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systolic dysfunction substantially worsening prognosis.1,8 In 
addition, 24–30% of the patients are readmitted within 60–90 
days after discharge.3,4

Accurate estimation of absolute risk, combined with expert 
clinical judgment and supplementary evaluations, is essential 
to developing a tailored management plan including discharge 
planning, continuity and transition of care, outpatient follow-
up, use of advanced treatment, and end-of-life issues.6,9,10 Risk 

eart failure (HF) is a lethal disease and a leading 
cause of hospitalization in developed countries. Wors-
ening chronic HF is the most common clinical pre-

sentation at admission, accounting for 70% of all admissions, 
and is associated with increased mortality compared with de 
novo HF.1,2 Approximately 12–15% of the patients hospital-
ized for acute HF die within 12 weeks, and 30% within 12 
months of admission,1,3–7 with severe left ventricular (LV) 
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Background: The first few months after admission are the most vulnerable period in patients with acute decom-
pensated heart failure (ADHF).

Methods and Results: We assessed the association of the updated ADHF/N-terminal pro-B-type natriuretic peptide 
(NT-proBNP) risk score with 90-day and in-hospital mortality in 701 patients admitted with advanced ADHF, defined 
as severe symptoms of worsening HF, severely depressed left ventricular ejection fraction, and the need for i.v. 
diuretic and/or inotropic drugs. A total of 15.7% of the patients died within 90 days of admission and 5.2% underwent 
ventricular assist device (VAD) implantation or urgent heart transplantation (UHT). The C-statistic of the ADHF/NT-
proBNP risk score for 90-day mortality was 0.810 (95% CI: 0.769–0.852). Predicted and observed mortality rates 
were in close agreement. When the composite outcome of death/VAD/UHT at 90 days was considered, the C-sta-
tistic decreased to 0.741. During hospitalization, 7.6% of the patients died. The C-statistic for in-hospital mortality 
was 0.815 (95% CI: 0.761–0.868) and Hosmer-Lemeshow χ2=3.71 (P=0.716). The updated ADHF/NT-proBNP risk 
score outperformed the Acute Decompensated Heart Failure National Registry, the Organized Program to Initiate 
Lifesaving Treatment in Patients Hospitalized for Heart Failure, and the American Heart Association Get with the 
Guidelines Program predictive models.

Conclusions: Updated ADHF/NT-proBNP risk score is a valuable tool for predicting short-term mortality in severe 
ADHF, outperforming existing inpatient predictive models.  (Circ J 2015; 79: 1076 – 1083)
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Methods
This was a multicenter study. The subjects consisted of patients 
admitted for acute decompensation of chronic, established HF 
with New York Heart Association (NYHA) III/IV symptoms 
and evidence of severe LV systolic dysfunction (LVEF ≤0.30 
on 2-D echocardiography) at admission. Patients were initially 
identified using a computer-generated list obtained from our 
administrative database and via review of electronic and paper 
medical records, and selected according to the following cri-
teria. Inclusion criteria: current hospitalization for worsening 
of chronic, established HF; history of HF of at least 1 year; 
chronic treatment with evidence-based therapy; and need for 
i.v. diuretic and/or inotropic treatment. Exclusion criteria: 
symptoms and signs suggestive of acute coronary syndromes; 
angina pectoris; recent cardiac surgical or percutaneous pro-
cedures; planned coronary revascularization; no NT-proBNP 
recorded at admission; congenital heart disease; valvular heart 
disease. One thousand, one hundred and ninety-four ADHF 
patients fulfilling the aforementioned criteria were admitted 
between April 2006 and April 2014. Of these patients, 701 had 
both NYHA III/IV symptoms and evidence of severe LF sys-
tolic dysfunction (LVEF ≤0.30) at admission and were included 
in the study. Clinical and laboratory data were collected at 
admission. LVEF was assessed on 2-D echocardiography 
early during hospitalization.

The updated point-based ADHF/NT-proBNP risk score for 
each patient was calculated as detailed in our previous study.24 
Briefly, the score incorporates age, chronic obstructive pulmo-
nary disease (COPD), ≥1 hospitalization for HF within the 6 
months preceding the index admission, and systolic blood 
pressure (SBP), estimated glomerular filtration rate (eGFR), 
serum sodium, hemoglobin, NT-proBNP, LVEF, and moder-
ate-severe tricuspid regurgitation (TR) at admission.24 The 
score assigns 2 points to COPD; 1 point to SBP ≤100 mmHg; 
3 points or 1 point to eGFR <30 or 30–59 ml/min/1.73 m2, 
respectively; 3 points to serum sodium ≤135 mmol/L; 3 points 
to hemoglobin <13.0 g/dl in men and <12.0 mg/dl in women; 
3 points to NT-proBNP >5,180 pg/ml; 5 points or 3 points to 
LVEF ≤0.20 or 0.21–0.30, respectively; and 2 points to mod-
erate-severe TR. The score for each patient is the sum of the 
points assigned to each risk marker. The predicted mortality 

markers are poorly discriminative when used individually.11 
Thus, several robust prognostic models, most of which used 
in-hospital mortality as an outcome measure, have been devel-
oped to predict outcome in patients with acute HF.12–18 None-
theless, clinical translation remains challenging. Given the 
phenotypic and prognostic heterogeneity of acute HF syn-
dromes,19 a one-size-fits-all approach to risk stratification may 
not be optimal to estimate absolute risk of death. Predictive 
models derived from unselected populations, although highly 
generalizable, may be miscalibrated when applied to specific 
clinical phenotypes at higher risk, with underestimation of 
absolute mortality risk. In addition, mortality risk may be 
influenced by different factors in patient subpopulations, such 
as age, cardiac function, comorbidities, and therapeutic 
options. Moreover, new potent risk markers are continuously 
being identified and validated.20 Finally, in-hospital mortality 
may be a potentially biased endpoint.21

The acute decompensated HF (ADHF)/N-terminal pro-B-
type natriuretic peptide (NT-proBNP) risk score was origi-
nally derived from patients hospitalized for worsening chronic 
HF with a wide range of LV ejection fractions (LVEF) and 
was validated in a truly external population.22 Updating a 
predictive model is a desirable process.23 Recently, the ADHF/
NT-proBNP risk score was updated by adding age and ≥1 HF-
related hospitalization within the 6 months preceding the 
index admission and applied to patients with advanced ADHF 
to predict 12-month mortality.24 The risk score efficiently pre-
dicted 1-year mortality, performing particularly well among 
younger patients.

Patients with ADHF are, however, particularly vulnerable 
to death in the first few months after admission2 and hospital 
clinicians may be more concerned about short-term than long-
term risk of death. This concern is compounded by the impre-
cision of physician clinical judgment in estimating risk of 
death.25 Thus, accurately assessing short-term prognosis at 
admission is a crucial step. The purpose of this study was to 
assess the value of the updated ADHF/NT-proBNP risk score 
for predicting short-term mortality in a larger population with 
advanced ADHF and compare its performance with other 
existing prognostic scores quoted in the most recent disease-
specific Guidelines.6

Table 1. Variables Incorporated in the Predictive Models

Predictive model Risk markers C-statistic Follow-up Mortality rate

 Updated ADHF/
NT-proBNP24

Age / Prior admission for HF / COPD /  
SBP / eGFR / Sodium / Hb /  

NT-proBNP / LVEF / TR

0.748 (entire cohort) /  
0.784 (patients aged  

≤70 years)

12 months 32.4% (VAD/UHT: 15.5%)

 ADHERE logistic 
model14

Age / SBP / BUN / Heart rate 0.759 (logistic model) In-hospital 4.2% derivation cohort /  
4.0% validation cohort

 OPTIMIZE-HF12 Age / HF as primary cause of admission /  
Heart rate / SBP / Sodium / SCr /  

LVEF <0.40

  0.753 In-hospital 3.8%

 GWTG-HF15 Age / Non-black race / COPD / SBP /  
BUN / Heart rate / Sodium

0.75 In-hospital 2.86%

 Rohde et al16 Age / Cancer / SBP / Sodium /  
BUN / SCr

0.77 In-hospital 10%

 Euro Heart Failure 
Survey1

Age / Degree of LVSD / SCr /  
Treatment at discharge

NR 12 weeks 13%

ADHERE, Acute Decompensated Heart Failure National Registry; ADHF, acute decompensated heart failure; BUN, blood urea nitrogen; 
COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; GWTG-HF, American Heart Association Get with 
the Guidelines Program; Hb, hemoglobin; HF, heart failure; LVEF, left ventricular ejection fraction; LVSD, left ventricular systolic dysfunction; 
NR, not reported; NT-proBNP, N-terminal pro-B-type natriuretic peptide; OPTIMIZE-HF, Organized Program to Initiate Lifesaving Treatment in 
Patients Hospitalized for Heart Failure; SBP, systolic blood pressure; SCr, serum creatinine; TR, tricuspid regurgitation.
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Table 2. Baseline Characteristics

Variables

Age (years) 63±13

Age >70 years 217 (31)　　　
Male sex 587 (83.7)

BMI (kg/m2) 27±5　　
Hypertension 279 (39.8)

Diabetes 245 (35.0)

COPD 164 (23.4)

Previous CVE 67 (9.5)

Known dysthyroidsm 153 (21.8)

Chronic liver disease 69 (9.8)

Ischemic etiology 354 (50.5)

Previous CABG/PTCA 265 (37.8)

NYHA IV class at admission 322 (46)　　　
On waiting list for HTx at the time of admission or listed during hospitalization 65 (9.3)

Referred for transplantation evaluation 13 (1.9)

≥1 hospitalization in the prior 6 months 397 (56.6)

≥1 hospitalization in the prior 12 months 492 (70.2)

Atrial fibrillation 217 (31.0)

ICD 514 (73.3)

CRT 253 (36.1)

Heart rate (beats/min) 82±18

SBP (mmHg) 106±18　　
SBP ≤100 mmHg (n=674) 343 (50.1)

DBP (mmHg) 68±10

SCr (mg/dl)   1.5±0.74

eGFR (ml/min/1.73 m2)† 59 (26)　
eGFR <60 ml/min/1.73 m2 381 (54.4)

eGFR <30 ml/min/1.73 m2   80 (11.4)

BUN (mg/dl) 35±22

NT-proBNP (pg/ml)† 5,418 (2,501–10,633)†

NT-proBNP >5,180 pg/ml 362 (51.4)

Serum sodium (mmol/L) 137.9±4.8　　　　
Serum sodium ≤135 mmol/L 187 (26.7)

Serum potassium (mmol/L) 4.23±0.57

Hb (g/dl) 12.5±1.9　　
Hb <13 g/dl in men, <12 g/dl in women 382 (54.5)

Total cholesterol (mg/dl) 139±44　　
LVEF (%) 23.1±4.7　　
LVEF ≤20% 260 (37.1)

Moderate to severe TR 228 (32.5)

I.v. diuretics 677 (96.6)

I.v. inotropic drugs 290 (41.4)

Ventilator support 77 (11)　
Intra-aortic balloon pump   8 (1.1)

In-hospital VAD implantation 12 (1.7)

In-hospital UHT   6 (0.9)

ADHF/NT-proBNP risk score 　10.1 (4.1)　　　　
LoS 14 (8–21)†

Treatment at discharge for patients discharged alive:

  RAAS-I 474 (73.2)

  β-blockers 524 (80.9)

  Furosemide 640 (98.7)

  Aldosterone antagonists 516 (79.6)

Data given as n (%), mean ± SD or †median (IQR). BMI, body mass index; CABG, coronary artery bypass surgery; 
CRT, cardiac resynchronization therapy; CVE, cerebrovascular events; DBP, diastolic blood pressure; HTx, heart 
transplantation; ICD, implantable cardioverter defibrillator; IQR, interquartile range; LoS, length of stay; NYHA, New 
York Heart Association; PTCA, percutaneous coronary angioplasty; RAAS-I, renin-angiotensin-aldosterone system 
inhibitor; UHT, urgent heart transplantation; VAD, ventricular assist device. Other abbreviations as in Table 1.
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Quoting Lee and Ezekowitz, a prognostic model “might be of 
far greater utility if a particularly high or low risk group can 
be identified”.25 Survival curves were based on Kaplan-Meier 
analysis. The patients who underwent HT or VAD implanta-
tion were censored. A secondary analysis was performed to 
assess the association of the risk score with the occurrence of 
death, UHT, or VAD implantation as a first event within 90 
days of admission.

The performance of the ADHF/NTproBNP risk score to 
predict 90-day mortality was compared with that of the Euro 
Heart Failure Survey (EHFS) risk score.1 In addition, the per-
formance of the risk score to predict in-hospital mortality was 
compared with that of the Acute Decompensated Heart Failure 
National Registry (ADHERE) logistic regression model14 and 
the Organized Program to Initiate Lifesaving Treatment in 
Patients Hospitalized for Heart Failure (OPTIMIZE-HF),12 the 
American Heart Association Get with the Guidelines Program 
(GWTG-HF),15 and the Rohde et al16 risk scores, all of which 
are quoted in the most recent disease-specific Guidelines.6 The 
variables incorporated in each model are reported in Table 1. 
Each risk score was introduced into a logistic regression model 
to estimate the association of raw score with outcome. Tests 
of overall model fit, discrimination, and calibration were used 
to compare the prognostic models. Discrimination was assessed 
by calculating the C-statistic. Calibration was assessed with 
the Hosmer-Lemeshow statistics. Given that the equation to 
estimate risk was reported only in the ADHERE study,14 pre-
dicted mortality across risk categories could be estimated only 
for the ADHERE logistic model. Overall model fit was 
assessed with Bayes information criterion (BIC) and Akaike 
information criterion (AIC), which describe the distance 
between actual and predicted outcome. Lower values indicate 
better fit.27 Analysis was conducted using Stata 12 (StataCorp, 
College Station, TX, USA).

risk for the summed score is then adjusted for age and ≥1 HF-
related hospitalization in the previous 6 months.24 The risk 
score calculator can be downloaded to iPAD®/iPHONE® and 
is available at the App Store website by searching for “ADHF/
NT-proBNP risk score calculator”.

The primary objective of this study was to assess the asso-
ciation of updated ADHF/NT-proBNP risk score with all-
cause mortality within 90 days of admission. Death was 
ascertained by linking with the regional Health Information 
Systems or by telephone follow-up. For purposes of compari-
son, we also assessed the association of risk score with in-
hospital mortality. The secondary objective of the study was 
to assess the association of updated ADHF/NT-proBNP risk 
score with the occurrence of the combined outcome of all-
cause death, urgent heart transplantation (UHT), or ventricular 
assist device (VAD) implantation as a first event within 90 
days of admission.

Statistical Analysis
Data are reported as mean ± SD for continuous variables or 
number (%) for categorical variables. Data were 98.9% com-
plete. Missing data included body mass index (11.4% miss-
ing), heart rate (9.4% missing) and SBP (3.8% missing) at 
admission, and use of inotropes (3.4% missing). Missing SBP 
were replaced with the median.

The association of updated ADHF/NT-proBNP risk score 
with in-hospital and 90-day mortality was assessed with logis-
tic regression modeling, using the score and prior hospitaliza-
tions as covariates. Based on data from our earlier study,24 a 
survival function was constructed using regression techniques. 
To limit the loss of information associated with grouping, 
particularly at extreme risk, predicted and observed mortality 
rates were compared in risk subgroups stratified according 
to the 16th, 50th, and 84th centiles of the prognostic index.26 

Figure 1.  Incidence of death or urgent heart transplantation (UHT)/ventricular assist device (VAD) implantation within 90 days of 
admission as a function of acute decompensated heart failure/N-terminal pro-B-type natriuretic peptide risk score.
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0.852). After excluding the patients with missing data for SBP 
(n=27, 3.8%), the C-statistic was 0.815 (95% CI: 0.774–
0.856). Hosmer-Lemeshow chi-square was 1.05 (P=0.984), 
indicating excellent calibration. Calibration plot of predicted 
vs. observed 90-day mortality across risk subgroups is shown 
in Figure 2. Figure 3 shows transplant-free and VAD-free 
Kaplan-Meier survival curves of the risk subgroups. The rate 
of VAD implantation or UHT across categories of increasing 
risk were 3.9%, 4.9%, 5%, and 7%. The EHFS risk score had 
a C-statistic of 0.714 (95% CI: 0.673–0.765). The Hosmer-
Lemeshow statistic was 8.89 (P=0.064). Adding NT-proBNP 
dichotomized at 5,180 pg/ml to the EHFS risk score led to an 
increase in C-statistic of 0.042 (Table 3).

The C-statistic of the ADHF/NT-proBNP risk score for 
predicting the occurrence of the combined outcome of death, 
VAD implantation, or UHT as a first event within 90 days of 
admission was 0.741 (95% CI: 0.696–0.786). The Hosmer-
Lemeshow statistic was 3.73 (P=0.713).

In-Hospital Mortality
During hospitalization, 53 patients (7.6%) died. Cumulatively, 
the in-hospital occurrence of death, VAD implantation, and 
UHT as a first event was 10.1%.

Measures of discrimination, calibration, and model fit of the 
predictive models are reported in Table 3. The ADHF/NT-
proBNP risk score had a C-statistic for in-hospital mortality of 
0.815 (95% CI: 0.761–0.868). After excluding the patients 
with missing data for SBP (n=27, 3.8%), the C-statistic was 
0.824 (95% CI: 0.7734–0.876). The Hosmer-Lemeshow chi-
square was 3.71 (P=0.716), indicating good calibration. The 
C-statistic of the ADHERE logistic model was 0.758 and that 
of the OPTIMIZE-HF, GWTG-HF, and Rohde et al risk 
scores was 0.771, 0.776, and 0.749, respectively. The Hosmer-
Lemeshow chi-square was 9.96 (P=0.126), 5.66 (P=0.462), 
7.58 (P=0.271), and 6.92 (P=0.140), respectively. Adding 
NT-proBNP dichotomized at 5,180 pg/ml to the predictive 
models led to an increase in C-statistic in the range 0.022–
0.038 (Table 3). Figure 2 shows calibration plots of predicted 
vs. observed in-hospital mortality across risk subgroups for 

Results
Descriptive statistics for baseline variables are reported in 
Table 2. Mean age was 63 years; 56.6% of the patients had 
had at least 1 hospitalization for HF in the prior 6 months; 50 
patients (7.1%) were on the waiting list at the time of admis-
sion, 15 (2.1%) were listed during hospitalization, and 13 
(1.9%) were referred for transplantation evaluation at dis-
charge; 73.3% had an implanted cardioverter defibrillator and 
36.1% had an implanted resynchronization device; mean SBP, 
LVEF, blood urea nitrogen, and eGFR were 106±18 mmHg, 
23.1±4.7%, 35±22 mg/dl and 59±26 ml/min/1.73 m2, respec-
tively; median NT-proBNP was 5,418 pg/ml (IQR, 2,501–
10,633 pg/ml); and 41.4% of the patients required i.v. inotropic 
therapy. Of the patients without in-hospital events, 73.2% were 
discharged on renin-angiotensin-aldosterone system inhibitors 
and 80.9% on β-blockers. Descriptive statistics across risk 
subgroups are reported in Table S1.

90-Day Mortality
Of the 701 patients, 668 had a 90-day complete follow-up. 
During the 90-day follow-up, 105 patients (15.7%) died and 
35 (5.2%) underwent VAD implantation (n=20, 3%) or UHT 
(n=15, 2.2%). Fifteen additional patients (2.2%) underwent 
elective HT. Cumulatively, the occurrence of death, VAD 
implantation, and urgent or elective HT as a first event within 
90 days of admission was 23.2%. Figure 1 shows the inci-
dence of death or UHT/VAD implantation within 90 days of 
admission as a function of the risk score at 2-point intervals. 
Mortality rate rose linearly with increasing risk score, with a 
steep increase for score >14. Such a pattern was not observed 
for UHT/VAD implantation. Among the 93 patients with risk 
score >14, 44 (47.3%) died within 90 days of admission. 
Among the 139 patients with risk score <7, mortality rate was 
as low as 1.4%.

Table 3 lists measures of discrimination, calibration, and 
global model fit for the ADHF/NT-proBNP risk score and the 
EHFS risk score. The ADHF/NT-proBNP risk score had a 
C-statistic for 90-day mortality of 0.810 (95% CI: 0.769–

Table 3. Discrimination, Calibration, and Model Fit for the Risk Scores

C-statistic  
(95% CI)

Differences in C-statistics 
between the models with 
and without NT-proBNP

H-L χ2  
(P-value) AIC BIC

90-day mortality

  Updated ADHF/NT-proBNP  risk score 0.810 (0.769–0.852) – 1.05 (0.984) 500.5 514.1

  EHFS risk score 0.714 (0.673–0.765) – 8.89 (0.064) 542.8 551.9

  EHFS plus NT-proBNP 0.756 (0.708–0.804) 0.042 8.86 (0.181) 519.9 533.5

In-hospital mortality

  Updated ADHF-NTproBNP risk score 0.815 (0.761–0.868) – 3.71 (0.716) 327.6 341.2

  ADHERE 0.758 (0.699–0.817) – 9.96 (0.126) 345.1 354.2

  ADHERE plus NT-proBNP 0.785 (0.730–0.840) 0.027 3.25 (0.776) 331.3 345.0

  OPTIMIZE 0.771 (0.711–0.830) – 5.66 (0.462) 338.9 348.0

  OPTIMIZE plus NT-proBNP 0.793 (0.734–0.849) 0.022 3.69 (0.718) 328.5 342.1

  GWTG 0.776 (0.720–0.832) – 7.58 (0.271) 337.5 346.7

  GWTG plus NT-proBNP 0.798 (0.744–0.852) 0.022 3.38 (0.760) 325.3 338.9

  Rohde et al 0.749 (0.689–0.809) – 6.92 (0.140) 339.8 348.9

  Rohde plus NT-proBNP 0.787 (0.735–0.839) 0.038 8.14 (0.228) 327.3 340.9

NT-proBNP dichotomized at 5,180 pg/ml. The differences in C-statistics between the ADHF/NT-proBNP risk score and the other risk scores 
plus NT-proBNP were not statistically significant. AIC, Akaike information criterion; BIC, Bayesian information criterion; EHFS, Euro Heart 
Failure Survey; GWTG-HF, American Heart Association Get with the Guidelines Program; H-L, Hosmer-Lemshow. Other abbreviations as in 
Table 1.
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mortality was excellent by current convention,28 with a C-sta-
tistic >0.80. This threshold of discrimination has been sug-
gested as adequate for predicting individual outcome and 
guiding medical decision making.28,29 The ADHF/NT-proBNP 
risk score also was well calibrated, that is, predicted and 
observed mortalities were in close agreement. The patients in 
the highest risk category had an approximately 20-fold greater 
risk of dying in hospital or within 90 days of admission than 
those in the lowest risk category. Finally, the ADHF/NT-
proBNP risk score demonstrated better overall model fit, as 
indicated by lower AIC and BIC. There is, however, no way 
of deciding if the difference is “large enough to translate into 
a clinically more useful model”.27 Discrimination, however, 
substantially decreased when the composite of death, VAD 
implantation or UHT was used as outcome measures. Although 

the updated ADHF/NT-proBNP risk score and the ADHERE 
logistic model.

The equations to estimate risk for in-hospital and 90-day 
mortality with the ADHF/NT-proBNP risk score are reported 
in Table S2.

Discussion
Risk prediction in the setting of ADHF remains important but 
difficult.10 There are 2 major findings of this study. First, the 
ADHF/NT-proBNP risk score reliably predicts short-term 
mortality in advanced ADHF. Compared with the other pre-
dictive models, the ADHF/NT-proBNP risk score demon-
strated better overall performance, as judged using metrics of 
risk prediction. Discrimination for both in-hospital and 90-day 

Figure 2.  Calibration plots for the acute decompensated heart failure/N-terminal pro-B-type natriuretic peptide (ADHF/NT-proBNP) 
risk score and the Acute Decompensated Heart Failure National Registry (ADHERE) logistic model.

Figure 3.  Kaplan-Meier mortality curves 
stratified by centiles of acute decompen-
sated heart failure/N-terminal pro-B-type 
natriuretic peptide risk score.
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mortality have been discussed by Peterson et al.15 Some limi-
tations of the present study should be acknowledged. As with 
most prognostic studies in HF,21 the present study was retro-
spective in nature. Other unmeasured or non-documented fac-
tors may have influenced actual mortality risk. Women 
represented only 16.3% of the study population. Substantial 
gender-related differences exist in patients with HF.34 The 
model can be applied only to worsening HF patients with 
severe symptoms and severely depressed LV systolic dysfunc-
tion at presentation, thus limiting the generalizability of the 
model. In-hospital results were based on a relatively low 
number of events; nonetheless, an impressive 19-fold greater 
in-hospital mortality rate was observed in the highest com-
pared with the lowest risk category. We focused on mortality; 
from the patient perspective, quality of life also ranks high in 
importance. Finally, further validation of the updated ADHF/
NT-proBNP risk score in separate populations is warranted.

Conclusions
The care of patients with acute HF involves accurate risk 
assessment. The updated ADHF/NT-proBNP risk score is a 
valuable tool for predicting short-term mortality in severe 
ADHF, thus extending our previous results at 1 year. Predict-
ing outcome(s) in individuals remains, however, challenging.

Disclosures
Conflict of Interest: None declared.

References
 1. Velavan P, Khan NK, Goode K, Rigby AS, Loh PH, Komajda M, et 

al. Predictors of short term mortality in heart failure: Insights from 
the Euro Heart Failure survey. Int J Cardiol 2010; 138: 63 – 69.

 2. Lassus JP, Siirilä-Waris K, Nieminen MS, Tolonen J, Tarvasmäki T, 
Peuhkurinen K, et al. Long-term survival after hospitalization for 
acute heart failure: Differences in prognosis of acutely decompen-
sated chronic and new-onset acute heart failure. Int J Cardiol 2013; 
168: 458 – 462.

 3. Gheorghiade M, Pang PS. Acute heart failure syndromes. J Am Coll 
Cardiol 2009; 53: 557 – 573.

 4. Gheorghiade M, Zannad F, Sopko G, Klein L, Piña IL, Konstam 
MA, et al. Acute heart failure syndromes: Current state and frame-
work for future research. Circulation 2005; 112: 3958 – 3968.

 5. Lee DS, Schull MJ, Alter DA, Austin PC, Laupacis A, Chong A, et 
al. Early deaths in patients with heart failure discharged from the 
emergency department: A population-based analysis. Circ Heart 
Fail 2010; 3: 228 – 235.

 6. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr, Drazner 
MH, et al. 2013 ACCF/AHA guideline for the management of heart 
failure: A report of the American College of Cardiology Foundation/
American Heart Association Task Force on Practice Guidelines. J 
Am Coll Cardiol 2013; 62: e147 – e239, doi:10.1016/j.jacc.2013. 
05.019.

 7. Gheorghiade M, Shah AN, Vaduganathan M, Butler J, Bonow RO, 
Rosano GM, et al. Recognizing hospitalized heart failure as an entity 
and developing new therapies to improve outcomes: Academics’, 
clinicians’, industry’s, regulators’, and payers’ perspectives. Heart 
Fail Clin 2013; 9: 285 – 290.

 8. Toma M, Ezekowitz JA, Bakal JA, O’Connor CM, Hernandez AF, 
Sardar MR, et al. The relationship between left ventricular ejection 
fraction and mortality in patients with acute heart failure: Insights 
from the ASCEND-HF Trial. Eur J Heart Fail 2014; 16: 334 – 341.

 9. Givertz MM, Teerlink JR, Albert NM, Westlake Canary CA, Collins 
SP, Colvin-Adams M, et al. Acute decompensated heart failure: 
Update on new and emerging evidence and directions for future 
research. J Card Fail 2013; 19: 371 – 389.

10. Ouwerkerk W, Voors AA, Zwinderman AH. Factors influencing the 
predictive power of models for predicting mortality and/or heart 
failure hospitalization in patients with heart failure. JACC Heart Fail 
2014; 2: 429 – 436.

11. Cleland JG, Chiswell K, Teerlink JR, Stevens S, Fiuzat M, Givertz 
MM, et al. Predictors of postdischarge outcomes from information 

90-day mortality rose steeply across categories of increasing 
risk, VAD implantation and UHT events were uniformly dis-
tributed. Several reasons may be hypothesized to explain this 
finding. In parallel with the severity of HF, age and comorbid 
burden significantly increased across categories of increasing 
risk (Table S1), thus restricting the potential use of advanced 
treatments in the highest risk category. Unmeasured covari-
ates, such as the pattern of clinical course, the degree of right 
ventricular dysfunction, reversibility of pulmonary hyperten-
sion, or sociocultural status30 may have influenced clinical 
decision. In addition, it should be considered that the avail-
ability of a donor in an urgency condition is unpredictable. In 
contrast, the possibility that the clinical conditions of a patient 
may rapidly and severely deteriorate despite an apparently low 
risk profile at presentation cannot be excluded.

Second, the ADHERE logistic model (C-statistic 0.758)14 
and the GWTG-HF (C-statistic 0.776),15 OPTIMIZE-HF (C-sta-
tistic 0.771),12 and Rohde et al (C-statistic 0.749)16 risk scores, 
although applied to a patient population with strikingly differ-
ent baseline characteristics and level of risk (Table S3), accu-
rately distinguished the patients who died in hospital from 
those who survived to discharge, with an accuracy very close 
to that obtained in the original studies. This is a notable find-
ing, because the discriminative value of a predictive model 
usually tends to decline in truly external populations. Remark-
ably, adding NT-proBNP to these robust predictive models 
improved their discriminative ability, with an increase in 
C-statistic in the range 0.022–0.038. The predictive models 
also had adequate calibration, as judged by the Hosmer-
Lemeshow statistics. Nonetheless, it should be considered that 
the ADHERE logistic model, the only model for which pre-
dicted mortality could be estimated, substantially underesti-
mated absolute risk for in-hospital mortality in the highest risk 
category. Discrimination of the EHFS risk score for 90-day 
mortality was not reported in the original study.1 In the present 
study, its ability to predict 90-day mortality was modest 
(C-statistic 0.714). Again, adding NT-proBNP to the model 
led to substantially improved discrimination (C-statistic 0.756). 
These findings emphasize the strong prognostic value of NT-
proBNP.

The updated ADHF/NT-proBNP risk score and the existing 
predictive models share some potent risk markers including 
age, COPD, LV systolic dysfunction, SBP, renal function, and 
sodium concentration. The ADHF/NT-proBNP risk score also 
incorporates recent hospitalization for HF and NT-proBNP 
concentration, 2 of the most powerful predictors of outcome, 
and TR. Repeated hospitalization for HF may reflect the pro-
gressive loss of effectiveness of recommended therapies, NT-
proBNP concentration is related to the stretching of failing 
myocardium and the degree of neurohormonal activation,31 
while moderate-severe TR has been associated with poor sur-
vival, independent of age, biventricular systolic function, and 
right ventricular size.32 Renal impairment is a universally rec-
ognized powerful risk marker, common to all models tested. 
We recently showed that NT-proBNP is highly discriminative 
in patients with either poor renal function at admission or 
worsening renal function during hospitalization.33 Thus, the 
combined use of NT-proBNP and a measure of renal dysfunc-
tion may result in improved risk prediction. These features 
may provide a basis to explain the overall better performance 
of the updated ADHF/NT-proBNP risk score compared with 
the existing predictive models.

Study Limitations
Limitations of existing predictive models for in-hospital 



Circulation Journal Vol.79, May 2015

1083Prediction of Early Mortality in ADHF

peptide for risk stratification of patients with acute decompensated 
heart failure. Derivation and validation of the ADHF/NT-proBNP 
risk score. Int J Cardiol 2013; 168: 2120 – 2126.

23. Steyerberg EW, Moons KG, van der Windt DA, Hayden JA, Perel 
P, Schroter S, et al. Prognosis Research Strategy (PROGRESS) 3: 
Prognostic model research. PLoS Med 2013; 10: e1001381, doi: 
10.1371/journal.pmed.1001381.

24. Scrutinio D, Ammirati E, Guida P, Passantino A, Raimondo R, 
Guida V, et al. The ADHF/NT-proBNP risk score to predict 1-year 
mortality in hospitalized patients with advanced decompensated heart 
failure. J Heart Lung Transplant 2014; 33: 404 – 411.

25. Lee DS, Ezekowitz JA. Risk stratification in acute heart failure. Can 
J Cardiol 2014; 30: 312 – 319.

26. Royston P, Altman DG. External validation of a Cox prognostic 
model: Principles and methods. BMC Med Res Methodol 2013; 13: 
152, doi:10.1186/1471-2288-13-152.

27. McGeechan K, Macaskill P, Irwig L, Liew G, Wong TY. Assessing 
new biomarkers and predictive models for use in clinical practice: A 
clinician’s guide. Arch Intern Med 2008; 168: 2304 – 2310.

28. Hosmer DX, Lemshow S. Applied logistic regression. 2nd ed. New 
York, NY: John Wiley & Sons, 2000.

29. Alba AC, Agoritsas T, Jankowski M, Courvoisier D, Walter SD, 
Guyatt GH, et al. Risk prediction models for mortality in ambulatory 
patients with heart failure: A systematic review. Circ Heart Fail 
2013; 6: 881 – 889.

30. Ammirati E, Oliva F, Cannata A, Contri R, Colombo T, Martinelli 
L, et al. Current indications for heart transplantation and left ven-
tricular assist device: A practical point of view. Eur J Intern Med 
2014; 25: 422 – 429.

31. Levin ER, Gardner DG, Samson WK. Natriuretic peptides. N Engl J 
Med 1998; 339: 321 – 328.

32. Nath J, Foster E, Heidenreich PA. Impact of tricuspid regurgitation 
on long-term survival. J Am Coll Cardiol 2004; 43: 405 – 409.

33. Scrutinio D, Mastropasqua F, Guida P, Ammirati E, Ricci V, 
Raimondo R, et al. Renal dysfunction and accuracy of N-terminal 
pro-B-type natriuretic peptide in predicting mortality for hospitalized 
patients with heart failure. Circ J 2014; 78: 2439 – 2446.

34. Sakata Y, Miyata S, Nochioka K, Miura M, Takada T, Tadaki S, et 
al. Gender differences in clinical characteristics, treatment and long-
term outcome in patients with stage C/D heart failure in Japan: 
Report from the CHART-2 study. Circ J 2014; 78: 428 – 435.

Supplementary Files
Supplementary File 1

Table S1.  Baseline characteristics across risk strata

Table S2.  Risk estimation equations

Table S3.  Selected baseline characteristics

Please find supplementary file(s);
http://dx.doi.org/10.1253/circj.CJ-14-1219

acquired shortly after admission for acute heart failure: A report from 
the Placebo-Controlled Randomized Study of the Selective A1 Ade-
nosine Receptor Antagonist Rolofylline for Patients Hospitalized 
With Acute Decompensated Heart Failure and Volume Overload 
to Assess Treatment Effect on Congestion and Renal Function 
(PROTECT) Study. Circ Heart Fail 2014; 7: 76 – 87.

12. Abraham WT, Fonarow GC, Albert NM, Stough WG, Gheorghiade 
M, Greenberg BH, et al. Predictors of in-hospital mortality in 
patients hospitalized for heart failure: Insights from the Organized 
Program to Initiate Lifesaving Treatment in Hospitalized Patients 
with Heart Failure (OPTIMIZE-HF). J Am Coll Cardiol 2008; 52: 
347 – 356.

13. Lee DS, Austin PC, Rouleau JL, Liu PP, Naimark D, Tu JV. Predict-
ing mortality among patients hospitalized for heart failure: Deriva-
tion and validation of a clinical model. JAMA 2003; 290: 2581 –  
2587.

14. Fonarow GC, Adams KF Jr, Abraham WT, Yancy CW, Boscardin 
WJ; ADHERE Scientific Advisory Committee, Study Group, and 
Investigators. Risk stratification for in-hospital mortality in acutely 
decompensated heart failure: Classification and regression tree anal-
ysis. JAMA 2005; 293: 572 – 580.

15. Peterson PN, Rumsfeld JS, Liang L, Albert NM, Hernandez AF, 
Peterson ED, et al. A validated risk score for in-hospital mortality in 
patients with heart failure from the American Heart Association Get 
with the Guidelines Program. Circ Cardiovasc Qual Outcomes 2010; 
3: 25 – 32.

16. Rohde LE, Goldraich L, Polanczyk CA, Borges AP, Biolo A, Rabelo 
E, et al. A simple clinically based predictive rule for heart failure 
in-hospital mortality. J Card Fail 2006; 12: 587 – 593.

17. O’Connor CM, Hasselblad V, Mehta RH, Tasissa G, Califf RM, 
Fiuzat M, et al. Triage after hospitalization with advanced heart 
failure: The ESCAPE (Evaluation Study of Congestive Heart Failure 
and Pulmonary Artery Catheterization Effectiveness) risk model and 
discharge score. J Am Coll Cardiol 2010; 55: 872 – 878.

18. Kociol RD, Horton JR, Fonarow GC, Reyes EM, Shaw LK, 
O’Connor CM, et al. Admission, discharge, or change in B-type 
natriuretic peptide and long-term outcomes: Data from Organized 
Program to Initiate Lifesaving Treatment in Hospitalized Patients 
with Heart Failure (OPTIMIZE-HF) linked to Medicare claims. Circ 
Heart Fail 2011; 4: 628 – 636.

19. Logeart D, Isnard R, Resche-Rigon M, Seronde MF, de Groote P, 
Jondeau G, et al. Current aspects of the spectrum of acute heart 
failure syndromes in a real-life setting: The OFICA study. Eur J 
Heart Fail 2013; 15: 465 – 476.

20. Hanatani S, Izumiya Y, Takashio S, Kimura Y, Araki S, Rokutanda 
T, et al. Circulating thrombospondin-2 reflects disease severity and 
predicts outcome of heart failure with reduced ejection fraction. 
Circ J 2014; 78: 903 – 910.

21. Ketchum ES, Levy WC. Multivariate risk scores and patient out-
comes in advanced heart failure. Congest Heart Fail 2011; 17: 
205 – 212.

22. Scrutinio D, Ammirati E, Guida P, Passantino A, Raimondo R, 
Guida V, et al. Clinical utility of N-terminal pro-B-type natriuretic 


