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Abstract

Background

According to guidelines, the prognosis of patients with chronic heart failure can be predicted
by determining the levels of natriuretic peptides, the NYHA classification and comorbidities.
The aim our work was to develop a prognostic score in chronic heart failure patients that
would take account of patients’ comorbidities, NYHA and NT-proBNP levels.

Methods and results

A total of 1,088 patients with chronic heart failure with reduced ejection fraction (HFrEF)
(LVEF<40%) and mid-range EF (HFmrEF) (LVEF 40—-49%) were enrolled consecutively.
Two-year all-cause mortality, heart transplantation and/or LVAD implantation were defined
as the primary endpoint (EP). The occurrence of EP was 14.9% and grew with higher
NYHA, namely 4.9% (NYHAI), 11.4% (NYHA Il) and 27.8% (NYHA IlI-1V) (p<0.001). The
occurrence of EP was 3%, 10% and 15-37% in patients with NT-proBNP levels <125 ng/L,
126-1000 ng/L and >1000 ng/L respectively. Discrimination abilities of NYHA and NT-
proBNP were AUC 0.670 (p<0.001) and AUC 0.722 (p<0.001) respectively. The predictive
value of the developed clinical model, which took account of older age, advanced heart fail-
ure (NYHA ll1+1V), anaemia, hyponatraemia, hyperuricaemia and being on a higher dose of
furosemide (>40 mg daily) (AUC 0.773; p<0.001) was increased by adding the NT-proBNP
level (AUC 0.790).
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Conclusion

The use of prediction models in patients with chronic heart failure, namely those taking
account of natriuretic peptides, should become a standard in routine clinical practice. It
might contribute to a better identification of a high-risk group of patients in which more
intense treatment needs to be considered, such as heart transplantation or LVAD
implantation.

Introduction

The prevalence of HF depends on the definition applied, but is at least 2% of the adult popula-
tion in developed countries [1,2]. Apart from deterioration of the quality of life (as a result of
poorer performance and repeated hospitalisations), chronic heart failure is prognostically sig-
nificant, with 3-year all-cause mortality being approximately 25% [3,4].

Prognostic scoring systems are widely used and treatment of patients with specific cardio-
vascular diseases is based on their risk stratification; for example, the GRACE score is used for
patients with acute coronary syndrome [5], the CHA2DS2-VASc score is used for patients
with atrial fibrillation [6] etc. Moreover, according to the current European guidelines, the
estimation of prognosis helps patients and physicians decide on the appropriate type and tim-
ing of therapies and contributes to a more efficient planning of health and social services and
resources [1]. Risk scoring systems are only rarely used in patients with chronic heart failure,
however. The NYHA Functional Classification and the level of natriuretic peptides are used
most commonly in these patients. The current guidelines emphasise the prognostic signifi-
cance of comorbidities in patients with chronic heart failure [1]. In 2016, we published a sim-
ple comorbidity scoring system called AHEAD for patients with acute heart failure. It is based
on the patient’s age, atrial fibrillation, anaemia and renal insufficiency. Each comorbidity or
age >70 years increased the one-year mortality rate by approximately 10% [7]. We formulated
the hypothesis that comorbidities might have a similar prognostic significance for the stratifi-
cation in the population of patients with stable chronic heart failure as well, and that they
might also increase the prognostic significance of natriuretic peptide levels and of the NYHA
classification.

The aim of our work was to describe the two-year prognosis of an unselected cohort of
patients with stable systolic chronic heart failure who had either a reduced or a mid-range ejec-
tion fraction and to develop a prognostic score based on the NYHA classification, age, clinical
parameters and the neurohumoral activation expressed by the NT-proBNP level.

Methods

The study protocol complied with the Declaration of Helsinki and was approved by the Ethics
Committee of the University Hospital Brno (Brno, Czech Republic). Written informed con-
sents were obtained from all patients before their participation in the study.

The FAR NHL (FARmacology and NeuroHumoralL activation) registry is a database of sta-
ble patients treated in three departments providing specialised care of heart failure patients in
the Czech Republic. Data on medical history, physical examination and biochemistry results
including NT-proBNP were prospectively collected from November 2014 to November 2015.
The primary endpoint, i.e. the two-year prognosis in terms of all-cause mortality, heart trans-
plantation and/or left ventricular assist device (LVAD) implantation, was evaluated up to
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November 2017. Patients were followed up prospectively at outpatient departments and mor-
tality rates were verified in the centralised database of the Ministry of Health of the Czech
Republic. Monitored data on all patients were gathered at the end of the two-year follow-up.
Patients who had either heart failure with reduced ejection fraction (HFrEF) (LVEF<40%)
or heart failure with mid-range ejection fraction (HFmrEF) (LVEF 40-49%) were eligible. The
cohort included patients who were followed up and treated in cardiology departments for sta-
ble chronic heart failure; an attack of heart failure with an elevation of natriuretic peptides and
areaction to heart failure treatment was reported in medical history of all involved patients.
Echocardiography was performed recently (i.e. within 12 months after the enrolment) in all
patients involved in our study. Other structural and/or functional abnormalities related to
heart failure were found in patients with LVEF between 40% and 49%: left ventricular hyper-
trophy (interventricular septum > 11 mm or left ventricular mass index > 115 g/m2 for men

Table 1. Basic characteristics of patients in the FAR NHL registry.

Parameter Total (N = 1,088)
Sex-male 880 (80.9%)

Age 64 + 12; 65 (40; 82)
BMI 29 + 5; 28 (22; 39)
Aetiology

IHD 545 (50.1%)
IHD+DCM 7 (0.6%)

DCM 453 (41.6%)
HCM 5 (0.5%)

Other 78 (7.2%)

SBP (mmHg) 129 + 17; 128 (101; 160)
DBP (mmHg) 80 + 10; 80 (615 99)
Heart rate (min™") 74 +13; 72 (55; 96)
LVEF (%) 31+ 9; 30 (17;45)
Atrial fibrillation 379 (34.8%)
Diabetes mellitus 422 (38.8%)
NYHA classification

1 143 (13.1%)

2 657 (60.4%)

3-4 288 (26.5%)
Haemoglobin (g/1) 142 + 16; 143 (113; 165)
Creatinine (umol/l) 106 + 54; 95 (65; 172)
NT-proBNP (ng/L) 1,375+ 2,773; 511 (27; 4,886)
ACEI/ARB 961 (88.3%)
Beta-blockers 1020 (93.8%)
MRA (Verospiron) 715 (65.7%)
2-year mortality 132 (12.1%)

HTX within 2 years 24 (2.2%)

LVAD within 2 years 12 (1.1%)

2-year combined endpoint 162 (14.9%)

Continuous variables are described by mean + SD and median (5th percentile; 95th percentile); categorical variables
are characterised by absolute and relative frequencies.
BMI, body mass index; DBP, diastolic blood pressure; DCM, dilated cardiomyopathy; HCM, hypertrophic

cardiomyopathy; IHD, ischaemic heart disease; LVEF, left ventricular ejection fraction; SBP, systolic blood pressure.

https://doi.org/10.1371/journal.pone.0214363.t001
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and > 95 g/m2 for women), left atrial enlargement (left atrial volume index > 34 ml/m?2) and/
or diastolic dysfunction (with E/e’ >13 and mean €’ < 9 cm/s). The current NT-proBNP level
<125 ng/L was not among exclusion criteria because all patients had increased levels of NT-
proBNP in their medical history. Exclusion criteria were as follows: (1) not signing the
informed consent, (2) signs and symptoms of acute decompensation of heart failure, and (3)
condition other than heart failure that would certainly limit the mid-term prognosis of patients
(e.g. advanced stage of cancer, severe dementia and others). Plasma levels of NT-ProBNP were
analysed using the Cobas E411 NT-proBNP electrochemiluminescence immunoassay Kit
(Elycsys proBNP II, Roche Diagnostics, Indianapolis, IN, USA). The level of blank was 3 ng/L,
the level of detection was 5 ng/L, the measuring range was 5-35,000 ng/L, the functional sensi-
tivity (i.e. the lowest analyte concentration that can be reproducibly measured with a coeffi-
cient of variation <20%) was 50 ng/L, and the cut-off value was 125 ng/L.

Standard descriptive statistics was applied in the analysis; continuous variables were
described by mean + SD and median (5th percentile; 95th percentile), whereas categorical vari-
ables were characterised by absolute and relative frequencies. Statistical significance of differ-
ences among groups of patients was analysed using the Kruskal-Wallis test for continuous
variables and the Fisher’s exact test for categorical variables. The contribution of the NT-
proBNP biomarker to the clinical model was evaluated according to previously published rec-
ommendations [8,9]. Logistic regression was adopted for the identification of predictors and
the development of multivariate models of scoring systems and biomarkers; the models were
evaluated using the Hosmer-Lemeshow test, C statistics and a reclassification analysis of
model results. Time to combined endpoint was visualized using the Kaplan-Meier methodol-
ogy and the computation of proportion of surviving patients and its 95% confidence interval
in a given time point was based on Kaplan-Meier estimates, too. Statistical significance of dif-
ferences in time to event among groups of patients was evaluated using the log-rank test. The
analysis was performed using SPSS 24.0.0.1 (IBM Corporation, 2016) and R 3.5.1 with the Pre-
dictABEL package.

Results

A total of 1,088 patients were included; their mean age was 64 + 12 years and 80.9% of them
were men (Table 1). Ischaemic heart disease was the most frequent cause of heart failure
(50.1%), followed by dilated cardiomyopathy (41.6%). The median value of left ventricular
ejection fraction (LVEF) was 30%. Beta-blockers were administered to 93.8% of patients, drugs
blocking the renin-angiotensin system (ACE inhibitors and/or ARBs) were administered to
88.3% of patients and mineralocorticoid receptor antagonists (MRAs) were administered to
65.7% of patients. In summary, 143 patients (13.1%), 657 patients (60.4%) and 288 patients
(26.5%) were classified as NYHA I, NYHA II and NYHA IIT or IV respectively. A decrease in
functional capacity (according to NYHA) was associated with a decrease in systolic blood pres-
sure, left ventricular ejection fraction and with a slight decrease in the haemoglobin level; by
contrast, it was also associated with a slight increase in diastolic blood pressure, pulse rate and
the serum level of creatinine. Patients with a higher NYHA class had more frequently diabetes
mellitus and/or atrial fibrillation (Table 2). There was a strong relationship between the
median levels of NT-proBNP and a higher NYHA class (152 ng/L for the NYHA I group, 503
ng/L for the NYHA II group, and 1,122 ng/L for the NYHA III-IV group; p<0,001).

Overall, the all-cause two-year mortality was 12.1%; heart transplantation (HTx) and
LVAD implantation were performed in 2.2% and 1.1% of patients respectively. A combined
endpoint (mortality and/or HTx and/or LVAD implantation) occurred in 14.9% of patients.
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Table 2. Comparison of patients with different NYHA classes.

Parameter NYHA1 NYHA 2 NYHA 3-4 P!
(N =143) (N =657) (N =288)
Sex-male 123 (86.0%) 530 (80.7%) 227 (78.8%) 0.192
Age 62 £ 12; 65+ 12; 63 £ 12; 0.005
64 (37;79) 66 (40; 83) 64 (43; 81)
BMI 28+ 4 29+5; 29+5; 0.093
28 (23; 37) 29 (22; 38) 28 (21; 40)
Aetiology
THD 70 (49.0%) 343 (52.2%) 139 (48.3%) 0.480
DCM 59 (41.3%) 273 (41.6%) 128 (44.4%) 0.679
Other 16 (11.2%) 45 (6.8%) 22 (7.6%) 0.210
SBP (mmHg) 133+ 19 129+ 17; 126 + 18; <0.001
130 (105; 170) 128 (102; 160) 125 (99; 158)
DBP (mmHg) 82 £12; 80 £ 10; 79 £11; 0.005
80 (65; 100) 80 (615 97) 80 (60; 98)
Heart rate (min™) 70 £ 13; 73 +13; 76 +12; < 0.001
68 (53; 90) 72 (55; 96) 75 (60; 100)
LVEF (%) 36 +8; 32+8; 26 + 8; < 0.001
38 (23; 47) 30 (19; 45) 25 (15; 42)
Atrial fibrillation 35 (24.5%) 228 (34.7%) 116 (40.3%) 0.005
Diabetes mellitus 28 (19.6%) 271 (41.2%) 123 (42.7%) < 0.001
Haemoglobin (g/1) 147 + 15; 142 + 15; 138 + 17; < 0.001
148 (123; 167) 144 (114; 165) 138 (109; 163)
Creatinine (umol/l) 95 + 25; 107 + 59; 109 + 54; 0.003
91 (66; 134) 95 (65; 186) 99 (63; 176)
NT-proBNP (ng/L) 506 £ 920; 1232 +£2468; 2134 +£3714; < 0.001
152 (13; 2 599) 503 (32; 4 251) 1122 (62; 6 511)
ACEI/ARB 136 (95.1%) 585 (89.0%) 240 (83.3%) < 0.001
Beta-blockers 130 (90.9%) 623 (94.8%) 267 (92.7%) 0.134
MRA (Verospiron) 66 (46.2%) 426 (64.8%) 223 (77.4%) < 0.001
2-year combined endpoint 7 (4.9%) 75 (11.4%) 80 (27.8%) < 0.001

Continuous variables are described by mean + SD and median (5th percentile; 95th percentile); categorical variables are characterised by absolute and relative
frequencies.

! P-value of the Kruskal-Wallis test for continuous variables and P-value of the Fisher’s exact test for categorical variables are reported for the comparison of patients
with different NYHA classes.

BMI, body mass index; DBP, diastolic blood pressure; DCM, dilated cardiomyopathy; IHD, ischaemic heart disease; LVEF, left ventricular ejection fraction; SBP, systolic
blood pressure.

https://doi.org/10.1371/journal.pone.0214363.t002

NYHA classification and prognosis

The occurrence of combined endpoints was significantly different among groups of patients
belonging to different NYHA classes, namely 4.9%, 11.4% and 27.8% (p < 0.001) in groups of
patients with NYHA I, NYHA IT and NYHA III-IV respectively (Fig 1A). C-statistic was used
to calculate the AUC for the prediction of two-year prognosis according to the NYHA classifi-
cation; in this way, the resulting AUC was 0.670 (p<0.001).

NT-proBNP and prognosis

The distribution of NT-proBNP levels in all patients in which a combined endpoint occurred
is shown in Fig 2. The NT-proBNP level was <125 ng/L in 19.0% of patients and the occur-
rence of a combined endpoint was very low in this group (3.0%). The occurrence of a
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<125 ng/L vs. > 1000 ng/L p < 0.001;

6 9 12 15 18 21 24
Time (months) 126—1000 ng/L vs. > 1000 ng/L p < 0.001.

Fig 1. 2-year combined endpoint (death, HTX or LVAD). A. by the NYHA class B. by the NTproBNP level.
https://doi.org/10.1371/journal.pone.0214363.9001

combined endpoint was approximately 10% in the groups of patients with NT-proBNP levels
between 126 and 1,000 ng/L; by contrast, it grew from 15.4% to 36.8% in patients with NT-
proBNP levels between 1,000 and 10,000 ng/L. Finally, the occurrence of a primary endpoint
was 61.5% in the group of patients with NT-proBNP levels >10,000 ng/L, who accounted for
only 1.2% of the entire cohort. Based on these results, we divided patients according to their
NT-proBNP levels into three groups: <125 ng/L, 126-1,000 ng/L and >1,000 ng/L. Signifi-
cantly different prognoses for these groups of patients are demonstrated by Kaplan-Meier
curves (Fig 1B). The AUC for the prediction of two-year prognosis, based on the NT-proBNP
level, was 0.722 (p<0.001) (Fig 3).

Comorbidities, clinical and biochemical parameters and prognosis

Based on previously published prognostic models, we selected comorbidities, clinical charac-
teristics, laboratory parameters and medication in which influence on the prognosis of patients
with chronic heart failure had already been demonstrated (Table 3) [10-13]. We used univari-
ate logistic regression to identify parameters for which the influence on the occurrence of a
two-year combined endpoint was demonstrated in our cohort. Negative predictors included
older age, COPD, advanced NYHA (III+IV), low systolic blood pressure (<110 mmHg), low
LVEF (<35%), anaemia, high level of NT-proBNP, hyponatraemia, hyperuricaemia

(>500 pmol/l), renal insufficiency (eGFR <60 ml/min) and, in terms of medication, the neces-
sity of taking a higher dose of furosemide (>40 mg daily). On the other hand, higher diastolic
pressure, higher cholesterol levels and tolerance/taking ACEI/ARB and beta-blockers were
prognostically favourable.
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Fig 2. Distribution of NT-proBNP in patients with chronic heart failure and associated 2-year occurence of combined endpoint (death, HTX or

LVAD).

https://doi.org/10.1371/journal.pone.0214363.9002

Multivariate logistic regression was used to develop a clinical model without NT-proBNP.
Older age, advanced heart failure (NYHA III+IV), anaemia, hyponatraemia, hyperuricaemia
and taking a higher dose of furosemide (>40 mg daily) were independent predictors (Table 4).
The AUC of this clinical model for the prediction of the two-year endpoint was 0.773
(p<0.001) (Fig 3). Upon adding the new biomarker-the NT-proBNP level-to other clinical/
biochemical parameters, multivariate logistic regression was used to develop a new model (a
biomarker-clinical model); its predictive value, expressed by AUC and based on the C-statistic,
was 0.790 (p<0.001). The significance of variables selected for the multivariate model is
described in Fig 4. Adding more parameters to the above-mentioned selection of seven param-
eters did not lead to further improvements of predictive power of the model. Very good pre-
dictive powers of the developed models were validated by the Hosmer-Lemeshow test, which
compared the predicted and observed frequency of a two-year combined endpoint for the clin-
ical model (Fig 5A) and the final model (Fig 5B). A reclassification analysis confirmed the
improvement of predictive power of the model after the addition of NT-proBNP when com-
pared to the clinical model itself: the continuous free net reclassification improvement (cfNRI)
was 0.330 (0.159;0.502) (p<0.001) and the integrated discrimination index was IDI 0.020
(0.006; 0.034) (p = 0.006).

Results of the final model were visualised using a nomogram that describes the addition of
individual variables to the overall score and the relation of the overall score of the model to the
probability of endpoint occurrence in a given patient (Fig 6).

PLOS ONE | https://doi.org/10.1371/journal.pone.0214363 March 26, 2019 7/15


https://doi.org/10.1371/journal.pone.0214363.g002
https://doi.org/10.1371/journal.pone.0214363

'PLOS|ONE

Prognosis of chronic heart failure patients

0.8 A

Sensitivity

0.2

0 I‘ T T T T
0 0.2 0.4 0.6 0.8 1
1 — Specificity
Clinical model (without NT-proBNP): AUC =0.773
NTproBNP only: AUC =0.722
Biomarker-clinical model (final): AUC = 0.790

Fig 3. ROC curves for the prediction of primary endpoint (i.e. the two-year prognosis in terms of all-cause
mortality, heart transplantation LVAD implantation).

https://doi.org/10.1371/journal.pone.0214363.g003

Discussion

The paper presents four important results: (1) the NYHA classification represents a simple
prognostic tool which, however, has a very limited predictive power. (2) The NT-proBNP level
is a better simple prognostic tool. Our results suggest that patients can be divided into a very
low-risk group (NT-proBNP level < 125 ng/L, with 2-year all-cause mortality being about
3%), an intermediate-risk group (NT-proBNP level 126-1,000 ng/L, the endpoint occurrence
being about 10%) and a high-risk group (NT-proBNP level >1,000 ng/L, with the risk growing
from 15 to 61.5%). (3) Apart from the NYHA classification and older age, the developed clini-
cal model highlights other comorbidities that are expressed mainly by laboratory parameters:
anaemia, hyponatraemia and hyperuricaemia. Renal functions are expressed indirectly in the
model, namely by the furosemide dose. The amount of furosemide dose depends on multiple
factors, mainly on the level of congestion, renal function and the habitual practice of the
attending physician [14]. (4) The NT-proBNP level brings another piece of information which
can be added to the clinical model. The graphical representation of the model, based on a
nomogram, provides a simple tool that can be readily used in clinical practice.

The plasma concentration of natriuretic peptides can be used as an initial diagnostic test in
patients with dyspnoea to rule out the possibility of heart failure [1]. The upper limit of normal
in the non-acute setting for NT-proBNP is 125 ng/L; in our cohort, we found NT-proBNP to
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Table 3. Univariate logistic regression models for the prediction of primary endpoint (i.e. the two-year prognosis
in terms of all-cause mortality, heart transplantation and/or left ventricular assist device (LVAD) implantation).

OR (95% CI) P
Anamnesis
SEX | Men (ref women) ] 135(086;,2.13) | 0197
Age (years) 10-unit increase 1.20 (1.04; 1.39) 0.015
................................................................ >70(ef. <70) o ..]..136(096:1.93) | 0083
BMI > 30 (ref. < 30) 0.80 (0.56; 1.14) 0.218

Smoking | Yes(efno) | 127(095;177) | 0l64
COPD Yes (ref. no) 1.93 (1.26; 2.96

v
e
=
S
&

< 110 (ref. > 110) 2.38 (1.53; 3.69) < 0.001
10-unit increase 0.79 (0.71; 0.88) < 0.001

.063(053,07

Laboratory results

Hemoglobin (g/) | <130inmen, <120inwomen | 270(1.87;389) | - <0.001
NT-proBNP (ng/L) 126-1,000 (ref. < 125) 3.74 (1.57; 8.89) 0.003
__________________________________________________________________ >1,000 (ref. <125 | 1134(4882636) | <0.001
Cholesterol (mmol/1) < 3.1 (ref. 3.1-5.8)

> 5.8 (ref. 3.1-5.8)

Natrium (mmol/l) [ <135(ref >135) | 2

Uricacid (umol/l) | > 500 (ref. <500) o] 304(209443) | <0.001

eGFR (ml/min) < 60 (ref. > 60) 1.82 (1.29; 2.56) < 0.001

Medication

Furosemide (mg) Yes (ref. no) 2.61 (1.50; 4.55) < 0.001
1-40 (ref. 0) 1.22 (0.67; 2.24) 0.515

e, A0 (£ 0) ] 543(3.06,9.63) | <0.001

Statins Yes (ref. no) 1.06 (0.75; 1.50) 0.753

Yes (ref. no

Yes (ref. no

=

1.42 (0.97; 2.07) 0.070

Spironolacton/eplerenone Yes (ref. no

https://doi.org/10.1371/journal.pone.0214363.t003

be below this level in nearly 20% of patients with known HF, which is probably a sign of a very
well compensated heart failure [15,16].

The New York Heart Association (NYHA) Functional Classification provides a simple way
of classifying the extent of heart failure [17]. Despite difficulties in its application (such as the
challenge of consistently classifying patients into class II or III), it remains arguably the most
important prognostic marker for heart failure in routine clinical use. Most of the so far avail-
able clinical studies describe a correlation between the NYHA classification and NT-proBNP
levels, a conclusion similar to our results. On the other hand, some of the other studies did not
confirm this result [18].
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Table 4. Multivariate logistic regression clinical model and model with NT-proBNP included for the prediction of primary endpoint (i.e. the two-year prognosis in
terms of all-cause mortality, heart transplantation and LVAD implantation).

Clinical model Biomarker-clinical model
Predictor OR (95% CI) P OR (95% CI) P
Agelyears| .. |l0unitincrease . 123Q04146) | 0015 | 118(099140) | 0065
NT-proBNP [ng/L] 1,000-unit increase — 1.18 (1.08; 1.29) < 0.001

Furosemide [mg] > 40 (ref. < 40) 2.90 (1.94; 4.34) < 0.001 2.84 (1.87; 4.33) < 0.001
https://doi.org/10.1371/journal.pone.0214363.t1004

From a translational point of view, the model highlights the prognostically most significant
parameters. Although we cannot influence age in clinical practice, we might attempt to change
other unfavourable parameters. More intense treatment might be considered at high NT-
proBNP levels, whether it be pharmacological treatment, such as increasing the dose of
diuretic drugs in order to achieve decongestion, titration of ACEI/ARB dose, exchanging
ACEI/ARB for ARNI [19], or non-pharmacological treatment, such as revascularisation proce-
dures in coronary artery disease [20], correction of valvular heart disease or cardiac resynchro-
nisation therapy [1]. Although some analyses suggested that natriuretic peptide-guided
treatment of chronic heart failure might have some benefits [21], a prospective clinical study
did not confirm the benefit of such treatment [22]. Anaemia is linked to a poorer functional
state and a poorer prognosis, and the cause of anaemia needs to be established [1]. The clinical
trial of anaemia treatment in HFrEF patients using darbepoetin alfa did not show any

OFull model @ Final model

X2 — df
-5 0 5 10 15 20 25
Furosemide | | O o
NT-proBNP | | O e
Uric acid | | Oe
Hemoglobin | | e O
NYHA classification ®

@O

Sodium
Age ®
COPD O
O

Ejection fraction

Beta-blockers | @)
ACEIARB | O
Diabetes mellitus | O
eGFR )

Fig 4. Importance of variables as measured by partial Wald x2 minus the predictor degrees of freedom in the full model
and in the final model selected by backward stepwise algorithm.

https://doi.org/10.1371/journal.pone.0214363.9004
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Fig 5. Expected event rates (vertical axis) and observed event rates (horizontal axis), based on patients grouped
into deciles of fitted risk values in (A) Clinical model and (B) Biomarker-clinical model.

https://doi.org/10.1371/journal.pone.0214363.9005
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Fig 6. Nomogram of the proposed risk score (Biomarker-clinical model).

https://doi.org/10.1371/journal.pone.0214363.9006

improvement in the patients’ prognosis [23]. In cases of iron-deficiency anaemia in HFrEF
patients, the functional capacity can be improved and the risk of rehospitalisation for heart
failure can be decreased by intravenous iron therapy [24]. Hyperuricaemia is related to a
poorer prognosis particularly in HFrEF patients [25,26]. Uric acid is an important part of the
antioxidant system and it is not clear whether a decrease from a high level improves the
patient’s prognosis or not. In the long term, high levels of uric acid might lead to kidney dam-
age by uric acid nephropathy. In case of gout, the aim is to maintain a serum urate level below
357 umol/l [1]. In case of hyponatraemia, restriction of fluids is imposed most frequently,
followed by infusions of isotonic and hypertonic solutions of natrium and tolvaptan [27].
Unfortunately, treatment by tolvaptan, a vasopressin receptor antagonist which significantly
increases natrium levels in patients with hyponatraemia, did not demonstrate any effect on the
long-term mortality of HFrEF patients [28]. The dose of a loop diuretic corresponds to the
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severity of heart failure and patients should be treated with the lowest efficient dose of a loop
diuretic that is sufficient to achieve well compensated and euvolemic state [14].

The predictive value of the biomarker-clinical model is very good when compared to previ-
ously published risk scores. The published results of discrimination ability described by the C-
statistic for a one-year prediction of prognosis (MAGGIC with BNP/NTp-proBNP 0.736 [25],
3C-HF score 0.82-0.87 [26], BCN bio-HF calculator 0.79 [27]) or a two-year prediction of
prognosis (Seatle Heart Failure Model 0.729 [28]) were comparable with our model (AUC
0.790).

Our study has a number of limitations. Only a population of patients with mid-range and
reduced ejection fraction was described; patients with preserved ejection fraction were not
included in the study. A high proportion of patients were treated with the combination of
angiotensin-converting enzyme (ACE) inhibitors / angiotensin II receptor blockers (ARBs),
beta-blockers and mineralocorticoid receptor antagonists (MRAs). At the time of data collec-
tion, angiotensin receptor-neprilysin inhibitors (ARNi) were not approved for therapeutic use
in the Czech Republic; however, their use will be expanded soon, which is expected to have an
impact on the level of natriuretic peptides, the NYHA class and the long-term prognosis. The
newly developed model was not validated on another cohort of patients or cross-validated due
to low sample size. The clinical benefit of use of the newly developed risk score must be pro-
spectively validated in order to confirm benefits for the treatment of patients.

Conclusion

NT-proBNP levels reflect the severity of stable chronic heart failure expressed by the NYHA
Functional Classification. Very low levels of NT-proBNP are associated with an excellent prog-
nosis, whereas high levels predict an unfavourable prognosis in the medium term. Taking NT-
proBNP levels into consideration improves the discrimination value of a model based on clini-
cal parameters. The prediction of prognosis for patients in clinical practice identifies the
groups of high-risk patients who might benefit from care provided by specialised centres and
from a more intense treatment of heart failure.

Supporting information

S§1 Table. Data set used for the computation of the manuscript.
(CSV)

Author Contributions

Conceptualization: Jindrich Spinar, Lenka Spinarova, Filip Malek, Ondrej Ludka, Jan Krejci,
Petr Ostadal, Dagmar Vondrakova, Karel Labr, Monika Spinarova, Monika Pavkova Gold-
bergova, Klara Benesova, Jiri Jarkovsky, Jiri Parenica.

Data curation: Filip Malek, Ondrej Ludka, Jan Krejci, Petr Ostadal, Dagmar Vondrakova,
Karel Labr, Monika Pavkova Goldbergova, Klara Benesova, Jiri Jarkovsky, Jiri Parenica.

Formal analysis: Klara Benesova, Jiri Jarkovsky, Jiri Parenica.
Funding acquisition: Lenka Spinarova, Jiri Parenica.

Investigation: Lenka Spinarova, Filip Malek, Ondrej Ludka, Jan Krejci, Petr Ostadal, Monika
Spinarova, Monika Pavkova Goldbergova, Jiri Parenica.

Methodology: Filip Malek, Ondrej Ludka, Petr Ostadal, Monika Spinarova, Monika Pavkova
Goldbergova, Jiri Jarkovsky, Jiri Parenica.

PLOS ONE | https://doi.org/10.1371/journal.pone.0214363 March 26, 2019 13/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0214363.s001
https://doi.org/10.1371/journal.pone.0214363

® PLOS |ONE

Prognosis of chronic heart failure patients

Project administration: Dagmar Vondrakova, Karel Labr, Jiri Parenica.

Resources: Lenka Spinarova, Jiri Parenica.

Supervision: Jindrich Spinar, Lenka Spinarova, Jiri Jarkovsky, Jiri Parenica.

Validation: Klara Benesova.

Writing - original draft: Jindrich Spinar, Lenka Spinarova, Jiri Parenica.

Writing - review & editing: Filip Malek, Ondrej Ludka, Jan Krejci, Petr Ostadal, Dagmar

Vondrakova, Karel Labr, Monika Spinarova, Monika Pavkova Goldbergova, Klara Bene-
sova, Jiri Jarkovsky, Jiri Parenica.

References

1.

10.

1.

12

13.

Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats AJS, et al. 2016 ESC Guidelines for
the diagnosis and treatment of acute and chronic heart failure: The Task Force for the diagnosis and
treatment of acute and chronic heart failure of the European Society of Cardiology (ESC)Developed
with the special contribution of the Heart Failure Association (HFA) of the ESC. Eur Heart J. 2016;
https://doi.org/10.1093/eurheartj/ehw128 PMID: 27206819

Mosterd A, Hoes AW. Clinical epidemiology of heart failure. Heart Br Card Soc. 2007; 93: 1137—1146.
https://doi.org/10.1136/hrt.2003.025270 PMID: 17699180

Benjamin EJ, Blaha MJ, Chiuve SE, Cushman M, Das SR, Deo R, et al. Heart Disease and Stroke Sta-
tistics—2017 Update. Circulation. 2017; 135: e146—e603. https://doi.org/10.1161/CIR.
0000000000000485 PMID: 28122885

Frohlich H, Zhao J, Tager T, Cebola R, Schellberg D, Katus HA, et al. Carvedilol Compared With Meto-
prolol Succinate in the Treatment and Prognosis of Patients With Stable Chronic Heart FailureCLINI-
CAL PERSPECTIVE: Carvedilol or Metoprolol Evaluation Study. Circ Heart Fail. 2015; 8: 887—-896.
https://doi.org/10.1161/CIRCHEARTFAILURE.114.001701 PMID: 26175538

Fox KAA, Dabbous OH, Goldberg RJ, Pieper KS, Eagle KA, Van de Werf F, et al. Prediction of risk of
death and myocardial infarction in the six months after presentation with acute coronary syndrome: pro-
spective multinational observational study (GRACE). BMJ. 2006; 333: 1091. https://doi.org/10.1136/
bm;j.38985.646481.55 PMID: 17032691

Lip GYH, Nieuwlaat R, Pisters R, Lane DA, Crijns HIGM. Refining clinical risk stratification for predicting
stroke and thromboembolism in atrial fibrillation using a novel risk factor-based approach: the euro
heart survey on atrial fibrillation. Chest. 2010; 137: 263—272. https://doi.org/10.1378/chest.09-1584
PMID: 19762550

Spinar J, Jarkovsky J, Spinarova L, Mebazaa A, Gayat E, Vitovec J, et al. AHEAD score—Long-term
risk classification in acute heart failure. Int J Cardiol. 2016; 202: 21-26. https://doi.org/10.1016/j.ijcard.
2015.08.187 PMID: 26386914

Hlatky MA, Greenland P, Arnett DK, Ballantyne CM, Criqui MH, Elkind MSV, et al. Criteria for evaluation
of novel markers of cardiovascular risk: a scientific statement from the American Heart Association. Cir-
culation. 2009; 119: 2408—-2416. https://doi.org/10.1161/CIRCULATIONAHA.109.192278 PMID:
19364974

Wang TJ. Assessing the role of circulating, genetic, and imaging biomarkers in cardiovascular risk pre-
diction. Circulation. 2011; 123: 551-565. https://doi.org/10.1161/CIRCULATIONAHA.109.912568
PMID: 21300963

Khanam SS, Choi E, Son J-W, Lee J-W, Youn YJ, Yoon J, et al. Validation of the MAGGIC (Meta-Analy-
sis Global Group in Chronic Heart Failure) heart failure risk score and the effect of adding natriuretic
peptide for predicting mortality after discharge in hospitalized patients with heart failure. PLOS ONE.
2018; 13: e0206380. https://doi.org/10.1371/journal.pone.0206380 PMID: 30485284

Senni M, Parrella P, De Maria R, Cottini C, B6hm M, Ponikowski P, et al. Predicting heart failure out-
come from cardiac and comorbid conditions: the 3C-HF score. Int J Cardiol. 2013; 163: 206-211.
https://doi.org/10.1016/j.ijicard.2011.10.071 PMID: 22130225

Lupdn J, de Antonio M, Vila J, Peiiafiel J, Galan A, Zamora E, et al. Development of a novel heart failure
risk tool: the barcelona bio-heart failure risk calculator (BCN bio-HF calculator). PloS One. 2014; 9:
e85466. https://doi.org/10.1371/journal.pone.0085466 PMID: 24454874

Levy WC, Mozaffarian D, Linker DT, Sutradhar SC, Anker SD, Cropp AB, et al. The Seattle Heart Fail-
ure Model: prediction of survival in heart failure. Circulation. 2006; 113: 1424—1433. https://doi.org/10.
1161/CIRCULATIONAHA.105.584102 PMID: 16534009

PLOS ONE | https://doi.org/10.1371/journal.pone.0214363 March 26, 2019 14/15


https://doi.org/10.1093/eurheartj/ehw128
http://www.ncbi.nlm.nih.gov/pubmed/27206819
https://doi.org/10.1136/hrt.2003.025270
http://www.ncbi.nlm.nih.gov/pubmed/17699180
https://doi.org/10.1161/CIR.0000000000000485
https://doi.org/10.1161/CIR.0000000000000485
http://www.ncbi.nlm.nih.gov/pubmed/28122885
https://doi.org/10.1161/CIRCHEARTFAILURE.114.001701
http://www.ncbi.nlm.nih.gov/pubmed/26175538
https://doi.org/10.1136/bmj.38985.646481.55
https://doi.org/10.1136/bmj.38985.646481.55
http://www.ncbi.nlm.nih.gov/pubmed/17032691
https://doi.org/10.1378/chest.09-1584
http://www.ncbi.nlm.nih.gov/pubmed/19762550
https://doi.org/10.1016/j.ijcard.2015.08.187
https://doi.org/10.1016/j.ijcard.2015.08.187
http://www.ncbi.nlm.nih.gov/pubmed/26386914
https://doi.org/10.1161/CIRCULATIONAHA.109.192278
http://www.ncbi.nlm.nih.gov/pubmed/19364974
https://doi.org/10.1161/CIRCULATIONAHA.109.912568
http://www.ncbi.nlm.nih.gov/pubmed/21300963
https://doi.org/10.1371/journal.pone.0206380
http://www.ncbi.nlm.nih.gov/pubmed/30485284
https://doi.org/10.1016/j.ijcard.2011.10.071
http://www.ncbi.nlm.nih.gov/pubmed/22130225
https://doi.org/10.1371/journal.pone.0085466
http://www.ncbi.nlm.nih.gov/pubmed/24454874
https://doi.org/10.1161/CIRCULATIONAHA.105.584102
https://doi.org/10.1161/CIRCULATIONAHA.105.584102
http://www.ncbi.nlm.nih.gov/pubmed/16534009
https://doi.org/10.1371/journal.pone.0214363

® PLOS |ONE

Prognosis of chronic heart failure patients

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

Pavlusova M, Miklik R, Spacek R, Benesova K, Zeman K, Cohen-Solal A, et al. Increased dose of
diuretics correlates with severity of heart failure and renal dysfunction and does not lead to reduction of
mortality and rehospitalizations due to acute decompensation of heart failure; data from AHEAD regis-
try. Cor Vasa. 2018; 60: e215-e223. https://doi.org/10.1016/j.crvasa.2017.09.007

Morbach C, Marx A, Kaspar M, Guder G, Brenner S, Feldmann C, et al. Prognostic potential of midre-
gional pro-adrenomedullin following decompensation for systolic heart failure: comparison with cardiac
natriuretic peptides. Eur J Heart Fail. 2017; 19: 1166—1175. https://doi.org/10.1002/ejhf.859 PMID:
28516504

Mueller C. Clinical utility of biomarkers in heart failure. Eur J Heart Fail. 2017; 19: 1176—1178. https://
doi.org/10.1002/ejhf.893 PMID: 28580774

Harvey RM, Ferrer MI, Turino GM. Philosophy of the New York Heart Association regarding assess-
ment of cardiovascular function. Circulation. 1982; 66: 249. PMID: 7083515

Alhusseiny AH, Al-Nimer MSM, Latif Il, Ibrahim AK. Heart Failure: Discrepancy Between NYHA Func-
tional Classification, Serum NT-pro Brain Natriuretic Peptide and Ejection Fraction. Eur J Gen Med.
2013; 10. Available: http://dergipark.ulakbim.gov.tr/ejgm/article/view/5000114668

McMurray JJV, Packer M, Desai AS, Gong J, Lefkowitz MP, Rizkala AR, et al. Angiotensin-neprilysin
inhibition versus enalapril in heart failure. N Engl J Med. 2014; 371: 993—1004. https://doi.org/10.1056/
NEJMoa1409077 PMID: 25176015

Velazquez EJ, Lee KL, Deja MA, Jain A, Sopko G, Marchenko A, et al. Coronary-artery bypass surgery
in patients with left ventricular dysfunction. N Engl J Med. 2011; 364: 1607—-1616. https://doi.org/10.
1056/NEJMoa1100356 PMID: 21463150

Troughton RW, Frampton CM, Brunner-La Rocca H-P, Pfisterer M, Eurlings LWM, Erntell H, et al. Effect
of B-type natriuretic peptide-guided treatment of chronic heart failure on total mortality and hospitaliza-
tion: an individual patient meta-analysis. Eur Heart J. 2014; 35: 1559—-1567. https://doi.org/10.1093/
eurheartj/ehu090 PMID: 24603309

Felker GM, Anstrom KJ, Adams KF, Ezekowitz JA, Fiuzat M, Houston-Miller N, et al. Effect of Natriuretic
Peptide-Guided Therapy on Hospitalization or Cardiovascular Mortality in High-Risk Patients With
Heart Failure and Reduced Ejection Fraction: A Randomized Clinical Trial. JAMA. 2017; 318: 713-720.
https://doi.org/10.1001/jama.2017.10565 PMID: 28829876

Swedberg K, Young JB, Anand IS, Cheng S, Desai AS, Diaz R, et al. Treatment of anemia with darbe-
poetin alfa in systolic heart failure. N Engl J Med. 2013; 368: 1210-1219. https://doi.org/10.1056/
NEJMoa1214865 PMID: 23473338

Jankowska EA, Tkaczyszyn M, Suchocki T, Drozd M, von Haehling S, Doehner W, et al. Effects of intra-
venous iron therapy in iron-deficient patients with systolic heart failure: a meta-analysis of randomized
controlled trials. Eur J Heart Fail. 2016; 18: 786—795. https://doi.org/10.1002/ejhf.473 PMID: 26821594

Anker SD, Doehner W, Rauchhaus M, Sharma R, Francis D, Knosalla C, et al. Uric acid and survival in
chronic heart failure: validation and application in metabolic, functional, and hemodynamic staging. Cir-
culation. 2003; 107: 1991-1997. https://doi.org/10.1161/01.CIR.0000065637.10517.A0 PMID:
12707250

Malek F, Ostadal P, Pafenica J, Jarkovsky J, Vitovec J, Widimsky P, et al. Uric acid, allopurinol therapy,
and mortality in patients with acute heart failure—results of the Acute HEart FAilure Database registry.
J Crit Care. 2012; 27: 737.e11-24. https://doi.org/10.1016/j.jcrc.2012.03.011 PMID: 22699032

Dunlap ME, Hauptman PJ, Amin AN, Chase SL, Chiodo JA, Chiong JR, et al. Current Management of
Hyponatremia in Acute Heart Failure: A Report From the Hyponatremia Registry for Patients With Euvo-
lemic and Hypervolemic Hyponatremia (HN Registry). J Am Heart Assoc. 2017; 6. https://doi.org/10.
1161/JAHA.116.005261 PMID: 28775063

Konstam MA, Gheorghiade M, Burnett JC, Grinfeld L, Maggioni AP, Swedberg K, et al. Effects of oral
tolvaptan in patients hospitalized for worsening heart failure: the EVEREST Outcome Trial. JAMA.
2007; 297: 1319—1331. hitps://doi.org/10.1001/jama.297.12.1319 PMID: 17384437

PLOS ONE | https://doi.org/10.1371/journal.pone.0214363 March 26, 2019 15/15


https://doi.org/10.1016/j.crvasa.2017.09.007
https://doi.org/10.1002/ejhf.859
http://www.ncbi.nlm.nih.gov/pubmed/28516504
https://doi.org/10.1002/ejhf.893
https://doi.org/10.1002/ejhf.893
http://www.ncbi.nlm.nih.gov/pubmed/28580774
http://www.ncbi.nlm.nih.gov/pubmed/7083515
http://dergipark.ulakbim.gov.tr/ejgm/article/view/5000114668
https://doi.org/10.1056/NEJMoa1409077
https://doi.org/10.1056/NEJMoa1409077
http://www.ncbi.nlm.nih.gov/pubmed/25176015
https://doi.org/10.1056/NEJMoa1100356
https://doi.org/10.1056/NEJMoa1100356
http://www.ncbi.nlm.nih.gov/pubmed/21463150
https://doi.org/10.1093/eurheartj/ehu090
https://doi.org/10.1093/eurheartj/ehu090
http://www.ncbi.nlm.nih.gov/pubmed/24603309
https://doi.org/10.1001/jama.2017.10565
http://www.ncbi.nlm.nih.gov/pubmed/28829876
https://doi.org/10.1056/NEJMoa1214865
https://doi.org/10.1056/NEJMoa1214865
http://www.ncbi.nlm.nih.gov/pubmed/23473338
https://doi.org/10.1002/ejhf.473
http://www.ncbi.nlm.nih.gov/pubmed/26821594
https://doi.org/10.1161/01.CIR.0000065637.10517.A0
http://www.ncbi.nlm.nih.gov/pubmed/12707250
https://doi.org/10.1016/j.jcrc.2012.03.011
http://www.ncbi.nlm.nih.gov/pubmed/22699032
https://doi.org/10.1161/JAHA.116.005261
https://doi.org/10.1161/JAHA.116.005261
http://www.ncbi.nlm.nih.gov/pubmed/28775063
https://doi.org/10.1001/jama.297.12.1319
http://www.ncbi.nlm.nih.gov/pubmed/17384437
https://doi.org/10.1371/journal.pone.0214363

