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Abstract
The aim of this study is to identify the best predictors of mortality among clinical, biochemical and advanced echocardio-
graphic parameters in acute heart failure (AHF) patients admitted to coronary care unit (CCU). AHF is a clinical condition 
characterized by high mortality and morbidity. Several studies have investigated the potential prognostic factors that could 
help the risk assessment of cardiovascular events in HF patients, but at the moment it has not been found a complete prog-
nostic score (including clinical, laboratory and echocardiographic parameters), univocally used for AHF patients. Patients 
(n = 118) admitted to CCU due to AHF de novo or to an exacerbation of chronic heart failure were enrolled. For each patient, 
clinical and biochemical parameters were reported as well as the echocardiographic data, including speckle tracking echo-
cardiography analysis. These indexes were then related to intra- and extrahospital mortality. At the end of the follow-up 
period, the study population was divided into two groups, defined as ‘survivors’ and ‘non-survivors’. From statistical analysis, 
C-reactive protein (CRP) (AUC = 0.75), haemoglobin (AUC = 0.71), creatinine clearance (AUC = 0.74), left atrial strain 
(AUC = 0.73) and freewall right ventricular strain (AUC = 0.76) showed the strongest association with shortterm mortality 
and they represented the items of the proposed risk score, whose cut-off of 3 points is able to discriminate patients at higher 
risk of mortality. AHF represents one of the major challenges in CCU. The use of a combined biochemical and advanced 
echocardiographic score, assessed at admission, could help to better predict mortality risk, in addition to commonly used 
indexes.
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Introduction

Acute heart failure (AHF) is a clinical condition defined 
as a rapid onset or a rapid worsening of typical signs and 
symptoms of heart failure (HF) [1]. Several studies have 
investigated the potential prognostic factors that could help 
the risk assessment of cardiovascular events in HF patients, 

but at the moment it has not been found a complete prog-
nostic score (including anamnestic, clinical, laboratory and 
echocardiographic parameters), univocally used for AHF 
patients. In recent years, various risk scores have been out-
lined and applied to this subset of patients, but they clearly 
show some drawbacks, limiting their clinical application 
[2–4]. Two examples of the most used scores are the recent 
AHEAD score which predicts long-term risk in AHF [2] and 
Get With the Guidelines-Heart Failure (GWTG-HF) risk 
score used to predict in-hospital mortality, independently 
from left ventricular ejection fraction (LVEF) [3]. How-
ever, the majority of these scores lacks echocardiographic 
indexes or includes only LVEF, leaving out more recent and 
advanced parameters. For instance, LVEF strongly relies 
upon geometrical assumptions and it is greatly influenced 
by load conditions, which might make it a less reliable 
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parameter in the acute setting. These pitfalls might be over-
come by advanced echocardiographic techniques that have 
been developed over the years, such as speckle tracking 
echocardiography, which allows the evaluation of global and 
regional cardiac function, independently from the angle of 
insonation, making it suitable to be applied at the patient’s 
bed-side [4, 5].

The aim of this prospective study was to identify the best 
predictors of mortality and elaborate a prognostic score 
combining clinical, biochemical and echocardiographic 
parameters. In fact, the primary objective was to identify 
some parameters that could, already at the moment of hospi-
talization, be fairly easily related to the patient’s short-term 
prognosis, to optimize healthcare resources and to customize 
the therapeutic approach considering the severity of each 
patient.

Methods

Study design

This was an observational, prospective, single-centre study, 
developed in the coronary care unit (CCU) of the Depart-
ment of Cardiovascular Diseases at University of Siena.

Patients older than 18 years-old, admitted to our CCU 
for de novo AHF, fulfilling the latest guidelines criteria [1], 
were eligible for inclusion. The presence of active cancer 
and poor echocardiographic window represented the exclu-
sion criteria. All subjects gave their written informed con-
sent to participate in the study.

Study population

From January 1st 2018 to March 31st 2019, a total of 146 
patients were initially screened. Due to poor echocar-
diographic window 19 patients were excluded and other 
9 patients because of the presence of neoplastic disease. A 
total of 118 patients were finally enrolled in the study. Fig-
ure 1 shows a study flow chart.

The primary endpoint was to find the strongest predic-
tors of mortality among clinical, laboratory and echocar-
diographic indexes in patients admitted for AHF. Besides 
the patients that died in CCU, the others were enrolled in 
a follow-up in order to detect extra-hospital mortality. At 
the end of the follow-up period, the study population was 
divided into two groups, defined as ‘survivors’ (90 patients) 
and ‘non-survivors’ (28 patients). The mean follow-up 
period was 244 days.

For each patient, clinical, biochemical and echocardio-
graphic parameters, in addition to the underlying cause of 
AHF itself, were collected within the first 24 h from admis-
sion in CCU. The maximum daily dose of intravenous 

diuretic and the duration of endovenous inotropic support 
was obtained from medical records at the end of CCU stay.

A thorough anamnesis was collected for each patient, 
including the age, sex, body surface index, body mass index 
and the presence of cardiovascular risk factors or intracar-
diac devices. Furthermore, vital signs and the presence of 
pulmonary congestion, evaluated through chest X-rays, as 
well as the need for intra-aortic balloon pump in the acute 
phase were reported.

Among biochemical parameters, indexes of systemic 
inflammation as erythrocyte sedimentation rate and C-reac-
tive protein (CRP), creatinine, uric acid, haemoglobin, white 
blood cells, N-terminal pro-brain natriuretic peptide (NT-
proBNP) and indexes of myocardial injury were recorded. 
Creatinine clearance was estimated employing Chronic Kid-
ney Disease Epidemiology Collaboration formula.

Standard echocardiography

Transthoracic echocardiographic examinations were per-
formed using a high quality echocardiograph (Vivid E9, 
GE, USA) equipped with a 3Mhz transducer. Subjects were 
studied in their left lateral recumbent position.

Standard echocardiographic measures included: left ven-
tricular (LV) end-diastolic and end-systolic diameters from 
the parasternal long-axis, LV end-diastolic and end-systolic 
volumes, LVEF calculated by Simpson’s method, peak early 
(E) and late (A) diastolic transmitral flow velocity and E/A 
ratio, pulsed wave Tissue Doppler systolic (S’) and diastolic 
(E’, A’) velocities at both septal and lateral mitral annu-
lus, E/E′ ratio as an estimate of LV filling pressure. Left 
atrial (LA) area and volume were assessed. LA volume was 

Fig. 1  Flow-chart study. A total of 118 patients were included in the 
study, starting from 146 initially screened patients
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measured using the area–length method from apical 4- and 
2-chamber views, and it was subsequently indexed for BSA. 
The evaluation of the right ventricle (RV) included: mid-
end-diastolic diameter obtained from an apical 4-chamber 
view as dimensional parameter; tricuspidal anular plane 
systolic excursion (TAPSE), by M-mode technique, and 
pulsed wave Tissue Doppler systolic (s′) velocity at lateral 
tricuspid annulus, as standard echocardiographic indexes of 
longitudinal function; RV fractional area change (RVFAC) 
in 4-chamber view as index of global RV systolic function. 
Furthermore, right atrio-ventricular gradient was measured 
by continuous Doppler technique in presence of tricuspid 
regurgitation. Systolic pulmonary arterial pressure was esti-
mated through the sum of the right atrio-ventricular gradient 
and the right atrial pressure, estimated by the dimensions 
and collapsibility of the inferior vena cava. Valvular regur-
gitation and/or stenosis and their severity were reported.

Speckle tracking echocardiography

Apical 4-, and 2-chamber views 2-dimensional grey scale 
echocardiographic images were collected, during a brief 
breath hold and with a stable electrocardiographic record-
ing. Speckle Tracking analysis of the recorded images was 
then performed off-line by an independent and expert echo-
cardiographer, not directly involved in image acquisition. 
Commercially available semiautomated two-dimensional 
strain software (EchoPac, Ge, Milwaukee, WI, USA) was 
used. Both ventricles and LA longitudinal deformations 
were evaluated.

The endocardial border was manually traced in each api-
cal view, thus delineating a region of interest composed by 
three segments for LA and two segments for both ventricles. 
Then, after segmental tracking quality analysis and even-
tual manual adjustment of the region of interest, longitudinal 
strain curves for each segment were generated. LV global 
longitudinal strain (LV-GLS) was calculated by averaging 
the values observed in all LV segments in 4, 3 and 2-cham-
ber views. Time to peak longitudinal stain was also meas-
ured as the average of all segments (global time to peak 
longitudinal strain) in the 4, 3 and 2 apical views.

Peak atrial longitudinal strain (PALS) of LA was calcu-
lated by averaging the values observed in all LA segments 
in 4- and 2-chamber views. Time to peak longitudinal strain 
was also measured as the average of all segments (global 
time to peak longitudinal strain) in the apical views.

From the 4-chamber apical image, RV global longitudi-
nal strain (RV-GLS) and RV free-wall longitudinal strain 
(RVFWSL) were obtained averaging the values observed in 
all RV segments. Time to peak longitudinal strain was also 
measured as the average of all segments (global time to peak 
longitudinal strain) in the 4-apical view.

In presence of unsuitable segments due to the impossibil-
ity of achieving adequate tracking, RV, LV and LA longitu-
dinal strain were calculated by averaging the values meas-
ured in the remaining segments.

For each chamber, it was also measured the maximum 
opposing wall delay, a parameter that represents the delay 
between peak radial strain of opposing walls of each 
chamber.

Statistical analysis

Regarding univariate correlations, the endpoint of interest 
was independently tested against each numeric and binary 
predictor via Correlation test. Correlation and respective p 
values are reported.

Due to the potential multiplicity problem caused by the 
high number of tests, Bonferroni correction was used when 
assessing the significance of the aforementioned p values. 
For the considered endpoint, highly correlated variables 
according to the univariate analysis were selected for inclu-
sion in a multivariate analysis. Furthermore, a generalized 
linear model with binomial response and logit link function 
was fit.

In addition to univariate significance (as mentioned 
above), the number of variables included in the model was 
influenced by a qualitative assessment of potential data over-
fit and on the quantity of missing values.

A predictive score of death was calculated. Highly cor-
related and medically relevant predictive variables were 
selected. The selection of predictors took into account both 
univariate and multivariate analyses, correlations between 
predictors, and quantity of missing values.

A roc curve analysis (ROC)/area under the curve (AUC) 
assessment of the predictive value of each of the selected 
variables was performed. This assessment resulted in ideal 
cut-off points for each predictor. The cut-off points were 
used to discretize each predictor into binary variables. A 
logistic model (generalized linear model with binomial 
response and logit link) was used (with death as response) 
to estimate the relative weight of each discretized predictor. 
The relative weights were rounded to simplify score compu-
tation, resulting in a rounded weight of 2 for RVFWSL and 
of 1 for the other parameters. Then, a ROC/AUC assessment 
of the predictive score was performed.

Results

Clinical and echocardiographic characteristics 
of the study population

Table 1 summarizes both clinical and echocardiographic 
characteristics of the study population, divided into two 
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Table 1  Clinical and echocardiographic characteristics of the study population

Parameters Survivors
N

Non-survivors
N

p value

General features Age (years) 69.28 ± 11.6 69.8 ± 13.8 0.8408
Male sex (%) 78.8 64.3 0.0721
Weight (Kg) 78.39 ± 15.8 68.5 ± 14.11 0.0751
BMI (Kg/m2) 25.8 ± 4.8 25.3 ± 10.3 0.3287

Vital parameters Heart rate (bpm) 80.89 ± 18 84.5 ± 17.4 0.3549
SBP (mmHg) 122.59 ± 22.7 108.8 ± 29.6 0.0206

Laboratory parameters NT-pro-BNP (pg/ml) 7002.5 ± 8478 16,774.15 ± 18,832.6 0.0013
GOT (UI/L) 81.7 ± 14.1 375.3 ± 988.6 0.0116
GPT (UI/L) 66.7 ± 180.5 208.2 ± 437 0.0152
Total bilirubin (mg/dl) 0.79 ± 0.48 1.4 ± 1.3 0.0011
ESR (mm/h) 41.6 ± 30.6 52.6 ± 32.8 0.3584
CRP (mg/dl) 2.8 ± 4 7.5 ± 8.8 0.0001
Creatinine (mg/dl) 1.35 ± 0.7 1.79 ± 0.87 0.0035
Creatinine Clearance (ml/

min/1.73m2)
66.4 ± 5.8 56.2 ± 3.4 0.0022

Uric acid (mg/dl) 7 ± 2.8 7.3 ± 3.1 0.5329
Hemoglobin (g/dl) 13 ± 2.4 10.3 ± 4.1 0.0008
WBC (migl/mm3) 10.7 ± 4 13.5 ± 7.4 0.0103
HS Troponin (ng/L) 1165.71 ± 2267.8 3417.23 ± 5759.9 0.0037
CPK (UI/L) 435.1 ± 882.7 389.5 ± 943.7 0.8379
CPK-MB (UI/L) 61.3 ± 84.3 92.3 ± 122.3 //
LDH (UI/L) 319.1 ± 306.6 692 ± 903.3 0.0026

Echocardiographic parameters LVEF (%) 34.6 ± 10.6 25.7 ± 13.3 0.0004
LVEDD (mm) 56.13 ± 8.28 59.71 ± 14.7 0.1065
LVESD (mm) 42.03 ± 10.5 48.85 ± 17.1 0.0147
LA area  (cm2) 24.53 ± 5.9 26.84 ± 9.7 0.1959
LAV (ml) 82.37 ± 29.7 94.53 ± 48.3 0.1189
LAVI (ml/m2) 36.8 ± 23.2 39.86 ± 19.8 0.6034
TAPSE (mm) 17.5 ± 4.2 14.6 ± 3.5 0.0015
Mid RVEDD (mm) 33.15 ± 5.29 33.59 ± 4.6 0.7015
RV S’ (m/s) 0.11 ± 0.03 0.09 ± 0.02 0.0725
sPAP (mmHg) 38.85 ± 12.3 44.6 ± 15.07 0.0449
LV-GLS (%) − 8.70 ± 3.9 − 7.20 ± 5.14 0.1670
PALS (%) 20.4 ± 14.3 10.61 ± 7.4 0.0007
LA TTP (ms) 580.6 ± 368.9 641.2 ± 429.2 0.4975
LA m.o.w.d. (ms) 307.2 ± 374.6 386.3 ± 330 0.3805
LV LS 4ch (%) − 8.67 ± 4.87 − 6.3 ± 4.8 0.1933
LV LS 4ch TTP (ms) 605.6 ± 389.5 594.9 ± 888 0.9325
LV-LS 4ac m.o.w.d. (ms) 574 ± 366.6 540.4 ± 769.1 0.7753
LV LS 3ac (%) − 8.54 ± 4.64 − 7.03 ± 4.85 0.6214
LV LS 3ac TTP (ms) 667.9 ± 491.1 718.7 ± 532.6 0.6696
LV-LS 3ac m.o.w.d. (ms) 569.6 ± 420.7 523.8 ± 364.6 0.6575
LV LS 2ac (%) − 8.73 ± 4.5 − 6.4 ± 4.46 0.0685
LV LS 2ac TTP (ms) 621.7 ± 407.3 497.4 ± 300.5 0.1694
LV-LS 2ac m.o.w.d. (ms) 551.7 ± 381.2 577.6 ± 374.4 0.7814
RV-GLS (%) − 10.35 ± 5.5 − 7.66 ± 6.23 0.0652
RVFWSL (%) − 13.04 ± 5.24 − 7.33 ± 5.08 0.00001
RV TTP (ms) 622.5 ± 539.4 449.8 ± 386.3 0.1481
RV-LS m.o.w.d. (ms) 326.5 ± 424 224.3 ± 265.3 0.3086
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groups ‘non-survivors’ and ‘survivors’. Over a mean follow-
up period of 244 days, among the 118 enrolled patients, 28 
patients died due to cardiovascular causes and between the 
90 survivors, 18 have been re-hospitalized. Enrolled patients 
were admitted for: ischemic cardiomiopathy (62%), dilated 
cardiomiopathy (20%), heart valve disease (7%) and other 
causes (11%).

Systolic blood pressure was lower in non-survivors com-
pared to survivors, whereas NT-pro-BNP values were more 
than double in non-survivors (p = 0.0013). Among the other 
biochemical parameters, mostly creatinine and creatinine 
clearance, troponin and also CRP, transaminase and Hb 
showed significant differences.

Regarding standard echocardiographic parameters, the 
first group had a lower LVEF, higher LA volume and esti-
mated sPAP. Between STE parameters, significant differ-
ences were present for PALS (10.61 ± 7.4% in non-survivors 
vs 20.4 ± 14.3% in survivors, p = 0.0007) and RVFWSL 
(− 7.33 ± 5.08% in non-survivors vs − 13.04 ± 5.24% in sur-
vivors, p = 0.00001) (Fig. 2). On the other hand, LV-GLS did 
not significantly differ between the two groups (p = 0.1670).

Predictors of mortality and risk score

ROC analysis showed an AUC between 0.71 and 0.76: 
CRP (AUC = 0.75), Hb (AUC = 0.71), creatinine clear-
ance (AUC = 0.74), PALS (AUC = 0.73) and RVFWSL 
(AUC = 0.76) (Fig. 3). For each index a cut-off value was 
obtained, except from RVFWSL for which two cut-off values 
were identified. The five parameters were then combined in 
a prediction score in which 0 or 1 point were attributed to 
each variable according to its cut off, except from RVFWSL 
for which 1 or 2 points were added based on the two cut-off 
values (Table 2). A score > 3 predicted high mortality risk 
at short-term follow-up.  

Kaplan Maier event-free survival curves (Fig. 4) demon-
strate that patients with a score > 3 had a 40% probability of 
survival at 250 days, compared to 90% probability of those 
with a score lower than the proposed cut-off. The score AUC 
was 0.90, higher than the AUC of the single parameters.

Discussion

In this study we assessed which parameters, including clini-
cal, laboratory and echocardiographic indexes, could possi-
bly help in the prognostic stratification of patients admitted 
for AHF, considering both intra and extra-hospital mortality. 
Furthermore, we attempted to define the best predictors of 
outcome within a year from the first acute event through a 
short-term follow-up. From the results of our analysis, it 
emerged that several parameters have proved to be independ-
ent predictors of short-term mortality, among which CRP, 
haemoglobin, creatinine clearance, PALS and RVFWSL 
resulted to have the highest diagnostic accuracy and were 
therefore included in a multiparametric risk score with high 
sensitivity and specificity for short-term prognosis of these 
patients.

Biochemical parameters

Analysing the laboratory parameters most strongly corre-
lated with mortality, it can be stated that CRP, a non-specific 
index of systemic phlogosis that through the production 
of pro-inflammatory cytokines contributes to ventricular 
remodeling and systolic and/or diastolic dysfunction, plays 
a leading role in prognosis of AHF. It is conceivable that 
the increase in this protein observed in the most critically 
ill patients reflects the degree of systemic impairment. 
The increase in CRP is also closely related to the pres-
ence of numerous comorbidities such as diabetes, chronic 

2ch 2 chamber view, 3ch 3 chamber view, 4ch 4 chamber view, BMI body mass index, CCU  cardiac care unit, CPK phosphocreatine kinase, 
CPK-MB creatine kinase myocardial band, CRP C-reactive protein, ESR erythrocyte sedimentation rate, GOT glutamic oxaloacetic transami-
nase, GPT glutamate-pyruvate transaminase, HS high sensistivity, LA left atrial, LAV left atrial volume, LAVI left atrial volume index, LDH 
lactate dehydrogenase, LS longitudinal strain, LV left ventricular, LV-EDD left ventricular end-diastolic diameter, LV-ESD left ventricular end-
systolic diameter, LVEF left ventricular ejection fraction, LV-GLS left ventricular global longitudinal strain, m.o.w.d max opposing wall delay, 
NT-pro-BNP N-terminal pro-brain natriuretic peptide, PALS peak atrial longitudinal strain, RV right ventricular, RV-EDD right ventricular end-
diastolic diameter, RVFAC right ventricular fractional area change, RVFWSL right ventricular free-wall longitudinal strain, RV-GLS right ven-
tricular global longitudinal strain, sPAP systolic pulmonary arterial pressure, SBP systolic blood pressure, TTP time to peak, WBC white blood 
count

Table 1  (continued)

Parameters Survivors
N

Non-survivors
N

p value

RVFAC (%) 18.89 ± 14.3 25.66 ± 18.48 0.0607
Diuretic IV dose 153.37 ± 182.5 306.15 ± 285.9 0.0014

Duration stay in CCU (days) 14.97 ± 10.5 25.82 ± 18.9 //
Inotropic drugs use (days) 8.37 ± 15.3 20.72 ± 18.48 //
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obstructive pulmonary disease, renal failure, peripheral 
artery disease, which contribute to the progression of HF, 
negatively impacting the prognosis of these patients. Over 
the years, it has been demonstrated that CRP represents a 
risk factor for cardiovascular diseases. High CRP plasma 
levels are associated with an increased risk of coronary 
artery disease and acute myocardial infarction [6, 7], also 
in agreement with what we found in our study population 
which was composed for 62% from patients with ischemic 
heart disease. A recent study also demonstrates how plasma 
concentrations of CRP correlate in a linear way with the 
values of NT-proBNP and with LVEF, highlighting a close 
association between CRP and HF [8].

Considering the other two laboratory parameters of our 
risk score, the role of creatinine clearance, regarded as an 
estimation of glomerular filtration rate, and haemoglobin 
as predictors of mortality, is widely recognized and there 
are numerous validated risk scores using these two mark-
ers, alone or in association. Hemoglobin and creatinine 

clearance could be predictors of mortality as an expression 
of the “cardiorenal syndrome” which very often complicates 
HF, leading to a worsening of renal function due to either 
hypoperfusion caused by reduced cardiac output or renal 
venous hypertension due to systemic congestion. Renal 
function impairment would therefore result on one hand in 
a reduction of glomerular filtration rate and on the other 
hand in a reduced synthesis of erythropoietin which would 
contribute to the typical anaemic state of the decompen-
sated patient, triggering a dangerous vicious circle. In fact, 
acute renal failure and anaemia represent two important and 
serious complications that if not recognized and promptly 
treated, will lead to a significant worsening of the prognosis.

It was quite unexpected not to find NT-proBNP included 
as an item in the prognostic score. However, to a close analy-
sis, our results are in line with the ones reported in literature. 
In fact, patients with higher levels of NT-proBNP at admis-
sion tended to have a worse prognosis [9]. However, it has 
been recently gaining importance NT-proBNP trend during 

Fig. 2  Left atrial longitudinal strain and right ventricular free-wall 
longitudinal strain. On the left side of the figure, there are shown 
peak atrial longitudinal strain (PALS, at the top) and right ventricu-

lar free-wall longitudinal strain (RVFWSL, at the bottom) in a non-
survivor patient, whereas, on the right side of the figure, PALS and 
RVFWSL are representative of a survivor patient
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hospitalization rather than the single value at admission [10]. 
In fact, a decrease of NT-proBNP levels from admission to 
discharge might hint a certain degree of response to treat-
ment. However, in our study, we assessed only the admission 
levels, which might explain why it did not show a prognostic 
value as strong as haemoglobin, creatinine clearance and 
CRP at multivariate analysis. Another important prognostic 
marker in AHF is cardiac troponin [11], in fact several stud-
ies have shown that higher levels at admission carry a sig-
nificant prognostic significance during follow-up. In AHF, 
high LV filling pressure and low cardiac output can induce 
a subtle subendocardial ischaemia due to worsening of the 

coronary perfusion gradient. Based on our results, troponin 
levels at admission significantly differed between survivors 
and non-survivors, even though multivariate analysis did not 
confirm their prognostic value.

Echocardiographic parameters

In the elaboration of the Risk Score, we also considered the 
impairment of cardiac function, analysed both by conven-
tional echocardiography and by speckle tracking echocar-
diography. Using the latter method, two parameters proved 
to be the best predictors of mortality: PALS and RVFWSL. 
In fact, important differences were found between LA and 
RV strain values of survivors and non survivors, despite the 
overall values of the population being generally lower than 
the reference values.

The evaluation of LA function is of paramount impor-
tance in patients with HF fulfilling both a diagnostic role, 
in the context of symptomatic diastolic dysfunction, and a 
prognostic one, since it represents an index of increase in 
LV filling pressures [12], acting as an early and non-invasive 
marker of the disease [13, 14]. In a recent study [15], it was 
shown that in patients with HF and preserved LVEF param-
eters such as indexed LA volume and the E/e′ ratio increase 
with the degree of diastolic dysfunction but loose signifi-
cance in the more severe patterns of diastolic dysfunction 
(pseudonormal and restrictive pattern) failing to discrimi-
nate between them. PALS instead has shown a progressive 
and constant reduction as the degree of diastolic dysfunction 
progresses, proving to be the most reliable parameter for the 
evaluation of LA function [16].

In both types of HF, LA impairment can be associ-
ated with RV dysfunction and pulmonary hypertension 
as well as with perceived quality of life [17], but above 
all, in the subgroup with preserved LVEF it has shown 
to have a close correlation with the patients’ outcome 

Fig. 3  ROC curves analysis of the different five elements and the 
prognostic score. CRP C-reactive protein, eGFR estimated glomeru-
lar filtration rate (creatinine clearance), Hb haemoglobin, PALS peak 
atrial longitudinal strain, RVFWSL right ventricular free-wall longitu-
dinal strain

Table 2  Risk score

CRP C-reactive protein, Hb haemoglobin, PALS peak atrial longitudi-
nal strain, RVFWSL right ventricular free-wall longitudinal strain

Points Parameters Value

+1 point CRP > 1.6 mg/dl
+1 point Hb < 10 g/dl
+1 point Creatinine clearance < 52 ml/min/1.73m2

+1 point PALS < 12%
+2 points
+1 point RVFWSL > − 7%
 > − 11%
3 points Risk cut-off

Fig. 4  Survival of patients according to the risk score. This figure 
shows a higher survival rate in presence of a score below 3 points, 
whereas a score higher than 3 points is associated with a higher mor-
tality
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[18], highlighting the importance of improving LA with 
appropriate therapy. Sanchis et al. showed that the strain 
of the contractile phase of the LA represents a predictor 
of cardiovascular outcome even in outpatients with HF 
[19]. In their study, patients with worse atrial function 
had a worse event-free survival, regardless of LVEF, thus 
stressing the important role of LA function in the heart 
failure syndrome. Other recent studies demonstrated also 
the association between low PALS values and increased 
risk of hospitalization for heart failure, independently of 
other clinical factors, as well as the negative correlation 
between PALS and NYHA class [20, 21]. The superiority 
of PALS in predicting short-term mortality in patients 
with AHF was therefore confirmed in our study as com-
pared to conventional echocardiographic measurement, 
such as the indexed left atrial volume.

Regarding the study of RV function, the validated 
parameters traditionally used in patients with HF have 
strong limitations both for the dependence on preload 
conditions and the angle of insonation, and for the com-
plex morphology of the RV [22, 23]. RV dysfunction may 
not simply be the consequence of LV dysfunction but it 
might represent a pathophysiological event that accom-
panies LV failure, involving the concept of ventricular 
interdependence in a common pathological process that 
affects both sections of the heart [24]. RV can be indeed 
dysfunctional both due to an increase in pulmonary pres-
sures caused by a reduced LV function and because it may 
be affected by the same pathological process that affects 
LV. In another study, it was observed that both RVFWSL 
and indexed LA volume represent independent predic-
tors of cardiovascular events in HF with reduced LVEF 
and in particular RVFWSL resulted to be an independent 
predictor even in AHF and in HF with preserved LVEF, 
whereas neither RV-GLS nor LV-GLS were [25]. This is 
probably explained by the fact that the RV-GLS is influ-
enced by LV function due to the important contribution 
of the interventricular septum, which instead is not con-
sidered when RVFWSL is assessed instead. Other studies 
have confirmed the prognostic role of RV dysfunction in 
HF [26, 27], independently of LV function [28, 29], as 
well as in various cardiovascular diseases [30–32]. The 
use of STE methods in the study of RV function and in 
particular RVFWSL also has two important clinical appli-
cations: it is in fact an excellent predictor of outcome in 
patients with advanced HF awaiting cardiac transplanta-
tion [33] and represents an effective tool in the selection 
of candidates for the implantation of left ventricular assist 
devices (LVAD), identifying those most likely to experi-
ence acute post-implant RV failure, an event burdened by 
high rates mortality and morbidity, as well as significant 
health costs.

Study limitation

Regarding the limits of the study, the main one is repre-
sented by the small population, therefore the score will 
need a validation on a larger sample. Secondly, the meas-
urement of LA and RV strain requires adequate apical 
views and experience for a more reliable delineation of the 
endocardial border and for the analysis. Considering the 
analysed biochemical parameters, this study lacks the data 
derived from newer biomarkers, such as suppression of 
tumorigenicity 2 (ST2). Furthermore, it has not been pos-
sible to assess lactate level and central oxygen saturation 
in every patient, since in cases of mild decompensation of 
HF our CCU protocol does not advise the placement of a 
central venous catheter.

Conclusions

To the best of our knowledge, this is the first prospec-
tive study that proposed a predictive score of mortality 
and short-term outcome in patients presenting with AHF, 
including biochemical and advanced echocardiographic 
parameters. Our risk score is composed of five elements, 
such as CRP, haemoglobin, creatinine clearance, PALS 
and RVFWSL. The proposed risk score, highly feasible 
even in intensive care unit, could provide a rapid assess-
ment of the prognosis of patients presenting with AHF and 
help the clinician to adopt the optimal therapeutic strategy.
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