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Abstract

The objectives of the study were to characterize and compare different acute heart failure (AHF) subgroups according to left-
ventricular ejection fraction (LVEF) in terms of all-cause mortality and HF-related readmissions during the 1-year follow-up
(FU). Three hundred and fifty-six AHF patients admitted to Cardiology ward and/or CCU were retrospectively included in
the study and analyzed during the 1-year FU. Patients were stratified according to LVEF as those with preserved (HFpEF),
midrange (HFmrEF) and reduced LVEF (HFrEF). During the FU period, 148 (43.3%) patients died, and 116 HF-related
readmission events were recorded. HFmrEF group had significantly higher standardized all-cause mortality rate, unadjusted
for age, compared to HFpEF group and significantly lower than HFrEF group (41 vs. 18 and 41 vs. 62.5 events per 100
patient-years; y>=41.08, p<0.001 and y*=16.62, p <0.001, respectively). A propensity score-matched analysis in which
all HF groups were matched for age and other covariates confirmed that HFmrEF group had significantly higher all-cause
mortality rate than HFpEF group (> = 15.66, p <0.001) while no significant differences in readmission rates were observed
across all groups (p =NS). The hazard risk for a composite endpoint of death and readmission was highest in HFrEF group
(HR 6.53, 95% CI 3.53-12.08, p <0.001), followed by HFmrEF group (HR 3.30, 95% CI 1.86-5.87, p <0.001) when com-
pared to HFpEF group set as a reference. Among AHF patients, the HFmrEF phenotype was associated with significantly
higher all-cause mortality compared to HFpEF, during the 1-year FU. This finding might implicate more stringent clinical
approach towards this patient group.
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Introduction

An acute heart failure (AHF) is defined as the rapid onset
of symptoms and/or signs of heart failure (HF) [1]. This
event can occur for the first time (de novo) or can present in
Josip Andelo Borovac and Katarina Novak joint first authorship— the form of decompensation of preexisting cardiomyopathy
both authors equally contributed to the manuscript. (acutely decompensated heart failure, ADHF) and the latter
is arguably the most common cause of hospitalization among
patients older than 65 years of age [2]. This decompensa-
tory event is usually provoked by factors such as infection,
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EF (HFpEF, with LVEF > 50%) while the latest revision of
European Society of Cardiology (ESC) guidelines and those
published on the behalf of the American Heart Association/
American College of Cardiology Foundation (AHA/ACCF)
introduced the new category for patients with HF and LVEF
ranging from 40 to 49%—the “midrange” or “borderline”
HF or HFmrEF [3, 5].

From the outcomes perspective, AHF was associated
with 1-year all-cause mortality rates ranging from 21 to
37% based on the data from ESC HF Long-Term registry
(ESC-HF-LT) that encompassed European and Mediter-
ranean countries [6]. Similarly, Medicare-based Get With
The Guidelines-HF (GWTG-HF) registry showed that all-
cause mortality within 1-year ranged from 35.1 to 37.5%
depending on the left-ventricular ejection fraction (LVEF)
phenotype [7]. Moreover, a 1-year mortality after hospital
discharge is significantly higher among ADHF patients
compared to patients with de novo AHF [8]. A study that
analyzed trajectories of risk after hospitalization for HF
found that readmissions to hospital and death occurred in
67.4% and 35.8% of observed hospitalization cases, during
the 1-year period after hospital discharge, respectively [9].

The “midline” or “borderline” position of HFmrEF as
a “middle child” of HF urges for definition and characteri-
zation of this group, in terms of established risk factors,
therapeutic strategies, clinical outcomes, and prognosis,
when compared to HF patients with reduced or preserved
LVEF [10-12]. Recent data from TIME-CHF and CHART-2
studies showed that HFmrEF is a clinical entity similar to
HFrEF, rather than HFpEF, in terms of disease burden and
benefit from N-terminal pro-B-type natriuretic peptide (NT-
proBNP)-guided therapy [13, 14]. The analysis of ESC
HF-LT registry that included 9134 HF patients demonstrated
that HFmrEF group had an intermediate 1-year mortality
rate (7.6%) when compared to other HF subgroups (8.8%
for HFrEF and 6.3% for HFpEF) and similar findings were
confirmed in the post hoc analysis of CHARM trial [15,
16]. The results from the latter also suggested that HFm-
rEF has the same pathophysiology as HFrEF and better out-
comes than HFrEF as it most likely represented the milder
form of the same syndrome. In support to this hypothesis, a
study by Cleland et al. showed that beta-blockers provided
similar clinical benefit in HFmrEF population compared to
HFrEF and this effect was absent among HFpEF patients in
sinus rhythm [17]. Finally, the large pooled-data analysis by
Bhambbhani et al. based on four community-based longitudi-
nal cohorts, revealed that all-cause mortality following the
onset of HFmrEF was worse than that of HFpEF and in that
regard, HFmrEF was more similar to HFrEF phenotype [18].

Despite growing data on HFmrEF in the recent year,
prognosis and hard endpoints for such patients need to be
better defined. Therefore, the main goal of the current study
was to characterize and compare clinical features and risk

in terms of all-cause mortality and HF-related readmissions
during the 1-year period after hospital discharge among real-
world HF patients with high comorbidity burden, according
to the systolic function.

Materials and methods
Participants and study setting

Data were retrieved retrospectively from HF registry of our
tertiary-care medical center and included a total of 356 Cau-
casian/white patients with an AHF event requiring admis-
sion at the cardiology ward and/or coronary care unit (CCU)
during the period from February 2008 to May 2012. Patients
were entered in the registry in a consecutive fashion during
the index admission and were followed for designated out-
comes during the 1-year FU period after hospital discharge.
Each patient case represented a unique acute hospitalization
event and no patients were enrolled more than once in the
respective analysis.

Inclusion criteria at admission were: (a) age of 35 years
or older, and (b) a confirmed diagnosis of HF (ischemic or
non-ischemic cardiomyopathy). To fulfill hospital admission
criteria, patient had to be clinically symptomatic and pre-
sent with one or more of the following clinical features: (a)
present dyspnea as a dominant clinical symptom, (b) signs
of a jugular vein distention and pulmonary crackles heard
at lung bases or throughout lung fields, (c) chest X-ray find-
ings consistent with pulmonary edema, vascular redistribu-
tion, cardiomegaly, peribronchial cuffing, etc., and (d) pres-
ence of the peripheral/pitting edema. Furthermore, patients
were stratified according to their New York Heart Associa-
tion (NYHA) functional HF class in the following groups:
NYHA II, IIT and IV [19]. Exclusion criteria were: patients
in NYHA I class, patients with hemorrhagic diathesis or
immunocompromised, active infectious and/or autoimmune
disease, patients with stroke or acute myocardial infarction
(AMI) or major non-cardiac/cardiac surgery within 3 months
prior to index admission, significant liver disease/cirrhosis
and history of excessive alcohol or substance abuse. Upon
hospital discharge, patients were assigned to follow-up vis-
its that were performed at successive intervals: 1 month,
6 months and 12 months. Patients who did not attend their
planned follow-up visits were phoned to determine their cur-
rent health status.

All patients included in this study have signed informed
consent and voluntarily agreed to participate in the study.
Insertion of the data was blinded. All procedures followed
were in accordance with the Declaration of Helsinki from
1975 and its revision in 2008. The relevant Ethics Com-
mittee of our institution reviewed the research protocol and
approved the study.
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Definitions

An acute heart failure (AHF) was defined as a rapid onset
or worsening of symptoms and/or signs of HF leading to
hospital admission. According to ESC guidelines for diag-
nosis and treatment of acute and chronic heart failure, AHF
occurs in two main forms—as a first occurrence of HF
requiring hospitalization (de novo) or as a consequence of
acute decompensation superimposed on chronic HF, also
known as acute decompensated heart failure (ADHF) [3].
Upon clinical evaluation, most of AHF patients in this study
were admitted to cardiology in-hospital ward while high-risk
patients were transferred to coronary care unit (CCU) and for
this, some of following criteria had to be fulfilled: need for
intubation (or already intubated at arrival), signs/symptoms
of hypoperfusion, oxygen saturation (SpO,) <90% despite
supplemental oxygenation, use of accessory respiratory
muscles for breathing or respiratory rate (RR) > 25/min.,
heart rate (HR) <40 or> 130 and systolic blood pressure
(SBP) <90 mmHg [3, 20]. Upon clinical stabilization and
resolution of acute morbidities, these patients would then
be transferred from CCU to the ward. HF-related readmis-
sion was defined according to primary discharge diagnosis
of heart failure (I50) according to the 10th revision of Inter-
national Statistical Classification of Diseases (ICD-10) [21].

Diagnostic and physical examinations

A full medical history has been documented and physical
examination was performed for each admitted patient. The
basic routine workup included chest X-ray and a standard
12-lead ECG recording. Transthoracic echocardiogram
(TTE) examination was performed as soon as the patients
were able to lay on their left hip, with their upper part of the
body raised for about 30° and the left arm placed under the
head. Echocardiographic parameters—Ieft ventricular ejec-
tion fraction (LVEF, %) and left ventricular end-diastolic
dimension (LVEDd, mm) were measured for each patient by
the same cardiologist with a high expertise in echocardiog-
raphy. Each patient had their LVEF measured at minimally
two time points during their index hospitalization: (a) initial
assessment within 2 h of admission; (b) assessment after
stabilization of acute decompensation; (c) assessment within
48 h prior to hospital discharge. At each time point, multi-
ple LVEF measurements were obtained during each session
with weighted average value recorded in the database. In this
current study, patients were retrospectively classified into
three HF groups according to their mean LVEF value in the
registry, which was the average of multiple measurements,
performed during the index hospitalization. The modified
biplane Simpson’s rule was used for LVEF assessment in all
instances [22]. For the classification of patients into three HF
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groups, we adhered to 2016 ESC guidelines for the diagnosis
and treatment of acute and chronic HF [3].

Following variables were recorded at admission for every
patient enrolled in the study: sex, age, number of previous
acute decompensation events of HF that required hospitali-
zation, functional status according to NYHA classification,
diabetes mellitus (DM), anemia, chronic kidney disease
(CKD), arterial hypertension, atrial fibrillation (AF) and
active cancer. Variables from physical examination reported
in the database included arterial blood pressure measure-
ments and the presence of peripheral congestion. Patients
were also classified according to etiology of cardiomyopathy
into two groups: ischemic and non-ischemic cardiomyopa-
thy. Biochemical laboratory analyses of peripheral blood
were ordered for each patient and standard panel included
measurements of creatinine, hemoglobin, urea, uric acid,
sodium, and potassium. Anemia was defined by hemoglobin
concentrations in plasma < 130 g/L for men and < 120 g/L
for women. Estimated glomerular filtration rate (eGFR)
was calculated using the CKD-EPI equation for adults [23,
24]. CKD in this study was defined as a CKD-EPI eGFR
value < 60 mL/min/1.73 m* of body surface area.

Arterial blood pressure was average of multiple measure-
ments during admission and index hospitalization on both
arms non-invasively, supine and sitting, via digital sphyg-
momanometer. Hypertension was defined as 140 mmHg
or higher for systolic (SBP) and/or 90 mmHg or higher for
diastolic (DBP) arterial blood pressure and was graded per
ESC guidelines for the management of arterial hyperten-
sion [25]. At hospital admission, a hospital nurse recorded
patient’s adherence and use of evidence-based therapy dur-
ing the medical interview to capture real-world utilization
of prescribed medications.

Statistical analysis

All data analyses were performed using IBM® SPSS Sta-
tistics for Windows, version 25.0 (IBM, Armonk, NY,
USA) and p values < 0.05 were considered significant at all
instances. Data were presented as frequencies along with
percentages of patients or as the mean =+ standard deviation
(SD) within a particular category of interest. A Pearson’s
Chi-square test (%), with Bonferroni post hoc analysis where
necessary, were used for categorical variables while inde-
pendent samples ¢ test was used for determining differences
between groups in respect to continuous variables. Patient’
characteristics among multiple groups were compared using
the one-way ANOVA analysis for continuous variables with
post hoc Tukey HSD test. Kaplan—Meier survival analysis
with log-rank test was used to plot and compare cumula-
tive survival among respective HF subgroups, stratified by
LVEF.



Heart and Vessels (2019) 34:268-278

271

Univariate logistic regression was used to determine the
association between analyzed variables set as independent
predictors and all-cause death and HF-related readmission
events recorded during 1-year FU that were designated as
dependent outcomes of interest. After this step, independ-
ent variables with significant interaction were included in
multivariate regression models. Regression model was con-
structed using Cox regression hazard analysis with stepwise
conditional algorithm. Furthermore, this analysis was used
to calculate the multivariate-adjusted hazard ratios (HR),
significance levels (p value) and 95% confidence intervals
(95% CI) for 1-year post-discharge all-cause mortality and
HF-related readmission risk. The respective multivariate
model was adjusted and included following variables: age,
sex, eGFR, number of acute decompensation events requir-
ing hospitalization prior to current admission, NYHA func-
tional class, DM, SBP, LVEF, urea, uric acid, potassium,
sodium and hemoglobin levels in plasma and medications.

Due to age differences among LVEF-stratified HF groups,
a propensity score matching (PSM) analysis was under-
taken to obtain matched sets of HF patients, in all three HF
groups (HFpEF, HFmrEF, and HFrEF). All three groups
were matched with each other and then compared directly
in terms of main outcome measures in this study: all-cause
mortality and HF-related readmissions during the 1-year
FU. In the matching algorithm, exact matching for nearest
neighbor (1:1) was set for the age while covariates in the
model included sex, NYHA class, LVEDd, eGFR, urea, uric
acid, sodium, potassium, hemoglobin, SBP, DBP, number of
previous hospitalizations and medication use. A caliper of
0.2 of the standard deviation of the logit of the propensity
score was used to minimize differences on the covariates
between matched participants [26, 27]. PSM analysis was
carried out by Propensity Score Matching for SPSS (version
3.0.4.) plugin developed by Thoemmes [28]. This graphi-
cal interface utilizes R packages ,, Matchlt“, ,,RItools and
,cem. “ to perform PSM analysis within SPSS [29-31].
Furthermore, survival between each HF patient group was
compared with log-rank test and Kaplan—-Meier analysis was
used to generate survival graphs.

Results
Baseline population characteristics at admission

Three hundred and fifty-six Caucasian patients with AHF
event admitted to cardiology ward and/or CCU and were
eventually discharged from the hospital, were included in
this retrospective registry-derived study. Out of these 356
patients, a total of 342 patients were included in the final
data analysis (mean age 74.2+9.9 years, 51.1% women).
The loss to follow-up rate was 3.93% since 14 patients failed

to complete the study due to unavailability to check post-dis-
charge status, change in address or incomplete data. There-
fore, out of 342 patients, 224 (65.5%) had acute decompen-
sation of preexisting HF (ADHF) while 118 (34.5%) patients
had de novo AHF. Baseline data of the analyzed popula-
tion in respect to HF type stratified by LVEF is provided in
Table 1. Moreover, patients with de novo AHF had signifi-
cantly lower crude all-cause mortality reported during the
1-year FU period compared to patients with ADHF (25/118,
21.2% vs. 123/224, 54.9%; y*=20.24, p <0.001). Finally, de
novo AHF patients were significantly younger, had lower
mean NYHA class, higher LVEF and significantly differed
in most of baseline clinical and laboratory parameters com-
pared to ADHF patients (Table 2).

All-cause death and HF-related readmission
outcomes among HFpEF, HFmrEF and HFrEF
in age-unadjusted analysis

During the 1-year post-discharge FU period, 148 (43.3%)
patients died and the total of 116 hospital readmissions due
to acute HF decompensation were recorded. The HFmrEF
group exhibited significantly higher mortality during FU
than HFpEF group when compared head-to-head (55/133
vs. 16/86 death cases, p <0.001) and significantly less than
HFrEF (55/133 vs. 77/123 death cases, p <0.001). The high-
est number of readmission events during the 1-year post-
discharge period was observed for HFmrEF group (53 events
per 133 patient-years) and this was similar to HFrEF (45
events per 123 patient-years, p =0.686) but significantly
higher compared to HFpEF group (18 events per 86 patient-
years, p=0.043) in the age-unadjusted analysis (Table 1).

Due to differences in respective HF subgroup sizes, stand-
ardized death and readmission rates were calculated. For
HFpEF, HFmrEF and HFrEF group 1 death event occurred
for every 5.37, 2.41 and 1.60 patient-years, respectively.
Likewise, 1 readmission event occurred for every 4.77,
2.51 and 2.73 patient-years in HFpEF, HFmrEF and HFrEF
groups, respectively. Standardized death and readmission
rates calculated on the scale of 100 patient-years are pro-
vided in Fig. 1. Furthermore, all three HF subgroups signifi-
cantly differed in crude survival during the 1-year FU period
(log-rank p <0.001) (Fig. 2).

Propensity score-matched (PSM) analysis

Due to baseline age differences among HF subgroups strati-
fied by the LVEF, a PSM analysis was utilized to overcome
this issue and enable exact age matching between respective
groups. Balance diagnostics showed that in all matched pair
analyses, no covariates included in the model exhibited large
imbalances (defined as |dl > 0.25).
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Table 1 Comparison of baseline parameters and medication use at admission among different acute heart failure (AHF) subgroups according to

left ventricular ejection fraction

Variable HFpEF N=286 HFmrEF N=133 HFEF N=123 p*
Age, years, mean +SD 72.1+7.9 76.9+8.2 72.6+12.0 < 0.001
Men, % 40 (46.51) 61 (45.86) 66 (53.65) NS
Women, % 46 (53.49) 72 (54.14) 57 (46.35) NS
All-cause deaths, % 16 (18.60) 55 (42.30) 77 (62.60) < 0.001
Number of HF-related readmission events 18 per 86 patient-years 53 per 133 patient-years 45 per 123 patient-years  0.185
Arterial hypertension, % 55 (63.95) 76 (57.14) 50 (40.65) < 0.001
Atrial fibrillation, % 45 (52.32) 68 (51.13) 66 (53.66) 0.700
Chronic kidney disease, % 45 (52.32) 87 (65.41) 83 (67.47) < 0.001
Diabetes mellitus, % 22 (25.58) 36 (27.07) 39 (31.70) 0.482
Anemia, % 27 (31.39) 68 (51.13) 61 (49.59) 0.007
Cancer, % 6 (6.98) 8(6.02) 7 (5.69) 0.950
Peripheral congestion, % 26 (30.23) 64 (48.12) 59 (47.97) 0.007
LVEF, %, mean+SD 54.08 £5.15 43.41+3.07 32.25+4.41 < 0.001
LVEDd, mm, mean=+SD 53.70+£5.54 67.73 £8.67 65.87+6.12 0.402
SBP, mmHg, mean+SD 146.70+29.43 140.28 +£25.01 126.32+£24.77 < 0.001
DBP, mmHg, mean+SD 86.90+15.82 81.18+15.82 76.73+15.51 < 0.001
Urea, mmol/L, mean+ SD 6.93+5.1 8.32+5.9 10.06 +6.1 < 0.001
Creatinine, pmol/L, mean +SD 103.96 +39.70 144.75+110.04 167.35+98.14 < 0.001
Uric acid, pmol/L, mean+SD 428.85+147.95 477.09 +£166.56 540.87+181.52 < 0.001
Potassium, mmol/L, mean +SD 4.20+0.47 4.47+0.72 4.61+0.95 0.001
Sodium, mmol/L, mean +SD 140.38 +2.69 138.75+4.63 136.27 +4.30 < 0.001
Hemoglobin, g/L, mean+SD 129.66+21.06 123.24+19.44 125.84+£19.73 0.059
eGFR, mL/min/1.73 m?, mean + SD 58.72+16.31 47.55+22.05 43.53+25.82 < 0.001
NYHATIL % 53 (61.63) 19 (14.28) 7(5.69) < 0.001
NYHAIII, % 28 (32.55) 90 (67.67) 46 (37.39) < 0.001
NYHAV, % 3(5.82) 28 (18.05) 68 (56.92) < 0.001
Ischemic cardiomyopathy, % 42 (48.83) 115 (86.47) 74 (60.16) < 0.001
Non-ischemic cardiomyopathy, % 44 (51.17) 18 (13.53) 49 (39.84) < 0.001
Patient-reported medication adherence
Acetylsalicylic acid, % 48 (55.81) 71 (53.38) 59 (48.00) 0.753
ACE-I/ARBs, % 61 (70.93) 101 (75.94) 94 (76.42) 0.138
Beta blockers, % 38 (44.19) 40 (30.75) 45 (36.58) 0.060
Diuretics, % 58 (67.44) 129 (97.00) 121 (98.4) < 0.001
History of previous acute HF events that required hospitalization
None, % 58 (67.44) 37 (27.81) 23 (18.70) < 0.001
1 event, % 18 (20.93) 40 (30.08) 19 (15.45) < 0.001
2 events, % 7 (8.14) 32 (24.06) 40 (32.52) < 0.001
> 3 events, % 3(3.49) 24 (18.05) 41 (33.33) < 0.001
Number of previous events per patient, mean+SD  0.54 +0.87 1.40+1.27 1.93+1.37 < 0.001

ACE-Is angiotensin-converting enzyme inhibitors, ARBs angiotensin II receptor blockers, DBP diastolic blood pressure, eGFR estimated glo-
merular filtration rate by CKD-EPI formula, HFmrEF heart failure with mid-range ejection fraction, HFpEF heart failure with preserved ejec-
tion fraction, HFrEF heart failure with reduced ejection fraction, LVEDd left ventricular end-diastolic dimension, LVEF left ventricular ejection
fraction, NYHA New York Heart Association functional classification of heart failure, SBP systolic blood pressure

*Statistical significance value (2-tailed, set at 0.05 level)

In this analysis, head-to-head comparison of HFm-
rEF vs. HFpEF group showed that HFmrEF patients had
significantly more all-cause death events than HFpEF

patients (29 vs. 9 events, y>=15.66, p <0.001) with no
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significant difference between two groups in terms of HF-
related readmissions during the 1-year FU period (17 vs.
12 events, y*=1.15, p=0.284).
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Table2 Comparison of baseline parameters between de novo AHF
and ADHF patients

Variable De novo AHF  ADHF p value

Age (years) 69.7+11.2 76.6+8.1 < 0.001
NYHA functional class 2.6+0.7 3.3+0.6 < 0.001
eGFR CKD-EPI (mL/ 64.2+16.2 40.8+21.8 < 0.001

min/1.73 m?)

LVEF (%) 46.8+9.2 39.8+8.6 < 0.001
LVEDd (mm) 71.2+21.3 59.3+17.2 0.187
Urea (mmol/L) 58+34 11.2+£8.7 < 0.001
Uric acid (pmol/L) 403 +127 532+177 < 0.001
Sodium (mmol/L) 140.6 +2.7 137+4.6 < 0.001
Potassium (mmol/L) 4+04 4.6+0.8 < 0.001
Hemoglobin (g/L) 129+19.5 124 +£20 0.025
SBP (mmHg) 142 +24 134428 0.008
DBP (mmHg) 84+14 79+15 0.007

DBP diastolic blood pressure, eGFR estimated glomerular filtra-
tion rate by CKD-EPI formula, LVEDd left ventricular end-diastolic
dimension, LVEF left ventricular ejection fraction, NYHA New York
Heart Association functional classification of heart failure, SBP sys-
tolic blood pressure

63
41 0
37
21
18 l

All-cause death HF-related readmissions

Standardized rate of event per 100 patient-years

u HFpEF ®m HFmrEF m HFrEF

Fig. 1 Standardized outcome rates of all-cause death and HF-related
readmission events expressed as the number of events per 100
patient-years among respective HF subgroups. HFmrEF heart fail-
ure with midrange (borderline) ejection fraction, HFpEF heart failure
with preserved ejection fraction, HFrEF heart failure with reduced
ejection fraction

Results of the PSM analysis in terms of comparison of
all-cause death and HF-related readmission events across
all groups are provided in Table 3.

Moreover, Kaplan—Meier and log-rank analysis showed
that HFmrEF group had significantly lower survival than
HFpEF group (p <0.001) during the 1-year FU period
while the significant difference in survival was observed
among all three groups in direct comparison (HFmrEF

1,0 4 Heart Failure type
’ according to

=1 HFrEF - LVEF <40%
{=4"Y HFmrEF - LVEF 40-49%
0’8 - ="V HFpEF - LVEF 250%

0,6 -

0,4

Cumulative survival

0,24

0,0+ Log-rank p<0.001
T T T T T T T T T
0 100 200 300 400
Time since discharge (days)

Fig.2 Kaplan—Meier survival analysis depicting cumulative propor-
tion of heart failure patients that were alive during the 1-year post-
discharge FU period in respect to LVEF. HFmrEF heart failure with
midrange (borderline) ejection fraction, HFpEF heart failure with
preserved ejection fraction, HFrEF heart failure with reduced ejec-
tion fraction, LVEF left-ventricular ejection fraction

vs. HFrEF, HFpEF vs. HFmrEF and HFpEF vs. HFrEF)
(Fig. 3).

Multivariate Cox regression analysis

In respect to HFpEF group that was used as a reference, both
HFmrEF and HFrEF groups showed a significant independ-
ent increase in hazard ratios (HRs) for all-cause death within
a l-year post-discharge FU period (HR 2.64, p=0.002 and
HR 5.70, p <0.001, respectively). Similarly, both HFmrEF
and HFrEF groups showed a significant increase in HRs for
HF-related readmission events within a 1-year FU period,
when compared to HFpEF group (HR 2.04, p=0.020 and
HR 3.32, p<0.001, respectively). In addition, both HFm-
rEF and HFrEF exhibited significant hazard risks for the
composite endpoint of all-cause death and rehospitalization
during 1-year post-discharge with HR 3.30 (p <0.001) and
6.53 (p <0.001), respectively (Table 4).

Discussion

Our main results show that, in comparison to acute heart
failure patients with preserved LVEF (HFpEF), patients with
midrange LVEF (HFmrEF) exhibited significantly higher
proportional and standardized all-cause mortality and HF-
related readmission rates during the 1-year FU period after
being discharged from the hospital. Additional propensity
score-matched (PSM) analysis in which all HF subgroups
were exactly matched for age and adjusted for other baseline
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Table 3 A propensity score-matched analyses of three AHF subgroups stratified by LVEF in respect to all-cause mortality and HF-related read-
mission events during a 1-year follow-up

HFrEF vs. HFmrEF (77 vs. 77 patients) HFmrEF vs. HFpEF (58 vs. 58 patients) HFrEF vs. HFpEF (52 vs. 52 patients)

All-cause 51 vs. 34 (66.2% vs. 44.2%) 29 vs. 9 (50% vs. 15.5%) 34 vs. 11 (65.4% vs. 21.2%)
death events,
N (%)

Ve 7.60 15.66 20.72

p* 0.006 < 0.001 < 0.001

HF-related 27 vs. 20 (35.1% vs. 26%) 17 vs. 12 (29.3% vs. 20.7%) 12 vs. 10 (23.1% vs. 19.2%)
readmission
events, N (%)

Ve 1.50 1.15 0.08

p* 0.221 0.284 0.756

*Chi-squared (y°) test, two-tailed significance set at p <0.05 level
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Fig. 3 Kaplan—-Meier survival analysis comparing cumulative sur- (borderline) ejection fraction, HFpEF heart failure with preserved

vival across all heart failure subgroups as derived from propensity ejection fraction, HFrEF heart failure with reduced ejection fraction
score-matched (PSM) analysis. HFmrEF heart failure with midrange

Table 4 Multivariate-adjusted

. Heart failure type All-cause death event HF-related readmissions Composite endpoint of all-
hazard ratios (HR) for all- cause death and HF-related
cause death and HF-related readmissions
readmission events and
composite endpoint of all-cause HR (95% CI) P HR (95% CI) p HR (95% CI) P
death and HF-readmission
events during the l_yea_r post- HFpEF Reference - Reference - Reference -
discharge follow-up period in HFmrEF 2.64 (1.45-4.82) 0.002  2.04(1.12-3.74) 0.020  3.30(1.86-5.87) < 0.001
respect to heart failure type HFrEF 5.70 (3.17-10.23) < 0.001 3.32(1.79-6.15) < 0.001 6.53 (3.53-12.08) < 0.001

(Cox-regression analysis)

HFmrEF heart failure with mid-range ejection fraction, HFpEF heart failure with preserved ejection frac-
tion, HFrEF heart failure with reduced ejection fraction, HR hazard ratio, 95% CI 95% confidence interval,
p statistical significance value (2-tailed, set at 0.05 level)

covariates, confirmed that patients in HFmrEF subgroup =~ PSM analysis showed that all three HF subgroups did not
had significantly more all-cause death events compared to  significantly differ regarding the number of HF-related
HFpEF subgroup, but these subgroups did not significantly =~ readmission events, although they all significantly differed
differ in terms of HF-related readmission events. Finally,  in terms of all-cause mortality rates, HFrEF phenotype
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exhibiting highest mortality rate, followed by HFmrEF, and,
finally, HFpEF.

Similarly, HFmrEF phenotype was associated with a
significantly increased hazard risk for all-cause death, HF-
related readmissions and composite end-point of all-cause
death and HF-related readmissions during the 1-year FU,
compared to patients with the preserved systolic function
that were set as a reference.

It is without a doubt of great practical interest to deter-
mine baseline and risk profile of HF patients that are classi-
fied as HFmrEF, especially in the acute heart failure setting
[11]. An intermediate clinical profile and comparable risk
for all-cause death or HF readmissions among three groups
stratified by LVEF were confirmed in the analysis of data
from REDINSCOR II registry [32]. Similarly, data from the
CHART-2 study showed that HFmrEF group exhibited inter-
mediate clinical profile between HFpEF and HFrEF and was
described as an “overlap” transition zone between HFpEF
and HFrEF, rather than as an independent entity [14]. Data
from the Swedish Heart Failure Registry suggested that
HFmrEF is an intermediate phenotype with a higher preva-
lence of ischemic heart disease in HFmrEF and HFrEF vs.
HFpEF [33].

While our study showed that HFmrEF subgroup of AHF
patients indeed had intermediate values in a majority of
examined baseline parameters, our outcome data suggest
that LVEF of 40-49% should indeed be regarded as a milder
form of systolic function impairment and could be the “wolf
in a sheep’s clothing” among mainly elderly population of
AHF patients with high comorbidity burden, such as those
included in this study. Based on the post hoc analysis from
CHARM trial involving HF patients treated with angiotensin
II receptor antagonist candesartan, it seems that HFmrEF
phenotype shares the same pathophysiology with HFrEF and
most likely is the milder form of the same syndrome due to
the fact that treatment with candesartan improved outcomes
in HFmrEF to a similar degree as in HFrEF [16]. This notion
has been recently accentuated by the study of Cleland et al.
showing that among HF patients in sinus rhythm, treatment
with beta-blockers conferred similar clinical benefits in
patients with HFmrEF and HFrEF while this effect was not
present in HFpEF group [17]. Accordingly, data from ESC
HF-LT registry showed that HFmrEF phenotype had sig-
nificantly better outcomes in all-cause death and HF-related
hospitalizations compared to HFrEF phenotype, but this
could suggest that HFmrEF is a milder form of the disease
[15]. In terms of disease pathophysiology, HFpEF phenotype
seems to be driven primarily by comorbidities and multior-
gan remodeling secondarily leading to myocyte dysfunction
whilst HFrEF and HFmrEF phenotypes have direct myocar-
dial injury occurring first (acute coronary thrombosis, etc.)
and this leads to secondary organ remodeling [34].

Finally, these findings cumulatively might suggest that
ejection fraction as a direct indicator of the left ventricular
systolic function should remain as the established marker for
diagnosis and prognosis in HF, and finally, it has important
practical repercussion as it is being used to guide therapy
[35, 36].

As previously stated, data about the HFmrEF popula-
tion in the context of AHF are lacking and thus far only
ALARM-HF registry provided a robust analysis of this
population [37]. This registry generally reported that HFm-
rEF phenotype showed many intermediate clinical features
between HFrEF and HFpEF but had a higher prevalence of
hypertension and lower prevalence of chronic renal disease.
Our data show that our population had a substantial burden
of renal disease with 63% of patients having CKD stage 3
or higher. Loss of GFR independently predicts mortality
and accelerates HF progression and prevalence of CKD in
our HF sample was notably higher than in similar studies
[38]. Of note, there were some notable differences in our
study compared to ALARM-HF. For example, ALARM-HF
included patients in NYHA I class that were excluded from
our study. Enrollment of women across the whole sample
and particularly in HFmrEF group was lower in ALARM-
HF analysis in comparison to ours (36.2% vs. 51.2% for the
overall sample and 35.1% vs. 54.1% for HFmrEF group,
respectively). Finally, clinical end-points of all-cause death
and rehospitalization were measured at 1-year FU period
in our study, as compared to 30 days in ALARM-HF study.

In our study, patients in HFmrEF group were significantly
older, more commonly were women, belonged dominantly
in NYHA III functional class and had significantly more
prior decompensation events per patient when compared to
HFpEF but less than HFrEF. The overall prevalence of atrial
fibrillation (AF) in our sample was 52.3% and no significant
differences were measured across all LVEF groups. Preva-
lence of AF in our sample was higher than those reported
in the EuroHeart Failure Survey (43%) and in the ADHERE
registry (30%) [39, 40].

Furthermore, during a 1-year FU period, 148 (43.3%)
patients died to all causes and 116 HF-related readmission
events were recorded. Our study also showed that patients
with de novo AHF had significantly lower all-cause mor-
tality at 1-year FU compared to patients with preexisting
HF with acute decompensations (21.2% vs. 54.9%) and
similar finding is generally acknowledged worldwide [8,
41, 42]. These two populations also significantly differed
in most of clinical and laboratory variables and de novo
AHF patients were significantly younger at presentation
than ADHF patients. Regarding the 1-year mortality, in a
study performed in the United States, a 1-year mortality
was up to 33.1% among patients discharged after AHF
hospitalization [4]. The EFFECT study conducted among
community-based HF patients reported 1-year mortality
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rates of 30.5-32.9% [43]. One-year mortality rate could
be more than 40-50% in some studies [44]. Considering
our results, we need to note that rather high mortality at
one year after discharge in our sample might be due to
highly complex and comorbid patients that were included
in the analysis that reflect “real-world” unselected popula-
tion with advanced disease burden. Of note, a large major-
ity of enrolled patients in our study were elderly (73.7%
were > 70 years of age), most of them had an advanced
degree of HF (76.8% of patients were in NYHA III or IV
class), majority were previously hospitalized for an acute
decompensation at least once (65.5% of them), prevalence
of moderate-to-end-stage CKD was high (63%) with high
prevalence of other comorbid conditions such as anemia,
AF, DM, arterial hypertension, etc.

Equally important, patient-reported adherence and use
of evidence-based treatments at admission in our study
was generally suboptimal, and this is particularly impor-
tant for HFrEF patients since most of guidelines and treat-
ment evidence were historically established for this popu-
lation. Medication adherence is an important issue since
discontinuation of any component of guideline-directed
medical therapy in HF is associated with greater mortality,
however, this has only been established for HFrEF popula-
tion [45-47]. At this moment, there are no evidence-based
treatments defined and no drugs conferring mortality
benefits for HF patients with preserved systolic function
[48, 49]. It is likely that these patients in our sample were
treated symptomatically, e.g. high prevalence of arterial
hypertension in this group required prescribing of beta-
blockers, ACE inhibitors, or combination of these with
diuretics. In terms of HFmrEF population, it is likely that
these patients were receiving treatment similar to HFrEF
group due to the fact that previous clinical guidelines did
not recognize this group as a separate entity, therefore, at
our Center, they were treated similarly to patients with
reduced LVEF.

Our study has some limitations as it was a single-center,
retrospective, and registry-based study with limited sample
size in terms of patient inclusion and data analysis. Further-
more, we lack data on post-discharge pharmacotherapy and
disease-specific biomarkers such as NT-proBNP/BNP and
data on dyslipidemia that could provide us with additional
clinical and prognostic information.

In conclusion, among the highly comorbid, dominantly
elderly, and unselected population with acute heart failure,
the HFmrEF phenotype was associated with worse all-cause
mortality outcomes during the 1-year period after hospital
discharge, compared to HFpEF phenotype while HF-related
readmissions rates were similar across groups stratified by
LVEF. These findings suggest that more rigorous monitoring
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and treatment of underlying risk factors in patients with mid-
range LVEF might be required in future clinical practice.

Funding None received.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Kurmani S, Squire I (2017) Acute Heart Failure: definition, clas-
sification and epidemiology. Curr Heart Fail Rep 14:385-392

2. Hammond DA, Smith MN, Lee KC, Honein D, Quidley AM
(2016) Acute decompensated heart failure. J Intensive Care Med.
https://doi.org/10.1177/0885066616669494

3. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats
AlJ, Falk V, Gonzalez-Juanatey JR, Harjola VP, Jankowska EA,
Jessup M, Linde C, Nihoyannopoulos P, Parissis JT, Pieske B,
Riley JP, Rosano GM, Ruilope LM, Ruschitzka F, Rutten FH,
van der Meer P (2016) 2016 ESC Guidelines for the diagnosis
and treatment of acute and chronic heart failure: the Task Force
for the diagnosis and treatment of acute and chronic heart failure
of the European Society of Cardiology (ESC). Developed with
the special contribution of the Heart Failure Association (HFA)
of the ESC. Eur J Heart Fail 18:891-975

4. Gheorghiade M, Zannad F, Sopko G, Klein L, Pifia IL, Konstam
MA, Massie BM, Roland E, Targum S, Collins SP (2005) Acute
heart failure syndromes. Circulation 112:3958-3968

5. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE Jr, Drazner
MH, Fonarow GC, Geraci SA, Horwich T, Januzzi JL, Johnson
MR, Kasper EK, Levy WC, Masoudi FA, McBride PE, McMur-
ray JJ, Mitchell JE, Peterson PN, Riegel B, Sam F, Stevenson
LW, Tang WH, Tsai EJ, Wilkoff BL (2013) 2013 ACCF/AHA
guideline for the management of heart failure: a report of the
American College of Cardiology Foundation/American Heart
Association Task Force on Practice Guidelines. J] Am Coll Cardiol
62:e147-€239

6. Crespo-Leiro MG, Anker SD, Maggioni AP, Coats AJ, Filippa-
tos G, Ruschitzka F, Ferrari R, Piepoli MF, Delgado Jimenez JF,
Metra M, Fonseca C, Hradec J, Amir O, Logeart D, Dahlstrom
U, Merkely B, Drozdz J, Goncalvesova E, Hassanein M, Chion-
cel O, Lainscak M, Seferovic PM, Tousoulis D, Kavoliuniene A,
Fruhwald F, Fazlibegovic E, Temizhan A, Gatzov P, Erglis A,
Laroche C, Mebazaa A, Heart Failure Association of the European
Society of C (2016) European Society of Cardiology Heart Failure
Long-Term Registry (ESC-HF-LT): 1-year follow-up outcomes
and differences across regions. Eur J Heart Fail 18:613-625

7. Cheng RK, Cox M, Neely ML, Heidenreich PA, Bhatt DL, Eapen
7], Hernandez AF, Butler J, Yancy CW, Fonarow GC (2014) Out-
comes in patients with heart failure with preserved, borderline,
and reduced ejection fraction in the Medicare population. Am
Heart J 168:721-730

8. Harjola VP, Follath F, Nieminen MS, Brutsaert D, Dickstein K,
Drexler H, Hochadel M, Komajda M, Lopez-Sendon JL, Pon-
ikowski P, Tavazzi L (2010) Characteristics, outcomes, and pre-
dictors of mortality at 3 months and 1 year in patients hospitalized
for acute heart failure. Eur J Heart Fail 12:239-248

9. Dharmarajan K, Hsieh AF, Kulkarni VT, Lin Z, Ross JS, Horwitz
LI, Kim N, Suter LG, Lin H, Normand SL, Krumholz HM (2015)


https://doi.org/10.1177/0885066616669494

Heart and Vessels (2019) 34:268-278

277

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Trajectories of risk after hospitalization for heart failure, acute
myocardial infarction, or pneumonia: retrospective cohort study.
BM1J 350:h411

Lam CS, Solomon SD (2014) The middle child in heart failure:
heart failure with mid-range ejection fraction (40-50%). Eur J
Heart Fail 16:1049-1055

Delepaul B, Robin G, Delmas C, Moine T, Blanc A, Fournier P,
Roger-Rolle A, Domain G, Delon C, Uzan C, Boudjellil R, Carrie
D, Roncalli J, Galinier M, Lairez O (2017) Who are patients clas-
sified within the new terminology of heart failure from the 2016
ESC guidelines? ESC Heart Fail 4:99-104

Hsu JJ, Ziaeian B, Fonarow GC (2017) Heart failure with mid-
range (borderline) ejection fraction: clinical implications and
future directions. JACC Heart Fail 5:763-771

Rickenbacher P, Kaufmann BA, Maeder MT, Bernheim A, Goe-
tschalckx K, Pfister O, Pfisterer M, Brunner-La Rocca H-P, for the
T-CHFI (2017) Heart failure with mid-range ejection fraction: a
distinct clinical entity? Insights from the Trial of Intensified ver-
sus standard Medical therapy in Elderly patients with Congestive
Heart Failure (TIME-CHF). Eur J Heart Fail 19:1586-1596
Tsuji K, Sakata Y, Nochioka K, Miura M, Yamauchi T, Onose
T, Abe R, Oikawa T, Kasahara S, Sato M, Shiroto T, Takahashi
J, Miyata S, Shimokawa H, on behalf of the C-I (2017) Charac-
terization of heart failure patients with mid-range left ventricular
ejection fraction—a report from the CHART-2 Study. Eur J Heart
Fail 19:1258-1269

Chioncel O, Lainscak M, Seferovic PM, Anker SD, Crespo-Leiro
MG, Harjola V-P, Parissis J, Laroche C, Piepoli MF, Fonseca
C, Mebazaa A, Lund L, Ambrosio GA, Coats AJ, Ferrari R,
Ruschitzka F, Maggioni AP, Filippatos G (2017) Epidemiology
and one-year outcomes in patients with chronic heart failure and
preserved, mid-range and reduced ejection fraction: an analysis
of the ESC Heart Failure Long-Term Registry. Eur J Heart Fail
19:1574-1585

Lund LH, Claggett B, Liu J, Lam CS, Jhund PS, Rosano GM,
Swedberg K, Yusuf S, Granger CB, Pfeffer MA, McMurray JJV,
Solomon SD (2018) Heart failure with mid-range ejection fraction
in CHARM: characteristics, outcomes and effect of candesartan
across the entire ejection fraction spectrum. Eur J Heart Fail. https
://doi.org/10.1002/ejhf.1149

Cleland JGF, Bunting KV, Flather MD, Altman DG, Holmes J,
Coats AJS, Manzano L, McMurray JJV, Ruschitzka F, van Veld-
huisen DJ, von Lueder TG, Bohm M, Andersson B, Kjekshus J,
Packer M, Rigby AS, Rosano G, Wedel H, Hjalmarson A, Wik-
strand J, Kotecha D (2018) Beta-blockers for heart failure with
reduced, mid-range, and preserved ejection fraction: an individual
patient-level analysis of double-blind randomized trials. Eur Heart
J39:26-35

Bhambhani V, Kizer JR, Lima JAC, van der Harst P, Bahrami
H, Nayor M, de Filippi CR, Enserro D, Blaha MJ, Cushman M,
Wang TJ, Gansevoort RT, Fox CS, Gaggin HK, Kop WJ, Liu K,
Vasan RS, Psaty BM, Lee DS, Brouwers FP, Hillege HL, Bartz
TM, Benjamin EJ, Chan C, Allison M, Gardin JM, Januzzi JL Jr,
Levy D, Herrington DM, van Gilst WH, Bertoni AG, Larson MG,
de Boer RA, Gottdiener JS, Shah SJ, Ho JE (2017) Predictors and
outcomes of heart failure with mid-range ejection fraction. Eur J
Heart Fail 20:651-659

Dickstein K, Cohen-Solal A, Filippatos G, McMurray JJ, Pon-
ikowski P, Poole-Wilson PA, Stromberg A, van Veldhuisen DJ,
Atar D, Hoes AW, Keren A, Mebazaa A, Nieminen M, Priori
SG, Swedberg K (2008) ESC guidelines for the diagnosis and
treatment of acute and chronic heart failure 2008: the Task Force
for the diagnosis and treatment of acute and chronic heart failure
2008 of the European Society of Cardiology. Developed in col-
laboration with the Heart Failure Association of the ESC (HFA)

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

and endorsed by the European Society of Intensive Care Medicine
(ESICM). Eur J Heart Fail 10:933-989

Mebazaa A, Yilmaz MB, Levy P, Ponikowski P, Peacock WF, Lar-
ibi S, Ristic AD, Lambrinou E, Masip J, Riley JP, McDonagh T,
Mueller C, deFilippi C, Harjola VP, Thiele H, Piepoli MF, Metra
M, Maggioni A, McMurray J, Dickstein K, Damman K, Seferovic
PM, Ruschitzka F, Leite-Moreira AF, Bellou A, Anker SD, Filip-
patos G (2015) Recommendations on pre-hospital & early hospital
management of acute heart failure: a consensus paper from the
Heart Failure Association of the European Society of Cardiology,
the European Society of Emergency Medicine and the Society of
Academic Emergency Medicine. Eur J Heart Fail 17:544-558
World Health Organization (2004) International statistical clas-
sification of diseases and related health problems, vol 1. World
Health Organization, Geneva

Bellenger NG, Burgess MI, Ray SG, Lahiri A, Coats AJS, Cleland
JGF, Pennell DJ (2000) Comparison of left ventricular ejection
fraction and volumes in heart failure by echocardiography, radio-
nuclide ventriculography and cardiovascular magnetic resonance.
Are they interchangeable? Eur Heart J 21:1387-1396

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd,
Feldman HI, Kusek JW, Eggers P, Van Lente F, Greene T, Coresh
J (2009) A new equation to estimate glomerular filtration rate.
Ann Intern Med 150:604-612

Levey AS, Stevens LA (2010) Estimating GFR using the CKD
Epidemiology Collaboration (CKD-EPI) creatinine equation:
more accurate GFR estimates, lower CKD prevalence estimates,
and better risk predictions. Am J Kidney Dis 55:622-627
Mancia G, Fagard R, Narkiewicz K, Redon J, Zanchetti A, Bohm
M, Christiaens T, Cifkova R, De Backer G, Dominiczak A, Gal-
derisi M, Grobbee DE, Jaarsma T, Kirchhof P, Kjeldsen SE, Lau-
rent S, Manolis AJ, Nilsson PM, Ruilope LM, Schmieder RE,
Sirnes PA, Sleight P, Viigimaa M, Waeber B, Zannad F, Redon J,
Dominiczak A, Narkiewicz K, Nilsson PM, Burnier M, Viigimaa
M, Ambrosioni E, Caufield M, Coca A, Olsen MH, Schmieder
RE, Tsioufis C, van de Borne P, Zamorano JL, Achenbach S,
Baumgartner H, Bax JJ, Bueno H, Dean V, Deaton C, Erol C,
Fagard R, Ferrari R, Hasdai D, Hoes AW, Kirchhof P, Knuuti
J, Kolh P, Lancellotti P, Linhart A, Nihoyannopoulos P, Piepoli
MF, Ponikowski P, Sirnes PA, Tamargo JL, Tendera M, Torbicki
A, Wijns W, Windecker S, Clement DL, Coca A, Gillebert TC,
Tendera M, Rosei EA, Ambrosioni E, Anker SD, Bauersachs J,
Hitij JB, Caulfield M, De Buyzere M, De Geest S, Derumeaux
GA, Erdine S, Farsang C, Funck-Brentano C, Gerc V, Germano
G, Gielen S, Haller H, Hoes AW, Jordan J, Kahan T, Komajda M,
Lovic D, Mahrholdt H, Olsen MH, Ostergren J, Parati G, Perk J,
Polonia J, Popescu BA, Reiner Z, Rydén L, Sirenko Y, Stanton
A, Struijker-Boudier H, Tsioufis C, van de Borne P, Vlachopou-
los C, Volpe M, Wood DA (2013) 2013 ESH/ESC guidelines for
the management of arterial hypertension: the Task Force for the
management of arterial hypertension of the European Society of
Hypertension (ESH) and of the European Society of Cardiology
(ESC). Eur Heart J 34:2159-2219

Austin PC (2011) Optimal caliper widths for propensity-score
matching when estimating differences in means and differences
in proportions in observational studies. Pharm Stat 10:150-161
Wang Y, Cai H, Li C, Jiang Z, Wang L, Song J, Xia J (2013) Opti-
mal caliper width for propensity score matching of three treatment
groups: a Monte Carlo study. PLoS One 8:e81045

Thoemmes F (2012) Propensity score matching in SPSS. arXiv
preprint arXiv:12016385

Ho DE, Imai K, King G, Stuart EA (2007) Matching as nonpara-
metric preprocessing for reducing model dependence in paramet-
ric causal inference. Polit Anal 15:199-236

Hansen BB, Bowers J (2008) Covariate balance in simple, strati-
fied and clustered comparative studies. Stat Sci 23:219-236

@ Springer


https://doi.org/10.1002/ejhf.1149
https://doi.org/10.1002/ejhf.1149
http://arxiv.org/abs/12016385

278

Heart and Vessels (2019) 34:268-278

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Tacus S, King G, Porro G (2009) cem: software for coarsened
exact matching. J Stat Softw 30:1-27

Goémez-Otero I, Ferrero-Gregori A, Varela Roman A, Seijas
Amigo J, Pascual-Figal DA, Delgado Jiménez J, Alvarez-Garcia
J, Fernandez-Avilés F, Worner Diz F, Alonso-Pulpén L, Cinca J,
Goénzalez-Juanatey JR (2017) Mid-range ejection fraction does
not permit risk stratification among patients hospitalized for heart
failure. Rev Esp Cardiol (Engl Ed) 70:338-346

Koh AS, Tay WT, Teng THK, Vedin O, Benson L, Dahlstrom
U, Savarese G, Lam CSP, Lund LH (2017) A comprehensive
population-based characterization of heart failure with mid-range
ejection fraction. Eur J Heart Fail 19:1624-1634

Lam CS, Lund LH (2016) Microvascular endothelial dysfunc-
tion in heart failure with preserved ejection fraction. Heart
102:257-259

Lund LH (2016) Heart failure with “mid-range” ejection frac-
tion—new opportunities. J Card Fail 22:769-771

Lund LH, Vedin O, Savarese G (2018) Is ejection fraction in heart
failure a limitation or an opportunity? Eur J Heart Fail 20:431-432
Farmakis D, Simitsis P, Bistola V, Triposkiadis F, Ikonomidis I,
Katsanos S, Bakosis G, Hatziagelaki E, Lekakis J, Mebazaa A,
Parissis J (2017) Acute heart failure with mid-range left ventricu-
lar ejection fraction: clinical profile, in-hospital management, and
short-term outcome. Clin Res Cardiol 106:359-368

Schefold JC, Filippatos G, Hasenfuss G, Anker SD, von Haehling
S (2016) Heart failure and kidney dysfunction: epidemiology,
mechanisms and management. Nat Rev Nephrol 12:610-623
Rivero-Ayerza M, Scholte Op Reimer W, Lenzen M, Theuns
DA, Jordaens L, Komajda M, Follath F, Swedberg K, Cleland JG
(2008) New-onset atrial fibrillation is an independent predictor of
in-hospital mortality in hospitalized heart failure patients: results
of the EuroHeart Failure Survey. Eur Heart J 29:1618-1624
Adams KF, Fonarow GC, Emerman CL, LeJemtel TH, Costanzo
MR, Abraham WT, Berkowitz RL, Galvao M, Horton DP (2005)
Characteristics and outcomes of patients hospitalized for heart
failure in the United States: rationale, design, and preliminary
observations from the first 100,000 cases in the Acute Decom-
pensated Heart Failure National Registry (ADHERE). Am Heart
J 149:209-216

Lassus JP, Siirila-Waris K, Nieminen MS, Tolonen J, Tarvasmaki
T, Peuhkurinen K, Melin J, Pulkki K, Harjola VP, FINN-AKVA
study group (2013) Long-term survival after hospitalization for

@ Springer

42.

43.

44,

45.

46.

47.

48.

49.

acute heart failure—differences in prognosis of acutely decom-
pensated chronic and new-onset acute heart failure. Int J Cardiol
168:458-462

Degoricija V, Trbusic M, Potocnjak I, Radulovic B, Teresak SD,
Pregartner G, Berghold A, Tiran B, Frank S (2018) Acute Heart
Failure developed as worsening of Chronic Heart Failure is associ-
ated with increased mortality compared to de novo cases. Sci Rep
8:9587

Lee DS, Austin PC, Rouleau JL, Liu PP, Naimark D, Tu JV
(2003) Predicting mortality among patients hospitalized for
heart failure: derivation and validation of a clinical model. JAMA
290:2581-2587

Maclntyre K, Capewell S, Stewart S, Chalmers JW, Boyd J, Fin-
layson A, Redpath A, Pell JP, McMurray JJ (2000) Evidence of
improving prognosis in heart failure: trends in case fatality in
66 547 patients hospitalized between 1986 and 1995. Circulation
102:1126-1131

Tran RH, Aldemerdash A, Chang P, Sueta CA, Kaufman B,
Asafu-Adjei J, Vardeny O, Daubert E, Alburikan KA, Kucharska-
Newton AM, Stearns SC, Rodgers JE (2018) Guideline-directed
medical therapy and survival following hospitalization in patients
with heart failure. Pharmacotherapy 38:406-416

Yamaguchi T, Kitai T, Miyamoto T, Kagiyama N, Okumura T,
Kida K, Oishi S, Akiyama E, Suzuki S, Yamamoto M, Yamagu-
chiJ, Iwai T, Hijikata S, Masuda R, Miyazaki R, Hara N, Nagata
Y, Nozato T, Matsue Y (2018) Effect of optimizing guideline-
directed medical therapy before discharge on mortality and heart
failure readmission in patients hospitalized with heart failure with
reduced ejection fraction. Am J Cardiol 121:969-974

Gilstrap LG, Fonarow GC, Desai AS, Liang L, Matsouaka R,
DeVore AD, Smith EE, Heidenreich P, Hernandez AF, Yancy
CW, Bhatt DL (2017) Initiation, continuation, or withdrawal of
angiotensin-converting enzyme inhibitors/angiotensin receptor
blockers and outcomes in patients hospitalized with heart failure
with reduced ejection fraction. J] Am Heart Assoc 6:¢004675
Schnell F, Donal E (2018) Pharmacological strategies in heart
failure with preserved ejection fraction: time for an individualised
treatment strategy? Heart 104:365-366

Xanthopoulos A, Triposkiadis F, Starling RC (2018) Heart failure
with preserved ejection fraction: classification based upon pheno-
type is essential for diagnosis and treatment. Trends Cardiovasc
Med. https://doi.org/10.1016/j.tcm.2018.01.001


https://doi.org/10.1016/j.tcm.2018.01.001

	The midrange left ventricular ejection fraction (LVEF) is associated with higher all-cause mortality during the 1-year follow-up compared to preserved LVEF among real-world patients with acute heart failure: a single-center propensity score-matched analys
	Abstract
	Introduction
	Materials and methods
	Participants and study setting
	Definitions
	Diagnostic and physical examinations
	Statistical analysis

	Results
	Baseline population characteristics at admission
	All-cause death and HF-related readmission outcomes among HFpEF, HFmrEF and HFrEF in age-unadjusted analysis
	Propensity score-matched (PSM) analysis
	Multivariate Cox regression analysis

	Discussion
	References




