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Abstract: Background and Objectives: Heart failure with preserved ejection fraction (HFpEF) remains a
worldwide management problem. Although there is a general effort for characterizing this popula-
tion, few studies have assessed the predictive value of the echocardiographic E/e’ ratio in patients
with acute HFpEF. The aim of the study was to identify groups with different prognosis in patients
hospitalized with a first acute episode of HFpEF. Materials and Methods: The primary endpoint of
the study was heart failure readmissions (HFR) at 6 months, while the secondary outcome was
six-month mortality. We consecutively enrolled 91 patients hospitalized for the first time with acute
HFpEF. We examined the E/e’ ratio as an independent predictor for HFR using univariate regression.
Results: We identified and validated the E/e’ ratio as an independent predictor for HFR. An E/e’
ratio threshold value of 13.80 was calculated [(area under the receiver operating characteristic curve
(AUROC) = 0.693, sensitivity = 78.60%, specificity = 55%, p < 0.004)] and validated as an inflection
point for an increased number of HFR. Thus, we divided the study cohort into two groups: group 1
with an E/e’ ratio < 13.80 (n = 39) and group 2 with an E/e’ ratio > 13.80 (n = 49). Compared to group
1, group 2 had an increased number of HFR (p = 0.003) and a shorter time to first HFR (p = 0.002).
However, this parameter did not influence all-cause mortality within six months (p = 0.84). Conclu-
sions: The dimensionless E/e’ ratio is a useful discriminator between patients with acute HFpEF.
An E/e’ value over 13.80 represents a simple, yet effective instrument for assessing the HFR risk.
However, all-cause mortality at six months is not influenced by the E/e’ ratio.

Keywords: acute heart failure; preserved ejection fraction; E/e’ ratio; predictor; prognosis; heart
failure; rehospitalization; echocardiography

1. Introduction

Heart failure with preserved ejection fraction (HFpEF) is a distinct heterogenous
syndrome with multiple etiologies, characterized by increased cardiac filling pressures [1].
Non-invasive estimation of left ventricular diastolic function is an important goal of echocar-
diographic examination in HFpEF. However, it is unclear which parameter best predicts
the outcomes and provides the most appropriate instrument for risk stratification [2–4].
This is because several gaps still exist in our knowledge of HFpEF: diagnostic gaps (op-
timal cut-points for ejection fraction and natriuretic peptides, better characterization of
varying subsets of disease with different underlying pathophysiology), demographic gaps
(pathophysiological basis for preponderance in women and elderly), treatment gaps, and
mortality patterns.
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Although the prognosis of HFpEF is nearly as poor as that of heart failure with reduced
ejection fraction (HFrEF), the determinants of prognosis remain insufficiently defined [5,6].
HFpEF remains a condition in which no treatment has yet been shown convincingly to
reduce morbidity and mortality [7–11]. This lack of therapeutic options relates to the
pathophysiologic complexity of HFpEF, as it is not a uniform disease. In order to make
therapeutic progress we have to improve patient phenotype characterization and to identify
specific patient groups who could benefit from tailored treatment.

The need for rehospitalization of patients after an acute episode of HFpEF is a turning
point in the evolution of the disease, indicating a worsening prognosis [12,13]. This stage
is the optimal moment for assessing certain patient characteristics, which will contribute
to a better understanding of HFpEF events and progression. Patients estimated to be at
high-risk may require more observation and management, while those considered to be at
low-risk may be managed with less exhaustive monitoring and therapies.

Is this syndrome only a collection of comorbidities? The prognosis of patients with
HFpEF is substantially worse than that of patients with hypertension, diabetes, and other
conditions that increase cardiovascular risk. The lessons of previous trials are that HFpEF
is not just about old age, female gender, and high blood pressure [8,14–16].

The E/e’ ratio is a parameter for diastolic function assessment that is frequently used
for HFpEF evaluation. It is feasible, and its values can guide clinical care [17]. However, the
E/e’ ratio interval between 8 and 15 still represents a gray area for diastolic dysfunction [18].
More data regarding the prognostic value of E/e’ in acute HFpEF is needed.

In our study, we sought to outline the echocardiographic E/e’ ratio phenotype of the
patients with an acute HFpEF episode, and to identify the value that increases the risk for
medium term heart-failure rehospitalizations.

2. Materials and Methods
2.1. Study Design

This prospective observational study was initiated in April 2017 at Elias University
Hospital (EUH). It is based on the analysis of a group of 91 patients hospitalized for an
initial acute decompensation of HFpEF. Demographic, clinical, biochemical, and echocar-
diographic characteristics were recorded at baseline and used for further analysis.

2.2. Inclusion Criteria

The inclusion criteria were: acute dyspnea of cardiac origin as the main symptom
at the emergency department, requiring hospitalization for the first time, left ventricular
ejection fraction (LVEF) ≥ 50% [1] (assessed by echocardiography with the modified
Simpson’s rule), N-terminal pro-B type natriuretic peptide (NT-proBNP) > 300 pg/mL (in
sinus rhythm) and > 600 pg/mL (in atrial fibrillation) [19,20] and at least one additional
criterion [left ventricle mass index (LVMI)≥ 115 g/m2 for males and≥95 g/m2 for females
or diastolic dysfunction (defined as at least 3 of the following: average E/e’ > 14, septal e’
velocity < 7 cm/s or lateral e’ velocity < 10 cm/s, tricuspid regurgitation velocity > 2.8 m/s,
left atrial volume index (LAVI) > 34 mL/m2)].

2.3. Exclusion Criteria

The exclusion criteria were: significant left heart valve disease (more than moderate
mitral or aortic regurgitation, more than mild mitral or aortic stenosis), severe mitral
annulus calcification, acute coronary syndromes, acute pulmonary embolism, pericardial
constriction, chronic kidney disease stage IV or dialysis. Patients that were lost to follow-up
were also excluded from the study.

The investigation conforms to the principles outlined in the Declaration of Helsinki [21]
and was also approved by the ethics committee of EUH (protocol approval 9433/20.10.2016).
All patients provided written informed consent.
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2.4. Study Endpoints and Groups Definition

The primary endpoint was the number of heart failure rehospitalizations (HFR), while
the secondary endpoint was mortality, both of them assessed at 6 months.

We aimed to define two groups with different prognosis based on the echocardiogra-
phy diastolic function parameter E/e’ ratio.

2.5. In-Patient Assessment

On admission, we performed clinical and biological assessment for each patient,
including medical history. Each patient further underwent standard two-dimensional
echocardiography within the first 24 h of admission using a Vivid T8 Pro, GE Healthcare,
according to recommendations of the American Society of Echocardiography and the Eu-
ropean Association of Cardiovascular Imaging [18,22,23]. We assessed for all patients the
ratio of early mitral inflow to tissue velocity of the mitral annulus (E/e’ ratio), the systolic
(s) velocities, and early diastolic annular velocities of the septum and lateral wall using TDI.
We used the average e’ velocity obtained by tissue Doppler imaging (TDI) from the septal
and lateral mitral annulus [18]. For patients that had atrial fibrillation (AF) during the
echocardiographic examination we used average velocity measurements from 10 consecu-
tive cycles [18]. Echocardiographic measurements were performed offline by a cardiology
specialist, blinded to the clinical data, then revised by an experimented investigator.

Prior history of coronary artery disease (CAD) was ascertained systematically using a
combination of a self-reporting, electrocardiogram, review of all available prior medical
records, and physician contact. Chronic kidney disease (CKD) was defined as an estimated
glomerular filtration rate < 60 mL/min/1.73 m2 [24] Diabetes mellitus (DM) was defined
by treatment with antidiabetic medications or a haemoglobin A1C ≥ 6.5 mg/dL. Obesity
was defined by a body mass index (BMI) ≥ 30 kg/m2.

Patients that were discharged were monitored either by scheduled visits and phone
calls, or during readmissions to our hospital within six months.

2.6. Statistical Analysis

Data for continuous variables are presented as mean± standard deviation (SD) (%)
when the distribution is uniform and as medians and interquartile range (IQR) for non-
Gaussian distribution. Correlation between categorical variables used Spearman correlation
(rS), and Pearson correlation (rP) was used for continuous variables.

A complete evaluation of E/e’ ratio performance was assessed for discrimination with
the AUROC (area under the receiver operating characteristic curve) and for calibration
with the Hosmer–Lemeshow goodness-of-fit test as well as the Nagelkerke pseudo-R2
test. We tested the E/e’ ratio as an independent predictor with an AUROC ≥ 0.650 and a
Hosmer–Lemeshow p = value ≥ 0.05 [25]. Once it met these criteria, we calculated a cut-off
according to the maximum Youden index. Cut-off characteristics were reported using
sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV),
accuracy, positive likelihood ratio (+LR), and negative likelihood ratio (−LR). Our results
were validated by using a validation contingent of 44 patients which was randomized
internally from the initial cohort. We analyzed the initial training cohort and the validation
contingent by comparing the AUROC curves and by evaluating inter-ROC curve difference
(with Hanley–McNeil test).

We performed comparisons of the central tendency of the baseline characteristics
and endpoints of the groups using a Student t-test for normally distributed continuous
variables, and nonparametric tests (Mann–Whitney U rank-sum test) to compare the non-
normally distributed continuous variables. Categorical data are reported as numbers
(percentages %), with group comparisons using Pearson’s chi-square test.

A Cox analysis was performed, and the results were expressed as hazard ratio to
estimate the prognosis. All p-values were two-sided and we considered a p-value < 0.05 to
be statistically significant. The statistical analysis was performed with the SPSS (Statistical
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Package for the Social Sciences) program, version 21 software (IBM SPSS Statistics, IBM
Corp., Armonk, NY, USA).

3. Results
3.1. Patient Population

The study population consisted of 91 patients hospitalized in EUH between April
2017 and October 2019 for a first episode of acute HFpEF. Eight patients died within the
first 6-months and twenty-eight required HFR. Three patients out of those hospitalized
died during the initial hospitalization, while 88 patients were discharged and continued
follow-up for six months (see Figure 1).
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Figure 1. Patient population flow-chart. HFpEF- heart failure with preserved ejection fraction;
HFR-heart failure readmissions

3.2. Baseline Characteristics

The mean age of the patients was 73.04 ± 10.61 years, with predominantly female
patients (68.10%). We encountered a high incidence of obesity (59.30%), arterial hyperten-
sion (100%), DM (56%), AF (69.20%), and CKD (43.9%), while 23.10% patients had CAD
(with more than 50% stenosis, in more than one vessel). AF was persistent or permanent in
48.35% of patients and paroxysmal in 20.87% of patients. In addition, 57.14% of patients
had AF during the echocardiographic examination. The patients were also diagnosed
with additional conditions, such as chronic obstructive pulmonary disease (COPD) (13%),
asthma (8.7%), sleep apnoea syndrome (13.20%), and cerebrovascular disease (19.80%) (see
Table 1).

Table 1. Key baseline characteristics of the patients with Acute Heart Failure with preserved ejection
fraction (HFpEF) (n = 91).

Characteristics Value

Number (%) 91 (100%)

Length of in-hospital stay, days, median (IQR) 7.50 (5)

Age at diagnosis, yo, mean ± SD (95% CI) 73.04 ± 10.61 (70.83–75.25)

Female gender, n (%) 62 (68.1%)

Cardiovascular risk factors

High blood pressure, n (%) 91 (100%)

Diabetes mellitus, n (%) 51 (56%)
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Table 1. Cont.

Characteristics Value

Tobacco smoking (current or former), n (%) 25 (27.5%)

Hypercholesterolemia, n (%) 75 (82.4%)

BMI, mean ± SD (95% CI) 32.13 ± 6.33 (30.81–33.45)

Previous medical history

Medical history of CAD, n (%) 21 (23.1%)

Medical history of MI, n (%) 13 (14.3%)

Medical history of stroke, n (%) 18 (19.8%)

History of Atrial fibrillation, n (%) 63 (69.2%)

Medical history of lung disease, n (%) 44(48.40%)

Medical history of sleep apnoea, n (%) 12 (13.2%)

Assessment on admission

Non-Invasive ventilation on admission, n (%) 20 (22%)

Mechanical ventilation on admission, n (%) 6 (6.6%)

Peripheral edema on admission, n (%) 53 (58.20%)

SaO2 on admission, median (IQR) 89 (6)

HR on admission, median (IQR) 96 (55)

SBP, mm Hg, mean ± SD (95% CI) 185.44 ± 34.77 (178.20–192.68)

Serum natremia, mmol/L, median (IQR) 140 (5)

eGFR, mL/min/1.73sqm, mean ± SD (95% CI) 66.52 ± 28.76 (60.53–72.51)

Hb, g/dL, mean ± SD (95% CI) 11.97 ± 2.03 (11.55–12.39)

NTproBNP, ng/L, median (IQR) 3074 (5241)
BMI: body mass index, CAD: Coronary Artery Disease, CI: confidence interval, eGFR: estimated glomerular
filtration rate, Hb: Hemoglobin, HR: heart rate, IQR: interquartile range, MI: Myocardial Infarction, n: number,
NTproBNP: N-terminal pro-B type natriuretic peptide SaO2: arterial oxygen saturation, SBP: systolic blood
pressure, SD: standard deviation.

HFpEF is defined as an association of comorbidities, consequently, we have observed
the presence of 11 comorbidities in the studied population: obesity, hypertension, hyperlipi-
demia, DM, history of stroke, CAD, AF, CKD, COPD or asthma, obstructive sleep apnoea,
and anemia (defined as Hb level < 13 g/dL in men, <12 g/dL in women). Fifty-seven
percent (n = 70) of the patients had at least five comorbidities: five (n = 18 patients), six
(n = 14 patients), seven (n = 18 patients), eight (n = 11 patients), nine (n = 8 patients), ten
(n = 1 patient). The remaining 21 patients had less than five comorbidities as follows: two
(n = 1 patients), three (n = 8 patients), four (n = 12 patients).

We also identified a gender difference in the distribution of the comorbidities, with
a predominance of diabetic women vs. men (67.7% vs. 41%). Also, women were more
frequently dyslipidemic (87% vs. 72%) and obese (61.2% vs. 58.6%).

3.3. E/e’ Ratio—Independent Predictor for HFR Rehospitalization

The HFR within 6 months had a moderate correlation (r = 0.37, p = 0.001) with the
E/e’ ratio, the highest correlation of all the echocardiographic characteristics, and was
further analyzed, while the mortality at 6 months had a weak correlation with E/e’ ratio
(r = −0.014, p = 0.84). The E/e’ ratio mean value for the entire cohort on admission was
14.51 ± 4.61 (95% CI = 13.55–15.47). The prediction of the E/e’ ratio for HFR at 6 months
(p-value 0.022) was not influenced by the presence of DM, age, sex, dyslipidemia or BMI in
which p-values were greater than 0.05 according to Cox regression.
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Also, according to the univariate regression, the E/e’ ratio was an independent
predictor of HFR at 6 months after the first episode of acute HFpEF event, but not of
mortality. The E/e’ ratio showed an AUROC ≥ 0.693 and a Hosmer–Lemeshow test
p = 0.394, which meet the criteria for an independent predictor of HFR at 6 months (see
Figure 2 and Tables A1 and A2).
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The regression equation for our model (E/e’ ratio) was calculated using the e-base
natural logarithm of the odds ratio (OR) for HFR at 6 months:

Ln OR (for HFR at 6 months) = −2.92 + 0.144 × (E/e’ ratio) (1)

We performed an analysis of the E/e’ ratio in the training cohort (88 patients) based
on its cut-off values in terms of either maximizing sensitivity and specificity, or according
to the Youden’s Index criteria. The result was reported as follows: sensitivity = 78.50%,
specificity = 55%, PPV = 44.90%, NVP = 84.60%, +LR = 1.75, −LR = 0.39 (see Table A3).

The validation of the results of the E/e’ ratio is displayed in Figure 2b. The two
AUROC of the training cohort (0.693, 95% CI = 0.577–0.810) and the validation contingent
(0.681, 95% CI = 0.520–0.842) showed close values without significant differences between
them (Hanley & McNeil test, p = 0.879).

3.4. Echocardiographic E/e’ Ratio Cut-Off for HFR

The E/e’ ratio threshold value of 13.80 was identified with receiver operating charac-
teristics (ROC) analysis for the early 6 months HFR after the first episode of acute HFpEF
(AUC = 0.693, 95% CI = 0.577–0.810, sensitivity = 78.60%, specificity = 55%, p < 0.004) (see
Figure 3). The study population was therefore divided into two groups: low E/e’ < 13.80
group (group 1, n = 39, 44.30%) and high E/e’ ratio > 13.80 group (group 2, n = 49, 55.70%).

According to the univariate analysis for the 13.80 cut-off of E/e’ ratio, patients with
E/e’ ratio > 13.80 had a 4.48-fold odds ratio to be readmitted with heart failure within
6 months compared with patients with E/e’ ratio < 13.80 (95% CI = 1.590–12.63, p = 0.005),
after a first episode of acute HFpEF.

We applied the pattern of the analysis of E/e’ ratio to the validation cohort internally
randomized, with a 1:2.14 ratio between rehospitalized (n = 14) vs. non-rehospitalized
(n = 30) patients as in the training cohort, and we noticed a comparable performance. The
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two AUROC of the training cohort and the validation contingent showed no significant
differences (Hanley & McNeil test, p = 0.72) (Figure 3).

Medicina 2021, 57, x FOR PEER REVIEW 7 of 17 
 

 

 
Figure 3. Receive operating curve of HFR at 6 months for E/e’ ratio. (a) ROC curve of HFR at 6 
months for E/e’ ratio of 13.80 (n = 88); (b) ROC curves of HFR at 6 months for E/e ’ratio > 13.80 of 
the training cohort (n = 88, AUROC = 0.668) and validation contingent (n = 44, AUROC = 0.695). The 
two AUROC show close values and no significant differences among them (Hanley & McNeil test, 
p = 0.72). 

3.5. Clinical Outcomes 
The details of all demographic and echocardiographic data, for both groups, are pre-

sented in Table 2. Several patient characteristics were found to differ significantly between 
the two groups. 

Table 2. Key baseline clinical, biological and echocardiographic characteristics at admission in the 
two groups. Clinical outcomes, HFR and all-cause mortality in the two groups. 

Characteristics E/E’ Ratio < 13.80 E/e’ Ratio > 13.80 p-Value 
Number (%) 39 (44.30%) 49 (55.70%)  

Age (yo) mean ± SD (95% CI) 
73.62 ± 9.95 
(70.39–76.84) 

72.35 ± 11.36 
(69.08–75.61) 

0.58 a 

Male gender, n (%) 12 (30.80%) 17 (34.7%) 0.69 ** 
Smoking status, n (%) 10 (25.60%) 15 (30.60%) 0.60 ** 
Medical history of DM, n (%) 15 (38.50%) 33(67.3%) 0.007 ** 
Medical history of hypercholesterolemia, n 
(%) 27 (69.20%) 45 (91.8%) 0.006 * 

Medical history of CAD, n (%) 6 (15.40%) 15 (30.60%) 0.096 * 
Medical history of MI, n (%) 3 (7.70%) 10 (20.40%) 0.095 * 
Medical history of lung disease, n (%) 20 (51.30%) 22 (44.90%) 0.55 * 
Medical history of sleep apnoea, n (%) 3 (7.70%) 8 (16.30%) 0.22 * 
Pulmonary edema on admission, n (%) 9 (23.70%) 18 (37.50%) 0.17 * 
Peripheral edema on admission, n (%) 23 (59%) 29 (59.20%) 0.98 * 

BMI (kg/m²), mean ± SD (95% CI) 31.13 ± 4.70 
(29.61–32.66) 

32.73 ± 7.30 
(30.63–34.83) 

0.21 * 

SpO2 (%) on index admission, median (IQR) 90 (5) 87 (6) 0.04 * 

Heart rate (beats/min), mean ± SD (95% CI) 109.36 ± 35.35 
(97.90–120.82) 

104.73 ± 31.37 
(95.72–113.75) 

0.64 a 

SBP (mm Hg) on index admission, mean ± SD 
(95% CI) 

176.41 ± 30.02 
(166.68–186.14) 

190.92 ± 37.27 
(180.21–201.62) 

0.046 a 

eGFR (mL/min/1.73 m²), mean ± SD (95% CI) 72.74 ± 25.27 
(64.55–80.94) 

61.38 ± 30.54 
(52.61–70.16) 

0.06 a 

Hb (g/dL) on index admission, mean ± SD 
(95% CI) 

12.36 ± 1.59 
(11.84–12.88) 

11.70 ± 2.28 
(11.04–12.35) 

0.11 a 

NTproBNP (ng/L) on index admission, me-
dian (IQR) 3800 (6323) 2862 (5200) 0.41 * 

Figure 3. Receive operating curve of HFR at 6 months for E/e’ ratio. (a) ROC curve of HFR at 6 months for E/e’ ratio of
13.80 (n = 88); (b) ROC curves of HFR at 6 months for E/e’ ratio > 13.80 of the training cohort (n = 88, AUROC = 0.668) and
validation contingent (n = 44, AUROC = 0.695). The two AUROC show close values and no significant differences among
them (Hanley & McNeil test, p = 0.72).

3.5. Clinical Outcomes

The details of all demographic and echocardiographic data, for both groups, are
presented in Table 2. Several patient characteristics were found to differ significantly
between the two groups.

Table 2. Key baseline clinical, biological and echocardiographic characteristics at admission in the two groups. Clinical
outcomes, HFR and all-cause mortality in the two groups.

Characteristics E/e’ Ratio < 13.80 E/e’ Ratio > 13.80 p-Value

Number (%) 39 (44.30%) 49 (55.70%)

Age (yo) mean ± SD (95% CI) 73.62 ± 9.95
(70.39–76.84)

72.35 ± 11.36
(69.08–75.61) 0.58 a

Male gender, n (%) 12 (30.80%) 17 (34.7%) 0.69 **

Smoking status, n (%) 10 (25.60%) 15 (30.60%) 0.60 **

Medical history of DM, n (%) 15 (38.50%) 33(67.3%) 0.007 **

Medical history of hypercholesterolemia, n (%) 27 (69.20%) 45 (91.8%) 0.006 *

Medical history of CAD, n (%) 6 (15.40%) 15 (30.60%) 0.096 *

Medical history of MI, n (%) 3 (7.70%) 10 (20.40%) 0.095 *

Medical history of lung disease, n (%) 20 (51.30%) 22 (44.90%) 0.55 *

Medical history of sleep apnoea, n (%) 3 (7.70%) 8 (16.30%) 0.22 *

Pulmonary edema on admission, n (%) 9 (23.70%) 18 (37.50%) 0.17 *

Peripheral edema on admission, n (%) 23 (59%) 29 (59.20%) 0.98 *

BMI (kg/m2), mean ± SD (95% CI)
31.13 ± 4.70
(29.61–32.66)

32.73 ± 7.30
(30.63–34.83) 0.21 *

SpO2 (%) on index admission, median (IQR) 90 (5) 87 (6) 0.04 *
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Table 2. Cont.

Characteristics E/e’ Ratio < 13.80 E/e’ Ratio > 13.80 p-Value

Heart rate (beats/min), mean ± SD (95% CI) 109.36 ± 35.35
(97.90–120.82)

104.73 ± 31.37
(95.72–113.75) 0.64 a

SBP (mm Hg) on index admission, mean ± SD (95% CI) 176.41 ± 30.02
(166.68–186.14)

190.92 ± 37.27
(180.21–201.62) 0.046 a

eGFR (mL/min/1.73 m2), mean ± SD (95% CI)
72.74 ± 25.27
(64.55–80.94)

61.38 ± 30.54
(52.61–70.16) 0.06 a

Hb (g/dL) on index admission, mean ± SD (95% CI) 12.36 ± 1.59
(11.84–12.88)

11.70 ± 2.28
(11.04–12.35) 0.11 a

NTproBNP (ng/L) on index admission, median (IQR) 3800 (6323) 2862 (5200) 0.41 *

Left ventricle ejection fraction (%), mean ± SD (95% CI) 55.87 ± 5.03
(54.24–57.50)

55.86 ± 6.70
(53.93–57.78) 0.99 a

LVEDD (mm), mean ± SD (95% CI) 46.03 ± 5.15
(44.36–47.70)

49.02 ± 5.47
(47.45–50.59) 0.01 a

Left ventricle mass (g/m2), median (IQR) 113 (26) 130 (45.50) 0.006 *

LVOT VTI (cm), median (IQR) 16 (8) 19.50 (5) 0.012 *

TAPSE < 17mm, n (%) 14 (35.90%) 8 (16.30%) 0.035 **

Systolic PAP (mm Hg), mean ± SD (95% CI) 40.46 ± 10.24
(37.14–43.78)

41.10 ± 18.16
(35.88–46.31) 0.83 a

DBP (mm Hg) on index admission, mean ± SD (95% CI) 96.13 ± 15.41,
(91.13–101.12)

101.22 ± 20.06,
(95.46–106.99) 0.19 a

Systolic PAP > 35, n (%) 30 (76.90%) 28 (57.10%) 0.052 **

IVC diameter > 21 mm, n (%) 20 (51.30%) 19 (38.80%) 0.24 **

IVC collapse < 50%, n (%) 16 (41%) 18 (36.70%) 0.68 **

LAVi (mL/m2), mean ± SD (95% CI)
50.41 ± 10.84
(46.90–53.92)

52.03 ± 13.08
(48.27–55.79) 0.53 a

Length of in-hospital stay (days), median (IQR) 7 (6) 8 (5) 0.78 *

HFR at 6 months, n (%) 6 (15.40%) 22 (44.90%) 0.003 **

Time to first HFR (days), median (IQR) 75 (104.75) 30 (37.50) 0.002 *

Number of rehospitalization/patient at 6 months, median
(IQR) 0 (1) 1 (2) 0.003 *

All-cause mortality at 6 months, n (%) 2 (5.1%) 3 (6.1%) 0.84 **
a t-test; * Mann–Whitney U test; ** Pearson Chi-Square test; BMI, body mass index; CAD, coronary artery disease; CI, confidence interval;
DBP, diastolic blood pressure; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; Hb, hemoglobin; IQR, interquartile range;
MI, myocardial infarction; NTproBNP, N-terminal pro-B-type natriuretic peptide; SBP, systolic blood pressure; SD, standard deviation;
SpO1, peripheral oxygen saturation; index, initial; LVEDD, left ventricular end-diastolic diameter; TAPSE, tricuspid annular plane systolic
excursion; PAP, pulmonary artery pressure; RA, right atrium; IVC, inferior vena cava; LAVi, left atrial volume index; LVOT VTI, left
ventricle outflow tract time velocity integral; HFR, heart failure readmission.

Patients with diabetes had a 3.3-fold higher risk (OR) of having E/e’ ratio > 13.80
than non-diabetic patients (OR = 3.30, CI 95% = 1.37–7.94, p = 0.007). The biological data
showed that hypercholesterolemic patients had a five-time higher risk of having an E/e’
ratio > 13.80 compared to patients without dyslipidemia (OR = 5, CI 95% = 1.46–17.07,
p = 0.006). The oxygen saturation threshold value of 89.5% predicted with the highest sensi-
tivity and specificity an E/e’ ratio value above 13.8 (sensitivity = 66.70%, specificity = 69.40,
p = 0.04).

Interestingly, obese patients accounted for 73.3% of the readmissions, but only for 40%
of the recorded deaths. This disparity between hospitalizations and mortality in obese
patients with HFpEF was previously mentioned in other studies as the “obesity paradox”.
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As already mentioned, our population was multi-morbid and we have found a mod-
erate, statistically significant, correlation between the number of comorbidities and the
number of HFR (r = 0.315; p = 0.002).

3.6. Echocardiography Parameters

The distribution of the study population in two groups yielded significant differences
in some of the other echocardiographic parameters as well (see Table 2).

Parameters pertaining to the left ventricle, namely left ventricle mass (LVMI, g/m2),
left ventricle end-diastolic diameter (LVEDD, mm) and left ventricle outflow tract time
velocity integral (LVOT VTI, cm) were significantly increased in the high E/e’ group.

3.7. The Risk for Heart Failure Rehospitalization and All-Cause Mortality

The median duration (days) of the index hospitalization was not different among the
two groups (8, IQR = 5 vs. 7, IQR = 6, p = 0.06), for E/e’ ratio > 13.80 and E/e’ ratio < 13.80,
respectively. HFR was more frequent in group 2 (n = 22, 44.90%), compared with group 1
((n = 6, 15.40%, p = 0.003). Also, there were more rehospitalizations per patient in group 2
(p = 0.003) (see Table 2).

All-cause mortality for the entire cohort during index hospitalization was 3.29%.
An additional five patients (5.49%) died within the first six months. Thus, the all-cause
mortality at six months reaches 8.78%. Mortality was similar across the two groups
(p = 0.84) (see Table 2).

After six months of follow-up, the median time (days) until readmission was shorter
in the E/e’ ratio > 13.80 group, (30, IQR = 7.50) compared to the E/e’ ratio < 13.80 group
(75, IQR = 104.75) (p = 0.002).

The risk curves for the occurrence of HFR at 6 months (Cum Hazard) according to Cox
regression show a statistically significant difference (p-value = 0.006), with more HFR in the
group of patients with a high E/e’ ratio compared to the group with a low E/e’ ratio (see
Figure 4a). Hazard ratio for HFR in the 6-month follow-up period after the first hospitaliza-
tion in patients with an E/e’ ratio > 13.8 was 3.56 with 95% CI (1.441–8.796), p = 0.006. The
risk curves for mortality in the 6-month follow-up period (Cum Hazard) according to Cox
regression did not show any statistically significant difference (p-value = 0.834) between
the two groups (see Figure 4b). Hazard ratio for mortality in the 6-month follow-up period
after the first hospitalization in patients with HFpEF and E/e’ ratio > 13.8 compared to the
group of patients with E/e’ ratio < 13.8 was 1.21 with 95% CI (0.202–7.244) (p-value 0.834).
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A relative amount of 13.90% of HFR during the first 6 months of follow-up was
predicted by our model, within the general population with acute HFpEF and an E/e’ ratio
over 13.80 [Akaike information criterion (AIC) = 11.834, Bayesian information criterion
(BIC) = 16.789].

4. Discussion
4.1. The Rationale for the Study

The purpose of our study, dedicated to the first episode of acute HFpEF, was focused
on prognostication, while accepting that the singularity of the E/e’ as a marker might be a
significant simplification. We aimed to reliably identify patients with acute HFpEF, at risk
of hospital readmission after a 6 months follow-up, based on an easy to use, emergency
department applicable echocardiographic parameter, and possibly detect a threshold
value [26].

Most studies in the literature regarding HFpEF focus either on patients with chronic
HFpEF or on acute heart failure as a whole, irrespective of EF. Our study, however, is
dedicated to acute HFpEF and heart failure readmissions.

Since HFpEF is such a heterogeneous collection of disease phenotypes, the key to
success is separating them further into more homogenous groups, based on certain charac-
teristics that are accessible and reproducible.

4.2. Comparison to Similar Studies

The inclusion and exclusion criteria in our study have been very strict; therefore the
resulting analyzed population is aligned with the current definitions of HFpEF [1,26,27].
In support of our selection criteria, a recent review concerning heart failure clinical trials
concludes that only 27% of the HFpEF trials report patient-specific comorbidities, and
unfortunately, most studies exclude a number of patients because of their comorbidities [28].
However, patients with DM, anemia, CKD, pulmonary disease were not excluded from
our study, thus allowing a more realistic overview of this heterogeneous population.
Along these lines, the multi-morbid population with accurately documented acute HFpEF
was well represented and characterized. This is especially important since Khan et al.
underline the need to also include a multi-morbid population in the HFpEF trials to create
a broader image, closer to real-life cases. These combined pathologies bear the potential to
induce acute presentations and heart failure decompensation [28]. In agreement with their
publication we have observed in our study a moderate, although statistically significant,
correlation between the number of comorbidities and HFR.

The proportion of women in our cohort was 68%, an observation which is in line with
the results of other studies that mention a higher prevalence of female gender which seems
to be one of the main distinguishing features of HFpEF from heart failure with reduced
ejection fraction [29–31]. Dyslipidemia, obesity and DM in women, who are already more
prone to inflammation than men, lead to accelerated endothelial dysfunction, ventricular
fibrosis and hypertrophy, followed by chamber stiffness and diastolic dysfunction. DM
doubles the risk to develop heart failure in diabetic women, as compared to men [29].
Indeed, our population was predominantly female and with a predominance of diabetic
women vs. men (67.7% vs. 41%). Also, women were more frequently dyslipidemic
(87% vs. 72%) and obese (61.2% vs. 58.6%). Dyslipidemia has a potential role in insulin
resistance and myocardial stiffness [32]. Consequently, this comorbidity burden leads to
more frequent rehospitalization (37% women vs. 20% men) and death (11.3% vs. 3.4%).
Interestingly, more women had an E/e’ ratio > 13.8 (37% vs. 20%).

DM is a common hallmark in patients with HFpEF. Diabetes was present in 55% of the
patients in our study, which is higher than the previously reported association (30–40%) [33].
Also, comparable to other studies, we found that the presence of diabetes in HFpEF patients
correlates with hospital readmissions [34]. As previously mentioned, hyperglycemia con-
tributes to cardiac stiffness and impaired cardiac relaxation and consequently to diastolic
dysfunction [35].
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Hypertension was present in 100% of our study population justifying the presence of
concentric left ventricular hypertrophy (LVH) in 83.5% of the patients. This is where our
data differs from the literature, which reports that approximately one-third to two-thirds of
patients with HFpEF do not have LVH [36,37]. Also, in their studies, Katz and Shah detect
that a low percentage (12% and 9% respectively) of the patients have an eccentric pattern
of LVH rather than a concentric one [37,38].

A recent hypothesis, entitled the “obesity paradox”, states that although obese patients
with cardiovascular disease have a higher risk of rehospitalization, their mortality risk
is lower compared to normal-weight patients [39]. The same seems to be true for our
patients who were obese (BMI > 30) in 63.71% of the cases and were characterized by a
rehospitalization rate of 73.3%, yet a mortality of only 40%. Also, NT-proBNP is lower
in obese patients than in patients with normal BMI. In the high E/e’ group there were
30 patients with obesity with a mean BMI = 32.63 and in the low E/e’ group there were
24 obese patients with a mean BMI = 31.51. This partly explains the fact that there is no
significant difference in NT-proBNP between the two groups [40–42].

Our population characteristics (female predominance, obesity, hyperlipidemia, DM,
anemia and renal insufficiency) overlap with high risk subgroups from a study on the
I-PRESERVE study population [43]. What remains to be seen is if our long-term outcomes
will match their findings.

Interestingly, the values for left atrial volume index (LAVI) and pulmonary artery
systolic pressure (PAPs) did not differ significantly between groups. The values for LAVI
are very high for group 1 and group 2 as well (mean value = 50.41 mL/m2 vs. 52.03 mL/m2).
Although there is no significant difference between the two groups, LAVI is a little bit
higher in the high E/e’ group. Also, LAVI is correlated with atrial fibrillation, that was
equally distributed in the two groups. The fact that PAPS is not significantly different may
have to do with the fact that all patients are at their first acute hospitalizations for HFpEF.

Previous studies searched for a cut-off that best predicts high left ventricular filling
pressures [4,18,44]. Despite an inconstant correlation with increased filling pressures [45–47],
some studies found that the E/e’ ratio has prognostic value in HFpEF [3,48,49]. Increased
E/e’ was shown to be correlated with left ventricular stiffness, which is mediated by
increased myocardial fibrosis—a known prognostic factor for major adverse cardiac events
(MACE) [50]. The degree of myocardial fibrosis as evaluated through cardiac magnetic
resonance (CMR) correlates well with diastolic dysfunction as assessed through E/e’
ratio [51]. Myocardial fibrosis and diastolic dysfunction evaluated through E/e’ is present
even before LVH occurrence in hypertensive patients [52]. Regression of myocardial
fibrosis, even in the absence of LVH regression, is accompanied by an improvement in LV
diastolic function, which proves once more the correlation between fibrosis and E/e’ [53].
Thus increased E/e’ ratio may precede increased filling pressures. Although all of our study
population was 100% hypertensive, it is a known fact that hypertensive cardiomyopathy
evolves differently [54]. Thus, an increased E/e’ ratio identifies a group of patients with
myocardial fibrosis, and therefore with unfavorable outcomes.

Most of the studies were performed on patients with chronic, not acute HFpEF. Our
study focuses on the prognostic value of the E/e’ ratio, not on the estimation of filling
pressures. Similarly, Blanco et al. found a prognostic cut-off of 14 for the E/e’ ratio.
However, their study used the discharge assessment for the statistical analysis, not the
admission evaluation [55]. The fact that they reported a very close cut-off value to the
one we calculated (13.8) is indeed intriguing, as there seems to be little difference between
the admission and discharge prognostic cut-off value of E/e’. Also, Blanco et al. found
that a >50% reduction in admission E/e’ was correlated with better outcomes. Therefore,
patients with worse prognosis have a constantly higher E/e’ ratio. Also, a sub-analysis
of the KaRen study found that increased E/e’ values at 4–8 weeks after discharge have
prognostic value [48]. The fact that our study found a prognostic cut-off right from
admission underscores the purpose of the study, which is finding a tool that is readily
available and easy to use, from the moment of patient’s presentation. Other studies looking
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into the prognostic value of E/e’ did not calculate a cut-off value, while others looked only
for MACE and not specifically for HFR. We centered our study on HFR, as a paramount
event in the evolution of the patient with HFpEF [13]. As a distinctive characteristic of our
study population, the patients included in the study were hospitalized for the first time for
an acute HFpEF decompensation. Thus, their characterization and evolution might offer a
better perspective of the progression timeline of HFpEF from an early stage. Moreover, we
have chosen the time of admission for echocardiographic evaluation, as Gheorghiade et al.
indicated the admission parameters as possible predictors in heart failure [56,57]. We also
looked into the specific differences between the two groups separated by the calculated
E/e’ cut-off of 13.8, in order to get a clearer picture of what particular characteristics set
them apart.

We demonstrated that for a cohort of in-patients with acute HFpEF, the E/e’ ratio is
an independent predictor of HFR at 6 months. It is important to outline that the E/e’ ratio
did not predict mortality at six months. Thus, the threshold of 13.80 is a good discriminator
for HFR, but not for mortality at six months. Similar to our research, a recent study found
that the predictors for rehospitalization and mortality in heart failure are not related [58].

It is our obvious conclusion that rehospitalization and all-cause mortality are not fore-
casted by the same predictors. In our opinion, this means rehospitalization and mortality
have different pathological mechanisms, as acute events of decompensation and need for
rehospitalization are based more on left ventricle burden, with the retrograde pulmonary
barrier as a “trade-off” for the preservation of right ventricle function.

We consider that our results bring important insights into the applicability of the E/e’
ratio to patients with a first acute HFpEF event. This finding may have broad applicability
in the assessment of patients with first acute HFpEF events, a value of 13.80 identifying
the patients with higher risk of repeating acute events and needing rehospitalization
within 6 months. The identified high-risk patients may benefit from closer monitoring and
tailored management.

Perhaps E/e’ should be reappraised as a prognostic marker rather than a standalone
diagnostic one. Our study backs the idea that it is not yet the time to declare the E/e’
ratio obsolete. We only have to be smarter about when and how we use it. The tools for
diagnosis, prognosis and monitoring may, however, be different. It cannot be used for
diagnostic purposes as a single indicator of diastolic function, but rather in conjunction
with all the other parameters. This might be explained by the fact that increased E/e’ has
more to do with myocardial stiffness than to the varying hemodynamic adaptation of the
pulmonary capillary [59,60]. While using this single parameter for diagnosis might be an
oversimplification, it might fit the purpose of prognostic marker [48].

In summary, the E/e’ ratio is an important parameter for the medium term prognosis
after the first hospitalization for acute HFpEF. The value over 13.80 is a predictor for worse
outcomes, with more rehospitalizations and a shorter time to first readmission, therefore
the dimensionless E/e’ ratio is a good candidate for the role of discriminator between
patients with acute HFpEF and providing prognostic information.

4.3. Study Limitations

The relatively small number of patients enrolled was the most important limitation.
Several factors influence the discriminative power of E/e’ ratio: i.e., mitral E velocity is
challenging to assess in patients with AF or moderate mitral annular calcifications, and E,
as well as e’ normally decrease with age [3,44,61].

5. Conclusions

The dimensionless E/e’ ratio is a validated echocardiographic predictor for 6 months
HFR after the first acute HFpEF event. The values over 13.80 predict a worse prognosis.
All-cause mortality at six months is not influenced by the E/e’ ratio.
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Appendix A

Table A1. The points of ROC curve model for values of E/e’ ratio according to rehospitalization for a first episode of acute
HFpEF within the first 6 months after the first admission, for both the training cohort and the validation contingent.

Cut-Off Value
Selection

Maximize Sensitivity
Associated Criterion < 8.9

Maximize Specificity
Associated Criterion > 27

Youden’s Inde
xAssociated Criterion > 13.8

Training Validation Training Validation Training Validation

Sensitivity (%) 100 (87.7–100) 100 (76.8–100) 0 (0–12.3) 0 (0–23.2) 78.57 (59–91.17) 85.71
(57.2–98.2)

Specificity (%) 13.33 (5.9–24.6) 10 (2.1–26.5) 100 (94–100) 100 (88.4–100) 55 (41.6.2–67.9) 50 (31.3–68.7)

PPV (%) 35 (32.8–37.3) 34.1 (31.5–36.9) - - 44.9 (36.7–53.4) 44.4 (34.5–54.8)

NPV (%) 100 100 68.2 68.2 84.6 (72.3–92.1) 88.2 (66.4–96.6)

+LR 1.15 (1–1.3) 1.11 (1–1.3) - - 1.75 (1.2–2.5) 1.71 (1.1–2.6)

−LR 0 0 1 1 0.39 (0.2–0.8) 0.29 (0.08–1.1)

PPV: positive predictive value; NPV: negative predictive value; +LR: positive likelihood ratio; −LR: negative likelihood ratio.

Table A2. Univariate Analysis for E/e’ ratio according to rehospitalization for a first episode of acute
HFpEF within the first 6 months after the first admission.

Univariate Analysis E/e’ Ratio

Coefficient 0.144
Coefficient-Standard Error 0.055
Coefficient-Significance 0.009
Intercept −2.92
Intercept-Standard Error 0.872
Intercept-Significance 0.001
AUROC 0.693
Nagelkerke Pseudo-R2 0.117
Hosmer–Lemeshow p-value 0.394
AIC 70.892
BIC 75.847

AIC: Akaike information criterion; BIC: Bayesian information criterion; AUROC: area under the receiver operating
characteristic curve.
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Table A3. The points of ROC curve model for cut-off 13.80 of E/e’ ratio according to rehospitalization for a first episode of
acute HfpEF within the first 6 months after the first admission, for both the training cohort and the validation contingent.

Cut-off
Value
Selection

Maximize Sensitivity
Criterion ≥ 0

Maximize Specificity
Criterion > 1

Youden’s Index Associated
Associated Criterion > 0

Training Validation Training Validation Training Validation

Youden’s Index
Associated-Value
0.335

Youden’s Index
Associated-Value
0.39

Sensitivity 100 (87.7–100)% 100 (76.8–100)% 0 (0–12.3)% 0 (0–23.2)% 78.5 (59–91.7)% 85.71 (57.2–98.2)%

Specificity 0 (0–6)% 0 (0–11.6)% 100 (94–100)% 100 (88.4–100)% 55 (41.6- 67.9)% 53.33 (34.3–71.7)%

PPV 31.8% 31.8% - - 44.9 (36.7–53.4)% 46.2 (35.6–57.1)%

NPV - - 68.2% 68.2% 84.6 (72.3–92.1)% 88.9 (68–96.8)%

+LR 1 1 - - 1.75 (1.32–2.5) 1.84 (1.2–2.8)

−LR - - 1 1 0.39 (0.2–0.8) 0.27 (0.07–1)

PPV: positive predictive value; NPV: negative predictive value; +LR: positive likelihood ratio; −LR: negative likelihood ratio.
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