation increase in the risk score (95% CI

1.568-2.197, P \ .0001) and of cardiac death specifi-

cally with an 89.1% increase in risk for each one

standard deviation increase in the score (95% CI 1.534-

2.332, P \ .0001). The SHFM-D predicted versus

Kaplan-Meier observed survival was similar at

1 year (95.1% ± 0.1% vs 94.6% ± 0.7%), and 2 years,

(90.1% ± 0.2% vs 88.3% ± 1.1%). The Hosmer-Leme-

show goodness-of-fit statistic showed appropriate

calibration at 1 year (P = .46) and 2 years (P = .17).

H/M was predictive of all-cause mortality with a

71.5% increase in risk for each one standard deviation

decrease in H/M (95% CI 1.366-2.154, P \ .0001) and

of cardiac death specifically with an 69.0% increase

in risk for each one standard deviation decrease in

the score (95% CI 1.271-2.249, P = .0003). There

was a low correlation of SHFM-D and H/M (0.144,

P \ .0001).

The SHFM-D and H/M Multivariable Model

Kaplan-Meier survival curves were generated by

stratification across categories of SHFM-D and H/M

(Figure 3A-C). H/M did not improve risk stratification

in low-risk patients (SHFM-D of -1, P = .59). Clini-

cally relevant and statistically significant differences

were seen for H/M in the KM curves for SHFM-D

scores of 0 and 1. The observed 2-year survival in the

high-risk group with a SHFM-D rounded score of 1

(mean survival of 76%) varied by H/M value: 54%,

72%, 82%, 88%, and 100% for, respective, H/M groups

of \1.2, 1.2-1.39, 1.40-1.59, 1.6-1.79, and C1.80.

In a combined Cox model, SHFM-D and H/M were

independent predictors of survival with an 82.1%

(P \ .0001) and 60.3% (P \ .0001) increase in risk,

respectively, for a one standard deviation change. For

the endpoint of cardiac mortality, each one standard

deviation increase in SHFM-D was associated with an

86.1% increase in risk (P \ .0001) and each one

standard deviation decrease in H/M was associated with

a 57.9% increase in risk (P = .002).

An interaction term was introduced into the model

(SHFM-D * H/M) to determine if the predictive power

of H/M varied with the SHFM-D score for all-cause

mortality, which was significant (P = .039). After

dividing the dataset into two cohorts by the median

value of SHFM-D, each one standard deviation change

in H/M was associated with a 10.9% (P = .61) increase

in risk below the median and an 88.5% increase in risk

(P \ .0001) above the median. The impact of addition

of H/M to the SHFM-D score with the continuous

interaction term is depicted in Figure 4. A subject with
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Table 1. Comparison of baseline characteristics of all subjects and those who died versus those who
survived

Variable
Number of subjects

with data
All

subjects
Alive

(n 5 860)
Dead

(n 5 101)
P

value

Age (years) 961 62 ± 12 62 ± 12 67 ± 14 \.0001

Male gender (%) 961 80% 80% 85% NS

Ischemic etiology (%) 961 66% 65% 70% NS

NYHA II (%) 961 83% 83% 78% NS

Ejection fraction 961 27 ± 6% 27 ± 6 25 ± 6 .0004

Systolic blood pressure

(mm Hg)

960 123 ± 19 123 ± 19 123 ± 20 NS

ICD at enrollment (%) 961 19% 20% 13% .08

ICD by death or end of study

(%)

961 43% 44% 32% .02

QRS width (millisecond) 953 119.5 118.7 126.1 .02

ACEI (%) 961 72% 72% 71% NS

ARB (%) 961 23% 23% 22% NS

b-Blocker (%) 961 92% 92% 87% .09

Carvedilol (%) 961 53% 53% 48% NS

Aldosterone blocker (%) 961 39% 39% 36% NS

Digoxin (%) 961 24% 24% 27% NS

Statin (%) 961 67% 67% 67% NS

Loop Diuretic (%) 961 52% 50% 62% .017

Thiazide Diuretic (%) 961 5% 5% 5% NS

Furosemide equivalent dose

(mg/kg/day)

920 0.40 ± 0.73 0.38 ± 0.73 0.58 ± 0.72 .0002

Sodium (meq/dL) 953 139 ± 3 139 ± 3 139 ± 4 NS

Creatinine (mg/dL) 952 1.20 ± 0.37 1.17 ± 0.34 1.41 ± 0.49 \.0001

GFR by MDRD (mL/min) 952 68 ± 21 69 ± 20 59 ± 24 \.0001

H/M 961 1.44 ± 0.20 1.45 ± 0.20 1.35 ± 0.17 \.0001

SHFM-D Score 961 0.00 ± 0.69 -0.05 ± 0.67 0.44 ± 0.67 \.0001

Kaplan-Meier 1-year mortality 961 5.3 ± 0.7%

50%

60%

70%

80%

90%

100%

0 0.25 0.5 0.75 1 1.25 1.5 1.75 2

S
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Logrank P<0.0001

Figure 1. Survival by SHFM-D score rounded to the nearest
integer from -2 to 2 with the number of subjects in each group
listed in parentheses.

Figure 2. Kaplan-Meier survival curves by H/M scores
divided into five categories from \1.2 to C1.8 with the
number of subjects in each group listed in parentheses.
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an SHFM-D score of 1 had an estimated annual

mortality of 10.5%. The estimated 1-year mortality with

addition of H/M varied from 2.3% with a H/M of 1.8 to

30% with a H/M of 1, corresponding to a 12.8-fold

difference in risk for a 4 standard deviation change in

H/M ratio.

The 1-year ROC curves for SHFM-D alone, H/M

alone, and the combined model in prediction of all-cause

mortality are shown graphically in Figure 5. The com-

bined model significantly increased the 1-year AUC by

0.039 (P = .026) and 2-year AUC by 0.028 (P \ .05).

The change in 1-year AUC increment was greater above

the median SHFM-D (?0.069) than below the median

SHFM-D (?0.01), concordant with the Cox model

results.

The NRI is depicted in Table 2. Cut-points for

2-year mortality of\10%, 10-20%, 20-40%, and [40%

demonstrated improvement of risk characterization

Figure 4. The impact of H/M added to the SHFM-D score
with the interaction term within ADMIRE-HFX. Each line
represents approximately one standard deviation change in
H/M (1SD = 0.202). The black line is the estimate by the
SHFM-D alone. Estimated 1-year mortality changes with
addition of H/M from 2.3% with H/M of 1.8 to 30% for H/M of
1. This corresponds to a 12.8-fold difference in risk for a 4
standard deviation change in H/M ratio.

Figure 5. One-year ROC curves comparing H/M and SHFM-
D alone against the combination. The AUC for each risk score
is indicated in the legend (P = .026 for the comparison of the
combined model vs SHFM-D curves).

Figure 3. Each panel depicts one stratum of rounded-to-the-
nearest-integer SHFM-D risk score. Within each panel,
Kaplan-Meier curves are presented for different ranges of
H/M. In parentheses, the number of deaths/number of subjects
for each group are shown. A H/M\1.2, 1.6 to\1.8, and C1.8
each had 100% survival and the survival curves are
overlapping.
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(P \ .0001) for the combined model compared to the

SHFM-D alone, with a NRI of 22.7%. 14.9% of patients

who died were reclassified into a higher risk category by

the combined model as compared to their risk category

by SHFM-D alone, while 7.9% of patients who survived

were reclassified into a lower risk category. A graphical

depiction of reclassification for the 761 subjects not

censored before 2 years of follow-up, with the 20-40%

and [40% risk subjects grouped together into a [20%

risk bucket is shown in Figure 6. The IDI at 2 years

corresponded to a 4.14% absolute change (P \ .0001) in

estimated mortality when H/M was added to the SHFM-

D. The IDI for the combined model was especially

significant in those with an SHFM-D score above the all-

subject SHFM-D median (5.92% improvement in abso-

lute risk prediction, P \ .0001). There was an average

30% increase in the discrimination slope in those who

died versus an 11% decrease in those censored alive

(between group comparison, P = .0002).

DISCUSSION

Additive Value of MIBG Cardiac Imaging
and Risk Stratification

A large number of clinical, laboratory, and ECG

variables have been shown to have prognostic signifi-

cance, individually and in combination, in HF patients.27

The challenge for each new prognostic marker is to

demonstrate significant added value in risk prediction.

SHFM combines many aspects of baseline risk—from a

patient’s ejection fraction and NYHA class to lab

markers and medications—into one quantitative number

that clinicians can integrate together in a holistic way to

estimate patient risk.

This analysis shows that cardiac MIBG, with H/M

treated as a continuous variable for risk assessment

rather than dichotomized at 1.60 as in the primary study

analyses,20 adds meaningful prognostic information

when added to the SHFM-D. This is in contrast to

many similar analyses in which newer risk markers did

not show an improvement in AUC in conjunction with

an established multivariate risk model. For example,

the addition of 10 biomarkers to the Framingham

risk score failed to produce a statistically significant

increase in the AUC,28 while the addition of either peak

oxygen consumption in HF-ACTION29 or the biomark-

ers NT-ProBNP and ST230 failed to significantly

increase the 1-year c-statistic when added to the SHFM.

In the Framingham population, age and gender alone

provided an AUC of 0.75 for death and the addition of

the conventional risk factors increased the AUC by 0.05

to 0.80. Coronary calcification by CT scan increased the

ROC by 0.042 when added to age alone, and likely even

less when added to a clinical risk model that includes

age.31 The incremental value of H/M was 0.04 when

added to the robust SHFM-D model, similar to adding

coronary artery calcification to age or conventional risk

Table 2. Net reclassification improvement showing changes in classified risk group by SHFM-D alone
and by the SHFM-D plus MIBG combined model in subjects who died (N = 101) and who survived to
2 years of follow-up (N = 660)

SHFM-D

Combined model

<10% 10%–20% 20%–40% ‡40%

Subjects who died

\10% 25 3 0 0

10%–20% 7 23 13 0

20%–40% 0 6 11 12

C40% 0 0 0 1

Subjects who survived

\10% 323 28 0 0

10%–20% 87 131 27 0

20%–40% 11 16 29 7

C40% 0 0 0 1

Net reclassification Improved Worse Same NRI (%) P value

Subjects who died 28 13 60 14.9 .01

Subjects who survived 114 62 484 7.9 \.0001

Entire population 22.7 \.001
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factors to age and gender. For comparison, age and

gender in this cohort provided an AUC of only 0.585,

which is typical in heart failure populations, while the

SHFM increased the AUC by 0.11 and H/M by an

additional 0.04 for the entire cohort and by 0.069 for the

cohort with above-median SHFM risk score.

The addition of H/M to the SHFM was statistically

and clinically significant by the Cox proportional haz-

ards model, 1- and 2-year AUC change, NRI and IDI

change, and the discrimination slope methodology. The

AUCs demonstrated in this relatively low event rate

population (annual mortality of *6%, with 37% non-

cardiac deaths) are comparable to previous validation

cohorts of the SHFM seen in study populations with

significantly higher annual mortality.2 The greatest

improvement in risk discrimination was seen in those

patients above the median SHFM score ([4% annual

mortality) with an AUC change of 0.069. The small and

not clinically significant correlation between SHFM and

H/M risk scores potentially explains the increased

prognostic value of the combined model: the low

correlation coefficient suggests that the SHFM and

H/M are measuring different components of risk in the

heart failure population.

Potential Applications to Heart Failure
Therapy

Numerous studies have demonstrated the prognostic

significance of MIBG cardiac imaging results in HF patient

populations,17,32-34 but there remains uncertainty regarding

how best to use this procedure. While dysfunction of the

cardiac adrenergic nervous system clearly contributes to

adverse outcomes in heart failure patients, identifying those

most likely to benefit from addition of a direct assessment

of this system to the many other accepted tests routinely

used in the initial evaluation and monitoring of therapy is

critical. By starting with a model that already incorporates

most of the important prognostic factors (SHFM-D), the

potential value of the additional insight provided by cardiac

MIBG imaging becomes clearer. In clinical practice, the

combined power of the SHFM-D plus H/M model offers an

improved estimate of the absolute mortality risk, which

might alter clinical decisions such as timing of listing for

cardiac transplantation or implantation of an ICD, CRT-D,

or LVAD.

The SHFM is used to identify patients who meet

annual mortality thresholds to qualify for cardiac trans-

plantation and placement of LVAD.35 Consideration of

Fig. 6. Graphical depiction showing how subject risk classification (\10%, 10%-20%, [20%
2-year mortality) changed from starting SHFM-D risk groups to SHFM-D ? H/M risk groups in
terms of both percentage of subjects falling within each reclassified group (pie charts) and observed
mortality for the reclassified risk groups (bar charts) in the 761 subjects who died or reached two
full years of follow-up.

Journal of Nuclear Cardiology Ketchum et al 1013

Volume 19, Number 5;1007–16 Selective improvement in Seattle Heart Failure



LVAD placement is recommended by the latest AHA/

ACC guidelines in patients with a 1-year mortality rate

of [50%. Retrospective application of the SHFM to

patients who have received bridge to transplant or

destination LVADs suggests most centers are using

[25%-30% annual mortality as a threshold, consistent

with Center for Medicare and Medicaid Services guide-

lines of mean survival of\2 years.5,36,37 Recent studies

have advocated placement in a less critically ill patient

population,38 with an SHFM annual mortality C16.5%

being used as a threshold in an ongoing National Heart,

Lung, and Blood Institute trial of early versus usual

VAD placement in ambulatory NYHA 3 heart failure

patients.39 Adding H/M to the SHFM alone allowed

significant risk reclassification. The number of subjects

who died during the study period and were classified in

the highest risk category of [40% 2-year mortality

increased from 1 subject based on SHFM score alone to

13 subjects with the added information from H/M.

Identification of higher risk patients by MIBG with

SHFM may allow earlier consideration and implemen-

tation of LVAD than possible by SHFM alone.

Multiple studies have suggested a differential ben-

efit to ICD placement, with a higher risk patient

population not showing mortality benefit after implan-

tation.40,41 Despite the bulk of this study population

being lower risk, the 10% with the most unfavorable risk

scores by the combined model had 2-year Kaplan-Meier

mortality of 37%, 4.5 times that of the remainder of the

cohort. This is the population that appears not to benefit

from an ICD, possibly because subjects die of progres-

sive heart failure rather than sudden cardiac death after

placement of an ICD. The SHFM has been demonstrated

to allow prediction of a high-risk ([20% annual mor-

tality) patient population that does not benefit from a

primary prevention ICD.7 It is possible that this high-

risk population can be identified even more accurately

via the combined model.

STUDY LIMITATIONS

The study population was predominantly ambula-

tory and in NYHA class II, with lower cardiac mortality

than seen in most therapeutic trials of symptomatic HF

patients. Despite the low event rate, the present analyses

successfully applied a well-validated risk model to

expand on the limited multivariate analyses performed

in the original ADMIRE-HF trial.20,21 It is likely that

inclusion of other variables in the original SHFM such

as hemoglobin, percent lymphocytes, uric acid, and total

cholesterol would have increased the AUC, but it is

unlikely that the incremental value of MIBG would have

been altered. It would have been helpful to have a longer

time of observation to increase the number of events.

This cohort had a relatively high rate of non-cardiac

deaths (37%), which likely decreased the AUC of both

SHFM and MIBG. It would be helpful to validate the

prognostic utility of MIBG in a higher risk HF popu-

lation ([10% annual mortality), where it appears MIBG

may have the most clinical utility. The present analyses

utilized only planar MIBG H/M data, even though

several clinical trials examining arrhythmic event risk

stratification have shown that MIBG SPECT (but not

planar) results were able to identify patients with

increased likelihood of inducible ventricular arrhyth-

mias42 or appropriate ICD shocks.43 As this study was

not a randomized trial to any particular intervention

based on MIBG results, caution should be applied to use

of the findings as a basis for selection of patients for

device therapy.

CONCLUSIONS

MIBG provides a meaningful increase in risk

stratification when added to the SHFM in ambulatory

NYHA 2-3 heart failure patients. The additional prog-

nostic information may assist in assessing higher risk

patients for clinical interventions such as CRT-D, ICD,

transplant, and LVAD.
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