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Abstract

Heart failure (HF) is a progressive condition, characterized by
variable periods of symptomatic stability frequently interrupted
by episodes of A worsening condition. These moments of
clinical deterioration have been recognized as a distinct phase
in the course of HF and indicate a considerably worse prognosis.
Preventing readmissions of patients with HF is a growing priority
for medical providers, researchers, and healthcare managers.
Although evidence-based therapies for treating patients with HF
have increased, consistent implementation of these therapies
and the development of new strategies to prevent readmissions
continue to be areas for continued improvement. In this review,
we will discuss some proposals and challenges associated with
reducing readmissions due to HE.

Introduction

Heart failure (HF) is a complex and progressive condition,
characterized by variable periods of symptomatic stability,
usually interrupted by episodes of decompensation, after
which patients rarely return to their initial quality of life
(Figure 1). Even during the phase of apparent clinical stability,
there is still a significant residual risk of clinical deterioration
associated with recurrent readmissions and new cardiovascular
events that contribute to the worsening of the disease.'? This
course becomes progressively worse until reaching final pump
failure and death, or, in rare cases, heart transplantation.

According to the largest database of payment sources for
hospital admissions in the United States, the Nationwide
Inpatient Sample (NIS), hospitalizations for HF in the country
increased from 1,060,540 in 2008 to 1,270,360 in 2018.
However, it has become increasingly evident that not all
patients with decompensated HF are hospitalized, as many
of these patients are treated on an outpatient basis.** In fact,
a significant proportion of patients hospitalized for acutely
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decompensated HF have recurrent unplanned visits to the
doctor’s office or to the emergency room before hospital
admission. In 2019, more than 1,500,000 emergency
consultations with a diagnosis of decompensated HF were
recorded in the United States alone.? These moments of clinical
deterioration have been characterized as a distinct phase in
the course of patients with HF, called Worsening Heart Failure
(WHF) (Figure 1)."* WHF is defined by the progression of
signs and symptoms of HF in patients with chronic ventricular
dysfunction despite optimized medical therapy, and involves
the need for hospitalization or therapeutic scheduling on an
outpatient basis, generally with increased diuretic therapy. This
is because the main pathophysiological mechanism of acute
HF decompensation is congestion, not low output. According
to data from the Brazilian registry of hospitalizations for HF,
BREATHE extension, the predominant clinical-hemodynamic
profile in admissions for HF in the country between 2011
and 2018 was hot-humid (71.7%), while a small number
of patients (12.9%) showed no signs of congestion or poor
perfusion;” among more than 3,000 evaluated individuals, the
main cause of decompensation was low adherence to drug
therapy, in 28% of the patients, followed by infections (21%)
and arrhythmia (14%). The diversity of readmission triggers
highlights the importance of comprehensive care to prevent
complications from secondary conditions and patient-specific
risk factors (Table 1).

The concept of WHEF is evolving, having been mentioned
in recent updates to the HF guidelines of the European Society
of Cardiology and the AHA/ACC/HFSA®® (Table 2). This phase
of the disease marks its degenerative progression and indicates
a considerably worse prognosis, whose risk profile is estimated
by the progression of the disease and the worsening of the set
of symptoms, signs, and/or functional capacity, classifying it as
a possible trajectory within stage C."°

Approach and treatment of patients with recurrent
hospitalizations and WHF

Patients with recurrent hospitalizations and WHF must
undergo a thorough evaluation to exclude reversible causes
of HF decompensation and ensure optimized treatment based
on specific guidelines."" Despite the challenges in identifying
factors and scenarios that may accelerate readmission, there
is a solid underlying rationale for the use of evidence-based
medical therapies with an impact on symptomatic relief
and hospitalizations in patients with HF, especially those
with reduced ejection fraction (HFrEF)."? In addition to the
scheduling of decongestive therapy with diuretics and other
emergency measures highlighted in Figure 2, the introduction
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Figure 1 - Journey and risk profiles of patients with heart failure. The diagnosis of HF carries a significant intrinsic clinical risk (baseline risk), which can be
reduced through the use of guideline-based medical therapy. Even during the phase of apparent clinical stability, there is still a residual risk of clinical deterioration
that may be associated with recurrent readmissions and new cardiovascular events (Worsening Heart Failure). Arrows represent directionality between risk
profiles — patients in the worsening phase may respond to optimized therapy and return to a residual risk state or may progress to the advanced risk stage.
ICD: implantable cardioverter defibrillator; HF: heart failure; CRT: cardiac resynchronization therapy. Adapted from Greene et al.’

Table 1 - Causes for worsening heart failure

Failure to follow medication prescriptions as instructed by a healthcare professional can lead to

Lo GOIEIEES 18l UG worsening symptoms and a decline in heart function.

Consuming too much salt (sodium) can cause fluid retention, which can worsen heart failure symptoms.

Increased salt and water intake Not monitoring your fluid intake and exceeding recommended limits can also be problematic.

Myocardial infarction or other cardiac events can further weaken the heart muscle, leading to aggravated

Gt e heart failure.

Infections Infections, especially respiratory infections, can overload the heart and worsen symptoms.

Arthythmias Injegular heart rhythms can reduce the heart's pumping efficiency and contribute to aggravated heart
failure.

Lifestyle Smoking, excessive alcohol consumption, and lack of physical activity can worsen heart failure.

Conditions such as high blood pressure, diabetes, and kidney disease can worsen heart failure if not

Other medical conditions
well controlled.

the mineracolorticoid receptor (ARM), sodium-glucose
cotransport-2 inhibitors (iSGLT2), and ivabradine.'*?” Clinical

(or reintroduction) of medications that constitute the pillars
of HF treatment should be initiated in rapid sequence during

the care transition phase.”' The additive benefit of these
therapies became apparent within a few weeks of use, which
is why target or maximum tolerated doses of all drug classes
should be sought as quickly as possible. Several medications
have been significantly associated with reductions in HFrEF
admissions, including digoxin, a combination of hydralazine
and nitrate, beta-blockers, angiotensin-converting enzyme
inhibitors, angiotensin receptor blockers, neprilysin and
angiotensin receptor (ARNI) inhibitors, antagonists of

trials in patients with WHF demonstrated the safety and
efficacy of drugs, such as vericiguat, omencativ mecarbil,
INRA, and iSCLT2, specifically in this high-risk population.?6-32
In patients with HF with a preserved ejection fraction (HFpEF)
and HF with a mildly reduced ejection fraction (HFrEF), who
present symptoms and high levels of type B natriuretic peptide
(BNP or N-terminal pro- BNP [NT-proBNPY), the use of iSGLT2,
and to a lesser extent ARM, has also proven to be effective in
reducing hospitalizations due to HFE.3*38
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Table 2 - Definition of advanced HF defined by SBC, AHA/ACC, ESC, and Heart Failure Society of America guidelines

<
<

AR

Severe and persistent symptoms despite optimized therapy

<
L«
<

Important functional limitation (NYHA functional class Il or IV)
Persistent dyspnea with daily living activities

Recurrent hospitalizations

AR

Frequent unplanned emergency room visits

Intolerance to maximum therapeutic optimization

Target organ dysfunction

Persistent hyponatremia

Pulmonary or systemic congestion refractory to diuretic therapy

Frequent CDI shocks

CL LK
CLC KK

Cardiac cachexia

AN N U U U S

Systolic blood pressure often <90 mmHg

Persistently high BNP or NTproBNP values

<

Severe LV dysfunction, with echocardiographic pattern of pseudonormal or restrictive filling
High filling pressures (PCP >16 mmHg +/- PVC >12 mmHg)

Low capacity in the 6MWT (<300 m) or VO2 peak (<12-14 ml/kg/min), estimated to be of
cardiac origin

AN U N SR

Severe LV dysfunction with reduced ejection fraction

L < S

Dependence on intravenous inotropes

< X

Progressive RV dysfunction and secondary PH v

ACC/AHA: American College of Cardiology/American Heart Association; ICD: implantable cardioverter defibrillator; HF: heart failure; BNP: B-type natriuretic
peptide; ESC: European Society of Cardiology; HFSA: Heart Failure Society of America; PH: pulmonary hypertension; NYHA: New York Heart Association;
NT-proBNP: N-terminal fraction of type B natriuretic peptide; PCP: pulmonary capillary pressure; CVP: central venous pressure; 6MWT: 6-minute walk test;
RV: right ventricle; LV: left ventricle; VO2: oxygen consumption. Adapted from Marcondes-Braga FG, et al.”

During the WHF event After the WHF event

Oral diuretic

Review optimized therapy according to the hemodynamic profile (start / maintain iSGLT2 if possible)

E Sequential nephron blockade (add hydrochlorothiazide to furosemide, MRA, and iSGLT2

H Emergency therapy according to
H recommendation (inotropic, ultrafiltration, diureti
by infusion pump, hypersaline solution)

Introduce / proceed with quadruple
therapy before hospital discharge

Initial Refractiveness Care
Presentation Transition

Figure 2 - Decongestive therapy for WHE Intravenous loop diuretic and sodium-glucose cotransporter-2 (SGLT2) inhibitor are fundamental therapies for
decongestion in patients with worsening heart failure (WHF). Other adjuvant therapies may be considered in selected patients. MRA: mineralocorticoid receptor
antagonist; IV: intravenous. Adapted from Greene et al.”?

Intravenous iron replacement, especially with carboxymaltose  Furthermore, for practicality’s sake, patients hospitalized due
or ferric derisomaltose, is also recommended for patients with ~ to HF or those receiving outpatient intravenous diuretics
WHF and an iron deficiency in order to improve the functional  already have intravenous access, which can further facilitate the
status and quality of life, as well as to reduce readmissions.**#*  administration of intravenous iron in clinical practice.
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Ischemia testing in selected patients, the surgical or percutaneous
treatment of heart valve diseases, the management of atrial and
ventricular arrhythmias (including a high burden of premature
ventricular contractions), resynchronization therapy, and the
assessment of situations that may aggravate HF symptoms, such as
the use of non-steroidal anti-inflammatory drugs, may also lead to a
decrease in readmissions.***” Finally, the consideration of candidates
for advanced HF therapies, including heart transplantation and
ventricular assist devices, is appropriate for those with symptoms
that are refractory to pharmacological therapeutic optimization,
be it electrical and/or mechanical.**#° Complementary tests, such
as the cardiopulmonary exercise test or the 6-minute walk test, in
addition to pulmonary artery catheterization, can be useful tools
in the evaluation of these patients.

The potential of new technologies to monitor congestion and
prevent readmissions is a developing field.® To date, the remote
monitoring method in patients with HF with the most convincing
evidence is CardioMEMS, a device implanted percutaneously
in the pulmonary artery, which transmits core blood pressure
values to a safe server.”' CardioMEMS has been shown to be
effective and safe in “real-life,” cost-effectiveness, and post-
marketing studies, and it appears to be a promising strategy with
the potential to be added to clinical practices.”>** Clinical trials of
non-invasive telemonitoring in HF often have conflicting results,
due to differences in the populations studied, the health policies
of each country, and the monitoring tools adopted.>>*° The use of
natriuretic peptides (BNP or NT-proBNP) as markers of congestion
is also part of the assessment and diagnosis of HF, and may be
a useful complementary tool for predicting long-term prognosis
and readmission.'>£0-62

Public health strategies to reduce heart failure readmissions

Identifying public health strategies that can reduce
preventable readmissions would be valuable for patients,
medical providers, and healthcare managers. Numerous

specific interventions have been investigated to try to
reduce readmission for HF, including patient education,
discharge planning, medication reconciliation, the
scheduling of return visits before discharge, early return
after discharge, and telemonitoring/follow-up phone calls.
However, these studies are typically narrow in scope,
focusing on an isolated aspect of patient care and providing
a one-size-fits-all approach, with conflicting results in the
literature. 6360

In the United States, the Patient Protection and
Affordable Care Act (ACA) was enacted in 2010, seeking
to expand opportunities for access to health care and
supporting innovative care delivery methods aimed
at reducing healthcare costs in general. Among the
remuneration models proposed by the ACA is the review
of hospital payment methods through the incorporation of
care performance indicators, such as hospital readmission.
The Hospital Readmissions Reduction Program (HRRP), was
created to try to reduce 30-day readmissions by reducing
payments to providers with the worst performance, using
a methodology adjusted to the profile of the participating
institution.®” The HRRP changed the landscape of hospital
readmissions and reimbursement in the United States
by imposing substantial Medicare payment penalties on
hospitals with higher-than-expected readmission rates.*
However, although it reduced the readmission rate from
18% to 16% between 2008 and 2016, the HRRP generated
controversy for not considering medical complexity and
socioeconomic differences between hospitals.®®

Finally, it is important to mention that a large proportion
of patients with HF are admitted for non-cardiovascular
conditions, as HF is one of the many comorbidities that
can increase the risk of future hospitalizations.>®® A
proposal for a domain-directed intervention model can
be considered during each hospitalization for HF, with
guidance for interventions that can reduce risks and

Evaluation of cognition
to process and interpret
health information

Outpatient return in

Aggressive decongestion 7-14 days

Basic education in care for
heart failure

Timely reintroduction of

essential therapy Multidisciplinary follow-up

Intensive education for
those with a lack of specific
knowledge about HF

Frequent interactions
through in-house or
telemonitoring contact

Review recommendation
of devices

Constant evaluation of new
educational tools

Referral to specialized

Self-monitoring
care centers

Proposal for Guided Intervention Model

STEP 1 STEP 2 STEP 3 STEP 4 STEP 5 STEP 6
Therapeutic Optimization Early Reevaluation Capacity of Interpretation Neuropsychological State Financial Resources Functional Capacity

Review of levels of

depression, anxiety,

cognition, and social
support

Review of availability of
drugs in SUS and care
coverage

Approach to functional,
housing, and support
limitations

Social care and physical

Social care supervision L
therapy supervision

Reduce direct costs
through generic drugs
and PCDTs

Rehabilitation programs

Revis@o de servicos de
apoio complementar com
pacientes e familiares

Figure 3 - Proposed targeted intervention model. Patient-centered strategy to reduce readmissions organized into six categories that connect the patient and
their disease: therapeutic optimization, early reassessment, interpretability, neuropsychological status, financial resources and functional capacity. By evaluating
deficiencies in each of these categories, hospital systems can selectively target interventions more efficiently to reduce readmissions. HF: heart failure; PCDT:

Clinical Protocols and Therapeutic Guidelines. Adapted from Sperry et al.”
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challenges in the care of patients with HF and recurrent
hospitalizations™ (Figure 3).

Conclusion and future perspectives

HF continues to be an epidemiological, clinical, and financial
challenge for patients, medical service providers, and healthcare
managers. Advances in HF therapies have prolonged patient
survival, but at the cost of greater clinical complexity and cost
of care. Even when clinical treatment is effective in reducing
readmissions due to HF, it is not clearly documented whether
there is also an improvement in patient survival outcomes.”

Although temporary mechanical support has revolutionized
the management of cardiogenic shock, the unavailability of
prospective data based on robust randomized clinical trials limits
our understanding of the risks and benefits of this technology for
the patient with recurrent hospitalizations. As experience with
long-term support increases, criteria and guidelines for patient
selection must be standardized in order to contain the costs
of care and improve post-implant outcomes, keeping patients
out of the hospital environment and with a quality of life. In
transplantation, work to expand the donor pool must continue,
while investments in basic and translational research can help
improve graft longevity. Research focused on myocardial
recovery is urgently needed, as biochemical pathways capable
of reversing, if not preventing, HF would radically change our
approach to care. Lastly, we must continue to integrate patient-
centered and symptom-based palliative care into our advanced

References

1. Greene SJ, Bauersachs J, Brugts JJ, Ezekowitz JA, Lam CSP, Lund LH,
et al. Worsening Heart Failure: Nomenclature, Epidemiology, and
Future Directions: JACC Review Topic of the Week. ] Am Coll Cardiol.
2023;81(4):413-24. doi: 10.1016/j.jacc.2022.11.023.

2. Clark AL, Cherif M, McDonagh TA, Squire IB. In-Hospital Worsening Heart
Failure: a Clinically Relevant Endpoint?. ESC Heart Fail. 2018;5(1):9-18.
doi: 10.1002/ehf2.12195.

3. Tsao CW, Aday AW, Almarzooq ZI, Anderson CAM, Arora P, Avery CL, et
al. Heart Disease and Stroke Statistics-2023 Update: a Report from the
American Heart Association. Circulation. 2023;147(8):€93-e621. doi:
10.1161/CIR.0000000000001123.

4. Greene SJ, Mentz RJ, Felker GM. Outpatient Worsening Heart Failure
as a Target for Therapy: a Review. JAMA Cardiol. 2018;3(3):252-9. doi:
10.1001/jamacardio.2017.5250.

5. Ziaeian B, Fonarow GC. The Prevention of Hospital Readmissions in
Heart Failure. Prog Cardiovasc Dis. 2016;58(4):379-85. doi: 10.1016/].
pcad.2015.09.004.

6. Greene SJ, Fonarow GC, Butler ). Risk Profiles in Heart Failure: Baseline,
Residual, Worsening, and Advanced Heart Failure Risk. Circ Heart Fail.
2020;13(6):e007132. doi: 10.1161/CIRCHEARTFAILURE.120.007132.

7. Albuquerque DC, Silva PGMB, Lopes RD, Hoffmann-Filho CR, Nogueira
PR, Reis H, et al. In-Hospital Management and Long-term Clinical
Outcomes and Adherence in Patients with Acute Decompensated Heart
Failure: Primary Results of the First Brazilian Registry of Heart Failure
(BREATHE). J Card Fail. 2023:51071-9164(23)00310-X. doi: 10.1016/j.
cardfail.2023.08.014.

8.  McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Bchm M,
etal. 2021 ESC Guidelines for the Diagnosis and Treatment of Acute and

ABC Heart Fail Cardiomyop. 2023; 3(2):e20230092

HF management paradigm in an attempt to help patients not
only live longer, but also live better.

Author Contributions

Conception and design of the research, Acquisition of data,
Writing of the manuscript and Critical revision of the manuscript
for content: Andrade FA, Monferdini L, Vieira JL.

Potential conflict of interest

Dr. Jefferson Vieira reports fee for serving on the adjudication
committee of clinical events from the Hospital Israelita Albert
Einstein ARO and fees for conferences from AstraZeneca,
Boehringer-Ingelheim & Eli Lilly, Novartis, Bayer, Pfizer, Merck
and Viatris.

Sources of funding
There were no external funding sources for this study.

Study association

This study is not associated with any thesis or dissertation work.

Ethics approval and consent to participate

This article does not contain any studies with human
participants or animals performed by any of the authors.

Chronic Heart Failure. Eur Heart ). 2021;42(36):3599-726. doi: 10.1093/
eurheartj/ehab368.

9. Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun JJ, Colvin MM, et al.
2022 AHA/ACC/HFSA Guideline for the Management of Heart Failure:
Executive Summary: a Report of the American College of Cardiology/
American Heart Association Joint Committee on Clinical Practice
Guidelines. ] Am Coll Cardiol. 2022;79(17):1757-80. doi: 10.1016/j.
jacc.2021.12.011.

10. Crespo-Leiro MG, Anker SD, Maggioni AP, Coats AJ, Filippatos G,
Ruschitzka F, etal. European Society of Cardiology Heart Failure Long-Term
Registry (ESC-HF-LT): 1-Year Follow-Up Outcomes and Differences Across
Regions. Eur ) Heart Fail. 2016;18(6):613-25. doi: 10.1002/ejhf.566.

11. Truby LK, Rogers JG. Advanced Heart Failure: Epidemiology, Diagnosis,
and Therapeutic Approaches. JACC Heart Fail. 2020;8(7):523-36. doi:
10.1016/j.jchf.2020.01.014.

12. Vaduganathan M, Fonarow GC, Gheorghiade M. Drug Therapy to Reduce
Early Readmission Risk in Heart Failure: Ready for Prime Time?. JACC
Heart Fail. 2013;1(4):361-4. doi: 10.1016/j.jchf.2013.04.010.

13. Mebazaa A, Davison B, Chioncel O, Cohen-Solal A, Diaz R, Filippatos G,
etal. Safety, Tolerability and Efficacy of Up-Titration of Guideline-Directed
Medical Therapies for Acute Heart Failure (STRONG-HF): a Multinational,
Open-Label, Randomised, Trial. Lancet. 2022;400(10367):1938-52. doi:
10.1016/S0140-6736(22)02076-1.

14. Ouwerkerk W, Voors AA, Anker SD, Cleland JG, Dickstein K, Filippatos
G, etal. Determinants and Clinical Outcome of Uptitration of ACE-
Inhibitors and Beta-Blockers in Patients with Heart Failure: a Prospective
European Study. Eur Heart J. 2017;38(24):1883-90. doi: 10.1093/
eurheartj/ehx026.



Andrade et al.

How to Change the Medical History of Patients with HF and Recurrent Hospitalizations?

Review Article

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

. Khan MS, Segar MW, Usman MS, Singh S, Greene SJ, Fonarow GC, et al.

Frailty, Guideline-Directed Medical Therapy, and Outcomes in HFrEF:
from the GUIDE-IT Trial. JACC Heart Fail. 2022;10(4):266-75. doi:
10.1016/j.jchf.2021.12.004.

. Digitalis Investigation Group. The Effect of Digoxin on Mortality and

Morbidity in Patients with Heart Failure. N Engl ] Med. 1997;336(8):525-
33. doi: 10.1056/NEJM199702203360801.

. Ahmed A, Boure RC, Fonarow GC, Patel K, Morgan CJ, FlegJL, et al.

Digoxin Use and Lower 30-Day all-Cause Readmission for Medicare
Beneficiaries Hospitalized for Heart Failure. Am ) Med. 2014;127(1):61-
70. doi: 10.1016/j.amjmed.2013.08.027.

. Packer M, Bristow MR, Cohn JN, Colucci WS, Fowler MB, Gilbert EM, et

al. The Effect of Carvedilol on Morbidity and Mortality in Patients with
Chronic Heart Failure. U.S. Carvedilol Heart Failure Study Group. N Engl
JMed. 1996;334(21):1349-55. doi: 10.1056/NEJM199605233342101.

. Hernandez AF, Hammill BG, O’Connor CM, Schulman KA, Curtis LH,

Fonarow GC. Clinical Effectiveness of Beta-Blockers in Heart Failure:
Findings from the OPTIMIZE-HF (Organized Program to Initiate Lifesaving
Treatment in Hospitalized Patients with Heart Failure) Registry. ] Am Coll
Cardiol. 2009;53(2):184-92. doi: 10.1016/j.jacc.2008.09.031.

McMurray JJ, Packer M, Desai AS, Gong, Lefkowitz MP, Rizkala AR, et al.
Angiotensin-Neprilysin Inhibition versus Enalapril in Heart Failure. N Engl
JMed. 2014;371(11):993-1004. doi: 10.1056/NEJM0a1409077.

Pitt B, FerreiraJP, Zannad F. Mineralocorticoid Receptor Antagonists in Patients
with Heart Failure: Current Experience and Future Perspectives. Eur Heart ]
Cardiovasc Pharmacother. 2017;3(1):48-57. doi: 10.1093/ehjcvp/pvw016.

Filippatos G, Anker SD, Bchm M, Gheorghiade M, Kaber L, Krum H, etal.
A Randomized Controlled Study of Finerenone vs. Eplerenone in Patients
with Worsening Chronic Heart Failure and Diabetes Mellitus and/or
Chronic Kidney Disease. Eur Heart ). 2016;37(27):2105-14. doi: 10.1093/
eurheartj/ehw132.

Zannad F, McMurray J), Krum H, van Veldhuisen DJ, Swedberg K, Shi H, etal.
Eplerenone in Patients with Systolic Heart Failure and Mild Symptoms. N Engl )
Med. 2011;364(1):11-21. doi: 10.1056/NEJM0a1009492.

Pitt B, Remme W, Zannad F, Neaton J, Martinez F, Roniker B, etal. Eplerenone, a
Selective Aldosterone Blocker, in Patients with Left Ventricular Dysfunction after
Myocardial Infarction. N Engl ] Med. 2003;348(14):1309-21. doi: 10.1056/
NEJM0a030207.

Pitt B, Poole-Wilson PA, Segal R, Martinez FA, Dickstein K, Camm AJ, et al.
Effect of Losartan Compared with Captopril on Mortality in Patients with
Symptomatic Heart Failure: Randomised Trial--the Losartan Heart Failure
Survival Study ELITE II. Lancet. 2000;355(9215):1582-7. doi: 10.1016/
s0140-6736(00)02213-3.

Pitt B, Zannad F, Remme WJ, Cody R, Castaigne A, Perez A, et al. The Effect
of Spironolactone on Morbidity and Mortality in Patients with Severe Heart
Failure. Randomized Aldactone Evaluation Study Investigators. N Engl J Med.
1999;341(10):709-17. doi: 10.1056/NEJIM199909023411001.

Zannad F, Ferreira JP, Pocock SJ, Anker SD, Butler J, Filippatos G, et al. SGLT2
Inhibitors in Patients with Heart Failure with Reduced Ejection Fraction:
a Meta-Analysis of the EMPEROR-Reduced and DAPA-HF Trials. Lancet.
2020;396(10254):819-29. doi: 10.1016/S0140-6736(20)31824-9.

Armstrong PW, Pieske B, Anstrom K], Ezekowitz J, Hernandez AF, Butler J, etal.
Vericiguatin Patients with Heart Failure and Reduced Ejection Fraction. N Engl
JMed. 2020;382(20):1883-93. doi: 10.1056/NEJMoa1915928.

Teerlink JR, Diaz R, Felker GM, McMurray JJV, Metra M, Solomon SD, et al.
Cardiac Myosin Activation with Omecamtiv Mecarbil in Systolic Heart Failure.
N Engl) Med. 2021;384(2):105-16. doi: 10.1056/NEJM0a2025797.

Velazquez EJ, Morrow DA, DeVore AD, Duffy Cl, Ambrosy AP McCague K, et
al. Angiotensin-Neprilysin Inhibition in Acute Decompensated Heart Failure.
N Eng|J Med. 2019;380(6):539-48. doi: 10.1056/NEJMoa1812851.

Voors AA, Angermann CE, TeerlinkJR, Collins SP, Kosiborod M, Biegus J, etal.
The SGLT2 Inhibitor Empagliflozin in Patients Hospitalized for Acute Heart

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Failure: a Multinational Randomized Trial. Nat Med. 2022;28(3):568-74.
doi: 10.1038/s41591-021-01659-1.

Bhatt DL, Szarek M, Steg PG, Cannon CP, Leiter LA, McGuire DK,
et al. Sotagliflozin in Patients with Diabetes and Recent Worsening
Heart Failure. N Engl ) Med. 2021;384(2):117-28. doi: 10.1056/
NEJM0a2030183.

Anker SD, Butler J, Filippatos G, Ferreira JF, Bocchi E, Bohm M, et al.
Empagliflozin in Heart Failure with a Preserved Ejection Fraction. N Engl ) Med.
2021;385(16):1451-61. doi: 10.1056/NEJM0a2107038.

Solomon SD, Vaduganathan M, Claggett BL, de Boer RA, DeMets D, Hernandez
AF, etal. Baseline Characteristics of Patients with HF with Mildly Reduced and
Preserved Ejection Fraction: DELIVER Trial. JACC Heart Fail. 2022;10(3):184-97.
doi: 10.1016/}.jchf.2021.11.006.

Agarwal R, Filippatos G, Pitt B, Anker SD, Rossing P Joseph A, etal. Cardiovascular
and Kidney Outcomes with Finerenone in Patients with Type 2 Diabetes
and Chronic Kidney Disease: the FIDELITY Pooled Analysis. Eur Heart ).
2022;43(6):474-84. doi: 10.1093/eurheartj/ehab777.

Pitt B, Pfeffer MA, Assmann SF, Boineau R, Anand IS, Claggett B, et al.
Spironolactone for Heart Failure with Preserved Ejection Fraction. N Engl ) Med.
2014;370(15):1383-92. doi: 10.1056/NEJMoa1313731.

Solomon SD, Claggett B, Lewis EF, Desai A, Anand |, Sweitzer NK; etal. Influence
of Ejection Fraction on Outcomes and Efficacy of Spironolactone in Patients with
Heart Failure with Preserved Ejection Fraction. Eur Heart). 2016;37(5):455-62.
doi: 10.1093/eurheartj/ehv464.

Pfeffer MA, Claggett B, Assmann SF, Boineau R, Anand IS, Clausell N,
et al. Regional Variation in Patients and Outcomes in the Treatment of
Preserved Cardiac Function Heart Failure with an Aldosterone Antagonist
(TOPCAT) Trial. Circulation. 2015;131(1):34-42. doi: 10.1161/
CIRCULATIONAHA.114.013255.

Ponikowski P, Kirwan BA, Anker SD, McDonagh T, Dorobantu M,
Drozdz J, et al. Ferric Carboxymaltose for Iron Deficiency at Discharge
after Acute Heart Failure: a Multicentre, Double-Blind, Randomised,
Controlled Trial. Lancet. 2020;396(10266):1895-904. doi: 10.1016/
S0140-6736(20)32339-4.

Anker SD, Kirwan BA, van Veldhuisen D), Filippatos G, Comin-Colet J,
Ruschitzka F, et al. Effects of Ferric Carboxymaltose on Hospitalisations
and Mortality Rates in Iron-Deficient Heart Failure Patients: an Individual
Patient Data Meta-Analysis. Eur ) Heart Fail. 2018;20(1):125-33. doi:
10.1002/ejhf.823.

Anker SD, Colet JC, Filippatos G, Willenheimer R, Dickstein K, Drexler
H, et al. Ferric Carboxymaltose in Patients with Heart Failure and Iron
Deficiency. N Engl ) Med. 2009;361(25):2436-48. doi: 10.1056/
NE/M0a0908355.

Vukadinovi¢ D, Abdin A, Emrich I, Schulze PC, von Haehling S, Bchm
M. Efficacy and Safety of Intravenous Iron Repletion in Patients with
Heart Failure: a Systematic Review and Meta-Analysis. Clin Res Cardiol.
2023;112(7):954-66. doi: 10.1007/500392-023-02207-2.

Kalra PR, Cleland JGF, Petrie MC, Thomson EA, Kalra PA, Squire IB,
et al. Intravenous Ferric Derisomaltose in Patients with Heart Failure
and Iron Deficiency in the UK (IRONMAN): an Investigator-Initiated,
Prospective, Randomised, Open-Label, Blinded-Endpoint Trial. Lancet.
2022;400(10369):2199-209. doi: 10.1016/5S0140-6736(22)02083-9.

Mentz RJ, Garg J, Rockhold FW, Butler J, De Pasquale CG, Ezekowitz JA,
etal. Ferric Carboxymaltose in Heart Failure with Iron Deficiency. N Engl
J Med. 2023;389(11):975-86. doi: 10.1056/NEJM0a2304968.

Rohde LEP, Montera MW, Bocchi EA, Clausell NO, Albuquerque DC, Rassi
S, etal. Diretriz Brasileira de Insuficiéncia Cardiaca Cronica e Aguda. Arq
Bras Cardiol. 2018;111(3):436-539. doi: 10.5935/abc.20180190.

Hernandez GA, BlumerV, Arcay L, Monge J, Viles-Gonzalez JF, Lindenfeld
J, etal. Cardiac Resynchronization Therapy in Inotrope-Dependent Heart
Failure Patients: a Systematic Review and Meta-Analysis. JACC Heart Fail.
2018;6(9):734-42. doi: 10.1016/}.jchf.2018.02.016.

ABC Heart Fail Cardiomyop. 2023; 3(2):e20230092



Andrade et al.

How to Change the Medical History of Patients with HF and Recurrent Hospitalizations?

Review Article

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Stone GW, Lindenfeld J, Abraham WT, Kar S, Lim DS, Mishell JM, et al.
Transcatheter Mitral-Valve Repair in Patients with Heart Failure. N Engl ) Med.
2018;379(24):2307-18. doi: 10.1056/NEJMoa1806640.

Vieira JL, Ventura HO, Mehra MR. Mechanical Circulatory Support Devices
in Advanced Heart Failure: 2020 and Beyond. Prog Cardiovasc Dis.
2020;63(5):630-9. doi: 10.1016/j.pcad.2020.09.003.

Vieira JL, Mehra MR. Heart Transplantation Candidacy. Curr Opin Organ
Transplant. 2021;26(1):69-76. doi: 10.1097/MOT.0000000000000828.

Braga FGM, Vieira JL, Souza Neto JD, Calado G, Ferreira SMA, Bacal F,
et al. Emerging Topics in Heart Failure: Contemporaneous Management
of Advanced Heart Failure. Arq Bras Cardiol. 2020;115(6):1193-6. doi:
10.36660/abc.20201194.

Abraham WT, Adamson PB, Bourge RC, Aaron MF, Costanzo MR, Stevenson LW,
etal. Wireless Pulmonary Artery Haemodynamic Monitoring in Chronic Heart
Failure: a Randomised Controlled Trial. Lancet. 2011;377(9766):658-66. doi:
10.1016/S0140-6736(11)60101-3.

Adamson PB, Abraham WT, Bourge RC, Costanzo MR, Hasan A, Yadav C, etal.
Wireless Pulmonary Artery Pressure Monitoring Guides Management to Reduce
Decompensation in Heart Failure with Preserved Ejection Fraction. Circ Heart
Fail. 2014;7(6):935-44. doi: 10.1161/CIRCHEARTFAILURE.113.001229.

Shavelle DM, Desai AS, Abraham WT, Bourge RC, Raval N, Rathman LD,
etal. Lower Rates of Heart Failure and All-Cause Hospitalizations During
Pulmonary Artery Pressure-Guided Therapy for Ambulatory Heart Failure:
One-Year Outcomes from the CardioMEMS Post-Approval Study. Circ Heart
Fail. 2020;13(8):e006863. doi: 10.1161/CIRCHEARTFAILURE.119.006863.

Desai AS, BhimarajA, BharmiR, Jermyn R, Bhatt K, Shavelle D, etal. Ambulatory
Hemodynamic Monitoring Reduces Heart Failure Hospitalizations in “Real-
World” Clinical Practice. ) Am Coll Cardiol. 2017;69(19):2357-65. doi:
10.1016/j.jacc.2017.03.009.

Koehler F, Koehler K, Deckwart O, Prescher S, Wegscheider K, Kirwan
BA, etal. Efficacy of Telemedical Interventional Management in Patients
with Heart Failure (TIM-HF2): a Randomised, Controlled, Parallel-
Group, Unmasked Trial. Lancet. 2018;392(10152):1047-57. doi:
10.1016/S0140-6736(18)31880-4.

Feltner C, Jones CD, Cené CW, Zheng ZJ, Sueta CA, Coker-Schwimmer EJ,
et al. Transitional Care Interventions to Prevent Readmissions for Persons
with Heart Failure: a Systematic Review and Meta-Analysis. Ann Intern Med.
2014;160(11):774-84. doi: 10.7326/M14-0083.

Clarke M, Shah A, Sharma U. Systematic Review of Studies on Telemonitoring
of Patients with Congestive Heart Failure: a Meta-Analysis. | Telemed
Telecare. 2011;17(1):7-14. doi: 10.1258/jtt.2010.100113.

Chaudhry SI, Mattera JA, Curtis JP, Spertus JA, Herrin J, Lin Z,
et al. Telemonitoring in Patients with Heart Failure. N Engl ] Med.
2010;363(24):2301-9. doi: 10.1056/NEJM0a1010029.

Galinier M, Roubille F, Berdague P, Brierre G, Cantie B, Dary P, et al.
Telemonitoring versus Standard Care in Heart Failure: A Randomised
Multicentre Trial. Eur) Heart Fail. 2020;22(6):985-94. doi: 10.1002/ejhf.1906.

Fonarow GC. Biomarker-Guided vs Guideline-Directed Titration of Medical
Therapy for Heart Failure. JAMA. 2017;318(8):707-8. doi: 10.1001/
jama.2017.10540.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Davarzani N, Sanders-van Wijk S, Karel J, Maeder MT, Leibundgut G,
Gutmann M, et al. N-Terminal Pro-B-Type Natriuretic Peptide-Guided
Therapy in Chronic Heart Failure Reduces Repeated Hospitalizations-
Results from TIME-CHF. J Card Fail. 2017;23(5):382-9. doi: 10.1016/].
cardfail.2017.02.001.

Hendricks S, Dykun I, Balcer B, Totzeck M, Rassaf T, Mahabadi AA. Higher
BNP/NT-Pro BNP Levels Stratify Prognosis Equally Well in Patients with and
without Heart Failure: a Meta-Analysis. ESC Heart Fail. 2022;9(5):3198-209.
doi: 10.1002/ehf2.14019.

Hansen LO, Young RS, Hinami K, Leung A, Williams MV. Interventions
to Reduce 30-Day Rehospitalization: a Systematic Review. Ann
Intern Med. 2011;155(8):520-8. doi: 10.7326/0003-4819-155-8-
201110180-00008.

Vieira JL, Sobral MGV, Floréncio RS, Alves VM, Vasconcelos GG, Almeida
GPL et al. Lessons Learned by a Multidisciplinary Heart Failure Clinic In
The Midst Of A Pandemic. ABC Heart Fail Cardiomyop. 2021;1(1):67-69.
doi:10.36660/abchf.20210012.

Psotka MA, Fonarow GC, Allen LA, Joynt Maddox KE, Fiuzat M,
Heidenreich P, et al. The Hospital Readmissions Reduction Program:
Nationwide Perspectives and Recommendations: a JACC: Heart Failure
Position Paper. JACC Heart Fail. 2020;8(1):1-11. doi: 10.1016/j.
jchf.2019.07.012.

Goldgrab D, Balakumaran K, Kim M, Tabtabai SR. Updates in Heart Failure
30-Day Readmission Prevention. Heart Fail Rev. 2019;24(2):177-87. doi:
10.1007/s10741-018-9754-4.

Fisher ES, McClellan MB, Safran DG. Building the Path to Accountable
Care. N Engl) Med. 2011;365(26):2445-7. doi: 10.1056/NEJMp1112442.

JoyntKE, Figueroa JE, OrayJ, Jha AK. Opinions on the Hospital Readmission
Reduction Program: Results of a National Survey of Hospital Leaders. Am
J Manag Care. 2016;22(8):€287-94.

Desai AS, Claggett B, Pfeffer MA, Bello N, Finn PV, Granger CB, et al.
Influence of Hospitalization for Cardiovascular versus Noncardiovascular
Reasons on Subsequent Mortality in Patients with Chronic Heart Failure
Across the Spectrum of Ejection Fraction. Circ Heart Fail. 2014;7(6):895-
902. doi: 10.1161/CIRCHEARTFAILURE.114.001567.

Sperry BW, Ruiz G, Najjar SS. Hospital Readmission in Heart Failure, a
Novel Analysis of a Longstanding Problem. Heart Fail Rev. 2015;20(3):251-
8.doi: 10.1007/s10741-014-9459-2.

Dharmarajan K, Wang, Lin Z, Normand ST, Ross JS, Horwitz LI, et al.
Association of Changing Hospital Readmission Rates with Mortality Rates
after Hospital Discharge. JAMA. 2017;318(3):270-8. doi: 10.1001/
jama.2017.8444.

Greene SJ, Bauersachs J, Brugts JJ, Ezekowitz JA, Filippatos G, Gustafsson
F, et al. Management of Worsening Heart Failure with Reduced Ejection
Fraction: JACC Focus Seminar 3/3. ) Am Coll Cardiol. 2023;82(6):559-71.
doi: 10.1016/j.jacc.2023.04.057.

Marcondes-Braga FG, Moura LAZ, Issa VS, Vieira JL, Rohde LE, Simoes
MV, et al. Emerging Topics Update of the Brazilian Heart Failure
Guideline - 2021. Arq Bras Cardiol. 2021;116(6):1174-212. doi:
10.36660/abc.20210367.

®' This is an open-access article distributed under the terms of the Creative Commons Attribution License

ABC Heart Fail Cardiomyop. 2023; 3(2):e20230092



