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Abstract

Introduction: Hospitalization due to heart failure (HF) pro-
gression is associated with poor prognosis. This highlights
the role of theimplementation of guideline-directed medical
therapy (GDMT) in improving the morbidity and mortality of
patients with heart failure with reduced ejection fraction
(HFrEF). There are limited data about the intrahospital appli-
cability of GDMT in real-world circumstances. We aimed to
assess retrospectively the use of cornerstone GDMT includ-
ing RASi (ACEI/ARB/ARNI), 3B, MRA, and SGLT2i treatment in
a consecutive real-world HFrEF patient population admitted
with signs and symptoms of HF to the HF Unit of a Hungarian
tertiary cardiac center between 2019 and 2021. The indepen-
dent predictors of therapy optimization and the applicability
of new HFrEF medication (ARNI, SGLT2i, vericiguat) were also
investigated. Methods: Statistical comparison of admission
and discharge medication was accomplished with Fisher’s
exact test. The independent predictors of the introduction of

triple therapy (RASi + B + MRA) were analyzed using uni-
variate and multivariate logistic regression. The proportion
of patients eligible for vericiguat based on the inclusion and
exclusion criteria of the VICTORIA trial was also investigated,
as well as the number of patients suitable for ARNI and
SGLT2i, taking into account the contraindications of applica-
tion contained in the ESC 2021 HF Guidelines. Results: 238
patients were included. During hospitalization, the use of
RASi (69% vs. 89%) (ACEI/ARBs [58% vs. 70%], ARNI [10% vs.
19%)]), BBs (69% vs. 85%), and MRAs (61% vs. 95%) increased
significantly (p < 0.05) compared to at admission, and the use
of SGLT2i (3% vs. 11%) also rose (p = 0.0005). The application
ratio of triple (RASi + BB + MRA; 43% vs. 77%) and quadruple
(RASi + BB + MRA + SGLT2i; 2% vs. 11%) therapy increased as
well (p < 0.0001). The independent predictors of discharge
application of triple therapy revealed through multivariate
logistic regression analysis were age, duration of hospitaliza-
tion, eGFR, NTproBNP, and presence of diabetes mellitus. Six-
ty-eight percent of the cohort would have been suitable for
vericiguat, 83% for ARNI, and 84% for SGLT2i. Conclusion:
High rates of application of disease-modifying drugs are
achievable among hospitalized HFrEF patients in severe clin-
ical condition; thus, awareness of the need for their initiation

must be raised. © 2022 S. Karger AG, Basel

Karger@karger.com
www.karger.com/crd

© 2022 S. Karger AG, Basel

el
Karger~

Correspondence to:
Fanni Banfi-Bacsardi, bacsardifanni @ gmail.com



Introduction

Even nowadays, heart failure (HF) is of significant im-
portance among cardiovascular diseases due to its high
morbidity and mortality [1, 2]. Although treatment op-
tions for HF have expanded within the past decade, the
related prognosis is still comparable to the life expectancies
associated with many malignant neoplasms [3]. Patients
admitted to hospital due to HF have a higher risk profile
and poorer prognosis than chronic stable HF patients [4].

According to the results of the European Society of
Cardiology (ESC) HF Long-Term Registry [5], 60% of pa-
tients suffering from HF have heart failure with reduced
ejection fraction (HFrEF) [6]. Regarding the complex care
of HFrEF, pharmacotherapy still represents the cornerstone
of treatment, which invariably means the application of
neurohormonal antagonists (angiotensin-converting en-
zyme inhibitor [ACEI], B blocker [BB], mineralocorticoid
receptor antagonist [MRA]), which have proven efficacy at
reducing morbidity and mortality. Additionally, based on
the success of several randomized controlled clinical trials
published within the last few years that assessed the effi-
cacyand safety of new drugs (angiotensin receptor neprilysin
inhibitor [ARNI] [7], sodium-glucose cotransporter-2
inhibitor [SGLT?2i] [8-10], vericiguat [11]) with new phar-
macological targets in HFrEF, the arsenal of potentially ef-
fective therapeutical options has expanded remarkably.

Although the current ESC Guidelines for the diagnosis
and treatment of acute and chronic HF published in 2021
[12] give clear instructions about the initiation and use of
disease-modifying pharmacotherapy in HFrEF, the appli-
cation rate of the morbidity- and mortality-reducing drug
regime remains undesirably low in real-world circum-
stances [13-15], especially regarding newly available life-
saving medications (ARNI, SGLT2i). The application of
guideline-directed medical therapy (GDMT) during the
hospitalization of HF patients is rarely investigated [16]. In
our research, we analyzed in a consecutive, real-world, hos-
pitalized HFrEF patient population (1) the application rate
of GDMT at hospital admission and discharge, (2) the in-
dependent predictors of discharge application of triple
therapy (renin-angiotensin system inhibitor [RASi]: ACEI/
ARB/ARNI + B + MRA), and (3) the applicability of new
HFrEF medication (ARNI, SGLT2i, vericiguat).

Materials and Methods

Study Population and Design
We retrospectively analyzed a consecutive, real-world HFrEF
patient population hospitalized at the HF Unit of the Medical

28 Cardiology 2023;148:27-37
DOI: 10.1159/000528505

Centre, Hungarian Defence Forces, in Budapest, Hungary, be-
tween January 01, 2019 and October 31, 2021 due to signs and
symptoms of HF. The study included de novo HFrEF patients who
were newly diagnosed with HFrEF at hospital admission and pre-
viously diagnosed HFrEF patients who had a pre-existing diagno-
sis of HFrEF before hospital admission. Patients with a diagnosis
of acute coronary syndrome at admission and patients who died
during hospital stay were excluded. This study was approved by
the local Ethical Committee (approval number KK00/144-1/2022)
and was undertaken in conformity with the Helsinki Declaration.
The study design is shown in Figure 1.

First, the application rate of conventional triple neurohormon-
al antagonist therapy — RASi (RASi: ACEI/ARB/ARNI), BB, and
MRA treatment — was assessed among our patients, with a com-
parison of medication at admission and discharge. Even though
the results of SGLT2i landmark trials (DAPA-HF [8], EMPEROR-
Reduced [9]) were only published during our research period and
implemented in the ESC HF Guidelines of 2021 [12], thus at the
end of our data collection period, we also investigated the applica-
tion rate of dapa- and empagliflozin.

Second, we evaluated the predictive value of potential factors
that may influence the intrahospital applicability of triple ther-
apy (RASi: ACEI/ARB/ARNI + BB + MRA). Demographic data
(gender, age), major comorbidities (diabetes mellitus, hyperten-
sion, coronary artery disease, and atrial fibrillation), basic he-
modynamic parameters (heart rate, systolic blood pressure [SBP])
at admission, laboratory parameters (estimated glomerular fil-
tration rate [eGFR], potassium level, N-terminal pro-B-type na-
triuretic peptide [NTproBNP]) at admission, left ventricular
ejection fraction (LVEF) at admission, length of hospitalization,
dual neurohormonal antagonist medication (RASi + B, RASi +
MRA, BB + MRA) before admission and cardiac resynchroniza-
tion therapy, and/or implantable cardioverter defibrillator ther-
apy at admission were included in the univariate logistic regres-
sion analysis. Further, the significant predictive parameters of
univariate logistic regression analysis were included in the mul-
tivariate logistic regression analysis. The diagnostic criteria
for the assessed comorbidities are presented in online supple-
mentary Table S1 (for all online suppl. material, see www.
karger.com/do0i/10.1159/000528505).

Third, the potential application rate of new HFrEF pharma-
cotherapies (ARNI, SGLT24i, vericiguat) was also investigated in
our analysis. Potential application rates were determined based
on the known contraindications for ARNI and SGLTi and the
inclusion and exclusion criteria employed in the VICTORIA
study for vericiguat. In the supplementary document of the ESC
HF Guidelines of 2021, the contraindications for applying ARNI
and SGLT2i treatment are clearly stated [12]. Regarding ARNI,
besides anamnestic angioedema, bilateral renal artery stenosis,
pregnancy/breastfeeding period, and allergic reaction, eGFR
below 30 mL/min/1.73 m?, and SBP below 90 mm Hg are con-
traindications for introducing sacubitril/valsartan [12]. As for
SGLT2i, pregnancy/breastfeeding period, allergic reaction,
eGFR below 20 mL/min/1.73 m?, and SBP below 95 mm Hg rep-
resent the contraindications of application [12]. In this analysis,
we primarily focused on the assessment of renal function and
blood pressure parameters among ARNI- and SGLT2i-naive pa-
tients as these may be accurately analyzed retrospectively. The
potential application rate of vericiguat was investigated based
on the inclusion and exclusion criteria of the VICTORIA trial [11]
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Fig. 1. Study design. ACEI, angiotensin-
converting enzyme inhibitor; ARB, angio-
tensin receptor blocker; ARNI, angiotensin
receptor neprilysin inhibitor; BB, B blocker;
GDMT, guideline-directed medical thera-
py; HFrEF, heart failure with reduced ejec-
tion fraction; LVEF, left ventricular ejection
fraction; MRA, mineralocorticoid receptor
antagonist; NTproBNP, N-terminal pro-B-

Retrospective analysis
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Patients
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Consecutive patients hospitalized at the Heart Failure Unit of the Medical Centre,
Hungarian Defence Forces, Department of Cardiology, Budapest, Hungary, 2019-2021
(n= 238 patients)

« inclusion criteria: diagnosis of HFrEF, signs and symptoms of heart failure with a need
of hospitalization

Observed parameters

e

» gender, age

* duration of hospitalization

» HFrEF etiology

« comorbidities (hypertension, diabetes, atrial fibrillation/flutter, coronary artery disease,
renal failure)

basic hemodynamic parameters (systolic blood pressure, heart rate) at admission
LVEF at admission

laboratory parameters (NTproBNP, renal function, potassium, sodium, hemoglobin) at

admission
« pharmacotherapy at admission and discharge (RASi: ACEI/ARB/ARNI, MRA, B,
SGLT2i)
N~ -

v

Statistical analysis

1. Comparison of application rate of HFrEF GDMT at admission versus at discharge
with Fisher’s exact test

2. |dentification of independent predictors of discharge application of triple therapy
(RASI + BB + MRA) with univariate- and multivariate logistic regression analysis

3. Investigation of potential application rate of new HFrEF pharmacotherapies (ARNI,

type natriuretic peptide; RAS, renin-angio-

SGLT2i and vericiguat)

tensin system inhibitor; SGLT2i, sodium
glucose cotransporter-2 inhibitor. *p < 0.05.

(NYHA [New York Heart Association] 2-4 functional class,
LVEF <45%, NTproBNP >1,000 pg/mL or 21,600 pg/mL in the
case of atrial fibrillation, SBP 2100 mm Hg, eGFR =15 mL/
min/1.73 m?).

Statistical Analysis

Data were collected from the hospital’s information system and
were recorded in a Microsoft Excel spreadsheet (Microsoft Corpo-
ration, USA) in an anonymized form. Statistical analysis was un-
dertaken using Graphpad Prism 9.3.1. (GraphPad Software LCC,
USA). Based on non-Gaussian distribution, continuous variables
were represented as medians and interquartile ranges, while cate-
gorical variables were expressed as counts and percentages. Statis-
tical comparison of medication at admission and discharge was
accomplished with Fisher’s exact test. To identify the independent
predictors of the discharge application of triple therapy, univariate
and multivariate logistic regression were undertaken. Besides renal
function and potassium level are well-known limiting factors of
neurohormonal therapy application, literature also states that they
are clearly not independent predictors [17]; thus, the potential de-
pendency of eGFR and potassium level (as binary variable: <4.5
mmol/L or >4.5 mmol/L) was also investigated with Mann-Whitney
test to avoid multicollinearity in multivariate regression model.

The Optimization of Guideline-Directed
Medical Therapy during Hospitalization

The sensitivity of the multivariate model that was constructed was
also analyzed. A two-sided p value <0.05 and an odds ratio (OR)
value # 1 were considered statistically significant.

Results

Patient Population

Among the 238 patients included in the analysis, male
dominance (75%) was observed. The median age of pa-
tients was 66 (55-73) years. Ischemic origin was identi-
fied in 40%. Thirty percent of the cohort belonged to the
de novo HFrEF subgroup, while 70% of them were previ-
ously diagnosed HFrEF patients. Forty-two percent of
the whole patient cohort had previously been hospital-
ized primarily due to HF. Median duration of hospital-
ization was 20 (12-27) days; after discharge, 53% of the
patients were followed at our HF Outpatient Clinic
(shown in Table 1).
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Table 1. Main characteristics of the patient population (n = 238)

n (%)/
median (IQR)

Parameters
Male gender, n (%) 178 (75)
Age, median (IQR), years 66 (55-73)
Duration of hospitalization, median (IQR), days 20 (12-27)
Previous hospitalization primarily due to HF, n (%) 100 (42)
Follow-up at our HFOC, n (%) 126 (53)
Time of HFrEF diagnosis

De novo HFrEF, n (%) 71(30)

Previously diagnosed HFrEF, n (%) 167 (70)
HF etiology

Ischemic, n (%) 96 (40)

Nonischemic/unknown, n (%) 142 (60)
LVEF at admission, median (IQR), % 25 (20-30)
CRT/ICD therapy at admission, n (%) 66 (28)
Heart rate at admission, median (IQR), min~' 88 (74-100)
SBP at admission, median (IQR), mm Hg 117 (102-134)
Comorbidities
Diabetes, n (%) 97 (41)
Hypertension, n (%) 145 (61)
Atrial fibrillation/flutter, n (%) 114 (48)
Coronary artery disease, n (%) 96 (40)

CKD KDIGO stage (based on eGFR at admission), n (%)

1 (eGFR 290 mL/min/1.73 m?) 28(12)

2 (eGFR = 60-89 mL/min/1.73 m?) 79 (33)

3A (eGFR = 45-59 mL/min/1.73 m?) 44 (19)

3B (eGFR = 30-44 mL/min/1.73 m?) 51(21)

4 (eGFR = 15-29 mL/min/1.73 m?) 32(13)

5 (eGFR <15 mL/min/1.73 m?) 4(2)
Laboratory parameters at admission
Creatinine, median (IQR), umol/L 112 (93-149)
eGFR, median (IQR), mL/min/1.73 m? 55 (38-73)

Potassium
Median (IQR), mmol/L

4.30 (3.94-4.70)

>4.5 mmol/L, n (%) 90 (38)
Sodium, median (IQR), mmol/L 140 (136-142)
Hemoglobin, median (IQR), g/L 131 (112-143)
NTproBNP, median (IQR), pg/mL 6,243 (2,719-12,167)
HbA1C, median (IQR), % 6.1 (5.7-6.7)

CKD, chronic kidney disease; CRT, cardiac resynchronization therapy;
eGFR, estimated glomerular filtration rate; HFOC, Heart Failure Outpatient
Clinic; HFrEF, heart failure with reduced ejection fraction; ICD, implantable
cardioverter defibrillator; IQR, interquartile range; KDIGO, Kidney Disease
Improving Global Outcomes; LVEF, left ventricular ejection fraction.

Median LVEF was 25 (20-30)%. Median NTproBNP
level was significantly elevated at admission (6,243
[2,719-12,167] pg/mL). A large proportion of comor-
bidities (such as chronic kidney disease [CKD] Kidney
Disease Improving Global Outcomes [KDIGO [18]]
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3-5 stage: 55%, diabetes: 41%, hypertension: 61%, atrial
fibrillation/flutter: 48%) was observed. The low LVEF, the
high value of NTproBNP, and the large proportion of co-
morbidities clearly indicate the severity of illness of the
patient population.

Comparison of the Application Rate of the Disease-
Modifying Medication of HFrEF at Hospital
Admission and Discharge

Regarding HFrEF standard medication, at admission
ACEI/ARB was applied in 58%, 3B in 69%, and MRA in 61%
of cases. Regarding new drug treatment options, ARNI was
pre-hospital implemented in 10% of the patient cohort, while
3% of the patients received SGLT2i before hospitalization.
Before the index admission, 28% of the patients had already
had cardiac resynchronization therapy and/or implantable
cardioverter defibrillator.

During the hospitalization period, the penetration of
disease-modifying medication for HFrEF increased sig-
nificantly (shown in Fig. 2) as did the application of RASi
(69% vs. 89% [admission vs. discharge, respectively], p <
0.0001, of which ACEI/ARB: 58% vs. 70%, p = 0.0097, and
ARNI: 10% vs. 19%, p = 0.0056), B (69% vs. 85%, p <
0.0001), and MRA (61% vs. 95%, p < 0.0001). The appli-
cation rate of dapagliflozin and empagliflozin also in-
creased (3% vs. 11%, p = 0.0005). A larger proportion of
patients received triple therapy (RASi + BB + MRA) at
discharge (43% vs. 77%, p < 0.0001). The frequency of
quadruple therapy (RASi + B + MRA + SGLT2i) also
increased in comparison with medication applied at ad-
mission (2% vs. 11%) (p < 0.0001).

At discharge, target doses — as defined in the ESC HF
Guidelines of 2021 [12] - could have been achieved in
25% of patients on RASi therapy (of which ACEI/ARB
target dose was accomplished in 26% and ARNI in 22%),
and target doses of BB in 27%, MRA in 69%, and SGLT2i
in 93% of the cases were applied (referring only to the pa-
tients on each medication). However, only a small pro-
portion of patients on triple therapy (8%) and on qua-
druple therapy (12%) received the recommended doses of
all drugs.

Predictive Factors of the Discharge Application of

Triple Therapy (RAS Antagonist, B, and MRA)

Using univariate logistic regression analysis, age
(OR = 0.9241, p < 0.0001), duration of hospitalization
(OR = 0.9681, p = 0.0011), eGFR (OR = 1.0490, p <
0.0001), potassium level greater than 4.5 mmol/L (OR
= 0.4483, p = 0.0101), NTproBNP (OR = 0.9913, p <
0.0001), and diabetes (OR = 0.4367, p = 0.0076) proved
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Fig. 2. Changes in guideline-directed 40% . .
medication during hospitalization. ACEI, 30% 9% r\
angiotensin-converting enzyme inhibitor; 20% 100/ 1% D1%
ARB, angiotensin receptor blocker; ARNI, 10% 3% [ ] 2%
angiotensin receptor neprilysin inhibitor; 0% - -
BB’ [3 blocker; MRA, mineralocorticoid re- ACEI/ARB  ARNI RASI MRA SGLT2i rl'riple Ql:]adruple
ceptor antagonist; RASI, renin-angiotensin w Admission  mDischarge *: p<0.05 therapy  therapy
system inhibitor; SGLT2i, sodium glucose T
cotransporter-2 inhibitor.
Table 2. Predictive factors of the discharge application of triple therapy with univariate logistic regression analysis
Univariate logistic regression analysis OR 95% Cl p value
Age (/1 year) 0.9241° 0.8943 0.9513 <0.00012
Female gender (yes) 0.8696 0.4459 1.7580 0.6896
Duration of hospitalization (/1 day) 0.96812 0.9482 0.9871 0.00112
Heart rate (/1 min~") 1.0040 0.9908 1.0180 0.5497
SBP (/1 mm Hg) 1.0140 1.0000 1.0300 0.0505
eGFR (/1 mL/min/1.73 m?) 1.0490° 1.0320 1.0680 <0.00012
Potassium >4.5 mmol/L (yes) 0.44832 0.2418 0.8258 0.01012
NTproBNP (/100 pg/mL) 0.99132 0.9879 0.9944 <0.00012
LVEF (/1%) 1.0190 0.9755 1.0660 0.3994
Diabetes (yes) 0.4367° 0.2349 0.8029 0.0076°
Hypertension (yes) 0.5648 0.2879 1.0670 0.0792
Atrial fibrillation/flutter (yes) 0.5835 0.3144 1.0690 0.0815
Coronary artery disease (yes) 0.6909 0.3760 1.2730 0.2341
CRT/ICD at admission (yes) 0.7309 0.3839 1.4240 0.3508
Pre-hospital dual therapy (RASi + 3B, RASi + MRA, 3B + MRA) (yes) 0.8441 0.4322 1.7090 0.6293

B, B blocker; Cl, confidence interval; CRT, cardiac resynchronization therapy; eGFR, estimated glomerularfiltration rate; ICD, implantable
cardioverter defibrillator; NTproBNP, N-terminal pro-B-type natriuretic peptide; MRA, mineralocorticoid receptor antagonist; OR, odds ratio;
RASI, renin-angiotensin system inhibitor. 2 Significance (p < 0.05; OR = 1).

to be predictive factors of the discharge application of
triple therapy (shown in Table 2). Renal function and
potassium level were not independent predictors ac-
cording to the results of the Mann-Whitney test: pa-
tients with potassium levels greater than 4.5 mmol/L
had significantly lower eGFR compared to those with
no more than 4.5 mmol/L (46 [30-67] vs. 61 [41-79]
mL/min/1.73 m?, p = 0.0004). To avoid multicollinear-
ity, only the stronger predictor eGFR was included in
the multivariate logistic regression analysis, while po-
tassium was excluded.

The Optimization of Guideline-Directed
Medical Therapy during Hospitalization

Analysis of these parameters with multivariate logistic
regression showed that age (OR = 0.9247, p = 0.0002), du-
ration of hospitalization (OR = 0.9718, p = 0.0471), eGFR
(OR = 1.0220, p = 0.0412), NTproBNP (OR = 0.9946, p =
0.0110), and diabetes (OR = 0.3877, p = 0.0177) remained
the independent influencing factors of the discharge appli-
cation of triple therapy (p < 0.05) (shown in Table 3). The
sensitivity of the multivariate model was 94% for the whole
patient cohort, 95% for previously diagnosed HFrEF pa-
tients, and 93% for the de novo HFrEF patient subgroup,
which indicated the strong predictive power of our model.
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Table 3. Independent predictors of the
discharge application of triple therapy

identified using multivariate logistic
regression analysis

Multivariate logistic regression analysis OR 95% Cl p value
Age (/1 year) 0.9247%  0.8856 0.9613 0.00022
Duration of hospitalization (/1 day) 0.9718%  0.9441 0.9992 0.04712
eGFR (/1 mL/min/1.73 m?) 1.0220*  1.0001 1.0430  0.0412°
NTproBNP (/100 pg/mL) 0.9946*  0.9904 0.9987 0.0110%
Diabetes (yes) 0.3877%  0.1732 0.8374 0.01772

Cl, confidence interval; CRT, cardiac resynchronization therapy; eGFR, estimated
glomerular filtration rate; NTproBNP, N-terminal pro-B-type natriuretic peptide; OR, odds
ratio. 2 Significance (p < 0.05; OR # 1).

Applicability of New HFrEF Medication (ARNI,

SGLT2i, and Vericiguat)

For seventy-nine percent of the ARNI-naive patients
in our study population (n = 193), when considering con-
traindications (eGFR >30 mL/min/1.73 m% 82% [propor-
tion of patients meeting the criteria, thus patients suitable
for treatment], SBP 290 mm Hg: 94%), sacubitril/valsar-
tan could have been applied. Regarding the whole patient
cohort - those already on ARNI therapy and ARNI-naive
patients — 83% would have been suitable for sacubitril/
valsartan. Dapa-/empagliflozin could have been initiated
in 81% of the SGLT2i-naive group (n = 211), based on
their renal function (eGFR =20 mL/min/1.73 m% 93%)
and SBP (295 mm Hg: 86%). As for the whole patient co-
hort - those already on SGLT2i therapy and SGLT2i-na-
ive patients — 84% would have been suitable for empa-/
dapagliflozin medication. In terms of the inclusion and
exclusion criteria of the VICTORIA trial (LVEF <45%:
100%, SBP =100 mm Hg: 78%, eGFR =15 mL/min/1.73
m?: 97%, NTproBNP >1,000 pg/mL and >1,600 pg/mL in
case of atrial fibrillation: 89%, NYHA 2-4 functional
class: 100%, hospitalization due to HF within 6 months:
100%), 68% of our patients would have been suitable for
vericiguat therapy.

Discussion

Main Findings

Our results confirm that the application of combined
neurohormonal antagonist therapy (RASi + BB + MRA)
was feasible and well tolerated in the majority of our
hospitalized HFrEF patients, who suffered from severe
HF as verified by the laboratory, clinical parameters, and
the proportion of comorbidities. The independent pre-
dictors of the discharge application of triple therapy
proved to be age, duration of hospitalization, severity of
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kidney dysfunction, NTproBNP level at admission, and
presence of diabetes mellitus. The applicability of new
HFrEF medications - considering the contraindications
stated in the current guidelines and based on the inclu-
sion and exclusion criteria of randomized control trials
(RCTs) - is 83% for ARNI, 84% for SGLT?21i, and 68% for
vericiguat.

Comparison of the Application Rate of the Disease-
Modifying Medication of HFrEF at Hospital
Admission and Discharge

The need for hospitalization is a marker of progressive,
severe HF [19] and predicts a worse prognosis [2, 20, 21].
The significant share of readmissions indicates the rele-
vance to healthcare of the disease, which affects 15-30%
of the HF population yearly [22-24] — moreover, the pro-
portion of those needing rehospitalization has increased
recently [24].

Favorable mortality and morbidity expectations in
HFrEF can only be rationally grounded on the implemen-
tation of a complex disease-modifying treatment regime
recommended by international HF guidelines, as well as
on the up-titration of the respective life-saving drugs to
their target doses or the tolerated maximal doses [25, 26].
For these reasons, we must strive to optimize pharmaco-
therapy in this high-risk, hospitalized HFrEF population
because in-hospital-adjusted medical therapy strongly
impacts long-term pharmacotherapy [27, 28].

Our results show that a significant increase in the use
of neurohormonal antagonists and triple therapy can be
achieved during hospitalization. Few studies have thus
far investigated the success of intrahospital therapy op-
timization and its limiting factors in a consecutive
HFrEF population with worsening HF. Although objective
comparison can be hard due to the different inclusion
criteria of trials and different patient populations [7-9,
11,13, 14, 23, 29-35] (shown in online suppl. Table S2),
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our results indicate that the proportion of patients on
neurohormonal antagonist therapy was comparable or
even larger than verified in the related analyses of na-
tional and international registries and epidemiological
studies [23, 29]. The 77% application rate of triple ther-
apy exceeded that identified in randomized controlled
trials that evaluated the data of patients hospitalized for
worsening HF (VICTORIA trial: 66.1% [11], GALAC-
TIC-HF: 60.7% [32]), as well as in registries (CHAMP-
HF Registry: 22.1% [13], IMPLEMENT-HF Pilot Study:
26% [35], VICTORIA Registry: 28.4% [31]) and epide-
miological studies (Humana Research Database: 29%
[14]). As our analysis shows, the share of patients on
target doses of neurohormonal antagonist medication is
comparable with that identified in landmark trials and
registries [13, 36-38].

The recently published VICTORIA Registry — with a
comparable study structure to ours - has investigated
intrahospital therapy optimization and its limiting fac-
tors in a HFrEF population with worsening HF [31].
Similarly to our results, the VICTORIA Registry showed
an increase in the proportion of patients receiving neu-
rohormonal antagonists and triple therapy during hos-
pitalization, but a smaller share of patients received
RASIi (66.8% vs. 89%, VICTORIA Registry vs. our re-
sults), BB (75.1% vs. 85%), and MRA (44.9% vs. 95%)
treatment as well as triple therapy (28.4% vs. 77%) at
discharge than in our study. As for the target doses, the
proportion of patients on optimal medication in our
study exceeded the referring results of the VICTORIA
Registry (ACEI/ARB: 12.6% vs. 26%; ARNI: 19.9% vs.
22%; BB: 17.5% vs. 27%; MRA: 71.2 vs. 69%), which thus
achieved a significantly larger proportion of target dos-
es of triple therapy (1.5% vs. 8%).

The incidence of comorbidities may not only be a
marker of the vulnerability of HF patients that has the
potential to trigger HF progression [25] but also requires
a more complex pharmacotherapy [39] and may be a
significant limiting factor of disease-modifying drug-
therapy initiation and up-titration to target doses. The
proportion of comorbidities in our patient cohort regard-
ing diabetes, hypertension, atrial fibrillation/flutter, and
coronary artery disease was comparable to that identified
in data from the European ESC-HF-LT Registry [23] and
the national Hungarian HF Registry [29], as well as ran-
domized clinical trials [7-9, 11, 32, 34] (shown in online
suppl. Table S3). The greater prevalence of significant
chronic renal failure verified in our analysis may repre-
sent the vulnerability of the cohort and explain the less
frequent use of RASiand MRA at hospital admission [40].

The Optimization of Guideline-Directed
Medical Therapy during Hospitalization

It must also be highlighted that most large, randomized,
controlled HF trials that have examined the efficacy of
different new drugs on the prognosis of HF mainly in-
cluded pre-selected, stable, chronic HFrEF patients. In
contrast, we assessed the application rate of HFrEF
GDMT in a consecutive, previously unselected, real-
world population hospitalized over a period of 3 years at
the HF unit of our tertiary cardiac center and admitted
for HF.

The results of our study may indicate that in this group
of hospitalized patients suffering from severe HFrEF with
severely decreased left ventricular systolic dysfunction,
numerous significant comorbidities, highly elevated NT-
proBNP, and a prevalence of previous hospitalization,
neurohormonal antagonist therapy can be achieved in a
large proportion; moreover, the application of target dos-
es is also feasible.

Predictive Factors of the Discharge Application of

Triple Therapy (RAS Antagonist, BB, and MRA)

The discharge application of triple therapy according
to our analysis was influenced by duration of hospitaliza-
tion, age, renal function, diabetes mellitus, and the level
of NTproBNP at admission. Longer hospital stays, older
age, more severely impaired kidney function, presence of
diabetes mellitus, and higher NTproBNP level at admis-
sion predicted less likelihood of the discharge application
of triple therapy.

ESC HF Guidelines [12] suggest discharging patients
only after complete decongestion as well as the applica-
tion of all disease-modifying medications. The more seri-
ous a patient’s condition is, the longer it takes to meet this
recommendation and the less likely it is to succeed. Aver-
age duration of hospitalization for HF is approximately
6-7 days in the USA and 8-9 days in European countries
[41]; in contrast, our patients spent a median 20 days at
our HF unit. Longer hospital stays may facilitate the
watchful implementation of GDMT as recommended in
the ESC HF Guidelines 0f 2021, even among patients with
a high burden of significant comorbidities in severe clin-
ical condition. However, in the most severe cases, triple
therapy is often not achievable or is achievable only when
using a slower and more careful titration regime, result-
ing in significantly longer hospitalization time. This may
explain the inverse correlation - as confirmed by our
multivariate regression analysis — between longer hospi-
tal stays and the applicability of triple therapy.

CKD is a prevalent comorbidity in HFrEF and rep-
resents a strong independent risk factor of poor out-
come [42-44]. Further, CKD often makes it difficult to
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implement GDMT. CKD is one of the most frequent rea-
sons why physicians do not initiate or titrate or even dis-
continue or reduce the dosages of neurohormonal antag-
onists for patients with HFrEF. However, even patients
with the worst kidney function benefit from neurohor-
monal antagonist therapy, and one should not discount
the favorable effect on the slope of eGFR of ARNT [45]
and SGLT2i [46, 47]. Nevertheless, it is a well-established
fact that CKD not only makes the introduction of neuro-
hormonal antagonists — especially RASi - difficult but in
many cases impossible. In our sample, worsening renal
function was associated with lower rates of GDMT use,
although implemented complex GDMT was significantly
more favorable than found in the data of the internation-
al HF registries [48, 49]. Several previous studies have in-
vestigated the independent influencing factors of therapy
optimization in HFrEF. Similarly to our results, the
CHAMP-HF Registry [13], which assessed the data of an
outpatient HFrEF cohort, verified renal failure as the in-
dependent predictor of the application of neurohormon-
alantagonists (RASi, pB, MRA). Additionally, in the BIO-
STAT CHEF registry [37], low eGFR was found to be an
independent predictor of a lower recommended ACEI/
ARB dose. In the VICTORIA Registry [31], less severe
kidney dysfunction facilitated the initiation/up-titration
of ACEI/ARB and MRA therapy.

Diabetes mellitus is estimated to occur in approxi-
mately 40% of patients with acute HF and 25% of patients
with chronic HF [50]. Diabetes mellitus has a strong two-
way interaction with CKD: data suggest that 16% of HF
patients have comorbid diabetes mellitus and CKD [51].
The presence of diabetes mellitus can lead to worsening
kidney function, lessening the tolerability of HFrEF neu-
rohormonal antagonist medication, which partly ex-
plains the strong impact of diabetes on the application of
triple therapy in our patient cohort. The results of a re-
cently published study also reveal the significantly lower
level of application of RASis in a large real-world patient
cohort of diabetic HF patients [52].

Even though older persons have been underrepresent-
ed in RCT's [53-55], the favorable effect of disease-mod-
ifying medication among them has already been proven
[56-59]. However, it is well known that in everyday clin-
ical practice the initiation and optimization of GDMT in
the aging population lags behind that of younger people.
In concordance with our results, in the CHECK-HF Reg-
istry [60], CHAMP-HF Registry [13], and BIOSTAT-
CHEF Registry [37, 61] age was recognized as a prognostic
factor per se of GDMT application, notwithstanding its
relevance in terms of determining adherence with GDMT.
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In our analysis, the median NTproBNP level at admis-
sion notably exceeded the median values presented in the
landmark randomized controlled clinical trials [7-9] and
was even higher than that reported in studies that as-
sessed patients hospitalized for acute decompensation
[11, 30, 32, 34]. In patients with a severe clinical condition
characterized by a high NTproBNP level, higher rates of
hypotension and renal impairment make GDMT use dif-
ficult. This may explain the correlation observed in our
study between a higher NTproBNP level and a lower rate
of the discharge application of triple therapy.

Applicability of New HFrEF Medication (ARNI,

SGLT2i, and Vericiguat)

HFrEF shows continuous progression, despite opti-
mized medical treatment. We may only hope for the best
outcome if we are engaged in applying the whole spec-
trum of available pharmacotherapy. For these reasons, re-
cent studies about SGLT2i, ARNI, and vericiguat are of
outstanding importance as completing conventional
therapy with these new medications that target new path-
ways has been shown to significantly improve the life ex-
pectancy of HFrEF patients.

Thus, in our analysis we evaluated the potential appli-
cability of the new HFrEF pharmacological agents such as
ARNI, SGLT2i, and vericiguat. The low application ratio
of ARNI and SGLT?2 inhibitors in our study might have a
multifactorial origin. It may partly be due to local Hun-
garian reimbursement conditions; furthermore, the first-
line application of dapa- and empagliflozin was only
implemented - based on the results of DAPA-HF [8] and
EMPEROR-Reduced [9] studies — in international HF
guidelines [12, 62] after our study was designed. Accord-
ing to the current ESC HF Guidelines and the related sup-
plementary document [12], among our patients, ARNI
and SGLT2i medication could have been applied in
83-84% of cases. Literature estimates the potential appli-
cability of SGLT2i in chronic HFrEF population as wide
[63-65]. In the analysis of the SwedeHF Registry, the
SGLT2i-suitable patient ratio was 35%, 61%, and 80% for
dapagliflozin and 31%, 55%, and 81% for empagliflozin
depending on the criteria (trial, pragmatic, or label sce-
narios, respectively) [63]. Regarding the potential appli-
cation rate of ARNI, this also varies widely depending on
the cohort and the criteria that are applied. In an outpa-
tient cohort, according to the PARADIGM HF inclusion
and exclusion criteria, 11-13% of the examined patients
would have been suitable for ARNI [66]. Similarly, ac-
cording to the analysis of Backelin et al. [67] among 1,355
hospitalized HF patients 20% would have been suitable
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for ARNI according to the RCT criteria. In contrast to the
results of previous studies that assessed eligibility for
ARNTI treatment based on the inclusion and exclusion cri-
teria of the PARADIGM HF trial, in our analysis the con-
traindications for ARNI implementation of the 2021 ESC
HF Guidelines were taken into account. The relatively
few factors representing contraindications for the initia-
tion of these drugs in our real-world cohort call attention
to the need for the more conscious implementation of
ARNI and SGLT2i treatment in daily clinical practice.

Although vericiguat is not yet available in most coun-
tries in daily clinical practice, it could be a potentially ef-
fective therapeutic option for patients presenting with
worsening HF in spite of optimal medical therapy. Our
results indicated that 68% of our cohort would have been
eligible for vericiguat therapy based on the inclusion and
exclusion criteria of the VICTORIA trial [11], which
finding correlates with the Korean Acute HF Registry’s
determination of 58% applicability in that population
[68].

Conclusions

HEF is still a major public health problem which sig-
nificantly impacts the life expectancy of affected patients.
Their prognosis can be improved through the implemen-
tation and successful optimization of a complex disease-
modifying drug regime, although in everyday practice
this is not always achievable. According to our analysis,
the initiation and optimization of this life-saving drug re-
gime are possible even in a hospitalized HFrEF patient
cohort despite the major burden of significant comorbid-
ities and clinical severity of the real-life population.

Our analysis found that the implementation of GDMT
was influenced by several factors. Longer hospital stays,
older age, more severely impaired kidney function, pres-
ence of diabetes mellitus, and higher NTproBNP level at
admission predicted less likelihood of the discharge ap-
plication of triple therapy.

Our findings show that the majority of HFrEF patients
are suitable for new pharmacotherapies (SGLT2i, ARNI,
and vericiguat) that can affect significantly the prognosis
of the disease. Accordingly, awareness of the need for
their initiation in daily clinical practice must be raised.

Limitations

Although our single-center analysis represents a real-
world HF population with a high comorbidity burden, it
has some limitations. Our single-center patient population

The Optimization of Guideline-Directed
Medical Therapy during Hospitalization

consisted of only Caucasians. Accordingly, the results
of the study may not apply to patients outside this
group.

An additional limitation regarding the use of SGLT2i
in everyday clinical practice is that the data collection
process for our patient cohort started before the publica-
tion of the results of DAPA-HF and EMPEROR-Reduced
studies. Since then, there have been changes in the guide-
line recommendations (in the ESC HF Guidelines of
2021) regarding the pharmacological therapy of HFrEF,
which could have modified the application ratio of
SGLT2is in relation to these clinical circumstances. More-
over, SGLT2i application among nondiabetic HF patients
still represents a major limitation in everyday clinical
practice as SGLT2is are only reimbursed for diabetic pa-
tients in Hungary. The use of sacubitril/valsartan may
also be affected by reimbursement conditions in Hungary
as the latter is only available to HFrEF patients if they have
been hospitalized for HF at least twice, have been on op-
timal HFrEF treatment for at least 1 year, have elevated
NTproBNP levels, are defined as NYHA functional class
2-3, and have LVEF below 35%.
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