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Abstract: The Emergency Heart Failure Mortality Risk Grade (EHMRG) can predict short-term
mortality in patients admitted for acute heart failure (AHF) in the emergency department (ED). This
paper aimed to evaluate if TAPSE/PASp, an echocardiographic marker of ventricular desynchro-
nization, can improve in-hospital death prediction in patients at moderate-to-high risk, according to
EHMRG score classification. From 1 January 2018 to 30 December 2019, we retrospectively enrolled
all the consecutive subjects admitted to our Internal Medicine Department for AHF from the ED. We
performed bedside echocardiography within the first 24 h of admission. We evaluated EHMRG and
NYHA in the ED, days of admission in Internal Medicine, and in-hospital mortality. We assessed
cutoffs with ROC curve analysis and survival with Kaplan-Meier and Cox regression. We obtained
a cohort of 439 subjects; 10.3% underwent in-hospital death. Patients with normal TAPSE/PASp
in EHMRG Classes 4, 5a, and 5b had higher survival rates (100%, 100%, and 94.3%, respectively),
while subjects with pathologic TAPSE/PASp had lower survival rates (81.8%, 78.3%, and 43.4%,
respectively) (p < 0.0001, log-rank test). TAPSE/PASp, an echocardiographic marker of ventricular
desynchronization, can further stratify the risk of in-hospital death evaluated by EHMRG.

Keywords: acute heart failure; echocardiography; TAPSE/PASp; EHMRG score; clinical score; prognosis

1. Introduction

Heart failure (HF) is a global public health problem characterized by high mortality
and increased hospitalization rates [1]. Acute heart failure (AHF) is often managed first in
the emergency department (ED); approximately one third of AHF patients are discharged
directly or managed in short-stay [2], while others are admitted to cardiology or inter-
nal medicine departments. Patients discharged directly from the ED have the highest
risk of short-term adverse outcomes [3]; these subjects show high mortality, increased
re-hospitalization rates leading to lower quality of life, and increased healthcare costs [4].
AHF may present with heterogeneous symptoms and several degrees of severity that do
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not necessarily correlate with prognosis. In fact, patients with more severe clinical symp-
toms may have a more favorable prognosis than patients with milder presentations [5,6].
Since there is no consistent clinical-prognostic association, adopting only clinical judgment
in the ED leads to over-hospitalization of low-risk patients, while the higher-risk ones
could be inappropriately discharged [7]. Therefore, formal risk stratification is necessary to
optimize patients’ management, adopting specific scores that can be applied before making
decisions about patients” disposition [3]. Currently, there are many clinical scores to stratify
AHF prognosis, but most of them have been validated only in specific settings, and their
generalization should be cautious especially in Emergency Departments, Intensive Care
Units (ICU), and Internal Medicine departments. In fact, several robust and validated
scores shown low accuracy in predicting short-term mortality in specific settings, as in the
ICU [8] or ED [9]. Moreover, regional variations of risk factors and comorbidities, mainly
due to different standards of living, life expectancy, quality of care, and efficacy of sanitary
systems, can account for a substantial variation of accuracy of predictive scores in different
populations [10]. Several predictive systems have been designed and validated specifically
for ED use, such as EHMRG [11], OHERS [12], MEESSI [13], and AHERS [9] scores, among
others. The use of specific prognostic tools [14] could allow resource optimization and an
ED physician’s disposition for rationalization. In particular, an accurate identification of
low-risk subjects could be useful to identify subjects who could be safely discharged from
ED or short-stay areas, since these patients show the highest risk of short-term compli-
cations [2]. For this study, we chose to adopt the EHMRG score, since it was specifically
designed in the ED to assess short-term mortality for AHF [11], ensuring a patient’s risk
stratification since their arrival. Moreover, it was validated in different populations with
similar results [15,16]. We aimed to assess, in a population of elderly subjects admitted
for AHE, whether a sequential approach based on an initial EHMRG evaluation, and a
subsequent risk stratification based on an echocardiographic marker, namely TAPSE/PASp,
was able to identify patients at lower risk of short-term mortality among subjects classified
as in moderate-to-high risk according to EHMRG score classification.

2. Materials and Methods

In the timeframe between 1 January 2018 and 30 December 2019, we retrospectively
assessed all the consecutive patients evaluated in the ED of INRCA-IRCSS Hospital (Os-
imo, Ancona, Italy) and subsequently admitted with an AHF diagnosis to the Internal
Medicine department of the same hospital. The INRCA-IRCSS (National Institute for Care
and Research in Ageing) Hospital of Osimo (Ancona, Italy) is fully dedicated to the care
and research of geriatric diseases, and it is specialized in acute care of elderly patients.
Regarding AHF, the ED of the structure has a direct access to the Internal Medicine de-
partment. Patients affected AHF associated to other acute illnesses, as for example acute
coronary syndromes (both STE and NSTE) requiring urgent revascularization, arrhythmias
requiring pacing, acute valvular diseases or cardiac diseases requiring cardiac surgery,
or associated critical illnesses requiring intensive care unit admission (i.e., pulmonary
embolism, septic or cardiogenic shock) are directly sent or to the INRCA cardiac care unit
or to a larger tertiary-care hospital after pre-hospital or ED evaluation. Thus, “very-high
risk” clinical conditions were not present in the enrolled cohort, which comprised mostly
patients affected by acutely decompensated heart failure (ADHF) or de novo AHF due to
medical conditions (arrhythmias, hypertensive crises, and other causes). The diagnosis of
ADHEF/AHF was given by the attending physician according to the ESC 2016 guidelines
that were current at the moment of the study [17]. For each enrolled subject, we collected
the following data: age, sex, days of admission, BNP values at admission (pg/mL), and
NYHA class. At ED arrival, we calculated, for each subject, the EHMRG score by assessing
the necessary items: arrival by ambulance, systolic blood pressure (SBP), heart rate (HR),
oxygen saturation (SpO;), serum potassium levels, serum creatinine levels, serum troponin
levels, presence of active cancer, and metolazone use. We then calculated the absolute
EHMRG score, according to its original definition, as synthesized in Table 1; then we
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categorized the patients into the six EHMRG quintile categories (Class 1: —49.1; Class 2:
from —49.0 to —15.9; Class 3: from —15.8 to 17.9; Class 4: from 18.0 to 56.5; Class 5a: from

56.6 to 89.3; Class 5b: 89.4) [11].

Table 1. EHMRG Score calculation.

Variable Units Factor
Age years 2 X Age
ED arrival by ambulance If “yes” +60
SBP mmHg —1 x SBP
Heart Rate beats/min 1 x heart rate
Oxygen Saturation Y% —2 x Oxygen Saturation
Creatinine mg/dL 20 x Creatinine
e 40-45mmol/L e 0
Potassium . >4.6 mmol/L ° +30
. <3.9 mmol/L ) +5
Troponin > ULN +60
Active cancer If “yes” +45
Metolazone at home If “yes” +60
Adjustment factor +12
Total EHMRG Score

Legend: EHMRG = Emergency Heart Failure Mortality Risk Grade; ED = emergency department; SBP = systolic
blood pressure; ULN = upper limit of normal.

Within 24 h from hospital admission, patients were submitted to an extended bedside
echocardiography evaluating eyeballing left ventricle ejection fraction (LVEF), classified as
reduced and preserved, E/e’ ratio, E/ A ratio, TAPSE (mm), PASp (mmHg), TAPSE/PASp
ratio (mm/mmHg), and indexed left atrial volume (ml/m?). These measurements followed
ASE guidelines for transthoracic cardiac ultrasound assessment [18].

2.1. Ethical Issues

This study was authorized in 06.05.2021 by the INRCA-IRCSS Ethical Committee (CE
INRCA, protocol no 21011/21-CE), and then approved by INRCA Hospital (protocol n° 193,
26 May 2021). All patients gave their informed consent and were treated according to the
guidelines current at the time of the study and to the Helsinki declaration and followed the
Declaration of Helsinki Ethical Principles for Medical Research Involving Human Subjects.

2.2. Inclusion and Exclusion Criteria

We included in the analysis all the subjects admitted to the Internal Medicine depart-
ment from ED with a diagnosis of AHF, aged 60 or more years. We adopted the same
exclusion criteria of the original EHMRG study [11]: (i) transfer from another department
(ICU, Cardiology, Pneumology) or direct admission from the HF ward, (ii) patients on
end-of-life care due to active cancer or other terminal comorbidities, (iii) dialysis-dependent
subjects. We also excluded patients with incomplete data that did not allow us to calculate
correctly the EHMRG score. We did not exclude patients without available echocardio-
graphic data. However, if the exam was performed after the first 24 h from admission, we
did not use the echocardiographic data.

2.3. Statistical Analysis

Anonymized data were collected in an electronic database. Continuous variables were
tested for normality using the Kolmogorov—Smirnov test: normally distributed variables
were presented as mean and standard deviation (SD) and compared with the t-test (two
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variables) or ANOVA test (multilevel variables). Non-normally distributed variables were
presented as median and interquartile range [IQR] and compared with the non-parametric
Mann-Whitney U-test (two variables) or Kruskal-Wallis H-test (multilevel variables). We
considered and analyzed as continuous the following variables: age, sex, days of admission,
BNP values on admission (pg/mL), BNP values on discharge (pg/mL), SBP, HR, SpO5,
serum potassium, creatinine and troponin levels, absolute EHMRG score value, E/e’ ratio,
E/A ratio, TAPSE (mm), PASp (mmHg), TAPSE/PASp ratio (mm/mmHg), and indexed left
atrial volume (ml/m?2). Categorical and dichotomous variables were presented as absolute
numbers and percent and compared with the chi-square test. We treated as dichotomous
or categorical variables: sex, arrival in the ED by ambulance, active cancer, home use of
metolazone, and LVEF. We also coded as dichotomous (i) an abnormal troponin, defined as
a troponin level above the 99th percentile, and (ii) an abnormal potassium, defined as an
absolute potassium level < 3.9 mmol/L or >4.6 mmol/L. Sensitivity (Se), specificity (Sp),
and area under the curve (AUC) in predicting in-hospital mortality of specific continuous
variables of interest (EHMRG, TAPSE/PASp, and BNP) were assessed by ROC curve
analysis. The best cutoff point for each variable was selected by critical evaluation of
ROC curves and by adopting the Youden Index. We then selected the best cutoff point and
recoded each continuous variable into a dichotomous one. Survival analysis was performed
using Kaplan-Meier curves, adopting the log-rank test for comparison. We selected the
covariates included in the multivariate model using Pearson’s bivariate analysis. When
the outcome variable and the covariate resulted associated at a <0.05 level, we included
that variable in the final model. The full Cox regression model considered in-hospital
mortality as the main outcome variable, days of hospitalization as the temporal variable,
binary TAPSE/PASp as predictor, BNP on admission, and NYHA class as covariates, and
the categorical EHMRG variable as a stratum variable. Statistical analysis was performed
with MedCalc 10.0 (MedCalc Software) and SPSS 13.0 software (SPSS Inc., Chicago, IL,
USA) for Windows systems.

3. Results

From an initial sample of 546 subjects, we excluded 26 patients for dialysis-dependent
state, 32 for transfer from another department, and 36 for the coexistence of advanced onco-
logic pathologies requiring only end-of-life care. In total, 13 patients had incomplete clinical
and laboratoristic data, thus they were excluded from analysis. Echocardiographic data
obtained within the first 24 h were available for a sub-sample of 289 subjects. We obtained
439 consecutive patients, with a mean age of 84.6 (£7.7) years, and males representing
41.0% of the cohort. Within admission, we observed 45 in-hospital deaths, representing
10.3% of the sample. We also collected the clinical, laboratoristic, and echocardiographic
characteristics and the cause of admission [ADHF or de novo AHF] of the considered
subjects, and summarized the baseline characteristics of the sample in Table 2. Of note, the
characteristics of our cohort and the explored outcomes are similar to the original and to
the validation cohort, except for age, which is obviously higher among our subjects [11,19].

AHEF de novo (n, %)

The EHMRG score was fairly accurate in predicting in-hospital death (AUC: 0.753;
95%ClI: 0.710-0.793; p < 0.0001), as shown in Figure 1a. We observed a similar performance
when treating EHMRG as a categorical variable (AUC: 0.727; 95%CI: 0.683-0.768; p < 0.0001),
as shown in Figure 1b.

Analyzing the values of this second curve, we observed that the EHMRG score had an
optimal cutoff at category 3 in this sample. At this point, we obtained a sensitivity of 95.56%
(95%Cl: 84.9-99.5%), a specificity of 22.08% (95%Cl: 18.1-26.5%), a positive likelihood ratio
of 1.23 (95%ClI: 1.1-1.3), a negative likelihood ratio of 0.20 (95%CI: 0.05-0.8), a positive
predictive value of 12.3% (95%CI: 9.0-16.2%), and a negative predictive value of 97.8%
(95%ClI: 92.1-99.7%).
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Table 2. Baseline characteristics of the sample.

Clinical Variables All Sample (n = 439)

Age, years, (£5D) 84.6 (+£7.7)
Males (n, %) 180 (41.0%)
In-hospital death (n, %) 45 (10.3%)
NYHA class, [IQR] 4[1]
Length of hospitalization, days, [IQR] 10 [7]
BNP on admission, pg/mL, [IQR] 600.5 [805]
SBP, mmHg, (+£5SD) 127.5 (£28.1)
HR, bpm, (£SD) 89.4 (£24.6)
Sp02, %, (£SD) 91.8 (£7.3)
Creatinine, mg/dl, (+SD) 1.6 (£1.0)
Potassium, mmol/L, (£5SD) 4.00 (£0.69)
Out of range Potassium, (n, %) 180 (41.1%)
Mean Troponin, ng/mL, [IQR] 0.05 [0.10]
Increased Troponin, (n, %) 204 (46.5%)
ED arrival by ambulance, (n, %) 284 (64.7%)
Active cancer, (n, %) 77 (17.9%)
Metolazone use, (n, %) 11 (2.6%)
EHMRG, [IQR] 69 [98.4]
EHMRG Class, [IQR] 5[2]
AHF Characteristics
ADHEF (n, %) 370 (84.2%)
AHF de novo (n, %)
e  Arrhythmia e 36 (8'202/0)
e  Hypertensive Crisis : ﬁ g;gég

° Other

Echocardiographic Variables

Valid Echocardiography (1 = 289)

Preserved EF, (n, %) 172 (59.5%)
TAPSE, mm, (+SD) 16.3 (+4.85)
PASp, mmHg, (+SD) 42.1 (+13.6)
E/¢’, (+£SD) 12.3 (£9.78)
E/A, [IQR] 1.00 [1.1]

LA Volume, ml/m?, (£SD) 64.9 (+24.0)

TAPSE /PASp, mm/mmHg, (£SD)

0.435 (£0.211)

Legend: BNP = brain-derived natriuretic peptide; EHMRG = Emergency Heart Failure Mortality Risk Grade;
HR = heart rate; HFpEF = heart failure at preserved ejection fraction; IQR = interquartile range; LA = left atrium;
SBP = systolic blood pressure; NYHA = New York Heart Academy; PASp = echocardiographically estimated
pulmonary pressure; SD = standard deviation; SpO2 = oxygen saturation; TAPSE = tricuspid annulus plane
systolic excursion.

Of the echocardiographic indicators, TAPSE/PASp proved to be a useful index to
predict in-hospital mortality (AUC: 0.831; 95%CI: 0.782-0.872; p < 0.0001), as shown in
Figure 2a. TAPSE/PAPs had a sensitivity of 93.33% (95%CI: 81.7-98.6%), a specificity of
70.6% (95%CI: 64.5-76.2%), a positive likelihood ratio of 3.18 (95%Cl: 2.6-3.9), a negative
likelihood ratio of 0.094 (95%CI: 0.03-0.3), a positive predictive value of 36.8% (95%CI:
28.0-46.4%), and a negative predictive value of 98.3% (95%CI: 95.1-99.6%).
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Figure 1. ROC curves of: (a) EHMRG score, considered as a continuous variable (AUC: 0.753; 95%CI:
0.710-0.793; p < 0.0001); (b) EHMRG score, considered as a categorical variable (AUC: 0.727; 95%CI:
0.683-0.768; p < 0.0001).

TAPSE/PASp Admission BNP
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Figure 2. ROC curves of: (a) TAPSE/PASp, considered as a continuous variable (AUC: 0.831; 95%Cl:
0.782-0.872; p < 0.0001); (b) admission BNP, considered as a continuous variable (AUC: 0.667; 95%CI:
0.624-0.706; p < 0.0001).

BNP at admission resulted as a useful marker of prediction for in-hospital mortality,
even if it performed less efficiently than EHMRG or TAPSE /PASp (AUC: 0.667; 95%CI:
0.624-0.706; p < 0.0001), as shown in Figure 2b. This yielded a sensitivity of 62.86% (95%Cl:
44.9-78.5%), a specificity of 67.00% (95%Cl: 62.7-71.1%), a positive likelihood ratio of
1.90 (95%CI: 1.40-2.50), a negative likelihood ratio of 0.55 (95%CI: 0.4-0.9), a positive
predictive value of 11.9% (95%CI: 7.6-17.5%), and a negative predictive value of 96.2%
(95%CI: 93.6-98%).

The Kaplan—-Meier curves showed that—in the analyzed cohort—both the categorical
EHMRG score and the binary TAPSE/PASp were significantly associated to a different
in-hospital mortality (Figures 3 and 4). Considering EHMRG, Kaplan-Meier curves anal-
ysis showed that 100% of patients in Class 1 survived hospital admission, and that this
percentage progressively decreased as the class increased (95.0% in Class 2; 97.2% in Class 3,
93.8% in Class 4, 90.7% in Class 5a, 68.9% in Class 5b, p < 0.0001, log-rank test). According to
this analysis, 97.6% of patients with normal TAPSE/PASp did not experience death during
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hospitalization, while only 64.6% of subjects with pathological TAPSE/PASp survived to
the acute event (p < 0.0001 at log-rank test).

Kaplan Meier Survival Curve for Categorial EHMRG
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Figure 3. Kaplan-Meier curve of EHMRG, considered as a categorial variable (p = 0.0001,

log-rank test).
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Figure 4. Kaplan—-Meier curve of TAPSE/PASp, considered as a dichotomous variable (p = 0.0001,

log-rank test).
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Cum Survival

EHMRG Category: 4

Considering the impact of an additional stratification approach, we observed that
a pathological TAPSE/PASp further stratified AHF prognosis in the advanced EHMRG
classes, as Class 4 (Figure 5a), Class 5a (Figure 5b) and Class 5b (Figure 5¢). In EHMRG
class 4, a normal TAPSE/PASp was associated with 100% survival, while a pathological
TAPSE/PASp was associated with 81.8% survival (Figure 5a, p = 0.010 at log-rank test).
In EHMRG Class 5a, a normal TAPSE/PASp was associated with 100% survival, while
a pathological TAPSE /PASp was associated with 78.3% survival (Figure 5b, p = 0.010 at
log-rank test). In EHMRG Class 5b, a normal TAPSE/PASp was associated with 94.3%
survival, while a pathological TAPSE/PASp was associated with 43.4% survival (Figure 5c,
p < 0.0001 at log-rank test). This stratification, however, was of little use in the low-risk
classes (1 to 3), given the low number of events observed (two patients out of 89 in EHMRG
categories 1-3) and the close to 100% survival.

EHMRG Category: 5a
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Figure 5. Kaplan-Meier’s curves of survival for TAPSE/PASp in (a) EHMRG category 4 (p = 0.010,

log-rank test); (b) EHMRG category 5a (p = 0.010, log-rank test), (c) EHMRG category 5b (p < 0.0001,
log-rank test).

Pearson’s bivariate test underlined that in-hospital death was associated with admis-
sion BNP (correlation = 0.143; p = 0.008), NYHA class (correlation = 0.265; p = 0.0001), age
(correlation = 0.108; p = 0.024), ambulance arrival (correlation = 0.108; p = 0.023), SBP in the
ED (correlation = 0.188; p = 0.0001), serum creatinine levels in the ED (correlation = 0.248;
p = 0.0001); serum potassium (correlation = 0.103; p = 0.030), increased troponin in the
ED (correlation = 0.212, p = 0.0001), active cancer (correlation = 0.140; p = 0.003), EHMRG
(correlation = 0.292; p = 0.0001), TAPSE/PASp (correlation = 0.348; p = 0.0001), dichotomous
LVEF (correlation = 0.122; p = 0.038), left atrium volume (correlation = 0.195; p = 0.007),
EHMRG categories (correlation = 0.227; p = 0.0001), and dichotomous TAPSE/PASp
(correlation = 0.459; p = 0.0001).
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According to Pearson’s bivariate analysis results, we identified the following factors
as associated with in-hospital mortality at a level of p < 0.05, thus to be included in the
multivariate Cox test: BNP, NYHA class, categorical EHMRG, dichotomous TAPSE/PASp,
dichotomous LVEF, and left atrium volume. All of those factors associated with mortality
(age, serum potassium, serum troponin, metolazone use, active cancer, and ambulance
arrival) contained in the EHMRG score or the TAPSE/PASp were eliminated from the
multivariate test to reduce multicollinearity in the model.

The Cox analysis, carried out considering the days of hospitalization as a tempo-
ral variable, in-hospital mortality as an event variable, and categorial EHMRG, binary
TAPSE /PASp, BNP on admission, NYHA class, LVEF, and left atrium volume as predictors,
showed the results shown in Table 3. A one-point increase in EHMRG category resulted
in a 2.21-fold increase in the hazard ratio (HR) of in-hospital death. Similarly, a one-point
increase in NYHA class was associated with a 2.99-fold increase in HR. It should be noted
that the presence of pathological TAPSE/PASp is associated with an approximately 37.9-
fold HR increase, whereas BNP and LVEEF lost their predictive power in the presence of
the other variables. Small increases on LA volume were associated to small but significant
increases in the HR of in-hospital death, as shown in Table 3.

Table 3. Cox regression analysis results.

p HR 95% Confidence Interval

Lower Upper
EHMRG Category 0.01 2.206 1.180834 4.120832
TAPSE /PASp 0.001 37.69 4.09086 347.1741
NYHA Class 0.007 2.997 1.337784 6.712366
BNP at admission 0.874 1.000 0.999588 1.000484
LA Volume 0.012 1.031 1.006669 1.055831
LVEF 0.103 2.697 0.817866 8.894701

Legend: BNP = brain-derived natriuretic peptide; EHMRG = Emergency Heart Failure Mortality Risk Grade;
HR = hazard ratio LA = left atrium; LVEF = Left Ventricle Ejection Fraction; NYHA = New York Heart
Academy; PASp = echocardiographically estimated pulmonary pressure; TAPSE = tricuspid annulus plane
systolic excursion.

Performing multivariate Cox analysis in EHMRG Classes 4, 5a, and 5b, maintaining
the same covariates and TAPSE/PASp as the main predictor, we observed substantial
stability in HRs and underlined the same survival distribution observed in the Kaplan—
Meier curves, suggesting the same reclassifying ability of TAPSE/PASp only considering
the more advanced EHMRG classes.

4. Discussion

AHEF represents a major health problem, especially among elderly patients [4]. In
fact, it is characterized by both a high mortality and a high risk of early rehospitalization,
especially among patients discharged directly from the ED [2]. However, there are no
objective measures for disposition decision making, which is crucial for resource utiliza-
tion. Particularly, there is no evidence-based system to assess subjects who will benefit of
short-term or observational stays. Moreover, ED physician’s clinical gestalt is not accurate
in predicting prognosis, and it seems ineffective in identifying patients at highest risk of
adverse events or even death after a discharge disposition [5,6]. Appropriately designed
clinical and laboratoristic scores, such as EHMRG, OHFRS, and MEESS], are helpful in
guiding the ED physician to correctly discharge or admit the patient [20]. However, both
the MEESSI and OHEFRS scores [12,13] require specific laboratoristic exams or instrumental
evaluations, such as NT-pro-BNP and electrocardiographic modifications, to improve their
prediction. The original EHMRG score does not use natriuretic peptides or electrocardio-
graphic alterations to improve its performances, as shown in Table 1 [11]. This score is not
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time-expensive for the ED physician, who can calculate it from triage data and common
laboratory exams with an easy calculation or several free smartphone apps. Moreover,
cardiac and lung ultrasound is suggested at the admission of the patient with AHF to
perform a differential diagnosis and to improve the AHF diagnosis itself [1,17]. Thus, a se-
quential approach based on both EHMRG and a consecutive echocardiographic assessment
could be considered to improve the prognostic assessment in AHF without adding further
examinations to the current suggested management.

Bedside echocardiography is becoming widely adopted in emergency settings, cur-
rently performed by the attending physician in the ED in the first hours from patient’s
arrival or by the cardiologist or internal medicine specialist in the first hours following the
admission [21]. Bedside assessment also allows the non-cardiologist to perform an accu-
rate differential diagnosis, an instrumental follow-up to assess treatment response, and a
functional and prognostic appraisal [22,23]. This technique requires a specific training [24],
and it is widely used in the ED to assess critical conditions as acute heart failure [23,25],
pulmonary embolism [26-28], pericardial effusion [29,30], and shock states [31]. In the
setting of AHF, bedside echocardiography allows medical staff to obtain reliable infor-
mation regarding LVEF, right ventricle function, tricuspid regurgitant velocity, diastolic
dysfunction, and atrial volumes [23]. Echocardiographic techniques are rapidly improving,
and several newer methods have been suggested to improve the assessment of specific
functions [32]. In our study, we chose to adopt TAPSE/PASp since this marker is strongly
associated with AHF prognosis, and appears to be quite independent from left ventricle
pathophysiology [33,34], which can be difficultly assessed in an emergency setting and
in the first hours of admission. In fact, transthoracic LVEF evaluation can be affected by
several physiological, technical, and clinical issues [35], and the described inter- and intra-
observer variability of LVEF could imply a misclassification of the subjects [36]. Right-sided
parameters, such as TAPSE and PASp, show a good intra-observer and inter-observer
reliability [37], and have been directly associated to the degree of lung congestion, to a
reduced decongestion after diuretic treatment, to increased natriuretic peptides at the
admission [38], and to a globally worse prognosis in AHF, independently of LVEF [33].

Our study confirmed literature data, showing that both EHMRG and TAPSE /PASp
predicted short-term prognosis in AHF adequately [11,15,39]. The most remarkable aspect
of both tests was a good negative predictive value, thus being able to identify patients
who will not undergo to in-hospital death. According to these properties, we observed
a low risk of in-hospital death in EHMRG categories 1-3, similar to the one described in
the original cohort [11]. Performing a bedside echocardiography in low-risk categories
is still necessary for a differential diagnosis with other causes of dyspnea, and to guide
pharmacological and non-pharmacological interventions, but little is added to EHMRG
prediction; these patients showed an overall survival of 97.8% (89 subjects, two patients
experiencing in-hospital death).

Patients in Classes from 4 to 5b showed an overall lower survival rate, 87.7% (350 subjects,
with 43 in-hospital deaths), but the prediction of short-term risk improved with the use of
a sequential evaluation of TAPSE/PASp after EHMRG. In fact, considering the subgroup
of patients submitted to bedside echography, we observed that a normal TAPSE/PAPs
was able to identify patients with a lower risk of in-hospital death. In EHMRG Class
4 (64 subjects), we observed an overall of four deaths, with zero deaths in the normal
TAPSE /PASp subgroup. In EHMRG Class 5a (54 subjects), we observed five deaths, with
no cases in the normal TAPSE /PASp subgroup. Lastly, in EHMRG Class 5b (106 patients),
we observed 34 deaths, only three of which occurred in the normal TAPSE/PASp group.

Thus, subjects assessed to the ED for a diagnosis of AHF had a low-risk of short-term
mortality if in EHMRG categories 1 to 3. Patients in high-risk categories (from EHMRG
category 4 to 5b), if further assessed with TAPSE/PASp, showed a low risk of short-
term events, similar to the one of lower-risk categories, if TAPSE/PASp was normal. A
clinical, laboratoristic, and echocardiographic method could help the physician improving



Diagnostics 2022, 12, 478

110f15

the prognostic assessment in elderly AHF subjects, as well as in other settings, such as
pulmonary embolism [26].

Prediction of short-term survival is a key element in the management of AHF for both
the ED physician and the internal medicine or cardiology specialist. A good prognostic
pathway could be helpful guiding ED physician’s dispositions to admit or discharge safely
and allowing resources optimization. Moreover, while cardiologists have already optimized
and validated for their environment several prognostic scales for AHF, as ADHERE and
OPTIMIZE-HF [40,41], internal medicine specialists lack of scores specifically validated for
their populations that are often older and burdened by several comorbidities, and differ
substantially from cardiology inpatients [42]. This issue has already been observed in other
pathologies, as for example in subjects with sepsis [43], as well as subjects with pre-existing
atrial fibrillation [44,45] admitted to Internal Medicine departments. EHMRG contains
several items that are currently adopted in the prognostication of AHF and other critical
illnesses in internal medicine, such as age, systolic blood pressure, creatinine, electrolyte
imbalances, and troponin increase. These markers have a defined prognostic role also in
other critical illnesses, often managed outside a cardiologic departments, such as sepsis and
septic shock [46-50], pulmonary embolism [51], and pneumonia [52-55]. Thus, the adoption
of these items in a predictive score seems more useful for an older, more complex, and less
selected population, as the one commonly observed in the ED and in Internal Medicine.
Of note, several papers underlined the modifications of the heart in specific comorbid
conditions, such as chronic kidney disease [56], suggesting morphological differences that
should also be taken into account when assessing a patient in Internal Medicine.

The current study has several limitations. Its single-center, retrospective design only
allows suggesting hypotheses that should be validated in larger, multi-center, and prospec-
tive studies. To reduce bias, it would be interesting to assess survival in all the patients
admitted to ED and then discharged. In fact, the current population analyzes only admitted
subjects, and this could interfere with the generalizability of our results. Moreover, the
reduced number of subjects in each subgroup strongly advocates larger numbers to confirm
our observations.

5. Conclusions

EHMRG score is useful also in elderly patients admitted to Internal Medicine from
the ED to assess AHF prognosis, and could be used to optimize patients’ management,
thus could be useful to identify those at a lower risk of short-term death. A sequential
assessment with bedside ultrasound adopting TAPSE/PASp could extend the EHMRG
capacity to identify a lower risk of short-term death even among patients classified at a
higher risk of death, thus allowing the physician to optimize the resource management and
patients’ allocation.

Author Contributions: L.F. and N.T. conceived the main conceptual ideas and planned the current
study; C.S. and M.M. collected the data and prepared the database; L.F. carried out the statistical
analysis; L.E, V.Z,N.T,, AF, LD, E.G., CE,MS, LG, G.V, AP. and M.B. wrote the original draft
of the manuscript; L.F,, VZ,N.T.,, AF, 1D, EG, CF,MS, LG, GV,CS,MM., AP,MB., GM.
and M.L. corrected the final version of the manuscript; A.P.,, G.M., M.B., N.T. and L.F. supervised the
study. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was authorized on 6 May 2021 by the INRCA-
IRCSS Ethical Committee (CE INRCA, protocol n° 21011/21-CE) and then approved by INRCA
Hospital (protocol n® 193, 26 May 2021). All patients gave their informed consent and were treated
accordingly to the Helsinki declaration.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: The study data are available upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.



Diagnostics 2022, 12, 478 12 of 15

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

McDonagh, T.A.; Metra, M.; Adamo, M.; Gardner, R.S.; Baumbach, A.; Bohm, M.; Burri, H.; Butler, J.; Celutkiene, J.; Chioncel, O.
2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur. Heart J. 2021, 21, 3599-3726. Available
online: https:/ /academic.oup.com/eurheartj/article/42/36/3599 /6358045 (accessed on 10 January 2022). [CrossRef] [PubMed]
Lee, D.S.; Schull, M.].; Alter, D.A.; Austin, P.C.; Laupacis, A.; Chong, A.; Tu, ].V.; Stukel, T.A. Early Deaths in Patients With Heart
Failure Discharged From the Emergency Department. Circ. Heart Fail. 2010, 3, 228-235. [CrossRef] [PubMed]

Michaud, A.M.; Parker, S.I.A.; Ganshorn, H.; Ezekowitz, ].A.; McRae, A.D. Prediction of Early Adverse Events in Emergency
De-partment Patients with Acute Heart Failure: A Systematic Review. Can. J. Cardiol. 2018, 34, 168-178. Available online:
https:/ /linkinghub.elsevier.com/retrieve /pii/S0828282X17309911 (accessed on 10 January 2022). [CrossRef]

Ezekowitz, J.A.; Bakal, J.A.; Kaul, P.; Westerhout, C.M.; Armstrong, PW. Acute heart failure in the emergency department:
Short and long-term outcomes of elderly patients with heart failure. Eur. ]. Heart Fail. 2008, 10, 308-314. Available online:
http:/ /doi.wiley.com/10.1016/j.ejheart.2008.01.014 (accessed on 10 January 2022). [CrossRef]

Poses, R.M.; Smith, W.R.; McClish, D.K.; Huber, E.C.; Clemo, FL.W.; Schmitt, B.P; Alexander-Forti, D.; Racht, EIM.; Colenda, C.C.;
Centor, R.M. Physicians’ survival predictions for patients with acute congestive heart failure. Arch. Intern. Med. 1997, 157, 1001.
Available online: http:/ /archinte jamanetwork.com/article.aspx?doi=10.1001/archinte.1997.00440300111009 (accessed on 10
January 2022). [CrossRef] [PubMed]

Hauptman, PJ.; Swindle, J.; Hussain, Z.; Biener, L.; Burroughs, T.E. Physician Attitudes Toward End-Stage Heart Failure: A
National Survey. Am. . Med. 2008, 121, 127-135. Available online: https://linkinghub.elsevier.com/retrieve/pii/S0002934307009
278 (accessed on 10 January 2022). [CrossRef]

Miré, O.; Gorlicki, J.; Peacock, W.F. Emergency physicians, acute heart failure and guidelines: ‘the words of the prophets are
written on the subway walls’. Eur. |. Emerg. Med. 2021, 29, 9-11. Available online: https:/ /journals.lww.com/10.1097 /ME].0000
000000000897 (accessed on 10 January 2022). [CrossRef] [PubMed]

Rey, H.; Rangel, F; Bittencourt, M.; Rocha, R.; Marins, A.; Almeida, G.; Bernardo, E.; Salgado, C.; Esporcatte, R. Validation of the
ADHERE model for risk stratification in patients with acute heart failure admitted to the critical care unit. Crit. Care 2005, 9, P35.
Available online: https://ccforum.biomedcentral.com/articles/10.1186/cc3579 (accessed on 10 January 2022). [CrossRef]
Garcia-Gutierrez, S.; On behalf of AHFRS Group; Quintana, ].M.; Antén-Ladislao, A.; Gallardo, M.S.; Pulido, E.; Rilo, I.; Zubillaga,
E.; Morillas, M.; Onaindia, J.J.; et al. Creation and validation of the acute heart failure risk score: AHERS. Intern. Emerg. Med. 2017,
12,1197-1206. Available online: http:/ /link.springer.com/10.1007 /s11739-016-1541-4 (accessed on 10 January 2022). [CrossRef]
Ambrosy, A.P.,; Fonarow, G.C.; Butler, J.; Chioncel, O.; Greene, S.J.; Vaduganathan, M.; Nodari, S.; Lam, C.S.; Sato, N.; Shah,
AN_; et al. The Global Health and Economic Burden of Hospitalizations for Heart Failure. . Am. Coll. Cardiol. 2014, 63, 1123-1133.
Available online: https:/ /linkinghub.elsevier.com /retrieve /pii/S0735109714002915 (accessed on 10 January 2022). [CrossRef]
Lee, D.S,; Stitt, A.; Austin, P.C,; Stukel, T.A.; Schull, M.].; Chong, A.; Newton, G.E,; Lee, ].S.; Tu, J.V. Prediction of heart failure
mortality in emergent care: A cohort study. Ann. Intern. Med. 2012, 156, 767-775. Available online: https://pubmed.ncbi.nlm.nih.
gov /22665814 / (accessed on 23 October 2020). [CrossRef] [PubMed]

Stiell, I.G.; Clement, C.M.; Brison, R.J.; Rowe, B.H.; Borgundvaag, B.; Aaron, S.D.; Lang, E.; Calder, L.A.; Perry, ].].; Forster,
A, etal. A Risk Scoring System to Identify Emergency Department Patients with Heart Failure at High Risk for Serious Adverse
Events. Acad. Emerg. Med. 2013, 20, 17-26. [CrossRef]

Mir6, O.; Rossello, X.; Gil, V.; Martin-Sanchez, EJ.; Llorens, P.; Herrero-Puente, P.; Jacob, J.; Bueno, H.; Pocock, S.J.; On behalf of the
ICA-SEMES Research Group. Predicting 30-Day Mortality for Patients with Acute Heart Failure in the Emergency Department.
Ann. Intern. Med. 2017, 167, 698-705. [CrossRef] [PubMed]

Mir6, O.; Levy, PD.; Mockel, M.; Pang, P.; Lambrinou, E.; Bueno, H.; Hollander, ].E.; Harjola, V.-P.; Diercks, D.B.; Gray, A.].; et al.
Disposition of emergency department patients diagnosed with acute heart failure. Eur. J. Emerg. Med. 2017, 24, 2-12. [CrossRef]
Gil, V; Miré, O.; Schull, M.J.; Llorens, P.; Herrero-Puente, P,; Jacob, J.; Rios, J.; Lee, D.; Martin-Sanchez, EJ. Emergency
Heart Failure Mortality Risk Grade score performance for 7-day mortality prediction in patients with heart failure attended
at the emergency department: Validation in a Spanish cohort. Eur. ]. Emerg. Med. 2018, 25, 169-177. Available online:
https:/ /journals.Iww.com/00063110-201806000-00004 (accessed on 10 January 2022). [CrossRef]

Garg, N.; Pekmezaris, R.; Stevens, G.; Becerra, A.Z.; Kozikowski, A.; Patel, V.; Haddad, G.; Levy, P.; Kumar, P; Becker, L.
Performance of Emergency Heart Failure Mortality Risk Grade in the Emergency Department. West. |. Emerg. Med. 2021, 22,
672-677. [CrossRef]

Ponikowski, P.; Voors, A.A.; Anker, S.D.; Bueno, H.; Cleland, ].G.E; Coats, A.].S,; Falk, V.; Gonzalez-Juanatey, J.R.; Harjola, V.P;
Jankowska, E.A.; et al. 2016 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur. Heart J. 2016,
37,2129-2200. Available online: https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehw128 (accessed
on 10 March 2018). [CrossRef]

Lang, R.M.; Badano, L.P; Mor-Avi, V.; Afilalo, J.; Armstrong, A.; Ernande, L.; Flachskampf, F.A.; Foster, E.; Goldenstein, S.A.;
Kuznetsova, T. Recommendations for Cardiac Chamber Quanti-fication by Echocardiography in Adults: An Update from the
American Society of Echocardiography and the European As-sociation of Cardiovascular Imaging. J. Am. Soc. Echocardiogr. 2015,
28,1-39.e14. Available online: https:/ /linkinghub.elsevier.com/retrieve/pii/S0894731714007457 (accessed on 10 January 2022).
[CrossRef] [PubMed]


https://academic.oup.com/eurheartj/article/42/36/3599/6358045
http://doi.org/10.1093/eurheartj/ehab368
http://www.ncbi.nlm.nih.gov/pubmed/34447992
http://doi.org/10.1161/CIRCHEARTFAILURE.109.885285
http://www.ncbi.nlm.nih.gov/pubmed/20107191
https://linkinghub.elsevier.com/retrieve/pii/S0828282X17309911
http://doi.org/10.1016/j.cjca.2017.09.004
http://doi.wiley.com/10.1016/j.ejheart.2008.01.014
http://doi.org/10.1016/j.ejheart.2008.01.014
http://archinte.jamanetwork.com/article.aspx?doi=10.1001/archinte.1997.00440300111009
http://doi.org/10.1001/archinte.1997.00440300111009
http://www.ncbi.nlm.nih.gov/pubmed/9140271
https://linkinghub.elsevier.com/retrieve/pii/S0002934307009278
https://linkinghub.elsevier.com/retrieve/pii/S0002934307009278
http://doi.org/10.1016/j.amjmed.2007.08.035
https://journals.lww.com/10.1097/MEJ.0000000000000897
https://journals.lww.com/10.1097/MEJ.0000000000000897
http://doi.org/10.1097/MEJ.0000000000000897
http://www.ncbi.nlm.nih.gov/pubmed/34932028
https://ccforum.biomedcentral.com/articles/10.1186/cc3579
http://doi.org/10.1186/cc3579
http://link.springer.com/10.1007/s11739-016-1541-4
http://doi.org/10.1007/s11739-016-1541-4
https://linkinghub.elsevier.com/retrieve/pii/S0735109714002915
http://doi.org/10.1016/j.jacc.2013.11.053
https://pubmed.ncbi.nlm.nih.gov/22665814/
https://pubmed.ncbi.nlm.nih.gov/22665814/
http://doi.org/10.7326/0003-4819-156-11-201206050-00003
http://www.ncbi.nlm.nih.gov/pubmed/22665814
http://doi.org/10.1111/acem.12056
http://doi.org/10.7326/M16-2726
http://www.ncbi.nlm.nih.gov/pubmed/28973663
http://doi.org/10.1097/MEJ.0000000000000411
https://journals.lww.com/00063110-201806000-00004
http://doi.org/10.1097/MEJ.0000000000000422
http://doi.org/10.5811/westjem.2021.1.48978
https://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehw128
http://doi.org/10.1093/eurheartj/ehw128
https://linkinghub.elsevier.com/retrieve/pii/S0894731714007457
http://doi.org/10.1016/j.echo.2014.10.003
http://www.ncbi.nlm.nih.gov/pubmed/25559473

Diagnostics 2022, 12, 478 13 of 15

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Lee, D.S,; Lee, ].S.; Schull, M ].; Borgundvaag, B.; Edmonds, M.L.; Ivankovic, M.; McLeod, S.L.; Dreyer, ]J.E,; Sabbah, S.; Levy,
P.D,; et al. Prospective Validation of the Emergency Heart Failure Mortality Risk Grade for Acute Heart Failure. Circulation 2019,
139, 1146-1156. Available online: https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.118.035509 (accessed on 10
January 2022). [CrossRef]

Ho, E.C.; Schull, M.].; Lee, D.S. The Challenge of Heart Failure Discharge from the Emergency Department. Curr. Heart Fail.
Rep. 2012, 9, 252-259. Available online: http://link.springer.com/10.1007/s11897-012-0100-1 (accessed on 10 January 2022).
[CrossRef]

Papadimitriou, L.; Georgiopoulou, V.V.; Kort, S.; Butler, J.; Kalogeropoulos, A.P. Echocardiography in Acute Heart Failure: Current
Perspectives. J. Card. Fail. 2016, 22, 82-94. Available online: https:/ /linkinghub.elsevier.com/retrieve/pii/51071916415006673
(accessed on 10 January 2022). [CrossRef] [PubMed]

Lancellotti, P.; Price, S.; Edvardsen, T.; Cosyns, B.; Neskovic, A.; Dulgheru, R.; Flachskampf, FA.; Hassager, C.; Pasquet, A.;
Gargani, L.; et al. The use of echocardiography in acute cardiovascular care: Recommendations of the European Association
of Cardiovascular Imaging and the Acute Cardiovascular Care Association. Eur. Heart. ]. Cardiovasc. Imaging 2015, 16,
119-146. Available online: https://academic.oup.com/ehjcimaging/article-lookup/doi/10.1093/ehjci/jeu210 (accessed on
10 January 2022). [CrossRef] [PubMed]

Price, S.; Platz, E.; Cullen, L.; Tavazzi, G.; Christ, M.; Cowie, M.R.; Maisel, A.S.; Masip, ]J.; Miro, O.; McMurray, J.J.; et al.
Expert consensus document: Echocardiography and lung ultrasonography for the assessment and management of acute heart
failure. Nat. Rev. Cardiol. 2017, 14, 427-440. Available online: http:/ /www.nature.com/articles /nrcardio.2017.56 (accessed on
10 January 2022). [CrossRef] [PubMed]

Arienti, V.; Di Giulio, R.; Cogliati, C.; Accogli, E.; Aluigi, L.; Corazza, G.R. Bedside Ultrasonography (US), Echoscopy and US Point
of Care as a new kind of stethoscope for Internal Medicine Departments: The training program of the Italian Internal Medicine
Society (SIMI). Intern. Emerg. Med. 2014, 9, 805-814. Available online: http://link.springer.com/10.1007 /s11739-014-1113-4
(accessed on 10 January 2022). [CrossRef]

Russell, EM.; Rutz, M.; Pang, P.S. Focused Ultrasound In The Emergency Department For Patients With Acute Heart Failure. Card.
Fail. Rev. 2015, 1, 83-86. Available online: https://www.cfrjournal.com/articleindex/cfr.2015.1.2.83 (accessed on 10 January 2022).
[CrossRef] [PubMed]

Falsetti, L.; Zaccone, V.; Marra, A.; Tarquinio, N.; Viticchi, G.; Sampaolesi, M.; Riccomi, F.; Giovenali, L.; Ferrini, C.; Moroncini,
G.; et al. Clinical Method Applied to Focused Ultrasound: The Case of Wells” Score and Echocardiography in the Emergency
Department: A Systematic Review and a Meta-Analysis. Medicina (B Aires) 2021, 57, 766. Available online: https://www.mdpi.
com/1648-9144/57/8/766 (accessed on 10 January 2022). [CrossRef]

Demelo-Rodriguez, P.; Galeano-Valle, F; Salzano, A.; Biskup, E.; Vriz, O.; Cittadini, A.; Falsetti, L.; Ranieri, B.; Russo, V.; Stanziola,
A.A; et al. Pulmonary Embolism. Heart Fail Clin. 2020, 16, 317-330. Available online: https:/ /linkinghub.elsevier.com/retrieve/
pii/S1551713620300222 (accessed on 10 January 2022). [CrossRef]

Falsetti, L.; Marra, A.M.; Zaccone, V.; Sampaolesi, M.; Riccomi, F.; Giovenali, L.; Guerrieri, E.; Viticchi, G.; D’Agostino, A.; Gentili,
T.; et al. Echocardiographic predictors of mortality in intermediate-risk pulmonary embolism. Int. Emerg. Med. 2022, 1-13.
Available online: https:/ /link.springer.com/10.1007/s11739-021-02910-w (accessed on 10 January 2022). [CrossRef]

Perera, P.; Mandavia, D.; Goodman, A.; Mailhot, T. The role of bedside ultrasound in the diagnosis of pericardial effusion and
cardiac tamponade. ]. Emergencies Trauma Shock 2012, 5, 72-75. Available online: http://www.onlinejets.org/text.asp?2012/5/1/7
2/93118 (accessed on 10 January 2022). [CrossRef]

Ceriani, E.; Cogliati, C. Update on bedside ultrasound diagnosis of pericardial effusion. Intern. Emerg. Med. 2016, 11, 477-480.
Available online: http://link.springer.com/10.1007 /s11739-015-1372-8 (accessed on 10 January 2022). [CrossRef]

Griffee, M.].; Merkel, M.]J.; Wei, K.S. The Role of Echocardiography in Hemodynamic Assessment of Septic Shock. Crit. Care
Clin. 2010, 26, 365-382. Available online: https://linkinghub.elsevier.com/retrieve/pii/S0749070410000023 (accessed on
10 January 2022). [CrossRef] [PubMed]

Bentivegna, E.; Luciani, M.; Martelletti, P. New Model for Non-Invasive Echocardiographic Assessment of Pulmonary-Capillary
Wedge Pressure in Patients with Aortic and Mitral Regurgitation. SN Compr. Clin. Med. 2020, 2, 914-918. Available online:
https:/ /link.springer.com/10.1007 /s42399-020-00347-4 (accessed on 10 January 2022). [CrossRef]

Guazzi, M.; Bandera, F,; Pelissero, G.; Castelvecchio, S.; Menicanti, L.; Ghio, S.; Temporelli, P.L.; Arena, R. Tricuspid annular plane
systolic excursion and pulmonary arterial systolic pressure relationship in heart failure: An index of right ventricular contractile
function and prognosis. Am. J. Physiol. Circ. Physiol. 2013, 305, H1373-H1381. Available online: https://www.physiology.org/
doi/10.1152/ajpheart.00157.2013 (accessed on 10 January 2022). [CrossRef] [PubMed]

Santas, E.; De La Espriella, R.; Chorro, EJ.; Palau, P.; Mifiana, G.; Heredia, R.; Amiguet, M.; Merenciano, H.; Sanchis, J.; Lupdn,
J.; et al. Right Ventricular Dysfunction Staging System for Mortality Risk Stratification in Heart Failure with Preserved Ejection
Fraction. J. Clin. Med. 2020, 9, 831. Available online: https://www.mdpi.com/2077-0383/9/3/831 (accessed on 10 January 2022).
[CrossRef]

Marwick, T.H. Ejection Fraction Pros and Cons. J. Am. Coll. Cardiol. 2018, 72, 2360-2379. Available online: https:/ /linkinghub.
elsevier.com/retrieve/pii/S0735109718383542 (accessed on 10 January 2022). [CrossRef]

McGowan, J.H.; Cleland, J.G. Reliability of reporting left ventricular systolic function by echocardiography: A systematic review
of 3 methods. Am. Hear. ]. 2003, 146, 388-397. [CrossRef]


https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.118.035509
http://doi.org/10.1161/CIRCULATIONAHA.118.035509
http://link.springer.com/10.1007/s11897-012-0100-1
http://doi.org/10.1007/s11897-012-0100-1
https://linkinghub.elsevier.com/retrieve/pii/S1071916415006673
http://doi.org/10.1016/j.cardfail.2015.08.001
http://www.ncbi.nlm.nih.gov/pubmed/26277267
https://academic.oup.com/ehjcimaging/article-lookup/doi/10.1093/ehjci/jeu210
http://doi.org/10.1093/ehjci/jeu210
http://www.ncbi.nlm.nih.gov/pubmed/25378470
http://www.nature.com/articles/nrcardio.2017.56
http://doi.org/10.1038/nrcardio.2017.56
http://www.ncbi.nlm.nih.gov/pubmed/28447662
http://link.springer.com/10.1007/s11739-014-1113-4
http://doi.org/10.1007/s11739-014-1113-4
https://www.cfrjournal.com/articleindex/cfr.2015.1.2.83
http://doi.org/10.15420/cfr.2015.1.2.83
http://www.ncbi.nlm.nih.gov/pubmed/28785437
https://www.mdpi.com/1648-9144/57/8/766
https://www.mdpi.com/1648-9144/57/8/766
http://doi.org/10.3390/medicina57080766
https://linkinghub.elsevier.com/retrieve/pii/S1551713620300222
https://linkinghub.elsevier.com/retrieve/pii/S1551713620300222
http://doi.org/10.1016/j.hfc.2020.03.004
https://link.springer.com/10.1007/s11739-021-02910-w
http://doi.org/10.1007/s11739-021-02910-w
http://www.onlinejets.org/text.asp?2012/5/1/72/93118
http://www.onlinejets.org/text.asp?2012/5/1/72/93118
http://doi.org/10.4103/0974-2700.93118
http://link.springer.com/10.1007/s11739-015-1372-8
http://doi.org/10.1007/s11739-015-1372-8
https://linkinghub.elsevier.com/retrieve/pii/S0749070410000023
http://doi.org/10.1016/j.ccc.2010.01.001
http://www.ncbi.nlm.nih.gov/pubmed/20381726
https://link.springer.com/10.1007/s42399-020-00347-4
http://doi.org/10.1007/s42399-020-00347-4
https://www.physiology.org/doi/10.1152/ajpheart.00157.2013
https://www.physiology.org/doi/10.1152/ajpheart.00157.2013
http://doi.org/10.1152/ajpheart.00157.2013
http://www.ncbi.nlm.nih.gov/pubmed/23997100
https://www.mdpi.com/2077-0383/9/3/831
http://doi.org/10.3390/jcm9030831
https://linkinghub.elsevier.com/retrieve/pii/S0735109718383542
https://linkinghub.elsevier.com/retrieve/pii/S0735109718383542
http://doi.org/10.1016/j.jacc.2018.08.2162
http://doi.org/10.1016/S0002-8703(03)00248-5

Diagnostics 2022, 12, 478 14 of 15

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Galderisi, M.; Henein, M.Y.; D’'Hooge, J.; Sicari, R.; Badano, L.; Zamorano, J.L.; Roelandt, ].R.T.C. Recommendations of the
European Association of Echocardiography How to use echo-Doppler in clinical trials: Different modalities for different purposes.
Eur. . Echocardiogr. 2011, 12, 339-353. Available online: https://academic.oup.com/ehjcimaging/article-lookup/doi/10.1093/
ejechocard /jer051 (accessed on 10 January 2022). [CrossRef]

Kobayashi, M.; Gargani, L.; Palazzuoli, A.; Ambrosio, G.; Bayés-Genis, A.; Lupon, J.; Pellicori, P.; Pugliese, N.R.; Reddy, Y.N.V,;
Ruocco, G.; et al. Association between right-sided cardiac function and ultrasound-based pulmonary congestion on acutely
decompensated heart failure: Findings from a pooled analysis of four cohort studies. Clin. Res. Cardiol. 2021, 110, 1181-1192.
Available online: https://link.springer.com/10.1007 /s00392-020-01724-8 (accessed on 10 January 2022). [CrossRef]

Barki, M.; Losito, M.; Carrozzo, M.; Caracciolo, M.; Rovida, M.; Bandera, F.; Alfonzetti, E.; Guazzi, M. Adverse cardiovascular
outcome predicted by left atrial strain in acute decompensated heart failure. Eur. Heart . 2020, 41, 1189. Available online: https:
/ /academic.oup.com/eurheartj/article/doi/10.1093 /ehjci/ehaa946.1189/6002591 (accessed on 10 January 2022). [CrossRef]
Fonarow, G.C.; Stough, W.G.; Abraham, W.T.; Albert, N.M.; Gheorghiade, M.; Greenberg, B.H.; O’Connor, C.M.; Sun, J.L.; Yancy,
C.W.; Young, ].B.; et al. Characteristics, treatments, and outcomes of patients with preserved systolic function hospitalized
for heart failure: A report from the OPTIMIZE-HF Registry. |. Am. Coll. Cardiol. 2007, 50, 768-777. Available online: https:
/ /linkinghub.elsevier.com /retrieve/pii/S0735109707017639 (accessed on 10 January 2022). [CrossRef]

Abraham, W.T.; Adams, K.F.; Fonarow, G.; Costanzo, M.R.; Berkowitz, R.L.; LeJemtel, T.H.; Cheng, M.L.; Wynne, J.; ADHERE
Scientific Advisory Committee and Investigators; ADHERE Study Group. In-Hospital Mortality in Patients with Acute De-
compensated Heart Failure Requiring Intravenous Vasoactive Medications: An Analysis from the Acute Decompensated Heart
Failure National Registry (ADHERE). J. Am. Coll. Cardiol. 2005, 46, 57—-64. Available online: https:/ /linkinghub.elsevier.com/
retrieve/pii/S0735109705008557 (accessed on 10 January 2022). [CrossRef]

Di Lenarda, A.; Scherillo, M.; Maggioni, A.P.; Acquarone, N.; Ambrosio, G.B.; Annicchiarico, M.; Bellis, P.; Bellotti, P.; De Maria,
R.; Lavecchia, R.; et al. Current presentation and management of heart failure in cardiology and internal medicine hospital units:
A tale of two worlds—The TEMISTOCLE study. Am. Heart ]. 2003, 146, 735. [CrossRef]

Falsetti, L.; Martino, M.; Zaccone, V.; Viticchi, G.; Raponi, A.; Moroncini, G.; Fioranelli, A.; Di Pentima, C.; Martini, A.; Nitti,
C.; et al. SOFA and qSOFA usefulness for in-hospital death prediction of elderly patients admitted for suspected infection in
internal medicine. Infection 2020, 48, 879-887. Available online: https://pubmed.ncbi.nlm.nih.gov/32767020/ (accessed on 10
January 2022). [CrossRef]

Falsetti, L.; Proietti, M.; Zaccone, V.; Guerra, F.; Nitti, C.; Salvi, A.; Viticchi, G.; Riccomi, F.; Sampaolesi, M.; Silvestrini, M.; et al.
Impact of atrial fibrillation in critically ill patients admitted to a stepdown unit. Eur. J. Clin. Investig. 2020, 50, €13317. Available
online: https://onlinelibrary.wiley.com/doi/abs/10.1111/eci.13317 (accessed on 10 January 2022). [CrossRef] [PubMed]
Falsetti, L.; Rucco, M.; Proietti, M.; Viticchi, G.; Zaccone, V.; Scarponi, M.; Giovenali, L.; Moroncini, G.; Nitti, C.; Salvi, A. Risk
prediction of clinical adverse outcomes with machine learning in a cohort of critically ill patients with atrial fibrillation. Sci.
Rep. 2021, 11, 18925. Available online: https://www.nature.com/articles/s41598-021-97218-2 (accessed on 10 January 2022).
[CrossRef] [PubMed]

Tarquinio, N.; Viticchi, G.; Zaccone, V.; Martino, M.; Fioranelli, A.; Morciano, P.; Moroncini, G.; Di Pentima, C.; Martini, A.; Nitti,
C.; et al. The value of admission Troponin I to predict outcomes in suspected infections in elderly patients admitted in Internal
Medicine: Results from the SOFA-T collaboration, a multi-center study. Intern. Emerg. Med. 2021, 16, 981-988. Available online:
https:/ /link.springer.com/10.1007/s11739-020-02610-x (accessed on 10 January 2022). [CrossRef] [PubMed]

Juneja, D.; Nasa, P.; Singh, O. Severe sepsis and septic shock in the elderly: An overview. World J. Crit. Care Med. 2012, 1, 23.
Available online: http:/ /www.wjgnet.com/2220-3141/full /v1/il/23.htm (accessed on 10 January 2022). [CrossRef] [PubMed]
Tseng, J.; Nugent, K. Utility of the Shock Index in Patients With Sepsis. Am. J. Med Sci. 2015, 349, 531-535. Available online:
https:/ /linkinghub.elsevier.com/retrieve /pii/S0002962915300197 (accessed on 10 January 2022). [CrossRef] [PubMed]
Tongyoo, S.; Viarasilpa, T.; Permpikul, C. Serum potassium levels and outcomes in critically ill patients in the medical intensive
care unit. J. Int. Med Res. 2018, 46, 1254-1262. Available online: http://journals.sagepub.com/doi/10.1177/0300060517744427
(accessed on 10 January 2022). [CrossRef]

Linder, A.; Fjell, C.; Levin, A.; Walley, K.R.; Russell, J.A.; Boyd, J.H. Small Acute Increases in Serum Creatinine Are Associated
with Decreased Long-Term Survival in the Critically Ill. Am. . Respir. Crit. Care Med. 2014, 189, 1075-1081. Available online:
http:/ /www.atsjournals.org/doi/abs/10.1164/rccm.201311-20970C (accessed on 10 January 2022). [CrossRef]
Konstantinides, S.V.; Meyer, G.; Becattini, C.; Bueno, H.; Geersing, G.J.; Harjola, V.P.; Huisman, M.V.; Humbert, M.; Jennings,
C.S,; Jiménez, D.; et al. The Task Force for the diagnosis and management of acute pulmonary embolism of the European
Society of Cardiology (ESC). 2019 ESC Guidelines for the diagnosis and management of acute pulmonary embolism developed in
collaboration with the European Respiratory Society (ERS): The Task Force for the diagnosis and management of acute pulmonary
embolism of the European Society of Cardiology (ESC). Eur. Heart ]. 2019, 41, 543-603.

Efros, O.; Soffer, S.; Leibowitz, A.; Fardman, A.; Klempfner, R.; Meisel, E.; Grossman, E. Risk factors and mortality in patients
with pneumonia and elevated troponin levels. Sci. Rep. 2020, 10, 21619. Available online: http:/ /www.nature.com/articles/s415
98-020-78287-1 (accessed on 10 January 2022). [CrossRef] [PubMed]

Su, G.; Iwagami, M.; Qin, X.; McDonald, H.; Liu, X.; Carrero, ].J.; Lundborg, C.S.; Nitsch, D. Kidney disease and mortality in
patients with respiratory tract infections: A systematic review and meta-analysis. Clin. Kidney |. 2021, 14, 602-611. Available
online: https://academic.oup.com/ckj/article/14/2/602/5733037 (accessed on 10 January 2022). [CrossRef] [PubMed]


https://academic.oup.com/ehjcimaging/article-lookup/doi/10.1093/ejechocard/jer051
https://academic.oup.com/ehjcimaging/article-lookup/doi/10.1093/ejechocard/jer051
http://doi.org/10.1093/ejechocard/jer051
https://link.springer.com/10.1007/s00392-020-01724-8
http://doi.org/10.1007/s00392-020-01724-8
https://academic.oup.com/eurheartj/article/doi/10.1093/ehjci/ehaa946.1189/6002591
https://academic.oup.com/eurheartj/article/doi/10.1093/ehjci/ehaa946.1189/6002591
http://doi.org/10.1093/ehjci/ehaa946.1189
https://linkinghub.elsevier.com/retrieve/pii/S0735109707017639
https://linkinghub.elsevier.com/retrieve/pii/S0735109707017639
http://doi.org/10.1016/j.jacc.2007.04.064
https://linkinghub.elsevier.com/retrieve/pii/S0735109705008557
https://linkinghub.elsevier.com/retrieve/pii/S0735109705008557
http://doi.org/10.1016/j.jacc.2005.03.051
http://doi.org/10.1016/S0002-8703(03)00315-6
https://pubmed.ncbi.nlm.nih.gov/32767020/
http://doi.org/10.1007/s15010-020-01494-5
https://onlinelibrary.wiley.com/doi/abs/10.1111/eci.13317
http://doi.org/10.1111/eci.13317
http://www.ncbi.nlm.nih.gov/pubmed/32535903
https://www.nature.com/articles/s41598-021-97218-2
http://doi.org/10.1038/s41598-021-97218-2
http://www.ncbi.nlm.nih.gov/pubmed/34556682
https://link.springer.com/10.1007/s11739-020-02610-x
http://doi.org/10.1007/s11739-020-02610-x
http://www.ncbi.nlm.nih.gov/pubmed/33428111
http://www.wjgnet.com/2220-3141/full/v1/i1/23.htm
http://doi.org/10.5492/wjccm.v1.i1.23
http://www.ncbi.nlm.nih.gov/pubmed/24701398
https://linkinghub.elsevier.com/retrieve/pii/S0002962915300197
http://doi.org/10.1097/MAJ.0000000000000444
http://www.ncbi.nlm.nih.gov/pubmed/25782337
http://journals.sagepub.com/doi/10.1177/0300060517744427
http://doi.org/10.1177/0300060517744427
http://www.atsjournals.org/doi/abs/10.1164/rccm.201311-2097OC
http://doi.org/10.1164/rccm.201311-2097OC
http://www.nature.com/articles/s41598-020-78287-1
http://www.nature.com/articles/s41598-020-78287-1
http://doi.org/10.1038/s41598-020-78287-1
http://www.ncbi.nlm.nih.gov/pubmed/33303788
https://academic.oup.com/ckj/article/14/2/602/5733037
http://doi.org/10.1093/ckj/sfz188
http://www.ncbi.nlm.nih.gov/pubmed/33623685

Diagnostics 2022, 12, 478 15 of 15

54. Middleton, D.J.; Smith, T.O.; Bedford, R.; Neilly, M.; Myint, PK. Shock Index Predicts Outcome in Patients with Suspected
Sepsis or Community-Acquired Pneumonia: A Systematic Review. J. Clin. Med. 2019, 8, 1144. Available online: https:
/ /www.mdpi.com/2077-0383/8/8/1144 (accessed on 10 January 2022). [CrossRef] [PubMed]

55. Ravioli, S.; Gygli, R.; Funk, G.-C.; Exadaktylos, A.; Lindner, G. Prevalence and impact on outcome of sodium and potassium
disorders in patients with community-acquired pneumonia: A retrospective analysis. Eur. ]. Intern. Med. 2021, 85, 63-67.
Available online: https:/ /linkinghub.elsevier.com /retrieve /pii/S0953620520304465 (accessed on 10 January 2022). [CrossRef]
[PubMed]

56. Arcari, L.; Ciavarella, G.M.; Altieri, S.; Limite, L.R.; Russo, D.; Luciani, M.; De Biase, L.; Mené, P.; Volpe, M. Longitudinal changes
of left and right cardiac structure and function in patients with end-stage renal disease on replacement therapy. Eur. . Intern. Med.
2020, 78, 95-100. Available online: https://linkinghub.elsevier.com/retrieve/pii/S0953620520301722 (accessed on 10 January
2022). [CrossRef] [PubMed]


https://www.mdpi.com/2077-0383/8/8/1144
https://www.mdpi.com/2077-0383/8/8/1144
http://doi.org/10.3390/jcm8081144
http://www.ncbi.nlm.nih.gov/pubmed/31370356
https://linkinghub.elsevier.com/retrieve/pii/S0953620520304465
http://doi.org/10.1016/j.ejim.2020.12.003
http://www.ncbi.nlm.nih.gov/pubmed/33358686
https://linkinghub.elsevier.com/retrieve/pii/S0953620520301722
http://doi.org/10.1016/j.ejim.2020.04.051
http://www.ncbi.nlm.nih.gov/pubmed/32402562

	Introduction 
	Materials and Methods 
	Ethical Issues 
	Inclusion and Exclusion Criteria 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

