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Characteristics and Prognosis of Patients with Acute Heart Failure
According to the Universal Ejection Fraction Classification
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Abstract

Background: The universal classification of heart failure (HF) defined four categories based on ejection fraction (EF).
Although it has been shown these EF-based categories have distinct prognoses and responses to treatment, most of the
data has been focused on chronic HF.

Objectives: We compared the prognosis and characteristics of patients with acute HF according to the universal EF
classification.

Methods: We performed a prospective cohort study of patients admitted to a tertiary hospital for acute HF. Patients
were classified into the four categories of the universal EF classification: reduced (HFrEF), mildly reduced (HFmrEF),
preserved (HFpEF), and improved (HFimpEF), based on an echocardiogram conducted during the hospitalization. The
primary outcome was all-cause death in six months of follow-up.

Results: 153 patients hospitalized for acute HF (67.2 = 14.9 years, 50.3% female, EF = 43.8 = 17.6%) were included,
being 52% HFrEF, 35% HFpEF, 12% HFmrEF, and 1% HFimpEF. HFrEF patients were more likely to have an ischemic
etiology (42.5%), while HFpEF patients were more likely female (67.3%), had hypertension (90.9%) and atrial fibrillation
(49.1%). Six-month mortality was similar among HFrEF, HFpEF, and HFmrEF categories (15% vs 20% vs 11%, respectively,
Log-rank p = 0.75), and change in EF from a previous echocardiogram was not associated with outcomes.

Conclusion: In patients with acute HF, the EF categories from the universal classification had similar mortality rates.
The proportion of patients with improved EF was very small in patients with acute HF and improvement of EF was not
associated with better outcomes.
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Introduction

Heart failure (HF) is a heterogeneous clinical syndrome with

Association,* etiology,” stages," and according to the Left
Ventricle (LV) Ejection Fraction (EF). Recently, a position

current or previous symptoms and signs caused by cardiac
abnormalities and the rise of natriuretic peptides or objective
evidence of congestion." The prevalence of HF is estimated at
around 1% to 2%, representing 26 million adults worldwide,
rising to 10% in individuals older than 70 years.? HF is a major
cause of hospitalization in Europe and the United States, with
over one million admissions and representing 1% to 2% of all
hospitalizations.?

HF patients can be subcategorized in many ways, according
to their functional classification from the New York Heart
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paper from the Heart Failure Society of America, Heart
Failure Association of the European Society of Cardiology, the
Japanese Heart Failure Society, and the Writing Committee of
the Universal Definition of Heart Failure proposed a universal
classification, dividing the LVEF into four classes: HF with
reduced EF (HFrEF), HF with mildly reduced EF (HFmrEF),
HF with preserved EF (HFpEF) and HF with improved EF
(HFimpEF)."

These classes have different characteristics, prognosis,
and treatment response in patients with chronic HE. HFrEF
patients are more likely to have ischemic etiology, coronary
artery disease, and be male,® and it is the class with the
highest rates of hospitalization and death.” On the other hand,
HFpEF is a heterogenous group, being more prevalent in
women and patients with obesity and hypertension. HFmrEF
has intermediate characteristics between HFrEF and HFpEF
and reduced mortality rates compared to these classes."”8
Additionally, the HFimpEF class is more prevalent in women,
young, and nonischemic etiology, and is the class with the
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According to the Universal Ejection Fraction Classification

Central lllustration: Characteristics and Prognosis of Patients with Acute Heart Failure
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Survival probability curve, according to the ejection fraction classification. HFmrEF: heart failure with mildly reduced ejection fraction; HFpEF: heart failure with

preserved ejection fraction; HFrEF: heart failure with reduced ejection fraction.

best prognosis, fewer hospitalizations, and lower mortality
rates among all the other EF categories.*'°

However, despite the LVEF universal classification being
extensively studied in patients with chronic HF, the literature
is scarce on patients hospitalized with acute HF, particularly
for the HFimpEF category, and the impact of the improvement
of the EF in these patients.

Objectives

The primary objective of this study was to compare the
clinical characteristics and prognosis of hospitalized acute HF
patients according to the universal EF classification. We also
evaluated the association between the improvement of the
EF with all-cause mortality in these patients.

Methods

Population

The patients included in this study were hospitalized
in the Clinical Hospital of the Federal University of Parand
(HC-UFPR). We included patients with 18 years old or older,
admitted in HC-UFPR with the primary diagnosis of acute
HF from October 2019 to July 2021. The exclusion criteria
were: patients with hospitalization for another diagnosis, even
if previous HF history, and patients that were hospitalized for
less than 24 hours.

After consenting, each patient was interviewed by a
trained researcher, who also reviewed medical charts. Clinical,
laboratory, and echocardiographic parameters were collected
at the patient’s admission and inserted in the database as
previously described for the BPC program. Data on previous
echocardiograms was also reviewed from medical charts.

Exposure variable

The patients were classified according to the new EF
classification regarding the index hospitalization: HFrEF when
the EF was below or equal to 40%, HFmrEF when the EF was
41-49%, HFpEF when the EF was above or equal to 50%, and
HFimpEF with a baseline EF below or equal to 40%, a 10% or
more increase from baseline EF and a second measurement
of EF above 40%.

A sub-analysis was made independently from the universal
EF classification, in which the patients were classified in
Delta EF = +10% and Delta EF < +10% according to the
EF variation in two echocardiograms. This variation was
calculated by the EF from the echocardiogram made in the
index hospitalization subtracted from the EF from a previous
echocardiogram (if the patient had more than one EF record,
the lowest value was used), being considered Delta EF >
+10% of those who presented a 10% or higher EF raise. It
should be noted that this sub-analysis differs from the universal
classification, as it considers only the EF variation

Outcome and follow-up

Every patient was contacted by a phone call in 30 days
and six months after discharge. The primary outcome was
death from any cause.

Other variables

We also collected data on sex, age, comorbidities
(hypertension, diabetes, dyslipidemia, coronary artery disease,
previous myocardial infarction, atrial flutter/atrial fibrillation,
previous HF, chronic kidney disease, chronic obstructive
pulmonary disease/asthma, valvar disease, and stroke/transient
ischemic attack), previous cardiac procedures (percutaneous
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and surgical myocardial revascularization), HF etiology
(ischemic, Chagas disease and others) and hemodynamic
profile (dry-warm, wet-warm, dry-cold, wet-cold), according
to medical notes of patient’s admission. The patient was also
interviewed for family income, in which low was defined by
less than two minimal wages, and education level, low being
characterized by illiteracy or incomplete elementary schooling.
Each patient’s weight and height measured at the admission
was used to calculate the body mass index (BMI).

HF medications in use prior to the hospitalization were also
collected: angiotensin-converting enzyme inhibitor (ACEI),
angiotensin Il receptor blockers (ARB), angiotensin receptor-
neprilysin inhibitor (ARNi), beta blocker, spironolactone,
hydralazine, nitrate, loop diuretics, digoxin, and anticoagulant.

The LVEF was obtained from the echocardiogram
performed during the hospitalization. As for the previous
echocardiogram, it was obtained in the patient’s charts. An
analysis of the subgroups Delta EF = +10% and Delta EF
< +10% was made for the following echocardiographic
parameters: previous and hospitalization Left Atrium (LA)
diameter, previous and hospitalization LV diastolic and systolic
diameters and its variations, and the time difference between
the echocardiograms.

Statistical analysis

The categorical variables were presented in proportions
and the continuous in mean = standard deviation or median
and quartiles. The continuous variables were compared
among the groups with ANOVA if normal distribution and
Kruskal-Wallis if not normal. The categorical variables were
compared with the use of the chi-square test. Kaplan-Meier
curves were built for the survival analysis, being censured in
180 days and compared with the Log-rank test. Then, the
association between the EF categories and the EF variation
with the primary outcome were analyzed with the Cox
regression adjusted for possible confusion factors. A p-value
lower than 0.05 was considered statistically significant. The
software used for analysis was the Stata v.15.1 (Stata Corp,
College Station, TX).

Results

One hundred and fifty-three patients were hospitalized
with acute HF in this period, of which only 77 had a previous
echocardiogram, 52% were classified as HFrEF, 35% as HFpEF,
12% as HFmrEF and 1% as HFimpEF, representing only two
patients (Figure 1). Due to the small number of patients in the
HFimpEF category, we divided the patients into one of the
other three categories and evaluated the Delta EF separately
(see below). The mean age varied between 64 to 71 years
(HFrEF 64.30 = 14.14, HFmrEF 67.73 = 12.83, and HFpEF
71.40 = 14.37), and the women proportion also varied
amongst the categories (HFrEF 33.8%, HFmrEF 55.6%, and
HFpEF 67.3%).

For the EF variation analysis, the 77 previous
echocardiograms were used (67 = 14 years, 48% women,
EF = 43 = 18%). The median period between the previous
echocardiogram and the hospitalization echocardiogram was
224 [114, 463] days.
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Figure 1 - Proportion of patients in each ejection fraction category. EF: ejection
fraction; HFimpEF: heart failure with improved ejection fraction; HFmrEF:
heart failure with mildly reduced ejection fraction; HFpEF: heart failure with
preserved ejection fraction; HFrEF: heart failure with reduced ejection fraction.

Clinical characteristics

Most patients were overweight and had hypertension and
previous HF. Also, more than a third had diabetes mellitus
and dyslipidemia. The most common hemodynamic
profile was the wet-warm, and more than half of the
included patients had low family income and education
level (Table 1).

Myocardial ischemia, coronary artery disease, previous
myocardial infarction, myocardial revascularization,
and ischemic HF etiology were more prevalent in the
HFrEF group. The HFpEF group presented higher age,
more frequently female sex, and higher rates of chronic
obstructive pulmonary disease/asthma, valvar disease, and
hypertension. The HFmrEF group presented intermediate
characteristics between the HFrEF and HFpEF groups
concerning: age, sex, hypertension, BMI, coronary artery
disease, previous myocardial infarction, percutaneous
revascularization, and valvar disease. However, the flutter/
atrial fibrillation rates were similar between the HFmrEF
and HFpEF groups, being higher when compared to HFrEF
(Table 1).

There was no statistically significant difference between

the analyzed EF categories and the use of HF medications
previous to the index hospitalization (Table 2).

Echocardiographic variables

There was no statistically significant difference when
comparing the following echocardiographic parameters
between the subgroups Delta EF = +10% e Delta EF <
+10%: previous and hospitalization LA diameter, previous
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Table 1 - Clinical and demographic characteristics according to the ejection fraction classification
HFrEF HFmrEF HFpEF
p-value
n=280 n=18 n=55

Age, years 64.30 + 14.14 67.73+£12.83 71.40 + 14.37 0.017
Female, n (%) 27 (33.8%) 10 (55.6%) 37 (67.3%) < 0.001
BMI, kg/m? 27.93+6.04 29.16 £5.88 30.01 + 8.41 0.23
Hypertension, n (%) 57 (71.2%) 15 (83.3%) 50 (90.9%) 0.019
Diabetes, n (%) 32 (40.0%) 6 (33.3%) 20 (36.4%) 0.83
Dyslipidemia, n (%) 24 (30.0%) 9 (50.0%) 16 (29.1%) 0.22
Coronary Artery Disease, n (%) 33 (41.2%) 5(27.8%) 8 (14.5%) 0.004
Myocardial infarction, n (%) 18 (22.5%) 3 (16.7%) 3 (5.5%) 0.028
PCI, n (%) 20 (25.0%) 2 (11.1%) 3 (5.5%) 0.009
CABG Surgery, n (%) 8 (10.0%) 1 (5.6%) 3 (5.5%) 0.58
Atrial Fibrillation/Flutter, n (%) 23 (28.7%) 9 (50.0%) 27 (49.1%) 0.033
Previous Heart Failure, n (%) 57 (71.2%) 13 (72.2%) 36 (65.5%) 0.74
Chronic kidney disease (Cr >2.0), n (%) 18 (22.5%) 2 (11.1%) 6 (10.9%) 0.16
COPD/Asthma, n (%) 11 (13.8%) 2 (11.1%) 17 (30.9%) 0.030
Valvar Disease, n (%) 14 (17.5%) 5 (27.8%) 24 (43.6%) 0.004
Stroke/Transient Ischemic Attack, n (%) 17 (21.2%) 0 (0.0%) 7 (12.7%) 0.06
Etiology, n (%) <0.001

Ischemic 34 (42.5%) 4(22.2%) 6 (10.9%)

Chagas Disease 3 (3.8%) 0 (0.0%) 0 (0.0%)

Other 43 (53.8%) 14 (77.8%) 49 (89.1%)
Hemodynamic Profile, n (%) 0.54

Dry-warm 3 (3.8%) 0 (0.0%) 2 (3.6%)

Wet-warm 70 (88.6%) 17 (94.4%) 48 (87.3%)

Wet-cold 3 (3.8%) 1 (5.6%) 5(9.1%)

Dry-cold 3 (3.8%) 0 (0.0%) 0 (0.0%)
Low Level of Education, n (%) 52 (65.0%) 11 (61.1%) 39 (70.9%) 0.67
Low Family Income, n (%) 42 (53.2%) 12 (66.7%) 32 (58.2%) 0.55

BMI: body mass index; CABG: Coronary artery bypass graft surgery; COPD: chronic obstructive pulmonary disease; HFmrEF: heart failure with mildly
reduced ejection fraction; HFpEF: heart failure with preserved ejection fraction; HFrEF: heart failure with reduced ejection fraction; n: number of patients;
PCI: percutaneous coronary intervention.

and hospitalization LV diastolic diameter and its variations, ~ Outcome
previous and hospitalization LV systolic diameter and the time From the 153 patients analyzed, 25 (16.3%) died during the

difference between the echocardiograms. o o ) )
o o follow-up. There were no statistically significant differences in
As for the LV systolic diameter variation, there was a
difference between the groups, with higher values in the
Delta EF < +10% group (2.49 + 5.02 vs -5.33 = 3.01,  (HFrEF 15%vs HFpEF 20% vs HFmrEF 11%, Log-rank p = 0.55)

p < 0.001) (Table 3). (Central Illustration).

the outcome of death by all causes according to the EF classes

ABC Heart Fail Cardiomyop. 2024; 4(2):e20240035
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Table 2 - Medications that were used previously to index
hospitalization according to the ejection fraction categories

HFrEF HFmrEF HFpEF
p-value

n=380 n=18 n=55
ACEI/ARB/ARNI 60.0% 72.2% 56.4% 0.49
Beta-Blockers 53.8% 61.1% 43.6% 0.34
Spironolactone 28.7% 33.3% 16.4% 0.18
Hydralazine 10.0% 5.6% 0.0% 0.053
Nitrate 6.2% 11.1% 1.8% 0.26
Loop Diuretics 40.0% 55.6% 41.8% 0.48
Digoxin 2.5% 0.0% 7.3% 0.25
Anticoagulant 2.5% 0.0% 7.3% 0.25

ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin Il
receptor blockers;, ARNI: angiotensin receptor-neprilysin inhibitor;
HFmrEF: heart failure with mildly reduced ejection fraction; HFpEF: heart
failure with preserved ejection fraction; HFrEF: heart failure with reduced
ejection fraction.

As for the analysis according to the EF variation, in the
180 days survival analysis, there was no association between
the improvement of EF (Delta > 10%) and mortality (hazard
ratio [HR] =2.22; confidence interval [Cl] 95% 0.49 - 10.03;
p = 0.30), even after adjustment for age, sex, current EF and
period between the EF measurements (adjusted HR = 2.40;
Cl 95% = 0.45 - 12.9; p = 0.31). The EF variation as a
continuous variable showed an apparent “U” shaped association
with mortality in 180 days, but was not statistically significant
(p = 0.32; Figure 2).

Discussion

In this cohort of patients with acute HF, we found that the
clinical characteristics differed among the EF classes according to
the universal definition, similar to what has been found in patients
with chronic HFE. Nevertheless, the mortality was similar across
the EF classes, which is the opposite of what is known for patients
with chronic HF, where HFrEF patients display the lowest survival
rates,” while HFimpEF patients have the highest survival rates.>'
Noteworthy, the proportion of patients with HFimpEF in our
study was very small, and we did not find a significant association
between improvement of EF and mortality. This suggests that the
EF and its categories appear to have a different role in patients
with acute HF, who have a more severe presentation of the
disease even if they have had improvement of EF.

There are divergences in the literature about the relationship
between EF and outcomes in patients with acute HE. A previous
study from Brazil described similar survival rates in acute HF
patients according to EF categories, although they did not evaluate
the improvement in EF and outcomes."" Another study evaluated
patients with HFmrEF and subdivided them into improved (if
the EF improved at least 5 points and was > 50% in a posterior
measurement), worsened (EF change of at least 5 points and
EF < 40%), or no change, and they found that improved EF

ABC Heart Fail Cardiomyop. 2024; 4(2):e20240035

Table 3 - Echocardiographic variables according to the ejection
fraction variation

Delta EF <+10  Delta EF > +10
p-value
n=T71 n=6

LA Diameter, mm

Previous 46.3+7.3 478+ 3.7 0.61

Hospitalization 47.4+6.8 51771 0.15
LV Diastolic Diameter, mm

Previous 54.0+£9.6 52.5+8.4 0.72

Hospitalization 54.6 £ 9.6 52.7+8.9 0.64
LV Systolic Diameter, mm

Previous 40.4+12.4 417+11.8 0.82

Hospitalization 423117 36.3+11.1 0.23
;AmDiameter Variation, 11455 38452 0.25
b‘;ﬂ;iﬁ"&ﬂiame‘” 0.8+5.1 02+37 0.76
LV Systolic Diameter 25450 53430 <0.001

Variation, mm

The time between

Echocardiograms, days 220 [87; 463]

423 [133; 592] 0,46

EF: ejection fraction; LA: left atrium; LV: left ventricle.

Death from any cause

overal p =0.320 s
p for non-linearity = 0.132 //

1

500 1000 1500

Incidence Rate

40 40

Delta EF

Figure 2 - Mortality according to the ejection fraction variation as a continuous
variable. EF: ejection fraction.

was associated with better survival.’ It has also been suggested
that the association between EF and outcomes may attenuate
in patients with the first acute HF episode, so-called de novo
(again) acute HFE. While EF was not associated with outcomes in
patients with de novo acute HF, the HFrEF category displayed
worse survival compared with HFmrEF and HFpEF ones among
patients with chronic decompensated HF'? These divergences
demonstrate the need for more data on the impact of LVEF on
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cardiovascular outcomes among patients with acute HE Our
study agrees with previous data that suggested no association
between EF and outcomes in patients with acute HF and further
provides data on previous EF changes in an acute scenario.

The distribution of HF categories was similar to what had
been published before.”>'* Nevertheless, we found a very low
number of patients with HFimpEF, which may be related to a
low hospitalization rate among patients with chronic HF in this
category.”'%"'517 Characteristics of patients across categories in
our study followed what has been described in chronic patients:
while HFrEF patients had a higher prevalence of coronary
artery disease, previous myocardial infarction, and ischemic HF
etiology, HFpEF patients were older, more frequently women
had a higher prevalence of hypertension and atrial flutter/atrial
fibrillation.>'*'® The HFmrEF patients presented intermediate
characteristics between HFrEF and HfpEF.™

Acute HF is a pathophysiological entity less known when
compared to chronic HF. It is characterized as a quick installation
or a gradual worsening of HF signs and symptoms, severe enough
to make the patient seek urgent medical assistance. Mortality
rates in one year after discharge vary from 25% to 30%, and
rehospitalization rates reach up to 45%.2° Clinical risk scores
have been validated to predict the risk of in-hospital mortality
in decompensated acute HF patients, such as the ADHERE and
the GWTG scores,*' and they do not incorporate EF as predictors
of mortality. Instead, they include age, race, comorbidities,
systolic blood pressure, sodium levels, and kidney function.
This indicates that the short-term prognosis of acute HF is
better evaluated by parameters that reflect acute hemodynamic
abnormalities, which are not captured by EF. The EF measured
during hospitalization is a lumped parameter that reflects both
chronic and acute hemodynamic abnormalities. Acute changes
in EF are associated with variations in stroke volume, preload,
afterload, and myocardial contractility, but measuring them is
unfeasible since they would need to be assessed in a short period,
with previous EF measured days or weeks before hospitalization.
With the data available so far, the one-point measurement of
EF during hospitalization does not appear to predict in-hospital
mortality. Our study adds by further studying the EF fluctuations
over along period, which was not associated with mortality during
hospitalization or in the six months afterward.

Limitations

Our study has limitations that should be considered. First,
the relatively small sample size limited the power to detect
differences in mortality. Second, the very small number of
patients with HFimpEF precluded an analysis that included
this category. Third, change in EF was calculated using an
available previous echocardiogram that was usually performed
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