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Abstract

Aims Multiple prediction score models have been validated to predict major adverse events in patients with heart failure.
However, these scores do not include variables related to the type of follow-up. This study aimed to evaluate the impact of
a protocol-based follow-up programme of patients with heart failure regarding scores accuracy for predicting hospitalizations
and mortality occurring during the first year after hospital discharge.
Methods and results Data from two heart failure populations were collected: one composed of patients included in a
protocol-based follow-up programme after an index hospitalization for acute heart failure and a second one—the control
group—composed of patients not included in a multidisciplinary HF management programme after discharge. For each pa-
tient, the risk of hospitalization and/or mortality within a period of 12 months after discharge was calculated using four dif-
ferent scores: BCN Bio-HF Calculator, COACH Risk Engine, MAGGIC Risk Calculator, and Seattle Heart Failure Model. The accu-
racy of each score was established using the area under the receiver operating characteristic curve (AUC), calibration graphs,
and discordance calculation. AUC comparison was established by the DeLong method. The protocol-based follow-up pro-
gramme group included 56 patients, and the control group, 106 patients, with no significant differences between groups (me-
dian age: 67 years vs. 68.4 years; male sex: 58% vs. 55%; median ejection fraction: 28.2% vs. 30.5%; functional class II: 60.7%
vs. 56.2%, I: 30.4% vs. 31.9%; P = not significant). Hospitalization and mortality rates were significantly lower in the
protocol-based follow-up programme group (21.4% vs. 54.7%; P < 0.001 and 5.4% vs. 17.9%; P < 0.001, respectively). When
applied to the control group, COACH Risk Engine and BCN Bio-HF Calculator had, respectively, good (AUC: 0.835) and reason-
able (AUC: 0.712) accuracy to predict hospitalization. There was a significant reduction of COACH Risk Engine accuracy (AUC:
0.572; P = 0.011) and a non-significant accuracy reduction of BCN Bio-HF Calculator (AUC: 0.536; P = 0.1) when applied to the
protocol-based follow-up programme group. All scores showed good accuracy to predict 1 year mortality (AUC: 0.863, 0.87,
0.818, and 0.82, respectively) when applied to the control group. However, when applied to the protocol-based follow-up pro-
gramme group, a significant predictive accuracy reduction of COACH Risk Engine, BCN Bio-HF Calculator, and MAGGIC Risk Cal-
culator (AUC: 0.366, 0.642, and 0.277, P < 0.001, 0.002, and <0.001, respectively) was observed. Seattle Heart Failure Model
had non-significant reduction in its acuity (AUC: 0.597; P = 0.24).
Conclusions The accuracy of the aforementioned scores to predict major events in patients with heart failure is significantly
reduced when they are applied to patients included in a multidisciplinary heart failure management programme.
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Introduction

Heart failure (HF) represents an important health problem
across the globe, affecting 1–2% of the adult population in
the western world.1 It contributes to high rates of hospitaliza-
tion and mortality (44% and 17%, respectively, at 1 year) and
entails significant costs on the health system.2

Despite all the advances in diagnosis, treatment, and follow-
up, the prognosis of HF remains poor and highly variable.3 So,
it is of utmost importance to predict the risk of major events
(death and/or hospitalization) in HF, as this may be useful in
the decision-making process, throughout the natural history
of the condition.4 Establishing a reliable method for risk pre-
diction in HF is challenging, and to help in the field, several
multivariable scores were created and validated over
decades.5–8

There are several scores available to predict major events in
HF patients, including (1) the Seattle HF Model5—a model de-
rived in a cohort of 1125 patients, mainly with HFwith reduced
ejection fraction (HFrEF) and using hazard ratios from pub-
lished literature; the model was prospectively validated in 5
additional cohorts from randomized control trials (RCTs) total-
ling 9942 HF patients and 17 307 person-years of follow-up. It
provides an accurate estimate of 1, 2, and 3 year survival; (2)
the COACH Risk Engine6—a model derived from a cohort of
1023 patients admitted for acute HF included in an RCT and
validated in 620 patients hospitalized due to acute HF, that is
able to predict all-cause mortality and HF hospitalization rates
over 18months; (3) theMAGGIC Risk Calculator,7 derived from
39 372 patients with HF data, independently of the left ven-
tricular ejection fraction (LVEF), collected from 30 cohort stud-
ies—6 RCTs and 24 observational registries—and that predicts
1 and 3 year all-cause mortality rates; and (4) the BCN Bio-HF
Calculator8 derived from a database that included 864 consec-
utive outpatients treated at a multidisciplinary HF unit and
also used hazard ratios from published literature, allowing to
predict 1, 2, 3, 4, and 5 year all-cause mortality and HF hospi-
talization rates.

These scores have many variables—demographic, clinical,
therapeutic, and laboratory data [including biomarkers such
as N-terminal pro-brain natriuretic peptide (NT-proBNP)],
but leave out of the equation the type of follow-up after hos-
pital discharge.

The readmission rate is especially high in the first weeks/
months after discharge, with 25% of the patients being
readmitted in the first month and 66% in the following year.2,9

Therefore, it is particularly important to plan hospital dis-
charge and follow-up, in order to avoid readmissions and to
reduce mortality.10,11

Post-discharge multidisciplinary programmes (PFP) of
follow-up based on regular consultations and timely decisions
and interventions are associated with a decrease in readmis-
sion rates and in the risk of death.12–15 Considering the avail-
able evidence, the inclusion of HF patients in multidisciplinary

HF management programmes is strongly recommended (class
of recommendation I; level of evidence A) by the European
Society of Cardiology (ESC).16

However, currently, it is not known if different types of
follow-up (structured programmes vs. conventional follow-
up) influence the accuracy of the different scores; that is, it
is not known if the type of follow-up has any impact in the ca-
pacity of these scores to predict the prognosis of HF patients.
Considering the great heterogeneity in the type of follow-up
of HF patients, this issue has major relevance.

The aim of this study was to evaluate the impact of the in-
clusion of patients with HF in a protocol-based follow-up pro-
gramme in multiparametric scores accuracy for predicting
hospitalizations and mortality occurring during the first year
after hospital discharge.

Methods

Design and population

Retrospective study with prospective data registry of consec-
utive patients discharged after an index hospitalization due
to acute/chronic decompensated HF, defined according to
the ESC Guidelines16 at a tertiary hospital cardiology ward.
All patients had clinical, laboratorial, electrocardiographic,
and echocardiographic data collected on admission, during
hospitalization, at discharge, and early after discharge.

Two study groups were considered: a group composed of
patients included in a protocol-based follow-up programme
(PFP) after the index hospitalization for HF (between April
2016 and December 2017) and the control group composed
of patients hospitalized for acute HF prior to the implementa-
tion of the HF management programme at the study centre
(between October 2014 and April 2016). These patients were
followed in General Cardiology, Internal Medicine, or Primary
Care without any predefined schedule. All the decisions re-
garding follow-up setting, therapy up-titration, and visits fre-
quency were defined by each patient physician.

The HF management programme was based on consulta-
tions with a cardiologist at 7–10 days and at 1, 3, 6, and
12 months after discharge, with pre-specified procedures,
namely:

1- Clinical evaluation aimed to the identification of signs or
symptoms of HF decompensation;

2- Laboratorial assessment, including monitoring of
NT-proBNP (at 6 and 12 months), target organ dysfunc-
tion, and comorbidities;

3- Electrocardiogram at every consultation and transthoracic
echocardiogram between the third and sixth months of
follow-up;

4- Assessment of compliance and tolerance to therapy and
individualized titration;
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5- Patient education regarding self-care, lifestyle modifica-
tions, and management of HF decompensation; and

6- Quality of life evaluation, assessed using the validated
Portuguese version of the Kansas City Cardiomyopathy
Questionnaire (KCCQ),17 at 6 and 12 months of follow-up.

Heart failure prognostic scores

The risk of hospitalization at 1 year was calculated using the
COACH Risk Engine and BCN Bio-HF Calculator. The risk of
death at 1 year was calculated using the MAGGIC Risk
Calculator, Seattle HF Model, COACH Risk Engine, and BCN
Bio-HF Calculator.

The COACH Risk Engine6 consists of a model of seven pre-
dictors: age, female gender, diastolic blood pressure, pulse
pressure, diabetes, previous HF hospitalization, and log
(NT-proBNP). Online calculator available at https://github.
com/Postmus/coach/wiki/COACH-Risk-Engine.

The BCN Bio-HF Calculator8 consists of a model of 15
predictors (7 clinical and laboratorial variables, 5
treatment-related variables, and 3 variables related with
biomarkers). Online calculator available at http://ww2.
bcnbiohfcalculator.org/web/calculations.

The MAGGIC Risk Calculator7 includes 13 highly significant
independent predictors of mortality in the following order of
predictive strength: age, lower LVEF, New York Heart Associ-
ation (NYHA) class, serum creatinine, diabetes, not prescribed
beta-blocker, lower systolic blood pressure, lower body mass,
time since diagnosis, active smoking, chronic obstructive pul-
monary disease, male gender, and not prescribed
angiotensin-converting enzyme inhibitor or angiotensin re-
ceptor blockers. Online calculator available at http://www.
heartfailurerisk.org.

The Seattle HF Model5 consists of a model of more than 30
components (clinical, medications, laboratory data, devices,
and interventions in the follow-up). Online calculator avail-
able at https://depts.washington.edu/shfm/app.php?width=
1280&height=800.

Statistical analysis

Statistical analysis was performed using IBM® SPSS® Statistics
23 (Chicago, IL, USA).

Differences between groups regarding demographic,
clinical, and therapeutic data were established using the
Mann–Whitney, Student’s t, χ2, one-way ANOVA, and Fisher’s
exact tests. P values of <0.05 were considered to indicate
statistical significance.

The accuracy of each individual score in both study groups
was established using the area under the receiver operating
characteristic (ROC) curve (AUC), calibration, and discordance
calculation.

Calibration was defined as agreement between observed
and predicted endpoints, and discordance calculation defined
as the difference between expected and observed outcomes
as follows: discordance = [(%predicted outcomes �
%observed outcomes)/(%observed outcomes)] × 100.

The AUC comparison between the scores was performed
using the DeLong method—contrast matrix approach.18

Ethical considerations

The study was approved by the local ethics committee and by
the national Data Protection Authority. Patient confidentiality
was ensured through anonymization of the collected data. All
study procedures were carried out in accordance with the
ethical principles expressed in the 2013 revision of the Decla-
ration of Helsinki.19

Results

Population characteristics

A total of 56 patients were enrolled in the PFP group and 106
in the control group. Patients’ demographic and clinical char-
acteristics at baseline are described in Table 1.

The median age in the PFP group was 67 (58–75) years and
32 patients (57.1%) were male. Most patients were in NYHA II
(61%) at discharge, the median LVEF was 28.2% (20.5–36.5),
and 48 (86%) patients had HFrEF. There were no differences
between the two groups regarding age, NYHA, LVEF, or HF
aetiology (the most frequent aetiology was idiopathic dilated
cardiomyopathy followed by ischaemic heart disease). Over-
all, 70% of the patients had a history of hypertension, making
it the most common comorbidity in both groups. Median
plasma NT-proBNP at discharge did not differ significantly be-
tween groups (1950 pg/mL vs. 1683 pg/mL, P = not
significant).

In the subgroup of patients with HFrEF, HF medical therapy
prescription and cardiac devices usage rates at discharge
were similar between the two groups. At the end of follow-
up, medical therapy was more efficiently up-titrated in the
PFP group as almost all patients were treated with
beta-blocker (98% vs. 79% in the control group; P = 0.002),
angiotensin-converting enzyme inhibitors/angiotensin recep-
tor antagonists/sacubitril–valsartan (ARNI) (96% vs. 89%;
P = 0.181; ARNI: 21% vs. 0%; P < 0.001), or mineralocorticoid
receptor antagonists (83% vs. 60%; P = 0.001). Also, cardiac
devices, mainly implantable cardioverter defibrillators, were
more frequently used in patients included in the PFP group
at the end of follow-up. Medical therapy prescription and car-
diac device usage rates are detailed in Table 2.
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Mortality and hospitalization rates

Patients included in the PFP had a significant reduction in
hospitalization rate comparing with the control group
(21.4% vs. 54.7%, P < 0.001). Mortality was also significantly
lower in the PFP group (5.4% vs. 17.9%, P < 0.001). Mortality
and hospitalization rates at 1, 6, and 12 months of follow-up
are depicted in Table 3.

Multiparametric scores’ accuracy

The COACH Risk Engine and BCN Bio-HF Calculator tend to
underestimate the occurrence of HF hospitalizations in the
control group (24.5% and 11.5%, respectively, vs. an observed
rate of 54.7%; discordance: �55% and �79%, respectively).
In the PFP group, the two scores had divergent results, with
COACH Risk Engine overestimating the rate of HF

hospitalization (25.5% vs. 21.4%; discordance: 19%) and the
BCN Bio-HF Calculator underestimating the rate of HF hospi-
talization (7.5% vs. 21.4%; discordance: �65%) (Table 4).

When applied to the control group, COACH Risk Engine
and BCN Bio-HF Calculator had, respectively, good (AUC:
0.835) and reasonable (AUC: 0.712) accuracy to predict
hospitalizations. There was a significant reduction of COACH
Risk Engine accuracy (AUC: 0.572; P = 0.011) and a non-signif-
icant accuracy reduction of BCN Bio-HF Calculator (AUC:
0.536; P = 0.1) when applied to the PFP group (Table 5 and
Figure 1).

Regarding mortality rates, in the control group, BCN Bio-HF
Calculator, MAGGIC Score, and Seattle HF Model
underestimated the mortality rate when compared with the
observed rate (13.1%, 11.65%, and 14.5%, respectively, vs.
an observed rate of 17.9%) and COACH Risk Engine slightly
overestimated the mortality rate (20% vs. 17.9%). In the
PFP group, all the scores overestimated the mortality rate

Table 1 Population characteristics at discharge

Population characteristics
HF management

programme (N = 56) Control group (N = 106) P

Age—median (IQR), years 67 (58–75) 68.4 (60–76.5) NS
Male gender—N (%) 32 (57.1) 58 (54.7) NS
LVEF—median (IQR), % 28.2 (20.5–36.5) 30.5 (22–43) NS

HFrEF—N (%) 48 (85.7) 85 (80.1) NS
HFmrEF—N (%) 7 (12.5) 15 (14.2) NS
HFpEF—N (%) 1 (1.8) 6 (5.7) NS

Time from symptoms onset—median (IQR), months 20 (1–103) 24 (3–68.5) NS
Acute de novo heart failure—N (%) 9 (16.1) 16 (15.1) NS
Chronic decompensated heart failure—N (%) 47 (83.9) 90 (84.9) NS
Number of previous hospitalizations—mean (SD) 0.6 (0.9) 0.5 (0.7) NS
Length of hospital stay—median (IQR), days 7 (4–11) 7 (3–13) NS
NYHA functional class

I—N (%) 17 (30.4) 34 (32) NS
II—N (%) 34 (60.7) 60 (56.6) NS
III—N (%) 5 (8.9) 12 (11.3) NS
IV—N (%) 0 (0) 0 (0) NS

Aetiology
Ischaemic heart disease—N (%) 16 (28.6) 33 (31.1) NS
Dilated cardiomyopathy—N (%) 30 (53.6) 52 (49.1) NS
Valvular heart disease—N (%) 6 (10.7) 14 (13.2) NS

NT-proBNP—median (IQR), pg/mL 1950 (852–4228) 1683 (414–5143) NS
Uric acid—median (IQR), pg/mL 7 (5.7–8.5) 7.9 (6.4–10.2) NS
Haemoglobin—median (IQR), g/dL 13.8 (12.7–15) 12.8 (11.5–14.5) NS
Lymphocytes—median (IQR), ×109/L 1.9 (1.5–2.5) 1.6 (1.3–2.3) NS
Na+—median (IQR), mmol/L 138 (135–140) 138 (136–141) NS
eGFR—median (IQR), mL/min/1.73 m2 63.9 (48.1–81.3) 52.1 (38.3–69) NS
Creatinine—median (IQR), pg/dL 1.1 (0.89–1.4) 1.26 (0.97–1.63) NS
Comorbidities

Diabetes mellitus—N (%) 19 (33.9) 51 (48.1) 0.038
COPD—N (%) 12 (21.4) 21 (19.1) NS
Atrial fibrillation—N (%) 31 (55.4) 59 (55.6) NS

Systolic BP—median (IQR), mmHg 107 (100–117) 108 (97–120) NS
Diastolic BP—median (IQR), mmHg 60 (52–71) 57.5 (54–65) NS
BMI—median (IQR), kg/m2 26.8 (24.4–29.8) 27.4 (24.2–31) NS
Weight—median (IQR), kg 79 (70–85) 75 (65–84) NS

BMI, body mass index; BP, blood pressure; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; HF,
heart failure; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart
failure with reduced ejection fraction; IQR, interquartile range; LVEF, left ventricular ejection fraction; N, number; NS, not significant; NT-
proBNP, N-terminal pro-brain natriuretic peptide; NYHA, New York Heart Association.
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(COACH Risk Engine: 21.5%, BCN Bio-HF Calculator: 8.35%,
MAGGIC Score: 20%, Seattle HF Model: 13.7% vs. an ob-
served rate of 5.4%) (Table 6).

All scores showed good accuracy to predict 1 year mortal-
ity (COACH Risk Engine AUC: 0.863; BCN Bio-HF Calculator
AUC: 0.87; MAGGIC Score AUC: 0.818; Seattle HF Model
AUC: 0.82) when applied to the control group. However,
when applied to the PFP group, a significant predictive accu-
racy reduction of COACH Risk Engine, BCN Bio-HF Calculator,
and MAGGIC Score (AUC: 0.366, 0.642, and 0.277; P: <0.001,
0.002, and <0.001, respectively) was observed. Seattle HF
Model had a non-statistically significant reduction in its accu-
racy (AUC: 0.597, P = 0.24) (Figure 2 and Table 7). Only BCN
Bio-HF Calculator maintained predictive capacity although
only slightly satisfactory, for mortality in the PFP group.

Discussion

The present study shows that the multiparametric scores
COACH Risk Engine, BCN Bio-HF Calculator, MAGGIC Score,
and Seattle HF Model, despite a tendency to globally under-
estimate the risk for their intended outcomes, have good ac-
curacy to predict mortality and a reasonable to good accuracy
to predict HF hospitalizations in HF patients not followed in
multidisciplinary HF programmes. However, when applied to
patients included in a protocol-based HF programme, the
scores tend to overestimate the risk of these outcomes. More
importantly, they lose accuracy when applied to this popula-
tion and no score is able to satisfactorily predict HF hospital-
izations and only one score—BCN Bio-HF Calculator—has
some capacity to predict mortality although marginally satis-
factory (AUC: 0.642).

Ever since the publication of the first ESC Guidelines for
the diagnosis and treatment of chronic HF in 2001, inclusion
of patients in multidisciplinary HF follow-up programmes
has been recommended.20 The focus on models of care and
follow-up protocols has grown in parallel to the evidence
supporting their implementation.12–15,21 This supposedly led
to the development of an increasing number of multidisci-
plinary HF clinics.

Despite the heterogenicity between the different models
of care followed in each HF clinic,22 some characteristics are
essential in order to reduce hospitalizations and mortality.
Globally, these follow-up programmes provide multidisciplin-
ary care throughout the whole HF spectrum, from de onset
through adverse events as hospitalizations or ambulatory
treated decompensations, stable phases, and terminal/ad-
vanced stages.16 As the majority of patients are referred to
these follow-up programmes after a hospitalization,23 special
focus is usually given to the transition phase, starting in the
pre-discharge phase (when discharge is planned, patient edu-
cation is started, medical therapy is initiated/up-titrated, co-
morbidities are initially accessed, and a medium-term and
long-term plan is drawn) and continuing after discharge
(when therapy up-titration is proceeded, adverse events are
managed, signs of decompensation are pursued and
promptly treated, comorbidities assessment is continued, pa-
tient education is reinforced, and doubts and difficulties are
addressed).15

The implementation of these programmes is crucial to en-
sure that correct diagnostic work-up, use of guideline recom-
mended therapy, and patient education are adequately ap-
plied. The achievement of these objectives is certainly
related to the magnitude of reduction in major events rate
that these programmes entail.

Accordingly, the results of this study were largely im-
pacted by the reduction in HF admissions (21.4% vs.
54.7%, P < 0.001) and mortality (5.4% vs. 17.9%,
P < 0.001) in the PFP group. This is supported by the fact
that globally the scores tended to significantly overestimate

Table 2 Pharmacological therapy and cardiac devices at discharge
and at 12 months of follow-up in the group of heart failure with
reduced ejection fraction

Patients with
reduced LVEF

HF management
programme (N = 48)

Control group
(N = 85) P

Discharge
Pharmacological therapy—n (%)
Beta-blocker 43 (90) 71 (84) 0.181
ACEI/ARB/ARNI 44 (92) 76 (89) 0.378
ARNI 0 (0) 0 (0) 1.0

MRA 38 (63) 49 (58) 0.276
Diuretics 42 (88) 79 (93) 0.285
Device therapy—n (%)
CRT 11 (23) 23 (27) 0.261
ICD 16 (33) 23 (27) 0.167

12 months of follow-up
Pharmacological therapy—n (%)
Beta-blocker 47 (98) 72 (85) 0.002
ACEI/ARB/ARNI 46 (96) 76 (89) 0.188
ARNI 10 (21) 0 (0) <0.001

MRA 40 (83) 51 (60) 0.001
Diuretics 42 (88) 78 (92) 0.332
Device therapy—n (%)
CRT 19 (39) 27 (32) 0.074
ICD 27 (57) 28 (33) 0.001

ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin
receptor antagonists; ARNI, sacubitril–valsartan; CRT, cardiac
resynchronization therapy; HF, heart failure; ICD, implantable
cardioverter defibrillators; LVEF, left ventricular ejection fraction;
MRA, mineralocorticoid receptor antagonists.
Values in bold are statically significant.

Table 3 Mortality and hospitalization rates at 1, 6, and 12 months
of follow-up

Follow-up
HF management

programme (N = 56)
Control group
(N = 106) P

Mortality rate
1 month 0 (0.0) 9 (8.5) 0.001
6 months 2 (3.6) 15 (14.2) <0.001
12 months 3 (5.4) 19 (17.9) <0.001

Hospitalization rate
1 month 5 (8.9) 24 (22.6) 0.001
6 months 9 (16.1) 37 (34.9) <0.001
12 months 12 (21.4) 58 (54.7) <0.001

HF, heart failure.
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the risk of events in the PFP group. Also, all the scores pre-
sented good accuracy to predict mortality and reasonable
to good accuracy to predict hospitalizations in the control
group. Actually, in this group, the scores had a slightly bet-
ter performance than what has been reported in literature
as they usually show moderate accuracy to predict mortal-
ity and only satisfactory accuracy to predict

hospitalizations.24,25 Concurrently, the prediction estimates
tended to slightly underestimate the risk of events in this
group, which may be explained by the fact that data from
RCTs were used to derive and validate these scores and,
as mortality rates are lower in RCT than in observational
studies,26 some underestimation of risk is expected when
applying these tools to a real world population.

Table 4 Observed and COACH Risk Engine and BCN Bio-HF Calculator predicted heart failure hospitalization rates

HF hospitalizations
HF management programme

(N = 56) Discordance
Control group
(N = 106) Discordance P

Observed rate—N (%) 12 (21.4) NA 58 (54.7) NA <0.001
COACH Risk Engine estimated rate—median (IQR), % 25.5 (15–33) 19% 24.5 (18.75–32) �55% NS
BCN Bio-HF Calculator estimated rate—median (IQR), % 7.45 (4.5–14.4) �65% 11.5 (6.88–18.73) �79% NS

HF, heart failure; IQR, interquartile range; N, number; NA, not applicable; NS, not significant.

Table 5 COACH Risk Engine and BCN Bio-HF Calculator accuracy to predict heart failure hospitalizations

HF hospitalizations HF management programme (N = 56) Control group (N = 106) P

COACH Risk Engine AUC (95% CI) 0.572 (0.461–0.712) 0.835 (0.687–0.921) 0.011
BCN Bio-HF Calculator AUC (95% CI) 0.536 (0.421–0.661) 0.712 (0.634–0.869) 0.1

AUC, area under the receiver operating characteristic curve; CI, confidence interval; HF, heart failure.

Figure 1 COACH Risk Engine and BCN Bio-HF Calculator predicting heart failure hospitalizations receiver operating characteristic curves.

Table 6 Observed and COACH Risk Engine, BCN Bio-HF Calculator, MAGGIC Score, and Seattle HF Model predicted mortality rates

Mortality
HF management programme

(N = 56) Discordance
Control group
(N = 106) Discordance P

Observed rate—N (%) 3 (5.4) NA 19 (17.9) NA <0.001
COACH Risk Engine estimated rate—median (IQR), % 21.5 (8–41.25) 298% 20 (13.75–31) 12% NS
BCN Bio-HF Calculator estimated rate—median (IQR), % 8.35 (4.5–18.15) 55% 13.1 (6.2–23.48) �26% NS
MAGGIC Score estimated rate—median (IQR), % 20 (7–20.05) 106% 11.65 (8.4–16) �35% 0.043
Seattle HF Model estimated rate—median (IQR), % 13.7 (7.4–20.35) 153% 14.5 (9.05–20.73) �19% NS

HF, heart failure; IQR, interquartile range; N, number; NA, not applicable; NS, not significant.
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Considering this, one may postulate that these scores were
developed using populations followed in a similar way to
what was practised in the control group, as no other signifi-
cant differences were found between groups besides the
type of follow-up. Accordingly, the results of this study sug-
gest that these tools may be inadequate to predict outcomes
in patients included in multidisciplinary HF follow-up
programmes, which in accordance to the recommendations
may be becoming more frequent worldwide.16

On the other hand, since the derivation of these scores, HF
care has changed, not only regarding the type of follow-up
practised but also regarding medical therapy. In fact, effective
medical therapy up-titration and timely cardiac devices im-
plantation may have played an important role in mortality
and hospitalization rates reduction in the PFP group and con-
sequently may also have accounted for scores
underperformance in this population. It is also worth noting
that, despite the fact that this study was conducted while
ARNI was being introduced in Portugal, there were signifi-
cantly more patients treated with ARNI in the PFP group
(21% vs. 0%; P < 0.001). Besides concluding that ARNI pre-
scription contributed to the event rate reduction in this
group, one should hypothesize that ARNI prescription also

contributed for the scores underperformance, as its impact
in event rates reduction is not taken into account in most
scores as they were developed previously to the publication
of PARADIGM-HF.27 This may also become true for sodium
glucose cotransporter 2 inhibitors.

One exception is the BCN Bio-HF Calculator, which is regu-
larly updated to include the prognostic benefit of newer HF
medications and devices.8 This in association with the fact
that BCN Bio-HF Calculator is derived from a cohort of pa-
tients followed in a multidisciplinary HF clinic8 may explain
why BCN Bio-HF Calculator was the only score to maintain
some capacity, although only slightly satisfactory, to predict
mortality in the PFP group. On the other hand, being derived
from a cohort of patients with a very low rate of HF hospital-
izations may also explain why BCN Bio-HF Calculator largely
underestimated the risk of hospitalization in both groups.8

As both study groups were similar in the vast majority of
variables, the four scores tended to estimate a similar risk
of events in both groups. The exception was MAGGIC Score
that paradoxically predicted a significantly higher risk of hos-
pitalization in the PFP group when compared with the control
group (20% vs. 11.25%; P = 0.043). The authors hypothesized
that this may be related to the non-significantly lower LVEF

Table 7 COACH Risk Engine, BCN Bio-HF Calculator, MAGGIC Score, and Seattle HF Model accuracy to predict heart failure
hospitalizations

Mortality HF management programme (N = 56) Control group (N = 106) P

COACH Risk Engine AUC (95% CI) 0.366 (0.178–0.543) 0.836 (0.648–0.871) <0.001
BCN Bio-HF Calculator AUC (95% CI) 0.642 (0.421–0.766) 0.870 (0.699–0.941) <0.001
MAGGIC Score AUC (95% CI) 0.277 (0.109–0.413) 0.818 (0.691–0.909) <0.001
Seattle HF Model AUC (95% CI) 0.597 (0.369–0.712) 0.820 (0.698–0.911) 0.24

AUC, area under the receiver operating characteristic curve; CI, confidence interval; HF, heart failure.

Figure 2 COACH Risk Engine, BCN Bio-HF Calculator, MAGGIC Score, and Seattle HF Model predicting mortality receiver operating characteristic
curves.
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and higher rate of patients with HFrEF in the PFP group as
LVEF is the sole variable with greatest impact in risk estima-
tion in the MAGGIC Score prediction model.7

The new HF Guidelines do not include any reference to the
utilization of multiparametric scores to estimate risk,15 what
may be related to their lack of accuracy to predict outcomes
in HF patients.24 By suggesting that their accuracy is even
lower when the gold standard of HF care—multidisciplinary
HF programmes—is applied, the present study results corrob-
orate the new HF Guidelines view. However, these tools may
still be helpful in the identification of patients who need spe-
cific interventions, namely, patients with advanced HF. As the
incidence of multidisciplinary HF management programmes
may be growing, prognostic predictive scores may either be
derived from populations followed in these programmes or
include variables regarding the model of care adopted. To
guarantee clinical meaningfulness, variables that help clearly
stratify patients with advanced HF must also be included.

Limitations

The main limitation of this study is the fact that it is a
single-centre study with a small population. External validity
of the results presented must be sought. On the other hand,
the small size of both groups, mainly the PFP group, may
have resulted in a lower rate of events and consequently
may have contributed to the scores’ lack of accuracy in this
group. As so, these results must also be validated in multidis-
ciplinary HF programmes with larger populations and in dif-
ferent models of care. Lastly, since the end of follow-up of

this study, new drugs with significant prognostic impact have
been included in the HFrEF foundational therapy, so it would
the enlightening to replicate this study under the current
standard of HF care.

Conclusions

The accuracy of multiparametric scores to predict hospitaliza-
tions and mortality occurring during the first year after hospi-
tal discharge in HF patients is significantly reduced when they
are applied to patients included in a protocol-based follow-up
programme.
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