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Abstract

Aims Risk prediction indices used in worsening heart failure (HF) vary in complexity, performance, and the type of datasets
in which they were validated. We compared the performance of seven risk prediction indices in a contemporary cohort of pa-
tients hospitalized for HF.

Methods and results We assessed the performance of the Length of stay and number of Emergency department visits in the
prior 6 months (LE), Length of stay, number of Emergency department visits in the prior 6 months, and admission N-Terminal
prohormone of brain natriuretic peptide (NT-proBNP (LENT), Length of stay, Acuity, Charlson co-morbidity index, and number
of Emergency department visits in the prior 6 months (LACE), Get With The Guidelines Heart Failure (GWTG), Readmission Risk
Score (RRS), Enhanced Feedback for Effective Cardiac Treatment model (EFFECT), and Acute Decompensated Heart Failure Na-
tional Registry (ADHERE) risk indices among consecutive patients hospitalized for HF and discharged alive from January 2017
to December 2019 in a network of hospitals in England. The primary composite outcome was 30-day all-cause mortality or
readmission. We assessed model discrimination and overall accuracy using the C-statistic (higher values, better) and Brier
score (lower values, better), respectively. Among 1206 patients in the cohort, 45.0% were female, mean (SD) age was 76.6
(11.7) years, and mean (SD) left ventricular ejection fraction was 43.0% (11.6). At 30 days, 236 (19.6%) patients were
readmitted and 28 (2.3%) patients died, with 264 (21.9%) patients experiencing either readmission or death. The LENT index
offered the combination of greatest risk discrimination and accuracy for the primary composite outcome (C-statistic: 0.97; 95%
Cl1 0.96, 0.98; 0.29; Brier score: 0.05). The LE (C-statistic: 0.95; 95% Cl 0.93, 0.96; Brier score: 0.06) and LACE (C-statistic: 0.90;
95% Cl 0.88, 0.92; Brier score 0.09) indices had high discrimination and accuracy. Discrimination and accuracy were modest
with the RRS (C-statistic: 0.65; 95% ClI 0.61, 0.69; Brier score: 0.16) and EFFECT (C-statistic: 0.64; 95% Cl 0.60, 0.67; Brier score:
0.16) score; and poor with the GWTG-HF (C-statistic: 0.62; 95% Cl 0.58, 0.66; Brier score: 0.17) and ADHERE (C-statistic: 0.54;
95% Cl 0.50, 0.57; Brier score: 0.17) scores.

Conclusions In a study that compared the performance of seven risk prediction indices in a contemporary cohort of patients
hospitalized for HF, the simple LENT index offered the greatest combination of discrimination and accuracy for the primary
composite outcome of 30-day all-cause mortality or readmission. This three-variable index -using length of hospital stay, pre-
ceding emergency department visits and admission NT-proBNP level- is a practical and reliable way to assess prognosis follow-
ing hospitalization for HF.

Keywords Acute heart failure ; Risk prediction; 30-day mortality; 30-day readmission

Received: 19 September 2024; Accepted: 3 October 2024
*Correspondence to: Harriette Gillian Christine Van Spall, Population Health Research Institute, 237 Barton Street East, Hamilton, ON L8L 2X2, Canada.
Email: harriette.vanspall@phri.ca

© 2025 The Author(s). ESC Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.


https://orcid.org/0000-0001-9383-9312
mailto:harriette.vanspall@phri.ca
http://creativecommons.org/licenses/by-nc-nd/4.0/

T. Averbuch et al.

Background

In the first 30 days following hospitalization for heart failure
(HF), patients face a 20%—25% risk of all-cause readmission
and 4%—10% risk of death.™ Risk prediction tools can iden-
tify hospitalized patients at high risk of death to help guide
post-discharge follow-up, transplant referrals, or palliative
care.> However, a majority have not been adequately vali-
dated, and their performance, particularly calibration, is of-
ten not reported.*® Validated risk prediction tools in HF are
typically complex and require risk calculators as well as mul-
tiple variables for computation, rendering them impractical
at the point of care.*®® A majority of established risk predic-
tion models in HF have been derived and validated using ad-
ministrative data, which are limited by the accuracy of cod-
ing; for example, up to 20% of patients in administrative
datasets can have the diagnosis of HF misclassified.’

In response to the complexity and limitations of existing
HF risk prediction models, we derived and externally vali-
dated the LE index, comprising only two variables: length
(L) of hospital stay and the number of emergency (E) depart-
ment visits (E) in the preceding 6 months.*%*! To further im-
prove the performance of the LE index, we derived and inter-
nally validated the LENT index, which adds points based on
admission or discharge N-terminal prohormone of brain na-
triuretic peptide (NT-proBNP) level to the LE index.'? The
LENT index had better risk classification for 30-day composite
all-cause mortality or readmission than didthe LE index.*?

To date, the performance of validated HF risk prediction in-
dices has not been compared in a single cohort. Comparisons
have therefore been indirect, based on performance in co-
horts or administrative datasets that vary in demographics,
comorbidities, background therapies, and quality of care. In
this comparative effectiveness cohort study, we aimed to
compare the discrimination, calibration, and overall perfor-
mance of the LENT index with six other risk indices that had
previously been validated for the prediction of clinical out-
comes among patients hospitalized for HF and discharged
alive; these indices included LE, Length of stay, Acuity,
Charlson co-morbidity index, and number of Emergency de-
partment visits in the prior 6 months (LACE), Acute Decom-
pensated Heart Failure National Registry (ADHERE), Enhanced
Feedback for Effective Cardiac Treatment (EFFECT), Get With
The Guidelines Heart Failure (GWTG), and Readmission Risk
Score (RRS) scores* #1012 (Tgple S7).

Methods

This study was approved by the Hamilton Integrated Re-
search Ethics Board, Health and Care Research Wales, and
the West Midlands—The Black Country Research Ethics
Committee.

Study design and population

We undertook a comparative effectiveness study in a cohort
of consecutive patients hospitalized for HF and discharged
alive from the Liverpool University Hospitals NHS Foundation
Trust, comprising three hospitals that serve an ethnically di-
verse population in England. Patients were included if they
had a primary admission diagnosis of decompensated HF
from 1 January 2017 to 31 December 2019. Our exclusion
criteria were limited and pragmatic. We excluded patients
who did not have a primary diagnosis of acute HF and pa-
tients who died during the index hospitalization. Study per-
sonnel collected demographic and clinical data from the elec-
tronic medical record and obtained prior ED visits from the
hospital database. Heart failure was identified with the
ICD-10 codes 111.0, 125.5, 142.0, 142.9, 150.0, 150.1, and 150.9.

Data collection

We extracted baseline demographics and relevant variables
to calculate the risk scores of interest (Tables S1). Clinical out-
comes were obtained from the electronic medical record of
the Liverpool University Hospital Foundation Trust and the in-
tegrated primary care record using Egton Medical Informa-
tion Systems (EMIS) and e-Xchange. Risk indices were se-
lected based on prior validation in patients hospitalized for
HF, although the outcomes varied. The ADHERE score was
originally derived and validated for inpatient mortality. The
GWTG-HF and RRS were originally derived and validated for
30-day mortality and 30-day readmission, respectively. Risk
indices validated only in ambulatory patients were not in-
cluded. Outcomes were unblinded and obtained through
chart review.

Outcomes

The primary composite outcome was 30-day all-cause mortal-
ity or readmission. Secondary outcomes included the compo-
nents of the primary outcome.

Statistical analysis

Given observed 30-day event rates in the Canadian cohort in
which the LENT index was derived (20.3% readmission and
21.1% mortality or readmission), we estimated that we would
need at least 1000 patients to observe approximately 200
events (mortality or readmission) and allow for meaningful
analysis.>*?

We represented continuous variables as means with stan-
dard deviations and medians with interquartile ranges and
categorical variables with percentages and numbers. We
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computed the ADHERE, EFFECT, GWTG-HF, LACE, LE, LENT,
and RRS indices using their published scoring systems
(Table S2). All laboratory values or vital signs used in each risk
model were recorded at admission as in the original deriva-
tion studies. We compared the distribution of variables be-
tween patients who were readmitted or died with those
who experienced neither outcome using the Rao—Scott chi-
square test for categorical variables, and the Wilcoxon rank
sums test for continuous variables.

We fitted multivariable logistic regression models for each
risk score, with the risk score as the predictor and the com-
posite of all-cause mortality or readmission, all-cause mortal-
ity, or all-cause readmission as the outcome. We assessed the
odds of each clinical outcome per 1-point increase for all
models with odds ratios and 95% confidence intervals (Cl).
We compared the risk discrimination of each model using
the C-statistic, reported with 95% Cls. The C-statistic, a mea-
sure of a model’s ability to discriminate between patients at
low and high risk of a given outcome, ranges from 0 to 1, with
higher scores indicating better discrimination. We assessed
model calibration - consistency between the estimated risk
and observed risk - with the Hosmer—Lemeshow (H-L) P-
value, with the null hypothesis stating that the model is
well-calibrated. A H-L P-value below 0.05 indicates inade-
quate calibration. We assessed model accuracy—a combina-
tion of discrimination and calibration—with the Brier score,
which has a scale from 0 to 1, where lower scores indicate su-
perior model performance. No adjustments were made for
multiple comparisons. We performed our analyses with SAS
version 9.4 (SAS Institute Inc, Cary, NC, USA).

Results
Baseline characteristics

We screened 1333 patients for inclusion and excluded 127
due to death in hospital. Baseline characteristics of the
1206 patients enrolled in this study are depicted in Table
1. The mean (SD) age was 76.6 (11.7) years, 45.0% of pa-
tients were female, and the mean (SD) left ventricular ejec-
tion fraction was 43.0% (11.6). The burden of co-morbidities
was representative of usual practice and similar to the LENT
derivation cohort.’>*® Among the patients in our cohort,
33.9% had diabetes, 59.4% had hypertension, 57.0% had
atrial fibrillation, and 22.5% had previously undergone
percutaneous coronary intervention (PCI) or coronary artery
bypass grafting (CABG). Data were available to compute risk
scores for all patients included in the study, with no missing
values.

Of the patients in the study, 29.1% had an intermediate or
high-risk ADHERE score. The mean (SD) EFFECT score was
78.0 (21.5), GWTG-HF score was 39.2 (6.6), LACE index was

10.7 (3.3), LE index was 4.6 (2.0), LENT index was 5.6 (2.6),
and RRS was 21.4 (4.3) (Figure 1 A-G). At discharge, 42.9%
of patients were prescribed an angiotensin-converting en-
zyme (ACE)-inhibitor, angiotensin receptor blocker (ARB), or
angiotensin receptor neprilysn inhibitor (ARNI) , 75.5% of pa-
tients were prescribed a beta-blocker, 19.2% were prescribed
a mineralocorticoid receptor antagonist (MRA), and 94% of
patients were prescribed a loop diuretic (Table ).

Clinical outcomes

Of the 1206 patients in the cohort, 264 (21.9%) were either
readmitted or died, 236 (19.6%) were readmitted, and there
were 28 (2.3%) all-cause deaths within 30 days of discharge.
Patients who were either readmitted or died within 30 days
of discharge exhibited higher mean scores of the seven risk
prediction indices in comparison to those who did not (Ta-
ble 1). Event rates were similar to the LENT derivation
cohort.*? Outcome data were available for all patients in
our cohort.

Performance of risk prediction tools

Composite 30-day all-cause mortality or readmission
Figure 2 and Table 2 illustrate the model performance of each
risk index. The combination of discrimination, calibration and
accuracy for the primary outcome were highest for the LENT
index (C-statistic: 0.97; 95% Cl 0.96, 0.98; Hosmer—Lemeshow
P-value: 0.29; Brier score: 0.05) (Table 2, Central Illustration,
Figure 2A). Discrimination and accuracy were high but calibra-
tion poor for the LE index (C-statistic: 0.95; 95% Cl 0.93, 0.96;
Hosmer—Lemeshow P-value: <0.01; Brier score: 0.06). Of the
remaining risk scores, discrimination and accuracy were mod-
est and calibration good with the RRS (C-statistic: 0.65; 95% Cl
0.61, 0.69; Hosmer—Lemeshow P-value: 0.39; Brier score:
0.16). Discrimination and accuracy were poorest with the
ADHERE score (C-statistic: 0.54; 95% Cl 0.50, 0.57; Brier score:
0.17). The Hosmer—Lemeshow P-value could not be computed
for the ADHERE score as it is categorical with three levels (low,
intermediate, high).

30-day all-cause readmission

Figure 2 and Table 2illustrate the model performance of each
risk index. Discrimination and overall accuracy were highest,
but calibration limited for the LENT (C-statistic: 0.96; 95% Cl
0.94, 0.97; Hosmer—Lemeshow P-value: <0.01; Brier score:
0.06) index. The combination of discrimination, calibration,
and accuracy were high for the LACE index (C-statistic: 0.89;
95% Cl 0.87, 0.91; Hosmer—Lemeshow P-value: 0.10; Brier
score: 0.09) (Table 2, Figure 2B). Of the remaining risk scores,
discrimination was highest although modest, calibration
good, and accuracy modest for the RRS (C-statistic: 0.63;
95% Cl 0.59, 0.67; Hosmer—Lemeshow P-value: 0.58; Brier
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Table 1 Baseline characteristics of 1206 patients discharged alive following hospitalization for HF

Overall cohort  Readmitted or dead at Readmitted at  Neither readmitted nor dead at

(N = 1206) 30 days (N = 264) 30 days (N = 236) 30 days(N = 942)
Demographics
Age (years), mean (SD) 76.6 (11.7) 78.2 (10.6) 77.8 (10.7) 76.2 (11.9)
Sex,
Male, n (%) 543 (45.0) 122 (46.2) 113 (47.9) 421 (44.7)
Female, n (%) 663 (55.0) 142 (53.8) 123 (52.1) 521 (55.3)
Vital signs
Systolic blood pressure at admission 133.1 (23.7) 131.1 (24.3) 132.7 (24.2) 133.6 (23.6)
(mmHg), mean (SD)
Diastolic blood pressure at admission 73.0 (13.9) 72.7 (13.8) 73.1 (13.7) 73.1 (13.9)
(mmHg), mean (SD)
Heart rate (beats per minute) at 83.9 (20.8) 85.0 (20.0) 84.8 (20.2) 83.6 (21.0)
admission, mean (SD)
Respiratory rate (breaths per minute) 21.8 (3.7) 22.7 (4.0) 22.9 (4.0) 21.6 (3.6)
at admission, mean (SD)
Co-morbidities,
Left ventricular ejection fraction, 43.0 (11.6) 40.4 (12.0) 40.3 (11.9) 43.7 (11.5)
Hypertension, 716 (59.4) 160 (60.6) 143 (60.6) 556 (59.0)
Atrial fibrillation, 688 (57.0) 151 (57.2) 133 (56.4) 537 (57.0)
Prior heart failure, n (%) 903 (74.9) 233 (88.3) 208 (88.1) 670 (71.1)
Valvular disease, n (%) 221 (18.3) 71 (26.9) 65 (27.5) 150 (15.9)
Obstructive sleep apnoea, n (%) 75 (6.2) 11 (4.2) 11 (4.7) 4 (6.8)
Aortic stenosis, n (%) 86 (7.1) 28 (10.6) 24 (10.2) 8 (6.2)
Diabetes, n (%) 409 (33.9) 100 (37.9) 90 (38.1) 309 (32.8)
Chronic kidney disease, n (%) 656 (54.4) 170 (64.4) 151 (64.0) 486 (51.6)
Moderate to severe kidney disease, 276 (22.9) 96 (36.4) 82 (34.7) 180 (19.1)
n (%)
Prior PCl or CABG, n (%) 271 (22.5) 72 (27.3) 65 (27.5) 199 (21.1)
Coronary artery disease, n (%) 489 (40.5) 123 (46.6) 109 (46.2) 366 (38.9)
Prior ICD or CRT, n (%) 96 (8.0) 26 (9.8) 20 (8.5) 0(7.4)
Chronic pulmonary disease, n (%) 375 (31.1) 102 (38.6) 90 (38.1) 273 (29.0)
Peripheral vascular disease, n (%) 80 (6.6) 21 (8.0) 18 (7.6) 9 (6.3)
Previous TIA, n (%) 87 (7.2) 20 (7.6) 18 (7.6) 7 (7.1)
Previous stroke, n (%) 126 (10.4) 23 (8.7) 19 (8.1) 103 (10.9)
Dementia, n (%) 84 (7.0) 20 (7.6) 15 (6.4) 4 (6.8)
Liver disease, n (%) 41 (3.4) 14 (5.3) 12 (5.1) 7 (2.9)
Moderate to severe liver disease, n (%) 22 (1.8) 8 (3.0) 6 (2.5) 4 (1.5)
Connective tissue disease, n (%) 48 (4.0) 10 (3.8) 10 (4.2) 8 (4.0)
Cancer (any) n (%) 164 (13.6) 36 (13.6) 32 (13.6) 128 (13.6)
Metastatic solid tumour, n (%) 26 (2.2) 9 (3.4) 8 (3.4) 7 (1.8)
Charlson co-morbidity index, mean 6.7 (2.8) 7.8 (3.0) 7.7 (2.9) 4(2.7)
(SD)
Medications at discharge
ACE inhibitor, n (%) 405 (33.6) 77 (29.2) 71 (30.1) 328 (34.8)
ARB, n (%) 81 (6.7) 9 (3.4) 9 (3.8) 72 (7.6)
ARNI, n (%) 31 (2.6) 3(1.1) 3(1.3) 28 (3.0)
Beta-blocker, n (%) 911 (75.5) 204 (77.3) 184 (78.0) 707 (75.0)
Loop diuretic, n (%) 1141 (94.6) 241 (91.3) 215 (91.1) 900 (95.5)
MRA, n (%) 232 (19.2) 49 (18.6) 46 (19.5) 183 (19.4)
SGLT2 inhibitor, n (%) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Resource utilization
High acuity admission (via ED), 624 (51.7) 200 (75.8) 180 (76.3) 424 (45.0)
n (%)
Number of ED visits in preceding 0.7 (1.1) 2.1(1.2) 2.1(1.2) 0.3 (0.7)
6 months, mean (SD)
Length of stay (day), mean (SD) 7.3 (8.4) 14.2 (11.9) 14.1 (11.9) 5.4 (5.9)
Investigations®
Sodium (mmol), mean (SD) 139.0 (4.4) 138.2 (5.2) 138.1 (5.2) 139.2 (4.2)
Creatinine (umol/L), mean (SD) 125.9 (59.4) 150.0 (80.9) 148 2 (80.4) 119.2 (49.8)
Blood urea nitrogen (mmol/L), mean 5.2 (3.5) 6.5 (4.4) 2 (3.6) 4.9 (3.1)
(SD)
Haematocrit, mean (SD) 0.36 (0.1) 0.35 (0.1) 0.35(0.1) 0.36 (0.1)
Log admission NT-proBNP (pg/ml), 8.3(0.9) 9.2 (0.9) 9.2 (0.9) 8.1 (0.8)
mean (SD)
Log discharge NT-proBNP (pg/ml), 7.6 (0.9) 8.3 (0.9) 8.3 (0.9) 7.4 (0.8)
mean (SD)
(Continues)
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Table 1 (continued)

Overall cohort

Readmitted or dead at

Readmitted at  Neither readmitted nor dead at

(N = 1206) 30 days (N = 264) 30 days (N = 236) 30 days(N = 942)

Clinical characteristics

In-hospital cardiac arrest, n (%) 13(1.1) 6(2.3) 4(1.7) 7 (0.7)
Estimated risk

ADHERE score, intermediate or high 351 (29.1) 91 (34.5) 74 (31.4) 260 (27.6)

risk, n (%)

EFFECT score, mean (SD) 78.0 (21.5) 86.0 (20.7) 84.1 (19.5) 75.7 (21.2)

GWTG-HF score, mean (SD) 39.2 (6.6) 41.1 (7.0) 40.5 (6.8) 38.6 (6.4)

LACE index, mean (SD) 10.7 (3.3) 14.5 (2.5) 14.5 (2.5) 9.7 (2.6)

LE index, mean (SD) 4.6 (2.0) 7.2 (1.4) 7.2 (1.3) 3.9(1.4)

LENT index, mean (SD) 5.6 (2.6) 9.2(1.7) 9.3(1.7) 4.6 (1.7)

RRS, mean (SD) 21.4 (4.3) 23.4 (4.9) 23.2 (4.7) 20.9 (4.0)

ACE, Angiotensin converting enzyme; ADHERE, Acute Decompensated Heart Failure National Registry; ARB, Angiotensin receptor blocker;
ARNI, angiotensin receptor neprilysin-inhibitor; CABG, coronary artery bypass grafting; CRT, cardiac resynchronization therapy; ED, emer-
gency department; EFFECT, Enhanced Feedback for Effective Cardiac Treatment; GWTG-HF, Get With The Guidelines Heart Failure; ICD,
implantable cardioverter-defibrillator; LACE, Length of stay, Acuity, Charlson co-morbidity index, and number of Emergency department
visits in the prior 6 months; LE, Length of stay and number of Emergency department visits in the prior 6 months; LENT, Length of stay,
number of Emergency department visits, and NT-proBNP; MRA, Mineralocorticoid receptor antagonist; NT-proBNP; N-terminal
prohormone of brain natriuretic peptide, PCl, percutaneous coronary intervention; RRS, Readmission Risk Score; SD, standard deviation;
SGLT2, Sodium-glucose Cotransporter-2; TIA, transient ischemic attack.

“Measured at admission.

score: 0.15), while discrimination and accuracy were poorest
for the ADHERE score (C-statistic: 0.52; 95% Cl 0.48, 0.55;
Brier score: 0.16).

30-day all-cause mortality

Figure 2 and Table 2illustrate the model performance of each
risk index. Discrimination and overall accuracy were highest
but calibration limited for the LENT (C-statistic: 0.89; 95% Cl
0.87, 0.91; Hosmer-Lemeshow P-value: <0.01; Brier score
0.05) index. The combination of discrimination, calibration,
and accuracy were high for the LACE index (C-statistic: 0.84;
95% Cl 0.80, 0.87; Hosmer—Lemeshow P-value: 0.22; Brier
score: 0.05) (Table 2, Figure 2C). Of the remaining risk scores,
discrimination and accuracy were highest although modest
with the GWTG-HF (C-statistic: 0.73; 95% Cl 0.67, 0.79;
Hosmer—Lemeshow P-value: 0.83; Brier score: 0.05) index with
good calibration. Discrimination was poorest with the ADHERE
score (C-statistic: 0.61; 95% Cl 0.55, 0.67; Brier score: 0.05).

Discussion

In this cohort study that compared the performance of seven
risk prediction indices, the LENT index—requiring only length
of hospital stay, number of ED visits in preceding 6 months,
and admission NT-proBNP for computation—offered the best
combination of risk discrimination, calibration, and overall ac-
curacy for the primary composite outcomes of 30-day all-
cause mortality or readmission. The two-variable LE index
predicted this outcome with similarly high discrimination
but with poor calibration, although the overall accuracy was
still high. The ease of computation of the LENT index at the
point of care over established indices makes it practical for
use in clinical settings and can help guide referral to special-

ist, advanced heart failure, or supportive care services. In re-
source-limited settings in which NT-proBNP cannot be used,
the LE index is a reasonable option, given its simplicity, high
discrimination, and overall performance.

Among the risk prediction models tested in our study co-
hort, the LENT index demonstrated the greatest overall
performance across all outcomes, particularly for 30-day
composite all-cause mortality or readmission, followed by
the LE index and LACE index, respectively. Other established
risk prediction models exhibited poorer discrimination and
overall accuracy for the composite endpoint. The ADHERE,
EFFECT, and GWTG-HF scores were derived and validated to
predict mortality, and in the case of ADHERE and GWTG-HF,
inpatient rather than 30-day mortality; these indices were
not derived for readmission, and it is not surprising that their
performance was modest for a 30-day outcome that included
readmission.*”® Furthermore, few patients in this cohort had
high-risk ADHERE scores—the poor performance of the
ADHERE score is likely also related to the limited distribution
of risk. While the LE and LENT indices had a left-skewed dis-
tribution, which may limit their performance, a broader
spread of values was observed than with the ADHERE score.
The LENT and LE indices demonstrated superior overall accu-
racy even for the outcome of 30-day mortality. Readmission
is more challenging to predict than mortality, as up to 65%
of readmissions following HF hospitalization are not due to
HF. Additionally, hospitalization decisions may rely on
non-clinical factors such as hospital bed availability, available
outpatient resources, patient or caregiver preferences and
social circumstances. By comparison, the RRS, LE, LACE, and
LENT indices were derived and validated for 30-day outcomes
that included readmission.®0712

The greater performance of the LENT, LE, and LACE indices
may be explained by the inclusion of length of stay, which ac-
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Figure 1 Distribution of risk as estimated by seven risk prediction indices in a cohort of patients discharged alive following hospitalization for HF.
While most models demonstrated a broad distribution of risk, the majority of patients were deemed low risk by the ADHERE score and very few pa-
tients had a high-risk ADHERE score. ADHERE, Acute Decompensated Heart Failure National Registry; EFFECT, Enhanced Feedback for Effective Cardiac
Treatment; GWTG-HF, Get With The Guidelines Heart Failure; LACE, Length of stay, Acuity, Charlson co-morbidity index, and number of Emergency
department visits in the prior 6 months; LE, Length of stay and number of Emergency department visits in the prior 6 months; LENT, Length of stay,
number of Emergency department visits, and NT-proBNP; RRS, Readmission Risk Score.
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Figure 2 Comparative effectiveness of risk prediction models for 30-day clinical events. (A) Composite all-cause mortality or readmission; (B) All-cause
readmission; (C) All-cause mortality. ADHERE, Acute Decompensated Heart Failure National Registry; EFFECT, Enhanced Feedback for Effective Cardiac
Treatment; GWTG-HF, Get With The Guidelines Heart Failure; LACE, Length of stay, Acuity, Charlson co-morbidity index, and number of Emergency de-
partment visits in the prior 6 months; LE, Length of stay and number of Emergency department visits in the prior 6 months; LENT, Length of stay, number
of Emergency department visits in the prior 6 months, and NT-proBNP; RRS, Readmission Risk Score. The C statistic is a measure of model discrimination,
ranging from 0 to 1, with higher scores indicating greater discrimination. The Brier score is a measure of model accuracy ranging from 0 to 1, with lower
scores indicating greater accuracy. The Hosmer-Lemeshow test evaluates model calibration, with the null hypothesis that the model is well-calibrated.
*High-risk vs low-risk ADHERE score;

tIntermediate-risk vs low-risk ADHERE score.
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Table 2 The performance of HF risk indices for predicting 30-day outcomes following hospitalization for HF

Risk score

OR (95% Cl) per 1 point increase C-statistic® (95% Cl)

Hosmer—Lemeshow P-value® Brier score

30-day all-cause mortality or readmission
ADHERE High vs. low risk 5.91 (1.65, 21.20)
Intermediate vs. low risk  1.31 (0.97, 1.76)

EFFECT 1.02 (1.02, 1.03)
GWTG-HF 1.06 (1.04, 1.08)
LACE index 2.02 (1.85, 2.20)
LE index 5.58 (4.49, 6.93)
LENT® 4.19 (3.49, 5.04)

RRS 1.15(1.11, 1.18)

30-day all-cause readmission

ADHERE High vs. low risk
Intermediate vs. low risk

2.85(0.80, 10.20)
1.10(0.81, 1.51)

EFFECT 1.02 (1.01, 1.02)
GWTG-HF 1.04 (1.02, 1.06)
LACE index 1.90 (1.75, 2.06)
LE index 4.37 (3.63, 5.25)
LENT® 3.22 (2.78, 3.73)

RRS 1.12 (1.08, 1.16)

30-day all-cause mortality

ADHERE  High vs. low risk
Intermediate vs. low risk

9.75 (2.42, 39.30)
2.27 (1.38, 3.74)

EFFECT 1.04 (1.03, 1.05)
GWTG-HF 1.14 (1.09, 1.18)
LACE index 1.48 (1.35, 1.61)
LE index 1.98 (1.72, 2.28)
LENT® 1.76 (1.57, 1.96)
RRS 1.19 (1.13, 1.25)

0.54 (0.50, 0.57) N/A 0.17
0.64 (0.60, 0.67) 0.91 0.16
0.62 (0.58, 0.66) 0.02 0.17
0.90 (0.88, 0.92) <0.01 0.09
0.95 (0.93, 0.96) <0.01 0.06
0.97 (0.96, 0.98) 0.29 0.05
0.65 (0.61, 0.69) 0.39 0.16
0.52 (0.48, 0.55) N/A 0.16
0.61 (0.57, 0.65) 0.72 0.16
0.58 (0.54, 0.63) 0.02 0.16
0.89 (0.87, 0.91) 0.10 0.09
0.94 (0.93, 0.96) <0.01 0.07
0.96 (0.94, 0.97) <0.01 0.06
0.63 (0.59, 0.67) 0.58 0.15
0.61 (0.55, 0.67) N/A 0.05
0.71 (0.64, 0.77) 0.51 0.05
0.73 (0.67, 0.79) 0.83 0.05
0.84 (0.80, 0.87) 0.22 0.05
0.87 (0.83, 0.90) <0.01 0.05
0.89 (0.87, 0.91) <0.01 0.05
0.70 (0.64, 0.77) 0.77 0.05

ADHERE, Acute Decompensated Heart Failure National Registry; EFFECT, Enhanced Feedback for Effective Cardiac Treatment; GWTG-HF,
Get With The Guidelines Heart Failure; LACE, Length of stay, Acuity, Charlson co-morbidity index, and number of Emergency department
visits in the prior 6 months; LE, Length of stay and number of Emergency department visits in the prior 6 months; LENT, Length of stay,
number of Emergency department visits in the prior 6 months, and NT-proBNP; OR, Odds ratio; RRS, Readmission Risk Score.

*The C-statistic measures the ability of a model to discriminate between patients who are higher and lower risk. Scores range from 0 to 1,

Wlth a higher score indicating better discrimination.

PThe Hosmer—Lemeshow test compares predicted probabllltles with actual outcomes to assess model calibration or how well the model
fits the data. The null hypothesis is that the model is well calibrated. A P-value below 0.05 suggests poor calibration.
“The Brier score quantifies the accuracy of probabilistic predictions, with a scale from 0 (perfect accuracy) to 1 (entirely inaccurate), where

Iower scores indicate better model performance.
9LENT index was computed using admission NT-proBNP level.

counts for cardiac and non-cardiac complications during hos-
pitalization; the other risk indices all used variables present at
baseline or upon admission and do not account for changes
in clinical status during hospitalization. Furthermore, preced-
ing ED visits, captured in LENT, LE, and LACE, are a reliable
marker of declining health or increasing healthcare needs.
The improved performance of the LENT index over all other
models may also be due to the inclusion of NT-proBNP, which
offers important prognostic information in HF and has been
shown to increase net risk reclassification relative to the LE
index for 30-day mortality or readmission.*>** In the
GUIDE-IT trial, NT-proBNP was significantly associated with
cardiovascular death or HF hospitalization, with NT-proBNP
levels beginning to rise, on average, 200 days before a clinical
event.'® Furthermore, an elevated NT-proBNP at discharge
may suggest incomplete decongestion, which is associated
with adverse outcomes.*’

The LE and LENT indices offer both improved performance
and greater ease of use compared to traditional risk indices.
The LE and LENT indices use variables that are easily accessi-
ble from the patient record, making them convenient for use

at the point of care without compromising the model’s per-
formance. While the ADHERE score, with two variables, offers
the same degree of simplicity, its performance in predicting
30-day outcomes was poor. By comparison, the GWTG-HF
score contains seven variables, while the RRS includes 20.
For clinicians at the point of care faced with several available
risk prediction tools, an ideal tool should be available, accu-
rate, and actionable—tools that are perceived as time-con-
suming without added clinical value are unlikely to be incor-
porated into everyday practice.'®

The LENT, LE, and LACE indices performed better in this
study than in their original cohorts.’®***° The difference in
mean LE, LENT, and LACE indices in patients who did versus
did not experience 30-day composite all-cause mortality or
readmission—discrimination—was far greater in the present
cohort than in the derivation or validation cohorts.'®™*? The
greater separation in risk scores between patients with and
without events may reflect differences between this cohort
and the previous derivation or validation cohorts. There
was a greater difference in length of stay between patients
with and without the outcome in the present cohort (14.2
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vs. 5.4 days, respectively) than in the LACE HF validation co-
hort (6 vs. 6 days, respectively).*>*® Similarly, the difference
in number of ED visits between patients with and without
the outcome was larger in this cohort (2.1 vs. 0.3) than in
the original LENT cohort (3.2 vs. 2.2).*? Taken together, this
suggests that the patients in the present cohort had a wider
range of risk profiles; the groups of patients with and without
events were more distinct in this cohort than in the original
cohorts. The greater spread of risk—when measured by
length of stay and ED visits—between patients with and with-
out the clinical outcomes of interest led to improved discrim-
ination for the LACE, LE, and LENT indices. The other risk
indices rely more on patient comorbidities or clinical charac-
teristics at presentation, which did not differ as greatly be-
tween patients with and without the outcomes of interest,
which may explain why performance for the traditional indi-
ces was similar to the derivation cohorts.

Strengths and limitations

Our study compares the performance of several traditional risk
indices that have been well-validated in the heart failure popu-
lation. We included a large, contemporary cohort of patients in
a diverse hospital network, with a co-morbidity profile that is
representative of usual practice. The clinical outcomes chosen
were of interest to both clinicians and health systems, given
the Center for Medicare Services’ emphasis on predicting and
preventing 30-day unplanned readmissions.2 We limited our
analysis to risk indices that were derived and validated using tra-
ditional statistical modelling rather than machine learning so
that we could generate confidence intervals arounds estimates
and propose indices that could be implemented widely.?° None-
theless, limitations should be noted. The LE, LENT, and LACE in-
dices may not perform as well in cohorts with more homoge-
nous risk, that is, with less separation in length of stay and
prior ED visits between patients who are readmitted and those
who are not. It is possible that the models were overfitted as
their performance varied in prior cohorts. While calibration
was inconsistent among the LE, LENT, and LACE indices between
outcomes, the Brier score, a measure that weighs predictions
against their outcomes, was lower for the LE, LENT, and LACE in-
dices in this validation cohort than in the original derivation co-
horts, suggesting reasonable model accuracy in spite of the
Hosmer—Lemeshow test. Lastly, in our analysis of 30-day read-
mission, we did not account for the competing risk of death,
which may limit model discrimination.

Conclusions

The 3-variable LENT index, which can be computed at the
bedside based on length of hospital stay, number of ED visits
in preceding 6 months, and admission NT-proBNP level, of-

fers the best combination of discrimination, calibration, and
accuracy for predicting 30-day composite all-cause mortality
or readmission following hospitalization for HF. The simple
LE and LENT indices offer high risk discrimination with greater
ease of use for 30-day composite all-cause mortality or read-
mission and its component outcomes than the established
LACE, GWTG-HF, ADHERE, EFFECT, and RRS risk prediction
tools that were originally derived and validated for mortality.
Even for mortality, the LE and LENT indices have higher over-
all accuracy relative to the other risk indices.
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