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Preface

Heart failure remains one of the most pressing challenges in modern medicine, affecting millions

worldwide and burdening healthcare systems. As clinicians and researchers, we are continuously

striving to improve the outcomes for these patients. This reprint, Clinical Management of Patients

with Heart Failure, seeks to provide healthcare professionals, researchers, and clinicians with a deeper

understanding of the multifaceted aspects of heart failure management, from pathophysiology to

cutting-edge therapeutic approaches. Additionally, this Special Issue explores the role of emerging

therapies, personalized medicine, and multidisciplinary care in tackling the challenges posed by this

complex condition.

The work presented here reflects collective dedication to improving quality of life for patients

with heart failure, and each contribution has been meticulously reviewed by experts in the field,

ensuring that only the most relevant and impactful findings are included. These articles not only

highlight the advancements in heart failure treatment but also reflect the ongoing challenges and

opportunities for improvement in clinical outcomes. The diverse approaches, from mechanical

circulatory support to evidence-based drug therapy, offer new hope for patients with heart failure

and will help guide clinicians in delivering the highest standards of care.

This reprint has been curated with contributions from renowned experts in the field, whose

research and clinical expertise have significantly shaped current understandings and practices

in heart failure management. Their collective efforts, along with those of the many dedicated

professionals, reflect an ongoing commitment to advancing the field and are critical in driving

forward the next generation of heart failure treatments and care strategies.

We would like to express our sincere gratitude to the contributing authors, reviewers, and

editorial team for their invaluable support and expertise. Their dedication to heart failure research

and patient care is evident in the quality of work presented in this Special Issue. The collaboration

between researchers, clinicians, and healthcare teams remains central to advancing the field of heart

failure management, and we hope this collection will inspire continued progress in heart failure

management and foster further dialogue and innovation in the years to come. Our collective

efforts—rooted in empathy, expertise, and collaboration—are crucial to improving outcomes, easing

suffering, and ultimately offering hope for a better quality of life for patients with heart failure. With

dedication and innovation, we can move closer to transforming the lives of those affected by this

challenging condition, empowering them to not just survive but thrive.

Cristina Tudoran and Larisa Anghel

Guest Editors
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Abstract: Heart failure with preserved ejection fraction (HFpEF) represents a complex clinical syn-
drome, often very difficult to diagnose using the available tools. As the global burden of this disease is
constantly growing, surpassing the prevalence of heart failure with reduced ejection fraction, during
the last few years, efforts have focused on optimizing the diagnostic and prognostic pathways using
an immense panel of circulating biomarkers. After the paradigm of HFpEF development emerged
more than 10 years ago, suggesting the impact of multiple comorbidities on myocardial structure and
function, several phenotypes of HFpEF have been characterized, with an attempt to find an ideal
biomarker for each distinct pathophysiological pathway. Acknowledging the limitations of natri-
uretic peptides, hundreds of potential biomarkers have been evaluated, some of them demonstrating
encouraging results. Among these, soluble suppression of tumorigenesis-2 reflecting myocardial
remodeling, growth differentiation factor 15 as a marker of inflammation and albuminuria as a result
of kidney dysfunction or, more recently, several circulating microRNAs have proved their incremental
value. As the number of emerging biomarkers in HFpEF is rapidly expanding, in this review, we aim
to explore the most promising available biomarkers linked to key pathophysiological mechanisms in
HFpEF, outlining their utility for diagnosis, risk stratification and population screening, as well as
their limitations.

Keywords: heart failure with preserved ejection fraction; HFpEF; biomarkers; natriuretic peptides;
troponins; diagnostic biomarkers; prognostic biomarkers

1. Introduction

Heart failure (HF) is a complex clinical syndrome, resulting from a structural or
functional abnormality of the heart, which leads to the classic cardinal symptoms of
dyspnea, oedema and fatigue, usually accompanied by other signs, such as elevated
jugular venous pressure and pulmonary crackles. At present, based on the measurement
of left ventricular ejection fraction (LVEF), three distinct phenotypes are described: HF
with reduced ejection fraction (HFrEF), defined as LVEF ≤ 40%; HF with mildly reduced
ejection fraction (HFmrEF), with LVEF between 41% and 49%; and HF with preserved
ejection fraction (HFpEF), with LVEF ≥ 50% [1]. HFpEF accounts for more than half of
all cases of HF, representing one of the major public health problems worldwide [2,3].
Moreover, the diagnosis of HFpEF is often challenging, as signs and symptoms may be
subtle or attributable to other comorbidities. As the incidence of this disease is continuously
growing, with long-term mortality and re-hospitalization rates similar to HFrEF, major
interests have risen regarding the optimal diagnostic and prognostic algorithms [4]. Ever
since the concept of HFpEF as the result of a systemic proinflammatory state induced by
multiple associated comorbidities emerged, major interests have focused on understanding
the various pathophysiological mechanisms that lead to this complex syndrome [5]. The

J. Clin. Med. 2024, 13, 4627. https://doi.org/10.3390/jcm13164627 https://www.mdpi.com/journal/jcm1
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attempts to characterize each pathway by certain biomarkers have paved the way for a
new field of research, leading to the discovery of hundreds of potential biomarkers in
HFpEF. Most of the research efforts have mainly centered on HFrEF, demonstrating the
incremental clinical utility of several biomarkers. The heterogeneous nature of HFpEF
makes it difficult to find a single, ideal biomarker of diagnostic and prognostic value. This
review aims to characterize the most promising biomarkers that demonstrated value in
refining the diagnosis, risk stratification and monitoring response to treatment in patients
with HFpEF (Figure 1). For this general review, we retrieved the most relevant studies from
PubMed, searching for the literature in English, involving human subjects and published
mainly from 2020 until 1 June 2024. We also included some older research articles that were
considered relevant to the content of our review, such as landmark studies or those related to
pathophysiological mechanisms in HFpEF. We excluded studies that referred only to HFrEF.
Terms related to “Heart Failure with Preserved Ejection Fraction”, “Diastolic Dysfunction”,
“Heart Failure, Diastolic”, “Biomarkers” and names of each specific biomarker were used
for the selection of qualified studies that analyzed the prognostic and diagnostic values of
circulating biomarkers, as well as their utility for treatment monitoring in specific cases.

Figure 1. Multiple pathophysiological mechanisms involved in HFpEF and their representative
biomarkers. Abbreviations: BNP, brain natriuretic peptide; NT-proBNP, N-terminal pro-B-type
natriuretic peptide; FABP 3, 4, fatty acid binding protein 3, 4; NGAL, neutrophil gelatinase-associated
lipocalin; CRP, C-reactive protein; GDF-15, growth differentiation factor 15; IL-6, interleukin-6; sST2,
soluble suppression of tumorigenicity-2; Gal-3, galectin 3.

2. Pathophysiological Relevance of Circulating Biomarkers

It has long been suggested that myocardial remodeling and dysfunction in HFpEF
evolve from a combination of multiple risk factors and comorbidities found in these pa-
tients, such as advanced age, obesity, hypertension, diabetes mellitus, chronic kidney
disease (CKD) or chronic obstructive pulmonary disease (COPD) [6,7]. The systemic proin-
flammatory state induced by these coexisting factors leads to alterations in the coronary
microvasculature, promoting cardiomyocyte hypertrophy and increased collagen deposi-
tion [5]. Moreover, the metabolic syndrome (MetS) and each risk factor for MetS generate
changes in LV geometry, leading to the development of diastolic dysfunction [8]. Incrimi-
nated pathophysiological mechanisms are cardiomyocyte apoptosis caused by lipotoxicity,
increased oxidative stress determined by hyperglycemia and lipoapoptosis triggered by
excessive lipid accumulation in the myocardial cells [9–12]. These changes will further
result in the complex remodeling of the left ventricle characteristic of the HFpEF phenotype,
which is distinct from other forms of HF. This paradigm has led to the study of an extensive
array of biomarkers associated with distinct pathophysiological mechanisms in HFpEF,
including myocardial remodeling, systemic inflammation, myocyte death, oxidative stress,
obesity and anemia.
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Currently, only the biomarkers that reflect myocardial stretch, namely the natriuretic
peptides (NPs), fulfill the criteria for an ideal biomarker, although their measurement
demonstrated several limitations that seriously affect their performance [13,14]. Among the
biomarkers that reflect myocardial injury, cardiac troponins demonstrated strong prognos-
tic significance in both acute and chronic HFpEF [15–17]. Apart from their utility in acute
settings, their levels also rise in chronic cardiovascular (CV) conditions, as a consequence
of a higher wall stress and impaired microvascular function in the myocardium, which
makes them valuable biomarkers reflecting the severity of diastolic dysfunction [18,19]. In
HFpEF, microvascular dysfunction is mediated by pro-inflammatory cytokines, leading to
monocyte infiltration and differentiation into macrophages, amplifying the inflammatory
response in the myocardium. Considering the biomarkers highly expressed in any state
of systemic inflammation, growth differentiation factor 15 (GDF-15) showed the most
promising results, identifying patients with an early stage of HFpEF and providing impor-
tant prognostic information, independent of the other biomarkers [20–22]. Furthermore,
other biomarkers play key roles in the process of myocardial remodeling by interacting
with extracellular matrix proteins. Such is the case of galectin-3 (Gal-3), a protein that
promotes myocyte hypertrophy and collagen deposition in HFpEF. Recent studies suggest
the ability of this biomarker to identify individuals at high risk of developing HFpEF,
as well as to predict adverse outcomes in both acute and chronic settings [23,24]. Sim-
ilar findings are related to suppression of tumorigenicity-2 (ST2), an agent promoting
inflammation and fibrosis, useful for risk stratification in HFpEF and monitoring treatment
response [25,26]. Ultimately, circulating biomarkers reflecting kidney dysfunction and
obesity are useful for detecting early stages of HFpEF and predicting negative outcomes in
those with established disease.

Overall, the field of biomarkers is rapidly expanding and efforts are directed towards
finding molecules that have both clinical and pathophysiological significance. In the fol-
lowing parts, we will present the clinical implications of the most promising biomarkers
currently under study, with respect to their screening performance, diagnostic and prognos-
tic ability in both acute and chronic settings and their potential usefulness for monitoring
treatment response in HFpEF.

3. Myocardial Stretch and Injury

3.1. Natriuretic Peptides

The discovery of NPs laid the foundation for a revolutionary approach in patients with
HF. From its initial identification in the porcine brain to a sophisticated biomarker involved
in the pathophysiology of HF, brain natriuretic peptide (BNP) has demonstrated great value
as a diagnostic and prognostic tool across the entire ejection fraction (EF) spectrum [27].
The NP system consists of three hormones. As the name suggests, atrial natriuretic peptide
(ANP) is secreted primarily by the atria, while BNP, despite its name, is secreted by the
ventricular myocardium in response to the increased myocardial wall stress [28]. C-type
natriuretic peptide (CNP) is expressed at high levels in the bone, brain and vascular
endothelium, with limited applicability in HF. The physiological role of NPs is related to
their diuretic, natriuretic and vasodilatatory properties, acting as important regulators of
blood pressure and circulating volume, thus counteracting the deleterious effects of the
renin-angiotensin system (RAS) and the sympathetic nervous system. In addition, they
exert anti-hypertrophic and anti-fibrotic properties in the myocardium and inhibit the
proliferation of vascular smooth muscle cells [29,30]. Due to their longer plasma half-lives,
BNP and its inactive metabolite N-terminal pro B-type natriuretic peptide (NT-proBNP)
have been extensively studied, becoming the gold standard biomarkers in HF.

3.1.1. Screening

Studies suggest that measurement of NPs may identify patients at risk of developing
HF, although the cut-offs used for risk prediction in the apparently healthy population are
not well established. NP levels could be used to optimize medical treatment in patients at
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high risk of developing HF. As the PONTIAC study demonstrated, in patients with type 2
diabetes mellitus and a NT-proBNP level > 125 pg/mL, up-titration of RAS antagonists
and beta-blockers significantly reduced the primary outcome of 2-year CV mortality and
hospitalizations [31]. A strategy based on BNP screening was also assessed in another
randomized trial encompassing more than 1300 patients with at least one risk factor of
HF or CV comorbidity, with a follow-up of 4.2 years. Results suggested that BNP is a
good risk predictor for HF and CV events, as the measurement of BNP levels enhanced
treatment optimization and adoption of lifestyle measurements [32]. Another recent meta-
analysis suggested a reasonable diagnostic performance of NPs for the detection of diastolic
dysfunction and HFpEF, at a cost of significant heterogeneity among studies [33].

3.1.2. Diagnosis

The Breathing Not Properly trial was the first to evaluate the use of BNP as a diagnostic
test in patients complaining of dyspnea. At a cut-off of 100 pg/mL, BNP had 90% sensitivity
and 73% specificity for the diagnosis of HF [34]. Similar findings were reported from the
N-terminal Pro-BNP Investigation of Dyspnea in the Emergency department (PRIDE)
study, with NT-proBNP demonstrating high sensitivity and specificity for the diagnosis of
acute HF at cut-offs above 450 pg/mL or 900 pg/mL for patients below or above 50 years,
respectively [35]. Ever since, the measurement of NPs has become a central element
in the diagnostic algorithm for acute and chronic HF, as stated in both the European
and the American guidelines. Circulating levels of NPs seem to be more increased in
HFrEF compared to HFpEF, although no cut-off can accurately discern between the two
conditions [36]. Moreover, levels of NPs are influenced by a number of conditions and
comorbidities, affecting the accuracy of HF diagnosis. NP levels become more increased in
the elderly, possibly as a consequence of the decrease in renal function, so that different
cut-offs should be applied according to the age group [13]. Among the comorbidities that
lead to increased levels of NPs, atrial fibrillation, COPD, pulmonary hypertension (PH)
and CKD are notable. These conditions are actually frequent in HF patients, affecting
the diagnostic sensitivity of NPs. As a result, cut-offs for diagnosis of HFpEF need to be
adjusted according to age, gender, race, ethnicity and the presence of comorbidities and
on-going treatment with neprilysin inhibitors. On the contrary, obesity tends to lower
NP levels, presumably attributable to an increased clearance by adipocyte NPs’ receptors,
although other mechanisms are incriminated [14,37].

3.1.3. Prognosis

NPs demonstrate significant prognostic implications, as demonstrated by several
studies. BNP levels are strongly associated with all-cause mortality and HF hospitalizations
across the entire HF phenotype [1,38]. At similar BNP levels, the prognosis of patients
with HFpEF is as poor as those with HFrEF [36,39]. The same results are reported for
NT-proBNP levels, which are associated with adverse events at 1-year follow-up for both
HFpEF and HFrEF [40]. In the PARAGON-HF trial, NT-proBNP levels at screening were
strongly associated with a risk of CV death and HF hospitalizations [41].

Changes in NP levels during hospitalizations are also important in risk stratifica-
tion [1,38]. In a post hoc analysis of the SURVIVE trial, mortality at 30 and 180 days was
significantly higher in the non-responders’ group, defined as patients who did not achieve
a reduction in BNP level by ≥30% from baseline to day 5 [42]. Similar results regarding
longitudinal changes in NP values were reported by other studies [43–45].

Discharge NP concentrations are also associated with clinical outcomes in HF [1]. In
a sub-analysis from the OPTIMIZE-HF (Organized Program to Initiate Lifesaving Treat-
ment in Hospitalized Patients with Heart Failure) registry, discharge BNP was a better
predictor of 1-year mortality rate and rehospitalizations than admission BNP or ratio of the
discharge/admission BNP [46]. Another study concluded that the absolute value of BNP at
discharge was a better predictor of 6-month mortality than baseline BNP or the reduction
in BNP during hospitalization [47].
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3.1.4. Treatment Response

Regarding the effect of treatment on outcomes across the spectrum of NP levels, a
sub-analysis from the TOPCAT trial (Treatment of Preserved Cardiac Function Heart Failure
with an Aldosterone Antagonist Trial) revealed a greater benefit of spironolactone in the
group with lower levels of NPs as compared to higher levels [48]. The same results were
reported from the I-PRESERVE trial (Irbesartan in Heart Failure with Preserved Ejection
Fraction), where the angiotensin-receptor blocker significantly reduced outcomes in patients
with lower levels of NPs, although treatment with irbesartan showed no benefit in the
overall population of HFpEF [49]. This could be explained by the fact that higher NP levels
are encountered in older patients, with more comorbidities and more advanced structural
heart disease associated with HFpEF. These findings suggest that drug intervention in
HFpEF might be beneficial earlier in the course of the disease. This hypothesis should
be tested in specifically designed clinical trials, according to specific concentrations of
NPs below which positive results become prominent. On the other hand, following an
analysis from the EMPEROR-Preserved trial, treatment with empagliflozin resulted in
a relative reduction in risk across all NT-proBNP concentrations, with greatest absolute
reduction observed in the population with the highest concentrations [50]. Similarly, in the
PARAGON-HF trial, modest overall treatment effects of sacubitril/valsartan were reported
across the entire spectrum of baseline NT-proBNP. Patients who experienced the greatest
reduction in NT-proBNP during treatment had better outcomes [41].

Considering an NP-guided management of patients with HFpEF, studies have been
contradictory. A sub-analysis of the TIME-CHF trial (Trial of Intensified versus standard
Medical therapy in Elderly patients with Congestive Heart Failure) compared a symptom-
guided versus an NT-proBNP-guided therapy, revealing that the latter tended to worsen
primary outcomes at 18 months [51]. Another meta-analysis confirmed that NP-guided
therapy is not superior to guideline-directed therapy in acute or chronic HF, regardless of
the EF [52]. Overall, evidence supporting an NP-guided strategy in HFpEF is lacking.

3.2. Troponins

Apart from acute coronary syndromes, troponin levels can be increased in several other
conditions, such as myocarditis, pulmonary embolism or HF, particularly when measured
using high-sensitivity (hs) assays. Previously, it has been hypothesized that troponins
can also be released in the bloodstream in the absence of myocyte death, a term named
“cytosolic pool” [19]. As a consequence, the mechanisms responsible for troponin release in
HF involve both ischemic and non-ischemic processes [18,19]. The latter may be related
to the increased wall stress caused by volume or pressure overload, a pro-inflammatory
state caused by circulating cytokines, catecholamines and oxidative stress and impairment
of diastolic function [19]. In HFpEF, troponin levels are directly correlated with LV filling
pressures and diastolic dysfunction, especially during exercise [53].

3.2.1. Prognosis

Several studies outlined the prognostic utility of high-sensitivity cardiac troponin T
(hs-cTnT) in HFrEF [54]. In a meta-analysis including 9289 patients, the majority with
HFrEF, hs-cTnT at a cut-off of 18 ng/L emerged as a strong, independent predictor of
all-cause mortality (HR, 1.48; 95% CI, 1.41–1.55), CV mortality (HR, 1.40; 95% CI, 1.33–1.48)
and hospitalization (HR, 1.42; 95% CI, 1.36–1.49), over a median follow-up of 2.4 years [55].
Although troponin levels are more elevated in HFrEF as compared to HFpEF, studies
indicate a prognostic role for troponins in HFpEF as well [56,57].

Acute HF
In acute decompensated HF, hs-cTn levels carry important prognostic information [15,58].

In a sub-analysis of the ADHERE trial, including more than 60,000 patients, approximately
40% of patients testing positive for troponin had an EF above 40%. Compared to patients
with negative troponin levels, those with detectable levels had an increased risk of in-
hospital mortality (8% vs. 2.7%, p value < 0.001), prolonged hospitalization (adjusted mean

5



J. Clin. Med. 2024, 13, 4627

stay 6.6 days vs. 5.5 days, p value < 0.001) and requirement for cardiac procedures. This
association was maintained after adjustment for other established risk factors associated
with negative outcomes [59]. In another observational cohort study including more than
34,000 patients with acute decompensated HFpEF, troponin elevation was significantly
associated with in-hospital, 30-day and 1-year mortality and prolonged hospitalization [60].

Chronic HF
Elevated hs-cTnI levels were associated with a composite endpoint of all-cause mortal-

ity and HF rehospitalization in a cohort of patients with chronic HF, after adjustment for
other established prognostic variables such as age, sex, smoking, diabetes, renal function
and NT-proBNP levels. When comparing the prognostic significance across the EF, both
hs-cTnI and hs-cTnT were more strongly associated with composite adverse events in
HFpEF (TnI: HR 2.32; 95% CI 1.60–3.36; TnT: HR 3.01; 95% CI 2.01–4.51) than in HFrEF
(TnI: HR 1.29; 95% CI 1.16–1.42; TnT: HR 1.36; 95% CI 1.22–1.53) [17].

The prognostic utility of hs-cTn was also demonstrated in several major trials in
HFpEF. In a sub-analysis from the EMPEROR-Preserved Trial, similarly to NT-proBNP
concentrations, hs-cTnT levels were significantly associated with the primary endpoint
of CV mortality and HF hospitalizations. No treatment heterogeneity was noted, with
empagliflozin demonstrating a comparable reduction in events rate across all hs-cTnT
quartiles, although patients with the highest baseline hs-cTnT had the greatest absolute risk
reduction. In the placebo group, patients with higher hs-cTnT values had a 4-fold increased
risk for the primary endpoint [50]. Comparably, in another analysis from EMPEROR-
Preserved, has-cTnT alongside NT-proBNP were the major predictors of the primary
outcome (CV mortality, HF hospitalization). Those with lowest values for NT-proBNP
and hs-cTnT had a primary event rate of 2.2 per 100 patient-years, in contrast with 19.2
per 100 patient-years in patients with the highest values for both biomarkers [61]. A risk
model combining hs-cTnT and NPs provided important complementary information of
prognosis, with good prognostic capacity (c-statistics ranging from 0.71 to 0.75 for mortality
and the composite endpoint of HF hospitalizations or CV mortality) [61]. In another post
hoc analysis from the TOPCAT trial, higher levels of hs-cTnI were independently associated
with an increased risk of CV mortality or HF hospitalization (HR, 1.42; 95% CI, 1.20–1.69;
p value < 0.001 per doubling of hs-cTnI). No treatment heterogeneity was noted across
hs-cTnI levels with regard to the primary composite endpoint [16].

3.2.2. Screening

The association between hs-cTn and incident HF has been insufficiently studied. In
a community-based cohort of more than 8000 asymptomatic patients, no biomarker was
significantly associated with an increased risk of developing HFpEF [62]. After 11.4 years
follow-up, hs-cTnT and NT-proBNP were significant predictors for HFrEF and not HF-
pEF [63]. In a study including more than 22,000 patients, hs-cTn demonstrated a significant
association with HFrEF (HR, 1.37; 95% CI, 1.29–1.46; p < 0.001), whereas for HFpEF, the
association was also suggestive (HR, 1.11; 95% CI, 1.03–1.19; p = 0.008) [64]. In another
retrospective analysis of the STOP-HF study, hs-cTnI at baseline and follow-up significantly
predicted new-onset HFpEF [65].

4. Inflammation

Systemic inflammation plays a central role in the development and progression of
HFpEF. Upregulation of inflammation in HFpEF leads to worse cardiac structural and func-
tional abnormalities, demonstrated using a wide array of biomarkers. The most promising
ones are illustrated in Table 1. The first trial to provide evidence supporting the relationship
between inflammation and HF outcomes was the CANTOS trial, in which patients with a
history of myocardial infarction and systemic inflammation were either assigned to receive
an IL-1β blocker or placebo [66]. In a sub-analysis of this trial, canakinumab was found to
reduce HF hospitalizations in a dose-dependent manner, generating the hypothesis that
cytokine inhibition may improve HF outcomes [67].
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Table 1. Summary of biomarker studies reflecting inflammation and their clinical utility in HFpEF.

Biomarker Application to HFpEF

GDF-15
Prognosis

Acute HF
◦ Admission levels associated with 30-day

all-cause mortality [20]
◦ Levels measured in the first 48h predict HF

rehospitalization at 1 year [68]
◦ In a multi-marker strategy, predicts all-cause

long-term mortality [69]

Chronic HF
◦ Predicts all-cause mortality, outperforming

NT-proBNP [70]
◦ Predicts the composite of mortality or first HF

hospitalization regardless of the EF [71]
◦ Associated with all-cause mortality, especially in

ischemic patients [21]

Diagnosis and
Screening

◦ Levels significantly differed among 4 phenogroups of subjects with HF-like symptoms [72]
◦ Ability to identify early stages of HFpEF [22]

CRP Prognosis
◦ Associated with markers of HFpEF severity [73]
◦ Levels > 2 mg/dL associated with HF hospitalizations and CV mortality [74]
◦ High levels predict all-cause and CV mortality [75]

IL-6
Prognosis

◦ Associated with HFpEF severity [76]
◦ Predicts all-cause and CV mortality in acute decompensated HFpEF [77]

Diagnosis ◦ Levels associated with increased risk to develop HFpEF and not HFrEF [78]

Abbreviations: GDF-15, growth differentiation factor 15; CRP, C-reactive protein; IL-6, interleukin-6; NT-proBNP,
N-terminal pro-B-type natriuretic peptide; HF, heart failure; HFpEF, heart failure with preserved ejection fraction;
HFrEF, heart failure with reduced ejection fraction; EF, ejection fraction; CV, cardiovascular.

4.1. GDF-15

In healthy states, GDF-15, a member of the transforming growth factor-β superfamily,
is expressed at low levels by various cell types, such as cardiomyocytes, adipocytes, vascular
smooth muscle cells and macrophages [79]. Overexpression of GDF-15 is triggered by
inflammation, oxidative stress, tissue injury and hypoxia. As a result, this biomarker is
secreted in various pathological conditions, including numerous solid cancers, metabolic
conditions such as anorexia or cachexia and autoimmune diseases [79–81] [82,83]. In HF,
the expression of GDF-15 is associated with ischemia, neurohormonal activation, pro-
inflammatory cytokines and mechanical strain [84]. Concentrations of GDF-15 increase
in various CV conditions, including acute and chronic HF, atrial fibrillation and acute
coronary syndromes.

4.1.1. Prognosis

The prognostic value of GDF-15 has been demonstrated in patients with HFrEF. In
several studies, GDF-15 was shown to predict mortality and HF hospitalizations [85–87].
The diagnostic and prognostic utility of GDF-15 in HFpEF have also been studied in the
last few years.

Acute HF
Regardless of the EF, admission GDF-15 levels were associated with all-cause mortality

at 30 days in a prospective study including patients admitted for acute HF. In addition,
reduction in GDF-15 levels between admission and discharge was associated with a lower
rehospitalization rate [20]. In another study including patients hospitalized for acute HFpEF,
GDF-15 measured within 48 h of admission independently predicted HF rehospitalization
at 1 year, outperforming the prognostic value of NT-proBNP [68]. In another prospective
study including 380 hospitalized patients with decompensated HFpEF, a multi-biomarker
model was assessed for the ability to predict mortality at 2 years. GDF-15 was among the
biomarkers independently associated with the primary endpoint, alongside NT-proBNP,
hs-cTnT, TNFα and other biomarkers of extracellular matrix turnover [69].

Chronic HF
In a prospective study including 311 patients with HFpEF and HFmrEF, GDF-15

concentration but not NT-proBNP was an independent predictor of all-cause mortality,
with an area under receiver operating characteristic curve (AUC) of 0.797 for the model
including NT-proBNP versus an AUC of 0.819 for the overall model including GDF-
15 (p value 0.016) [70]. In another prospective study comparing plasma GDF-15 levels
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in patients with HFrEF versus HFpEF, GDF-15 remained a significant predictor for the
composite outcome of mortality or first HF hospitalization across both HF phenotypes.
Median GDF-15 baseline values were similarly increased in both groups. When added to
established clinical predictors, such as hs-cTnT and NT-proBNP, GDF-15 increased the AUC
from 0.720 to 0.740 (p value < 0.019) [71]. In a randomized controlled trial assessing an anti-
fibrotic agent versus placebo in patients with HFpEF, although no influence of treatment
on changes in GDF-15 levels was noticed, changes in multiple variables were associated
with an increase in GDF-15 over 1 year. These included increased NT-proBNP levels,
anemia, diastolic dysfunction and right ventricular dilation, factors known to be associated
with worse prognosis in HFpEF [88]. This suggests that GDF-15 may not be involved in
myocardial fibrosis in patients with HFpEF but more probably with an inflammatory state.
A recent meta-analysis assessed the prognostic value of GDF-15 in more than 6000 patients
with chronic HF, regardless of the EF. A 6% increase in risk of all-cause mortality was noted
for every 1 LnU increase in baseline GDF-15 concentration after multivariable adjustment
(HR 1.06, 95% CI 1.03–1.10, p value < 0.001). In addition, the association of GDF-15 with
all-cause mortality was more significant among ischemic HF patients [21].

Similarly to NP levels, aging increases concentrations of GDF-15 in healthy individu-
als [89]. However, one major distinction between these two biomarkers seems to be related
to atrial fibrillation, a frequent comorbidity encountered in HFpEF. In a sub-analysis from
the ARISTOTLE trial, including more than 18,000 patients with atrial fibrillation random-
ized to either apixaban or warfarin, GDF-15 predicted major bleeding events, stroke or
systemic embolism and mortality, independently of NT-proBNP or hs-cTnI [90]. Concor-
dantly, in a nested prospective biomarker study of the ENGAGE AF-TIMI 48 trial, including
8705 patients, elevated GDF-15 was independently associated with higher rates of stroke
and major bleeding. The novel ABC-bleeding score, which included GDF-15 and hs-cTnT,
outperformed the HAS-BLED score, serving to stratify patients who would benefit more
from treatment with edoxaban compared to warfarin [91]. In another study of 1941 patients,
comparing NT-proBNP and GDF-15 levels in patients with atrial fibrillation versus sinus
rhythm, GDF-15 levels were not significantly influenced by the presence of atrial fibrillation,
after adjustment for clinical confounders [92]. This would represent a major benefit for the
assessment of patients with both HFpEF and atrial fibrillation, as levels of NT-proBNP are
severely influenced by the presence of this arrhythmia.

4.1.2. Diagnosis and Screening

A prospective study including 507 patients referred for cardiac-related symptoms,
without a history of HF or other CV diseases, identified distinct phenogroups using the
HFA-PEFF score. Each phenogroup was further analyzed for its association with distinct
biomarkers [72]. GDF-15 was among the biomarkers that significantly differed among the
four clusters, enabling us to hypothesize that distinct circulating biomarker profiles might
aid in understanding the pathophysiological mechanisms of HF development and help
us classify distinct HFpEF phenotypes, which could benefit from early intervention. The
ability of GDF-15 to identify patients at an early stage of HF was also assessed in another
prospective cohort study of more than 2000 patients. GDF-15 was the strongest predictor
of HF hospitalization and all-cause mortality (HR 2.12, 95% CI 1.71 to 2.63; p < 0.0001),
whereas a multivariable prediction model incorporating GDF-15 performed better than the
one without GDF-15 [22].

4.2. C-Reactive Protein

Increased C-reactive protein (CRP) levels are associated with many comorbidities
leading to HFpEF. As inflammation is postulated to play an important role in the patho-
physiology of HFpEF, CRP could be used as a surrogate biomarker to express this state.
CRP is associated with markers of HF severity, including NT-proBNP values and NYHA
class, and can be used to predict negative outcomes in patients with HFpEF [73]. In a subset
of patients from the TOPCAT study, hs-CRP above 2 mg/L was associated with an in-
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creased risk of adverse events, including HF hospitalizations and CV mortality. Compared
to patients with low levels of hs-CRP, those with high levels had more frequent hospital-
izations, an increased prevalence of COPD and a higher BMI [74]. Another meta-analysis
underlined the prognostic association between higher levels of CRP and an increased risk
of CV and all-cause mortality in patients with HFpEF [75].

4.3. Interleukin-6

As with the other biomarkers of inflammation, it has been suggested that Interleukin-6
(IL-6) could play a major role in HF. In a subset of patients from the PREVEND cohort,
IL-6 was independently associated with an increased risk of developing HFpEF and not
HFrEF [78]. Increased IL-6 levels are associated with symptom severity, worse renal
function, poor exercise capacity and excess body fat [76]. Moreover, in patients recently
hospitalized with decompensated HFpEF, IL-6 was independently associated with CV
and all-cause mortality [77]. Data from the CANTOS trial suggest that the magnitude
of risk reduction observed in patients receiving canakinumab was directly related to the
magnitude of IL-6 reduction, with greater benefits observed in patients who achieved
greater than median reductions in IL-6 [93]. Further trials will need to assess the benefits of
direct inhibition of IL-6 on CV outcomes in patients with HF.

5. Cardiac Remodeling

Although studies have evaluated many biomarkers that reflect extracellular matrix
and myocardial fibrosis, including pro-collagen propeptides, matrix metalloproteinases
and tissue inhibitors of metalloproteinases, two particular biomarkers have provided the
most convincing results in patients with HFpEF (Table 2).

Table 2. Summary of biomarker studies reflecting myocardial remodeling and their clinical utility
in HFpEF.

Biomarker Application to HFpEF

Gal-3

Prognosis

Acute HF

◦ After an ACS, high levels predict HF
development and rehospitalization [94–96]

◦ High levels on admission predict all-cause
mortality [23,97,98]

Chronic HF

◦ Repeated measures at baseline, 3 and 6 months
associated with all-cause mortality and HF
hospitalizations [99]

◦ Levels associated with long-term adverse
outcomes: CV and all-cause mortality, HF
hospitalizations [24]

Diagnosis ◦ High levels associated with the severity of diastolic dysfunction and an increased risk of new-onset
HFpEF [24,100]

Treatment
response

◦ Baseline pre-treatment levels could modify response to treatment with ARNI, assessed by a reduction in left
atrial volume [101]

◦ Possible benefit for patients with high levels, treated with spironolactone [26]

sST-2

Prognosis

Acute HF

◦ Can predict all-cause mortality at 1 year [102]
◦ Repeated measurements during follow-up

predict all-cause mortality and HF
hospitalization, regardless of NT-proBNP [103]

◦ Admission and discharge levels predict negative
outcomes [104]

Chronic HF

◦ Independent predictor of all-cause and CV
mortality [105]

◦ Association with long-term all-cause mortality,
CV mortality and HF hospitalizations [106]

◦ Enhanced risk stratification when added to
NT-proBNP, hs-cTn and other biomarkers
[102,107]

Treatment
response

◦ Treatment with spironolactone is associated with better 30-day outcomes in patients with acute HF and
increased levels of ST-2 [26]

◦ For patients with sST-2 < 33 ng/mL, treatment with ARNI leads to a reduction in left atrial volume [101]

Abbreviations: Gal-3, galectin 3; sST2, soluble suppression of tumorigenicity-2; hs-cTn, high-sensitivity cardiac
troponin; ACS, acute coronary syndrome; ARNI, angiotensin receptor neprilysin inhibitor.
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5.1. Galectin-3

Gal-3 is a galactoside-binding protein from the lectin family, widely expressed in
human tissues and responsible for fibroblast activation, which leads to fibrous remodeling
in various organs. In the pathophysiology of HF, overexpression of Gal-3 promotes fibrosis,
inflammation and cardiac remodeling, influencing progression from subclinical cardiac
disease to the development of HFpEF.

5.1.1. Prognosis

Acute HF
In acute HF, Gal-3 is an important prognostic biomarker. In a recent study including

patients with ST-segment elevation myocardial infarction (STEMI) who underwent primary
percutaneous coronary intervention, high Gal-3 concentrations were associated with HF
development and rehospitalization both at 1 and 2 years [94]. Other studies support the
association of Gal-3 with adverse cardiac remodeling and HF development after an acute
coronary syndrome [95,96]. In a meta-analysis of 13 studies, higher serum Gal-3 levels
on admission were independently associated with an increased risk of all-cause mortality
(adjusted RR, 1.58; 95% CI, 1.33 to 1.88; p < 0.001) and CV mortality (adjusted RR, 1.29;
95% CI, 1.01 to 1.65; p = 0.04) in patients with acute HF, although significant heterogeneity
was reported among studies [23]. Measurement of Gal-3 can also help predict short-term
mortality in patients with acute HF, independently of NT-proBNP levels [97,98].

Chronic HF
The prognostic value of Gal-3 in chronic HFpEF has also been suggested. In two large

cohort trials, repeated measures of Gal-3 at baseline and 3 or 6 months provided significant
prognostic value. Increasing levels of Gal-3 were independently associated with all-cause
mortality and HF hospitalizations [99]. A recent meta-analysis illustrated the association
between Gal-3 levels and a high risk of long-term adverse outcomes in patients with
HFpEF, including all-cause mortality (HR: 1.55; 95% CI: 1.27–1.87; p = 0.138, I2 = 42%), the
composite of all-cause death and HF hospitalization (HR: 1.50; 95% CI: 1.30–1.74; p = 0.001,
I2 = 61%) and CV death and HF hospitalizations (HR: 1.71; 95% CI: 1.51–1.94; p = 0.036,
I2 = 58%) [24].

Similar to NT-proBNP, a potential link between serum levels of Gal-3 and renal dys-
function has been suggested [108]. In the RELAX trial, Gal-3 was associated with the
severity of renal dysfunction but not with other pathophysiological mechanisms, assessed
by biomarkers of fibrosis, inflammation or neurohormonal activation [109]. In a study in-
cluding patients with acute HF, higher Gal-3 values were associated with renal dysfunction
and renal tubular damage, predicting worse outcomes. After multivariable adjustment,
Gal-3 remained associated with mortality during hospitalization [110]. This evidence sup-
ports the need to adjust for renal function when quantifying disease severity in HFpEF
using Gal-3 levels.

5.1.2. Treatment Response

The interaction between Gal-3 and response to treatment in HFpEF was also inves-
tigated. In a sub-analysis of the PARAMOUNT trial, levels of Gal-3 correlated with the
severity of HFpEF, whereas baseline pre-treatment Gal-3 might have modified the response
to treatment with the angiotensin receptor neprilysin inhibitor [101]. This was assessed by
a reduction in left atrial volume but not in NT-proBNP, so that a definite conclusion cannot
be established. Interaction between Gal-3 levels and response to spironolactone has been
evaluated in the Aldo-DHF trial. Although Gal-3 levels were not influenced by treatment,
increasing levels at 6 or 12 months were associated with all-cause mortality and hospital-
ization, independently of NT-proBNP or treatment arm [111]. Moreover, in a secondary
analysis of the COACH trial, which enrolled patients with acute HF irrespective of the EF,
treatment with spironolactone seemed to be more beneficial to patients with elevated Gal-3
levels, among other biomarkers [26]. These data suggest that Gal-3 is probably more useful
as a diagnostic or prognostic tool, rather than a biomarker of therapy response.
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5.1.3. Diagnosis

The diagnostic utility of Gal-3 has been suggested in several studies, where higher
levels of Gal-3 were associated with the severity of diastolic dysfunction and an increased
risk of new-onset HFpEF [24,100]. Gal-3 can be used to identify individuals at risk of
developing HFpEF and could be useful for phenotyping, especially in cases where fibrosis
plays a major contribution to the pathology of HF. However, when comparing patients
with HFpEF versus HFrEF, no significant difference is reported in serum Gal-3 levels [112].

5.2. Soluble ST2

Interleukin-1 receptor-like 1, commonly known in the literature as ST2, is a member of
the interleukin-1 receptor family and presents as two isoforms: a soluble form—soluble
ST2 (sST2)—and a transmembrane form—ST2 ligand (ST2L). Both of them bind to IL-33,
which acts as either a pro- or anti-inflammatory cytokine, depending on co-stimulatory
factors. The complex ST2L/IL-33 has a cardioprotective effect, limiting cardiomyocyte
apoptosis, fibrosis and cardiac hypertrophy, whereas sST2 acts as a decoy receptor for IL-33,
preventing its beneficial effects and leading to cardiac fibrosis, ventricular remodeling and
negative cardiac outcomes [113].

Although cardiomyocytes and fibroblasts are important sources of sST2 in response
to mechanical strain, in patients with HF, sST2 is secreted in large quantities from the
lungs, specifically from alveolar epithelial cells. Experimental studies suggest that sST2
is involved in the pathophysiology of HF, being related to the presence and severity of
pulmonary congestion [114]. sST2 measurement may offer some advantage compared to
NT-proBNP, as circulating levels seem not to be affected by age, kidney function or obesity.

5.2.1. Prognosis

The prognostic utility of sST2 in HFrEF, beyond NT-proBNP or hs-cTn, has been
extensively studied [25,115,116]. In patients with HFpEF, sST2 is associated with pro-
inflammatory comorbidities, as evidence from the RELAX trial suggests. In this trial, higher
sST2 levels were significantly associated with hypertension, diabetes mellitus, atrial fibril-
lation, renal dysfunction, systemic congestion and right ventricular dysfunction, among
others [117]. In addition, sST2 concentrations are associated with multiple echocardio-
graphic abnormalities, including biventricular size, LVEF and RV systolic pressure [118].

Acute HF
Results from the PRIDE study revealed that concentrations of ST2 strongly predicted

1-year mortality in patients with acute HF (HR 9.3, 95% CI 1.3 to 17.8; p = 0.03) [102].
In the TRIUMPH cohort study, including 496 patients with acute HF, baseline ST2 was
independently associated with an increased risk of the composite endpoint of all-cause
mortality and HF hospitalization (per log unit, HR 1.30, 95% CI 1.08 to 1.56; p = 0.005).
Repeated measurements of sST2 during follow-up strongly predicted outcome, regardless
of NT-proBNP levels (per log unit, HR 1.85; 95% CI: 1.02 to 3.33; p = 0.044) [103]. In
another prospective cohort study of 331 patients with acute HF, after a median follow-
up of 21 months, higher sST2 levels were independently associated with CV mortality
(per log unit, HR 2.174; 95% CI 1.012–4.67; p = 0.047) [119]. A meta-analysis including
10 studies, with a population of 4835 patients, revealed that both admission and discharge
sST2 were predictive of all-cause death, CV death and the composite of all-cause death or
HF hospitalization. Discharge sST2 levels were predictive of HF hospitalization during a
median follow-up of 13.5 months [104].

Chronic HF
In a prospective cohort study of 193 patients, sST2 was correlated with the composite

endpoint of death or HF hospitalization. This association was stronger in patients with
HFpEF (per log unit, HR: 6.62, 95% CI 1.04–42.28, p = 0.046) compared to HFrEF (HR 3.51;
95% CI 1.05–11.69, p = 0.041), although median values for sST2 were lower in the HFpEF
group [120]. The first meta-analysis to assess the prognostic value of sST2 in chronic HF was
performed in 2017, including seven studies with a total of 6372 patients. SST2 emerged as
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an independent predictor for both all-cause (HR 1.75; 95% CI: 1.37 to 2.22; p < 0.001) and CV
mortality (HR 1.79; 95% CI: 1.22 to 2.63; p < 0.001) in outpatients with chronic HF, regardless
of the EF [105]. Further on, another meta-analysis comprising 11 studies with 5121 patients
evaluated the prognostic utility of sST2 in patients with chronic HF, regardless of the EF.
Increased sST2 concentrations seemed to be associated with long-term all-cause mortality
(HR: 1.03; 95% CI: 1.02–1.04; p = 0.32, I2 = 0%), long-term composite of CV mortality and
HF hospitalizations (HR: 2.25; 95% CI: 1.82–2.79; p = 0.47, I2 = 0%) [106]. Another recent
meta-analysis revealed that elevated levels of sST2 were associated with an increased risk
of the composite endpoint of all-cause mortality and HF hospitalization (per log unit, HR:
6.52; 95% CI: 2.34, 18.19; p = 0.985, I2 = 0%), after multivariable adjustment [121]. Several
studies support the addition of sST2 alongside NT-proBNP, hs-cTn or other biomarkers
in key pathophysiological domains for an enhanced stratification of prognosis in patients
with either acute or chronic HFpEF [102,107].

5.2.2. Treatment Response

Regarding the association between treatment and circulating levels of ST2, in a sec-
ondary analysis of the COACH trial, treatment with spironolactone was associated with
favorable 30-day outcomes in patients with acute HF, especially in those with elevated
ST-2 [26]. Data from the PARAMOUNT trial revealed that, in addition to Gal-3, sST2 was
associated with the severity of HFpEF syndrome, although baseline levels of sST2 did not
modify the response to Sacubitril/Valsartan. However, as in the case of Gal-3, patients with
sST2 values less than the median of 33 ng/mL had a reduction in left atrial volume, which
may signify a structural response to treatment [101].

5.2.3. Diagnosis

The diagnostic performance of sST2 for HFpEF is overall poor when compared to
NT-proBNP, although in several studies, median sST2 values were significantly higher in
patients with HFpEF compared to controls [122,123]. However, since sST2 is not specific for
HF, it currently has no utility in diagnosing HFpEF [121]. A meta-analysis concluded that
sST2 may have some diagnostic utility in HF (sensitivity 0.72; specificity 0.65, OR 3.63; AUC
0.75), although the high heterogeneity among studies and the inclusion of case–control
studies causing selection bias should be taken into account [124].

6. Kidney Dysfunction

6.1. Worsening Renal Function

Renal dysfunction is one of the most frequent comorbidities in patients with HFpEF,
associated with echocardiographic and biomarker profiles of more advanced disease [125].
Worsening renal function (WRF) during hospitalizations for acute decompensated HFpEF
is related to multiple pathophysiological mechanisms, such as kidney venous conges-
tion, hypoperfusion, inflammation or treatment reactions and is associated with adverse
outcomes [126]. Several studies evaluated the impact of WRF, measured by an absolute
increase in serum creatinine ≥ 0.3 mg/dL, on all-cause mortality or HF rehospitalizations,
proving an independent prognostic association [127–129].

6.2. Albuminuria

Albuminuria is one of the earliest markers of kidney disease, denoting underlying
glomerular structural damage. It is usually quantified by measuring the urinary albumin-
creatinine ratio (UACR) in a spot urine, with microalbuminuria defined as a UACR between
30 and 300 mg/g and macroalbuminuria > 300 mg/g [130]. Albuminuria is known to be
associated with an increased CV risk in the general population, as well as an increased
risk for CKD, regardless of other risk factors. The reciprocal pathological mechanisms of
cardiac and renal dysfunction, known as cardio-renal syndromes, are illustrated by this
biomarker that mirrors both diseases. Studies have documented the association between
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albuminuria and the development of coronary artery disease, stroke, peripheral arterial
disease, microvascular dysfunction, HF and atrial fibrillation [131].

UACR is a strong predictor of adverse outcomes in HF across the entire range of
LVEF [132]. In patients with HFpEF, albuminuria was independently associated with
lower global longitudinal strain, increased LV and RV remodeling and worse RV systolic
function. The same study demonstrated that higher UACR predicted worse outcomes
in a stepwise manner across the quartiles, although the association was attenuated after
adjustment for BNP levels [133]. Moreover, another recent study demonstrated that in
patients with new-onset or worsening HF with both reduced and preserved EF, albuminuria
was strongly associated with clinical, echocardiographic and serum markers of congestion.
In addition, albuminuria independently predicted higher mortality and HF hospitalization
rates [134]. In acute decompensated HF, UACR in combination with BNP levels enabled
a more accurate prediction of HF rehospitalizations than BNP alone [135]. Results from
the TOPCAT study revealed that albuminuria was independently associated with worse
CV outcomes, while treatment with spironolactone significantly reduced UACR at 1-year
follow-up compared with placebo. A reduction in UACR by 50% was independently
associated with a reduction in adverse outcomes [136]. Another prespecified analysis
of the FIGARO-DKD trial suggested that albuminuria screening and early initiation of
treatment with finerenone in patients with CKD and type 2 diabetes reduced the incidence
of new-onset HF [137]. Overall, current evidence suggests that albuminuria in patients with
HFpEF portends adverse prognosis, although the underlying mechanisms are incompletely
elucidated. Incorporating UACR measurement in clinical practice is useful for an enhanced
risk stratification and probably for monitoring treatment efficacy, although more trials
are needed to assess the influence of therapy, especially sodium glucose cotransporter-2
(SGLT2) inhibitors, on albuminuria in patients with HFpEF.

6.3. NGAL

Neutrophil gelatinase-associated lipocalin (NGAL) is a predictor of acute kidney
injury (AKI), as its plasma and urine levels rise before an increase in creatinine becomes
apparent [138]. Its potential role in the prognostic stratification of patients with HF became
a subject of interest in the past few years. However, evidence supporting its prognostic
value is not conclusive. One study investigating the prognostic role of urinary NGAL
(uNGAL) in patients with acute decompensated HF revealed that an elevated level of
uNGAL on the first day of admission was independently associated with the primary
endpoint (all-cause mortality, CV death and HF readmission) and with the development of
AKI [139].

In another prospective cohort study including 927 patients hospitalized with acute HF,
admission and peak values of serum NGAL (sNGAL), uNGAL, uNGAL/urine creatinine
ratio were compared to admission and peak serum creatinine. Other studies support
the prognostic value of NGAL in acute HF [140,141]. However, neither was superior to
serum creatinine in predicting the composite endpoint of mortality, HF rehospitalization
or initiation of renal replacement therapy [142]. A sub-analysis from the TOPCAT trial
revealed that, although NGAL tended to predict mortality or HF hospitalizations, after
multivariable correction, it did not meet significance [107]. A recent meta-analysis revealed
that elevated sNGAL was associated with higher mortality or the composite outcome of
mortality and rehospitalizations in patients with HF [143].

6.4. Cystatin C

Cystatin C (CysC) is a valuable alternative marker used for estimating kidney function,
as represented by GFR. Its limited relationship to muscle mass and diet confers CysC an
advantage over serum creatinine. In HFpEF, several studies suggest a potential role of
CysC in risk stratification. The estimated GFR using CysC is significantly associated with
worse diastolic function and adverse outcomes [144]. Serum CysC on admission is a
strong predictor of all-cause mortality and HF readmission at 1 year, independently of NT-
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proBNP [145]. The same results are confirmed in a recent meta-analysis, demonstrating that
CysC is an independent predictor of adverse outcomes in patients with HF, in addition to
sNGAL [146]. With a clearance entirely dependent on GFR, CysC may be a good prognostic
biomarker in both acute and chronic HFpEF, superior to creatinine.

7. Obesity

7.1. Fatty Acid Binding Protein 3 and 4

Fatty Acid Binding Protein 4 (FABP-4), a lipid chaperone found in adipocytes, appears
to exert cardio-depressant effects, potentially leading to systolic dysfunction in obese
patients [147]. A possible pathophysiological link exists between FABP-4 and HFpEF, as
it is a marker of high metabolic risk, contributing to endothelial dysfunction through a
pro-inflammatory cascade [148]. FABP-4 can also predict negative outcomes in patients
with HFpEF. A prospective study revealed that in HFpEF, FABP-4 levels are associated
with parameters of cardiac remodeling, diastolic and systolic dysfunction, predicting all-
cause mortality or HF hospitalizations during a mean follow-up of 9.1 months [149]. Fatty
Acid Binding Protein 3 (FABP-3) is another cytoplasmic protein found predominantly in
the heart, with a crucial role in cardiac lipid transportation in myocardial metabolism.
FABP-3 can also be used as a prognostic biomarker in HFpEF, with serum levels being
independently associated with subsequent CV events [150,151]. In addition, both FABP-3
and FABP-4 were associated with all-cause and CV mortality in a group of patients with
chronic HF and associated type 2 diabetes mellitus [152].

7.2. Leptin

Leptin is excreted from the adipose tissue and is involved in modulating food intake.
It has complex CV effects, protecting against LV hypertrophy, promoting weight reduction
and thus acting against the development of HF [153]. The role of leptin in the development
of HF is intriguing, as it is associated with both protective and risk factors [154]. It has
been suggested that increased leptin levels are associated with better outcomes in HFrEF
but not in HFpEF, according to one study [155]. However, in another cross-sectional study
including black women with preserved EF, higher leptin levels were associated with lower
myocardial stiffness and LV mass index in obese patients, conferring a possible protective
effect against the development of HFpEF [156]. These results need to be further confirmed
in larger studies, taking into account the variability of racial or ethnic populations.

7.3. Adiponectin

Adiponectin is an anti-inflammatory cytokine derived from the adipose tissue, exerting
cardio-protective effects via increasing insulin sensitivity and lipid regulation. This “rescue
hormone” exerts anti-apoptotic, antioxidant and anti-fibrotic effects, protecting against
the development of CV disease. The role of adiponectin in HF is controversial. In HFrEF,
increased levels are paradoxically associated with the severity of the disease, as well
as a higher NYHA class, probably related to adiponectin resistance in the myocardium.
Patients with increased concentrations of adiponectin have a poor prognosis and a higher
risk of mortality, particularly those with reduced muscle mass and cachexia [157,158]. In
patients with chronic HF, baseline adiponectin levels are associated with mortality, while
increasing levels over 3 months are associated with worse outcomes than stable levels [159].
In contrast, low levels of adiponectin are associated with the obesity-HFpEF phenotype,
especially in women [160]. In a preclinical model of hypertension-related HFpEF, low
levels of adiponectin exacerbated cardiac remodeling, diastolic dysfunction and pulmonary
congestion [161].

8. Other Biomarkers

8.1. Antigen Carbohydrate 125

Antigen Carbohydrate 125 (CA 125) is a plasma biomarker traditionally used for the
evaluation, risk stratification and monitoring of patients with ovarian cancer. Elevated
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levels of CA 125 are identified in other non-malignant conditions, such as pulmonary
diseases, cirrhosis or HFCARDI. Increasing evidence has emerged, suggesting that CA
125 can serve as a prognostic tool in the risk stratification of patients with both acute and
chronic HF [162]. In HFpEF, evidence supports the potential value of CA 125 as a biomarker
for the prediction of mortality and HF readmissions, outperforming the prognostic value of
NT-proBNP in some studies [163–165]. A positive correlation between CA 125 levels and
the presence of fluid overload, such as serous effusions and peripheral edema, has been
described, making this glycoprotein a useful biomarker for extravascular congestion in
HF [166]. Concentrations of CA 125 are also increased in inflammatory states, in association
with different types of cytokines [167]. As a result, CA 125 correlates with parameters of
disease severity and it can be useful in guiding decongestion therapy [168,169]. In contrast,
a recent sub-analysis of the EMPEROR trials revealed that in patients without clinical
evidence of congestion, CA 125 predicted the primary endpoint only in those with HFrEF
and not among those with HFpEF. The beneficial effect of empagliflozin seemed to be
attenuated in patients with lower baseline CA 125 levels [170]. In addition, the highest
baseline CA 125 levels were independently associated with an increased rate of kidney
function decline [171]. Future trials should focus more on the association of treatment with
SGLT2 inhibitors and CA 125 levels in patients with HFpEF, as this was already suggested
in those with HFrEF [172,173].

8.2. Iron Deficiency

Iron deficiency (ID), defined as ferritin < 100 or transferrin saturation < 20%, is highly
prevalent in patients with HFpEF. Contributing factors include decreased iron absorption
due to congestion, reduced availability of stored iron and nutritional deficiency. ID can
impact exercise performance in patients with HF, affecting oxygen consumption leading
to anaerobic metabolism. In a retrospective study of 212 patients, both anemia and ID,
along with advanced age and CKD, were independently associated with all-cause mortality
in HFpEF. Patients with ID expressed more severe HF symptoms and worse functional
capacity compared to those without ID [174]. ID was associated with worse functional
outcomes but not HF hospitalization or mortality in another meta-analysis [175]. The
importance of correcting ID is currently not established in HFpEF, as opposed to HFrEF,
and further trials are needed in this field.

8.3. Circulating microRNAs

The discovery of microRNAs (miRNAs) has opened a new door in the era of molecular
biology. They represent small, non-coding, regulatory RNA molecules of 22 nucleotides
that operate at the level of gene expression by targeting specific regions of messenger RNAs
(mRNAs). They have been shown to be promising diagnostic and prognostic biomarkers for
many diseases, including HF [176,177]. Distinct miRNAs have been associated with differ-
ent pathophysiological pathways in HF. MiR-126 has major roles in maintaining endothelial
homeostasis and decreased levels have been associated with microvascular endothelial
dysfunction. Other miRNAs, such as miR-802 and miR-103/107, are involved in insulin
sensitivity in models of diabetes and obesity [178]. In a recent case–control study including
symptomatic patients with HF, 13 different miRNAs were differentially expressed in HFpEF
compared to HFrEF, most of them being down-regulated, such as miR-21-5p, miR-20a-5p,
miR-130a-3p, miR-103a-3p, miR-423-5p, miR-19b-3p, miR-301-3p, let-7d-5p, miR-335-5p,
miR-128a-3p and miR-25-3p. These miRNAs correlated with echocardiographic and cardiac
magnetic resonance imaging (MRI) parameters of HF, suggesting that miRNAs could be
involved in myocardial remodeling [179]. Overall, the different miRNA profiles expressed
in HFpEF and HFrEF support the different pathobiological mechanisms underlying these
two entities. More research is needed in order to select specific circulating miRNAs to
better serve as prognostic and diagnostic biomarkers of HFpEF.
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8.4. Proteomics and Metabolomics

Proteomic profiling is a powerful tool that allows for a large-scale characterization
of the entire protein phenotype in HF. Investigating the various patterns of proteome
changes provides further evidence of the different pathogenic mechanisms involved in
HF. A recent study identified 29 unique HFpEF-associated proteins related to remodeling,
inflammation, fibrosis, kidney injury and lipid metabolism. Of those, AOC3, CLSTN2, Gal-9
and MATN2 were associated with HFpEF hospitalization, while 11 others, including CDH2,
CSTB, KIM1, PARP-1 and SPINT2, were associated with all-cause mortality, independently
of other clinical factors and NT-proBNP [180]. Another study identified novel proteins
related to HFpEF subtypes, associated with platelet degranulation and microvascular
dysfunction (e.g., Gal3bp, ITIH3 and von Willebrand factor) and angiogenesis (e.g., LRG1
and IGFALS) [181]. An advanced proteomic profile has the potential for establishing more
precise diagnostic and prognostic CV care for patients with HFpEF.

Metabolic dysfunction plays an important role in the development of HFpEF. Patients
with HFpEF display distinct metabolic profiles when compared to those with HFrEF,
including markers of impaired lipid metabolism, increased oxidative stress and enhanced
collagen synthesis [182]. As an example, in spite of a higher prevalence of obesity and
diabetes in patients with HFpEF compared to HFrEF, metabolites of fatty acid oxidation
were expressed in a lower proportion in the HFpEF myocardium [183]. Other biomarkers of
interest reflecting different metabolomic pathways in HFpEF are low levels of serine, cAMP
and lysophosphatidylcholine and high levels of cystine, kynurenine and acylcarnitine,
among many others [184].

9. Future Directions

HFpEF represents a multisystem disorder, a combination of risk factors, cardiac and
extra-cardiac mechanisms, which are expressed by specific circulating biomarkers. Regard-
ing their diagnostic value, a comprehensive overview of current studies assessing novel
biomarkers demonstrated a high risk of bias, impacting the reliability of their results and
their clinical utility. The main study limitations referred to the use of a case–control design,
exclusion of important subsets of the HFpEF population, the absence of external validation
and the absence of reference standard tests to confirm the diagnosis of HFpEF [185]. In
order to correctly assess the incremental diagnostic value of novel biomarkers and to ensure
their clinical uptake in our daily practice, methodological well-designed studies are needed.
Such trials should have a prospective design and enroll a large number of patients with
HFpEF in order to cover the phenotypical heterogeneity of this syndrome.

Regarding their prognostic utility, the combination of several biomarkers encompass-
ing different pathophysiological pathways of HFpEF may demonstrate better predictive
value than using individual biomarkers alone. Several studies aimed to assess the utility of
a multi-marker approach for a better risk stratification of HFpEF patients, but more research
is needed in this field in order to find a predictive model that effectively discriminates for
both mortality and morbidity in HFpEF.

The advent of advanced proteomics and metabolomics technologies has enabled the
identification of distinct biomarker profiles in HFpEF as compared to HFrEF. Development
of these molecular biology techniques allowed us to define specific “biomarker signatures”
of the different HFpEF phenotypes, providing the opportunity to explore new pathophys-
iological mechanisms and explore the dynamic changes in biomarkers after treatment
interventions. The potential of these novel biomarkers is promising, but external validation
in large cohort studies is needed before using them in clinical practice.

10. Discussion

The burden of HFpEF is continuously growing, surpassing the prevalence of HFrEF
over the past decades. As a result, defining a standardized diagnostic and prognostic
approach becomes crucial. Currently, the diagnosis of HFpEF in the non-acute setting
remains challenging, as patients may experience symptoms only during exertion. The
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current diagnostic algorithm proposed by the European Society of Cardiology performs
well in diagnosing HFpEF, but many cases require costly, invasive tests to confirm the
diagnosis, which may not be readily available in all centers [186]. Consequently, research
efforts have lately focused on finding novel circulating biomarkers for the detection and
risk stratification of HFpEF.

Currently, NPs remain the gold standard for the diagnosis and prognosis of HFpEF,
although their concentrations are greatly impacted by many co-existing conditions. In
addition, NPs reflect only one pathophysiological mechanism, which is insufficient to
characterize the complex phenotypical spectrum of HFpEF. As stated above, myocardial
dysfunction in HFpEF is the result of the interaction between CV, metabolic, renal, pul-
monary and geriatric conditions, each in different proportions. The impact of systemic
inflammation can be evaluated by measuring various biomarkers, among which GDF-15
demonstrated additional value in refining the diagnosis and prognosis of patients with
HFpEF. In addition, biomarkers reflecting myocardial fibrosis, such as Gal-3 and sST2, as
well as those reflecting obesity and CKD, are involved in the development and progression
of HFpEF and can be used for optimal risk stratification.

Previous studies characterized distinct phenogroups of patients with HFpEF, with im-
portant differences in circulating biomarkers [72,187]. Creating distinct biomarker profiles
in patients with HFpEF will also enable us to select those who may benefit from distinct tar-
geted interventions, such as mineralocorticoid receptor antagonists, angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers [188]. Until recently, the development
of effective drugs for the treatment of HFpEF has been unsatisfying, with SGLT2 inhibitors
being the only drugs with demonstrated improvement in clinical outcomes. However,
depending on the phenogroup, biomarkers may be used to initiate tailored medication and
monitor treatment efficacy in the population of HFpEF. As a result, biomarkers in HFpEF
represent a continuously expanding field, with research efforts guided towards finding the
ones with additional screening, diagnostic, prognostic and therapeutic roles.

11. Conclusions

The pathophysiology of underlying HFpEF remains a subject of controversy, although
it is likely driven by a combination of several comorbidities, leading to low-grade sys-
temic inflammation, microvascular dysfunction and ultimately cardiac remodeling and
fibrosis. Given that HFpEF presents with clinical heterogeneity, the study of different
biomarkers reflecting distinct pathophysiological pathways could provide major insights
into our understanding of this complex disease. Many biomarkers have demonstrated their
diagnostic and prognostic utility, but their lack of specificity, high costs and the absence of
standardized measurement techniques have limited their applicability in clinical practice.
A strategy based not only on NPs but also on other cardiac and non-cardiac biomarkers
reflecting the comorbidities of HFpEF is likely useful to define the different phenotypes,
stratify risk for adverse events and monitor treatment efficacy.
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Abstract: Background: Cardiac troponin release is related to the cardiomyocyte loss occurring in
heart failure (HF). The prognostic role of high-sensitivity cardiac troponin T (hs-cTnT) in several
settings of HF is under investigation. The aim of the study is to assess the prognostic role of
intrahospital hs-cTnT in patients admitted due to HF. Methods: In this observational, single center,
prospective study, patients hospitalized due to HF have been enrolled. Admission, in-hospital peak,
and discharge hs-cTnT have been assessed. Patients were followed up for 6 months. Cardiovascular
(CV) death, HF hospitalization (HFH), and worsening HF (WHF) (i.e., urgent ambulatory visit/loop
diuretics escalation) events have been assessed at 6-month follow up. Results: 253 consecutive
patients have been enrolled in the study. The hs-cTnT median values at admission and discharge
were 0.031 ng/mL (IQR 0.02–0.078) and 0.031 ng/mL (IQR 0.02–0.077), respectively. The risk of
CV death/HFH was higher in patients with admission hs-cTnT values above the median (p = 0.02)
and in patients who had an increase in hs-cTnT during hospitalization (p = 0.03). Multivariate Cox
regression analysis confirmed that hs-cTnT above the median (OR: 2.06; 95% CI: 1.02–4.1; p = 0.04)
and increase in hs-cTnT during hospitalization (OR:1.95; 95%CI: 1.006–3.769; p = 0.04) were predictors
of CV death/HFH. In a subgroup analysis of patients with chronic HF, hs-cTnT above the median was
associated with increased risk of CV death/HFH (p = 0.03), while in the subgroup of patients with
HFmrEF/HFpEF, hs-cTnT above the median was associated with outpatient WHF events (p = 0.03).
Conclusions: Inpatient hs-cTnT levels predict CV death/HFH in patients with HF. In particular, in
the subgroup of chronic HF patients, hs-cTnT is predictive of CV death/HFH; while in patients with
HFmrEF/HFpEF, hs-cTnT predicts WHF events.

Keywords: heart failure; biomarkers; high-sensitivity cardiac troponin T; hospitalization;
cardiovascular mortality; worsening heart failure

1. Introduction

Heart failure (HF) is one of the main causes of morbidity and mortality worldwide [1].
It is a clinical syndrome caused by the incapacity of the heart to maintain normal systemic
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perfusion at normal intraventricular filling pressures. Once diagnosed, patients with HF
have an average rate of one hospital readmission per year [1,2] and an estimated mortality
rate of 67% within five years [3].

HF is characterized by variable periods of symptomatic stability, often interrupted
by episodes of decompensated HF despite optimized therapy. The phases of clinical
deterioration are increasingly recognized as a distinct phase in the history of HF, termed
worsening HF (WHF) [4]. WHF is a condition of deterioration of clinical signs of HF,
despite optimized medical management, requiring escalation of diuretic therapy, hospi-
talization or urgent ambulatorial visits [5]. The interesting and challenging aspect of this
condition is that the culminating event of WHF is hospitalization, but the progressive
worsening develops outside of the hospital, and it is often subclinical, manifesting itself
with myocardial biomarkers increase, need for diuretic escalation, as well as symptoms
and signs requiring urgent observation by a cardiologist in the outpatient setting. The
early identification of patients in need of diuretic dose adjustments and ambulatory
urgent visits may be crucial in the management of these patients in order to avoid
hospitalization and related adverse events.

Besides echocardiographic parameters, natriuretic peptides (NPs) are fundamental
to rule out the clinical condition of HF and to predict short-term mortality in patients
hospitalized due to the latter [1,2]. The association between NPs and poor prognosis has
been demonstrated [6]. High pre-discharge levels of brain natriuretic peptide (BNP) and
N-terminal pro B-type natriuretic peptide (NT-proBNP) are associated with a high risk
of cardiovascular (CV) death and hospital readmission [7]. Similar findings have been
reported in the OPTIMIZE-HF registry [8]. In acute HF, congestion is the main factor
influencing NP elevation. However, in chronic stable conditions, transmural wall stress is
usually the main determinant of NP concentrations. On the other hand, the mechanism
behind NP augmentation in HF with preserved ejection fraction (HFpEF) is less clear, since
there is a reduction in wall stress due to the generally smaller size of the left ventricular
chamber. Comorbidities, such as kidney disease or obesity, may also affect the concentration
of NPs and thus the prognostic significance of these biomarkers [9].

NPs are sensitive prognostic markers in HF, but it may be important to identify
alternative biomarkers for more accurate management and prognostic stratification of HF
patients. Recently, the importance of the high-sensitivity cardiac troponin T (hs-cTnT)
assay in the diagnosis and prognosis of HF has been demonstrated [10]. Troponins are part
of the skeletal and cardiac myocyte contraction system. Different troponin isoforms are
represented in the different muscle types. While troponin C is synthesized in equal manner
in skeletal and cardiac myocytes, the troponin T and I isoforms are highly specific [11]. The
latter are expressed especially in cardiac myocytes and are by far the most specific and
sensitive indicators for the diagnosis of acute myocardial infarction (AMI) [12]. Myocyte
damage induces troponin release into the circulation. The increase in hs-cTnT levels is
directly related to the severity of myocyte damage, making troponins quantitative markers
of heart tissue damage [13]. Molecular events such as cardiomyocyte death and apoptosis
also take place during chronic disease, and high hs-cTnT levels are representative of
the long-standing cardiac damage occurring in HF. In fact, in patients with dilatative
cardiomyopathy, higher hs-cTnT levels were found to be predictive of a deterioration in
clinical conditions [14]. Setsuka et al. [15] have shown that higher troponin levels are found
in severe HF, with advanced New York Heart Association (NYHA) class, and in patients
who developed complications and HF exacerbation. Various studies have investigated the
predictive power of troponin levels in HF patients, showing a higher incidence of major
CV events in patients with higher troponin levels [16]. These studies mainly included
patients with HF with reduced ejection fraction (HFrEF) and had major CV events as their
main endpoints. Evidence regarding the role of cardiac troponins in HF subpopulations
is lacking. Furthermore, the prognostic role of cardiac troponins in terms of WHF events
(i.e., the need for diuretic escalation or urgent ambulatory visits due to HF) has not been
investigated yet.
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The aim of the current study was to assess the role of inpatient cardiac hs-cTnT
regarding the identification of HF patients at higher risk of adverse events, including CV
mortality, HFH and WHF events, with special focus on the different subgroups of HF.

2. Methods

This was an observational, prospective, single center study, enrolling patients with
a diagnosis of HF who have been consecutively admitted to the Department of Clinical,
Internal, Anesthesiology and Cardiovascular Sciences at Policlinico Umberto I, Sapienza
University of Rome. Inclusion criteria were the following: (I) written, signed and dated
informed consent; (II) age above 18 years; (III) diagnosis of HF according to the Guide-
lines [1]. Exclusion criteria were the following: (I) presence of any condition representing
the main cause of hs-cTnT increase beyond HF; (II) planned or history of heart transplanta-
tion or ventricular assist device (VAD); (III) end-stage kidney failure and/or dialysis; (IV)
any condition limiting life expectancy less than one year; (V) pregnancy or nursing; (VI)
non-compliance with the study protocol.

Patients enrolled constituted one study group.
The following parameters were collected: (i) clinical parameters (past medical his-

tory, physical examination, electrocardiogram, arterial blood pressure, NYHA class, and
pharmacological therapy); (ii) echocardiographic parameters (ventricular chambers size,
systolic and diastolic function, and valve disease and severity); (iii) laboratory parameters
(hs-cTnT, blood cell count, creatinine, electrolytes, alanine aminotransferase, and aspartate
aminotransferase). Specifically, the admission, peak, and discharge values of hs-cTnT
were recorded. Moreover, the delta between admission and peak values of hs-cTnT was
calculated. An increase in hs-cTnT during an in-hospital stay was defined as a delta of
at least 0.014 ng/mL, between the admission and peak hs-cTnT values (representing the
upper reference limit of hs-cTnT). The assay Elecsys® (Roche Diagnostics International Ltd.,
Rotkreuz, Switzerland) for hs-cTnT has been used.

Over a follow-up period of 6 months after the index hospitalization, CV death, HFH,
and urgent ambulatory visits/need of loop diuretic escalation were investigated in the
outpatient HF clinic.

Specific subgroup analyses according to LVEF values and clinical presentation of HF
were performed in order to define the prognostic role of hs-cTnT in terms of CV death,
HFH, and urgent ambulatory visits/need of loop diuretic escalation.

Data were collected in a dedicated Excel Database (Version 2405 Build 16.0.17628.20006;
64 bit). The study was conducted according to the Helsinki Declaration. The study pro-
tocol was approved by the Ethical Committee of Policlinico Umberto I in Rome (rif.7068,
approved on 8 May 2023).

Statistical Analysis

The normal distribution of continuous variables was assessed with the Kolmogorov–
Smirnov test. Continuous variables were expressed as mean and standard deviation,
whereas median and first and third quartiles were used for non-normally distributed
data. Categorical data were described as numbers and percentages. Student’s t-test, the
Mann–Whitney test, the χ2 test, and the Fisher exact test were used for comparisons,
as needed. The Kaplan–Meier method was used to estimate the cumulative event rates
of study outcomes in the overall population, categorized based on admission troponin
(above or below the median value of the studied population) and on the basis of the trend
in troponin values during the hospitalization (patients with an increase or decrease in
troponin values). Kaplan–Meier analysis was used to analyze the differences in clinical
outcome rates in subgroups of patients with HFpEF and HF with mildly reduced ejection
fraction (HFmrEF), and in patients with chronic HF presentation. The differences in each
group were compared using log-rank tests. Univariate and multivariate Cox regression
analyses were performed to obtain the odds ratios (ORs) of the associations among
hs-cTnT with the endpoints. All the associations among variables and the composite
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endpoints with a p-value < 0.1 at univariate analysis were included at multivariate
analysis. At multivariate analysis, variables potentially associated with the composite
outcomes of CV death and HFH have been considered. For all tests, a p-value < 0.05 was
considered statistically significant.

The statistical analysis was performed using SPSS version 27.0 for Mac (IBM Software,
Inc., Armonk, NY, USA).

3. Results

A total of 253 consecutive patients were enrolled from October 2022 to April 2023 and
they were followed-up for a period of 6 months.

The baseline features of the patient population are listed in Table 1. The types of admis-
sion and discharge therapies for the total population have been represented in Figure 1. The
occurrence of each outcome in the total population has been represented in Figure 2.

Figure 1. Percentage of total population on treatment with heart failure disease modifying drugs
and loop diuretics at hospital admission and discharge. HF—heart failure; BB—beta blocker;
ARNI—angiotensin receptor/neprilysin inhibitor; ACEi—angiotensin-converting enzyme in-
hibitor; ARBs—angiotensin receptor blockers; MRAs—mineralocorticoid receptor antagonists;
SGLT2i—sodium glucose cotransporter 2 inhibitor.

Considering the total population, the composite of CV death and HFH was signifi-
cantly higher in patients with hs-cTnT levels at admission above the median (23 vs. 13;
19.8% vs. 9.5%; p = 0.02) and in patients with a significant increase in hs-cTnT during
hospitalization (20 vs. 16; 20% vs. 10.5%; p = 0.03) (Tables 2 and 3).

Kaplan–Meier survival analysis (Figure 3A,B) demonstrated that patients with ad-
mission hs-cTnT levels above the median value and patients with an increase in hs-cTnT
during in-hospital stays experienced more commonly the composite outcome CV death
and HFH (log-rank p-value = 0.02 and p-value = 0.03, respectively).

Cox regression analysis showed that an admission hs-cTnT above the median and an
in-hospital increase in hs-cTnT represent an independent predictor of the composite of CV
death and HFH at 6-month follow-up (Tables 4 and 5).

The subgroup analysis, considering patients with chronic HF, demonstrated that the
risk of the composite of CV death and HFH was significantly higher in patients with
an admission hs-cTnT above the median value compared to patients with an admission
hs-cTnT below the median value (7 vs. 2; 14.9% vs. 3.3%; p = 0.04) (Table 6).
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Figure 2. Total number and percentage rate of adverse events in the total population at 6-month
follow-up. CV—cardiovascular; HFH—heart failure hospitalization.

Table 1. Baseline features of the study population at hospital admission.

Variable
Total Population

(N = 253)

Age, years (IQR) 73 (64.5–80)

Male sex, n (%) 177 (70)

Arterial hypertension, n (%) 195 (77.1)

Diabetes mellitus, n (%) 72 (28.5)

Dyslipidemia, n (%) 133 (52.6)

Family history of CVD, n (%) 66 (26.1)

COPD, n (%) 67 (26.5)

Smoking habit, n (%) 96 (37.9)

Ischemic, n (%) 138 (54.5)

Hypertensive, n (%) 35 (13.8)

Idiopathic, n (%) 29 (11.5)

Valvular, n (%) 29 (11.5)

Inflammatory/drug induced, n (%) 22 (8.7)

Acute presentation, n (%) 146 (57.7)

Chronic presentation, n (%) 107 (42.3)

eGFR, mL/min/m2 (IQR) 64 (46–81.7)

Hemoglobin, g/dL (IQR) 12.9 (10.9–14.3)

K+, mmol/L (IQR) 4 (3.68–4.33)

Admission hs-cTnT, ng/mL (IQR) 0.031 (0.02–0.078)

Discharge hs-cTnT, ng/mL (IQR) 0.031 (0.02–0.077)

hs-cTnT peak, ng/mL (IQR) 0.042 (0.023–0.121)
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Table 1. Cont.

Variable
Total Population

(N = 253)

hs-cTnT delta peak-admission, ng/mL (IQR) 0.001 (0–0.026)

HFrEF, n (%) 199 (78.7)

HFmrEF/HFpEF, n (%) 54 (21.3)

LVEF, % (IQR) 32 (25–40)

LVEDD, mm (IQR) 58 (52–64)

IVS, mm (IQR) 11 (9–12)

PW, mm (IQR) 10 (9–10.5)

Basal RVEDD, mm (IQR) 36 (31–44)

TAPSE, mm (IQR) 18 (15–20)

Median NYHA, class (IQR) 3 (2–3)
IQR—interquartile range; CVD—cardiovascular disease; COPD—chronic obstructive pulmonary dis-
ease; eGFR—estimated glomerular filtration rate; K+—potassium; hs-cTnT—high-sensitivity T troponin;
HFrEF—heart failure with reduced ejection fraction; HFmrEF—heart failure with mildly reduced ejec-
tion fraction; HFpEF—heart failure with preserved ejection fraction; LVEF—left ventricular ejection frac-
tion; LVEDD—left ventricular end diastolic diameter; IVS—interventricular septum; PW—posterior wall;
RVEDD—right ventricular end diastolic diameter; TAPSE—tricuspid annular plane systolic excursion;
NYHA—New York Heart Association.

Table 2. Relationship between high-sensitivity T troponin at admission and the occurrence of each
outcome in the total population.

Variable
hs-cTnT below
Median Value

hs-cTnT above
Median Value

p Value

CV death/HFH, n (%) 13 (9.5) 23 (19.8) 0.02

CV death, n (%) 8 (5.8) 15 (12.9) 0.05

HFH, n (%) 9 (6.6) 11 (9.5) 0.4

Urgent visit/loop
diuretic escalation, n (%)

21 (15.3) 20 (17.2) 0.68

CV—cardiovascular; HFH—heart failure hospitalization; hs-cTnT—high-sensitivity T troponin.

Table 3. Relationship between high-sensitivity T troponin increase during hospitalization and the
occurrence of each outcome in the total population.

Variable No hs-cTnT Increase hs-cTnT Increase p Value

CV death/HFH, n (%) 16 (10.5) 20 (20) 0.03

CV death, n (%) 10 (6.5) 13 (13) 0.08

HFH, n (%) 11 (7.2) 9 (9) 0.6

Urgent visit/loop
diuretic escalation, n (%)

28 (18.3) 13 (13) 0.26

CV—cardiovascular; HFH—heart failure hospitalization; hs-cTnT—high-sensitivity T troponin.

Kaplan–Meier survival analysis evidenced that an admission hs-cTnT above the me-
dian value in the subgroup of patients with chronic HF is associated with an increased risk
of CV death and HFH (log rank p = 0.03) at 6-month follow-up (Figure 3C).

The baseline features of patients according to LVEF values have been reported
in Table 7.

32



J. Clin. Med. 2024, 13, 3533

Figure 3. Survival analysis regarding the occurrence of the composite of cardiovascular (CV) death
and heart failure hospitalization (HFH) in patients with an admission high-sensitivity T troponin
(hs-cTnT) value below the median (blue line) and admission high-sensitivity T troponin value above
the median (green line) in the overall population (A). Survival analysis regarding the occurrence of
the composite of CV death and HFH in patients without significant in-hospital hs-cTnT increase (blue
line) and with significant hs-cTnT increase (green line) in the overall population (B). Survival analysis
regarding the occurrence of the composite of CV death and HFH in patients with an admission
hs-cTnT value below the median (blue line) and admission hs-cTnT value above the median (green
line) in the chronic HF subgroup (C). Survival analysis regarding the occurrence of worsening HF
events and admission hs-cTnT values below the median (blue line) and above the median (green line)
in the HFmrEF/HFpEF subgroup (D).

Table 4. Univariate and multivariate analysis regarding the variables considered as predictors of the
composite event in the total population. High-sensitivity T troponin above the median at admission
represents an independent predictor of cardiovascular death and heart failure hospitalization at
6-month follow-up in patients hospitalized with a diagnosis of heart failure.

Univariate

Variable OR 95% CI p Value

hs-cTnT above median 2.2 1.117–4.353 0.02

Age 1.01 0.986–1.044 0.33

Male sex 0.75 0.380–1.479 0.40

ACS 1.12 0.489–2.550 0.79

Arterial hypertension 0.65 0.322–1.328 0.24

Diabetes mellitus 1.64 0.838–3.201 0.15
eGFR 0.99 0.994–1.004 0.78

LVEF 0.99 0.950–1.012 0.21

Hemoglobin 0.88 0.768–1.015 0.08
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Table 4. Cont.

Multivariate

Variable OR 95% CI p value

hs-cTnT above median 2.06 1.025–4.128 0.04

Hemoglobin 0.94 0.815–1.090 0.42
hs-cTnT—high-sensitivity cardiac troponin T; OR—odds ratio; CI—confidence interval; ACS—acute coronary
syndrome; eGFR—estimated glomerular filtration rate; LVEF—left ventricular ejection fraction.

Table 5. Univariate and multivariate analysis regarding the variables considered as predictors of the
composite event in the total population. High-sensitivity T troponin increase during hospitalization
represents an independent predictor of cardiovascular death and heart failure hospitalization at
6-month follow-up in patients hospitalized with a diagnosis of heart failure.

Univariate

Variable OR 95% CI p Value

hs-cTnT increase 2.02 1.05–3.908 0.035

Age 1.01 0.968–10.44 0.33

Male sex 0.75 0.380–1.479 0.40

ACS 1.12 0.489–2.550 0.79

Arterial hypertension 0.65 0.322–1.328 0.24

Diabetes mellitus 1.64 0.838–3.201 0.15

eGFR 0.99 0.994–1.004 0.78

LVEF 0.98 0.950–1.012 0.21

Hemoglobin 0.88 0.768–1.015 0.08

Multivariate

Variable OR 95% CI p value

hs-cTnT increase 1.95 1.006–3.769 0.04

Hemoglobin 0.92 0.803–1.061 0.26
hs-cTnT—high-sensitivity cardiac troponin T; OR—odds ratio; CI—confidence interval; ACS—acute coronary
syndrome; eGFR—estimated glomerular filtration rate; LVEF—left ventricular ejection fraction.

Table 6. Occurrence of each outcome according to high-sensitivity T troponin at hospital admission
in chronic HF subgroup.

Variable
hs-cTnT below
Median Value

hs-cTnT above
Median Value

p Value

CV death/HFH, n (%) 2 (3.3) 7 (14.9) 0.04

CV death, n (%) 1 (1.7) 4 (8.5) 0.17

HFH, n (%) 1 (1.7) 5 (10.6) 0.08

Urgent visit/loop
diuretic escalation, n (%)

8 (13.3) 12 (25.5) 0.1

CV—cardiovascular; HFH—heart failure hospitalization; hs-cTnT—high-sensitivity T troponin.

Patients with HFmrEF/HFpEF and admission hs-cTnT above the median value had a
significantly higher risk of outpatient WHF (i.e., urgent ambulatory visit/loop diuretic es-
calation) at 6-month follow-up compared to patients with HFmrEF/HFpEF and admission
hs-cTnT below the median value (8 vs. 3; 33.3% vs 10%; p = 0.04) (Table 8).
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Table 7. Baseline features and discharge therapy of patients according to left ventricular
ejection fraction.

Variable
HFrEF

(N = 199)
HFmrEF/HFpEF

(N = 54)
p Value

Age, years (IQR) 72 (64–80) 76 (68–81) 0.081

Male sex, n (%) 147 (73.9) 30 (55.6) 0.009

Ischemic etiology, n (%) 113 (56.8) 25 (46.3) 0.21

Arterial hypertension, n (%) 156 (78.4) 39 (72.2) 0.339

Diabetes mellitus, n (%) 59 (29.6) 13 (24.1) 0.421

Dyslipidemia, n (%) 104 (52.3) 29 (53.7) 0.851

Family history of CVD, n (%) 52 (26.1) 14 (25.9) 0.976

COPD, n (%) 51 (25.6) 16 (29.6) 0.554

Smoking habit, n (%) 75 (37.7) 21 (38.9) 0.872

Acute presentation, n (%) 120 (60.3) 26 (48.1) 0.024

Chronic presentation, n (%) 79 (39.7) 28 (51.9) 0.024

eGFR, mL/min/m2 (IQR) 63 (44–80) 66.3 (50–84.3) 0.62

Hemoglobin, g/dL (IQR) 13 (10.9–14.3) 12.5 (11.2–14.2) 0.46

K+, mmol/L (IQR) 4 (3.7–4.3) 4 (3.4–4.4) 0.55

Admission hs-cTnT, ng/mL (IQR) 0.031 (0.020–0.089) 0.031 (0.019–0.067) 0.817

Discharge hs-cTnT, ng/mL (IQR) 0.030 (0.020–0.074) 0.04 (0.02–0.079) 0.139

hs-cTnT peak, ng/mL (IQR) 0.04 (0.024–0.118) 0.044 (0.022–0.183) 0.852

hs-cTnT delta peak-admission,
ng/mL (IQR)

0.001 (0–0.024) 0.003 (0–0.048) 0.375

LVEF, % (IQR) 30 (21–35) 45 (45–50) <0.001

LVEDD, mm (IQR) 60 (54–65) 50.5 (45–56) <0.001

IVS, mm (IQR) 11 (9–12) 11 (10–12.3) 0.077

PW, mm (IQR) 10 (9–11) 10 (9–10) 0.737

Basal RVEDD, mm (IQR) 34 (29–41) 38 (33–44) 0.1

TAPSE, mm (IQR) 18 (14–20) 19 (17–20) 0.029

ACEi, n (%) 17 (8.5) 17 (31.5) <0.001

ARBs, n (%) 14 (7) 4 (7.4) 1

ARNI, n (%) 137 (68.8) 15 (27.8) <0.001

BB, n (%) 189 (95) 53 (98.1) 0.466

MRAs, n (%) 165 (82.9) 29 (53.7) <0.001

SGLT2i, n (%) 108 (54.3) 17 (31.5) 0.009

Loop diuretics, n (%) 153 (76.9) 31 (57.4) 0.004

Median NYHA, class (IQR) 3 (2–3) 3 (2–3) 1
IQR—interquartile range; CVD—cardiovascular disease; COPD—chronic obstructive pulmonary dis-
ease; eGFR—estimated glomerular filtration rate; K+—potassium; hs-cTnT—high-sensitivity T troponin;
HFrEF—heart failure with reduced ejection fraction; HFmrEF—heart failure with mildly reduced ejec-
tion fraction; HFpEF—heart failure with preserved ejection fraction; LVEF—left ventricular ejection frac-
tion; LVEDD—left ventricular end diastolic diameter; IVS—interventricular septum; PW—posterior wall;
RVEDD—right ventricular end diastolic diameter; TAPSE—tricuspid annular plane systolic excursion;
ACEi—angiotensin-converting enzyme inhibitor; ARBs—angiotensin receptor blockers; ARNI: angiotensin
receptor/neprilysin inhibitor; BB: beta blocker; MRA—mineralocorticoid receptor antagonist; SGLT2i—sodium
glucose cotransporter 2 inhibitor; NYHA—New York Heart Association.
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Table 8. Occurrences of each outcome in the subgroup of patients with HFpEF/HFmrEF according
to hs-cTnT values at hospital admission.

Variable
hs-cTnT below
Median Value

hs-cTnT above
Median Value

p Value

CV death/HFH, n (%) 2 (6.7) 6 (25) 0.12

CV death, n (%) 1 (3.3) 3 (12.5) 0.31

HFH, n (%) 1 (3.3) 4 (16.7) 0.16

Urgent visit/loop
diuretic escalation, n (%)

3 (10) 8 (33.3) 0.04

CV—cardiovascular; HFH—heart failure hospitalization; hs-cTnT—high-sensitivity T troponin.

Kaplan–Meier survival analysis demonstrated that patients with HFmrEF/HFpEF
and an admission hs-cTnT above the median value have a significantly increased risk of
experiencing an outpatient WHF event at 6-month follow-up (log rank p = 0.03) (Figure 3D).

4. Discussion

The identification of prognostic and predictive biomarkers is currently one of the
biggest challenges for the improvement of HF management. The only validated biomarkers
in HF are NPs. Beyond NPs, the most promising biomarkers are hs-cTnT and suppression
of tumorigenesis-2 ligand (sST2L), and both have been shown to be independent predictors
of mortality in HF [17]. However, data regarding hs-cTnT as prognostic tool in HF are
discordant and often confusing, as well as scarce [18].

The results of our study highlighted the role of hs-cTnT as a valid prognostic biomarker
in the total population of HF patients. More specifically, our results demonstrated that
not only admission hs-cTnT values above the median, but also hs-cTnT increase during
hospitalization are independent predictors of the composite of CV death and HFH at
6-month follow-up (OR: 2.06; 95% CI: 1.02–4.1; p = 0.04 and OR:1.95; 95%CI: 1.006–3.769;
p = 0.04, respectively).

Previous studies revealed the possible role of troponins as predictive biomarkers
of major CV events in HF patients [19–29]. Latini et al. [19] demonstrated that high
levels of hs-cTnT were moderately associated with CV death in chronic HF patients,
with a risk that was 5% higher when troponin levels above the median were detected.
You et al. [20] identified that cardiac troponin I (cTnI) was an independent predictor
of all-cause mortality in patients with acute decompensated HF. These results were
confirmed in different studies including cTnI [21–23]. Del Carlo et al. [24] demonstrated
a higher incidence of 1-year rehospitalization due to HF and mortality in patients with
persistent troponin T levels higher than 0.02 ng/dl. Aimo et al. [25] conducted a meta-
analysis analyzing a global population of 9289 in which it was confirmed that cTnT was
an independent predictor of all-cause mortality and CV hospitalizations in patients with
chronic HF. In a meta-analysis by Masson et al. [26] including 5284 patients, hs-cTnT
levels were predictors of cardiovascular events in patients with chronic HF; however, it
did not add significant prognostic discrimination. In acute decompensated HF patients,
Peacock et al. [27] conducted a retrospective analysis on a population of 84872 patients
hospitalized due to acute HF decompensation. A higher in-hospital mortality for pa-
tients with elevated hs-cTnT levels at admission has been observed [27]. Furthermore,
Pandey et al. [28] reported that cardiac troponin elevation in patients with acute de-
compensated HFpEF was a predictor of adverse in-hospital and post-discharge events.
In a recent meta-analysis by Evans et al. [29] including 67063 patients, hs-cTnT was
associated with incident HF, improving also HF prediction.

These results, including the results of our study, are supported by a physiological
explanation. It is known that the blood concentration of cardiac troponins is a consequence
of myocardial cell necrosis and that every clinical condition that causes cardiomyocyte
damage is also a cause of cardiac troponin blood level elevation [18,30]. In HF patients,
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cardiac troponin release may happen as a consequence of chronic ischemia, also in the
absence of acute coronary stenosis [31]. This is due to HF-induced myocardial remodeling
and subendocardial ischemia, determined by the excessive myocardial wall stress and
cardiomyocyte damage [31]. Also, increased filling pressures, tachyarrhythmia or brad-
yarrhythmia, arterial hypotension, anemia, and endothelial dysfunction may be reasons
for reduced oxygen supply to cardiomyocytes [32]. The consequence is the generation of
myocardial injury, with an increase in cell permeability, allowing cytosol troponin to be
released into the circulation [33,34].

Also, anemia and iron deficiency are known comorbidities associated with adverse
events and worse life quality in patients with HF [1]. According to the Guidelines and
the World Health Organization, anemia is defined by a hemoglobin level < 12 g/dL and
<13 g/dL in females and males, respectively [1]. In our population, hemoglobin represented
a predictor of CV death/HFH at univariate analysis for the total population, but it did not
reach statistical significance at multivariate analysis.

Most of the mentioned studies are limited to describing an association between tro-
ponins and major CV events [35], without considering subclinical events in WHF and HF
subgroups. Scenarios of WHF without hospitalization, such as escalation of diuretic therapy
and/or need for urgent ambulatory visits, are also important concerns in the management
of HF patients. This aspect has been highlighted by the consideration that hospitalization
can be compared to the “tip of the iceberg” of a complex process of disease-worsening,
which occurs outside of the hospital and is often subclinical [4,5]. It has been demonstrated
that outpatient escalation of diuretics therapy increases the risk of 1-year mortality by
75% [36]. WHF is a transversal condition which involves HF patients regardless of LVEF.

HFrEF is widely studied in the scientific literature, while HFmrEF and HFpEF are
entities less studied, but growing evidence demonstrates that their prognoses are similar to
HFrEF [37]. In our study, we found that patients with HFmrEF/HFpEF and an admission hs-
cTnT above the median value had a significant higher risk of urgent ambulatory visit/loop
diuretic escalation at 6 months compared to HFmrEF/HFpEF patients with hs-cTnT below
the median value (p = 0.03). It is known that HFpEF and HFmrEF populations have
substantial differences compared to HFrEF patients. HFpEF patients are usually older and
have multiple comorbidities with a less frequent history of ischemic heart disease than in
HFrEF [38]. Furthermore, HFpEF has a greater association with extracardiac comorbidities,
as well as with the female gender [39]. Although the mortality is similar in HFpEF and
HFrEF, there has been shown to be a higher incidence of hospitalization in HFpEF, which
is mainly related to worsening comorbidities [40]. It has been shown that HFmrEF has
more similar outcomes to HFpEF than HFrEF [41]. The population of HFmrEF, similarly to
HFpEF, is composed of older people and has a higher comorbidity burden than the HFrEF
population. The prognosis of HFmrEF and HFpEF is mainly influenced by the adverse
events related to comorbidities, and the role of hs-cTnT in this patient population may be
explained by continuous ventricular pressure overload with consequently subendocardial
ischemia [33,42].

Another important result of our study was that the risk of the composite of CV death
and HFH was significantly higher in patients with chronic HF and an admission hs-cTnT
above the median value compared to patients with an admission hs-cTnT below the median
value (p = 0.03). This finding emphasizes the prognostic significance of hs-cTnT levels at
hospital admission in patients with HF. Chronic HF patients with elevated hs-cTnT levels
are likely to have underlying cardiac damage or stress, predisposing them to a higher risk
of adverse cardiovascular outcomes. The elevated hs-cTnT levels on admission serve as
a marker of continuous myocardial injury [43] in chronic HF patients. Our results seem
to suggest that the long-standing steady myocardial damage in chronic HF may severely
impact the prognosis.

The use of biomarkers such as NPs and cardiac troponins is suitable in most hospitals
and outpatient services, and their use to manage patients is feasible and standardizable.
On the contrary, other biomarkers, albeit interesting, are not always available everywhere.
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NPs and cardiac troponins reflect two different pathophysiological pathways in HF [44,45],
whose involvement may vary according to the HF subgroup considered. Therefore, the
integrated evaluation of the latter may bring relevant information which can be integrated
into clinical evaluation in light of better patient management. Importantly, our results
highlight the potential role of hs-cTnT quantification, in order to predict adverse events
in peculiar HF subpopulations. An emerging and challenging aspect is the possibility of
using these biomarkers not only to stratify patients’ prognoses, but also to guide therapy
with HF disease-modifying drugs in order to identify patients at higher risk of adverse
events and be more aggressive with the up-titration of therapy [6,17,46,47]. This aspect has
been recently evaluated for NPs, with promising results.

Our study has several limitations. The results should be confirmed on a larger popu-
lation and larger subgroups of HF patients. Due to the number of patients, multivariate
analysis has not been used for subgroups. Other biomarkers have not been included in the
study and compared to hs-cTnT in terms of prognostic predictivity. The trend of hs-cTnT
has not been evaluated during the follow-up.

5. Conclusions

The assessment of biomarkers in HF represents a crucial aspect of patient management.
Our results suggest that in-hospital hs-cTnT levels may predict the composite of CV
death/HFH in patients with HF. In particular, in the subgroup of chronic HF patients, hs-
cTnT may predict the composite of CV death/HFH, while in HFmrEF/HFpEF subgroup,
hs-cTnT may predict out of hospital WHF events. Our results emphasize the importance
of the serial assessment of hs-cTnT at admission and during hospitalization to assess the
prognosis in HF patients.
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Abstract: Objective: To assess the frequency and types of genetic mutations in patients with ar-
rhythmias who underwent cardiac device implantation. Methods: Retrospective observational study,
including 38 patients with different arrhythmias and cardiac arrest as a first cardiac event. Treat-
ment modalities encompass pacemakers, transvenous defibrillators, loop recorders, subcutaneous
defibrillators, and cardiac resynchronization therapy. All patients underwent genetic testing, using
commercially available panels (106–174 genes). Outcome measures include mortality, arrhythmia
recurrence, and device-related complications. Results: Clinical parameters revealed a family history
of sudden cardiac death in 19 patients (50%), who were predominantly male (58%) and had a mean
age of 44.5 years and a mean left ventricle ejection fraction of 40.3%. Genetic testing identified
mutations in various genes, predominantly TMEM43 (11%). In two patients (3%) with arrhythmo-
genic cardiomyopathy, complete subcutaneous defibrillator extraction with de novo transvenous
implantable cardioverter-defibrillator implantation was needed. The absence of multiple associations
among severe gene mutations was crucial for cardiac resynchronization therapy response. Mortality
in this group was around 3% in titin dilated cardiomyopathy patients. Conclusions: Integration of
genetic testing into the decision-making process for patients with electronic devices represents a
paradigm shift in personalized medicine. By identifying genetic markers associated with arrhythmia
susceptibility, heart failure etiology, and cardiac resynchronization therapy response, clinicians can
tailor device choices to optimize patient outcomes.

Keywords: cardiac devices; genetics; sudden cardiac death; pacemakers; defibrillators; resynchro-
nization therapy; loop recorders

1. Introduction

Arrhythmias and cardiac arrest pose significant challenges in clinical management,
requiring various cardiac devices and ablation procedures for treatment [1–5]. Under-
standing the genetics and clinical factors influencing outcomes is crucial for personalized
treatment strategies [6]. Genetic testing has emerged as a valuable tool, providing insights
into mutations associated with channelopathies and cardiomyopathies [6,7].
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Sudden cardiac death (SCD) represents a devastating outcome, often occurring unex-
pectedly and leaving a profound impact on affected individuals and their families. While
SCD can stem from various cardiac pathologies, channelopathies and cardiomyopathies
emerge as significant contributors to this tragic event. Channelopathies encompass a group
of genetic disorders characterized by abnormal ion channel function in cardiac cells, leading
to arrhythmias and, in severe cases, to SCD. Similarly, cardiomyopathies entail structural
abnormalities of the heart muscle, impairing its contractile function and elevating the risk
of lethal arrhythmias.

It is estimated that there are about 7000 single-gene inherited disorders. Many genes re-
sponsible for hereditary cardiomyopathies, such as dilated cardiomyopathy (DCM, OMIM
#604145), hypertrophic cardiomyopathy (HCM, OMIM #192600), and arrhythmogenic
cardiomyopathy (ACM, OMIM #604400), as well as hereditary arrhythmias such as long
QT syndromes (LQTS, OMIM #192500), Brugada syndrome (BrS, OMIM #601144), cardiac
conduction defects (CCD, OMIM #115080), and catecholaminergic polymorphic ventricular
tachycardia (CPVT OMIM #604772), have been identified.

Congenital LQTS is characterized by a prolonged QT interval on the baseline ECG,
usually associated with T-wave abnormalities. Long QT syndrome genes can be classified
into three main groups: pathogenic variants that reduce potassium outward currents,
pathogenic variants that increase sodium inward currents, and pathogenic variants that
increase calcium inward currents. Pathogenic variants related to potassium channels
account for the vast majority of LQTS cases, with KCNQ1 and KCNH2 [8,9] being responsible
for 80% of all genetically explained LQTS cases. Currently, the genes with definitive
evidence include KCNQ1, KCNH2, SCN5A, CALM1, CALM2, and CALM3. The genes with
moderate evidence are CACNA1C and KCNE1, and testing may be considered in patients
with a high probability of diagnosis [10,11].

Brugada syndrome (BrS) is a hereditary disorder characterized by ST-segment eleva-
tion in the right precordial leads and malignant ventricular arrhythmias. This syndrome
may account for approximately 18–28% of unexplained sudden cardiac arrests. Rare genetic
variants in the SCN5A gene, leading to the loss of function of the cardiac sodium channel,
are found in about 20% of the cases [12,13].

Cardiac conduction disease (CCD) is often age-dependent and is a heterogeneous
progressive cardiac conduction disease (PCCD) disorder marked by impaired electrical
impulse propagation in the sinoatrial node, atrioventricular (AV) node, and His–Purkinje
system. On the surface ECG, sinus bradycardia, sinus pauses, prolonged P-wave duration,
AV block, and different degrees of bundle branch block are typical features. The genes
involved in CCD are SCN5A [14,15] and TRPM4 [16].

Hypertrophic cardiomyopathy (HCM) is a relatively common hereditary disorder
marked by hypertrophy of the left ventricular wall that cannot be attributed to other
conditions such as hypertension or valvular heart disease. Typically, the hypertrophy is
asymmetric and mainly affects the intraventricular septum. Gene panels that are generally
recommended include eight sarcomere genes, including MYH7, MYBPC3, TNNI3, TNNT2,
TPM1, MYL2, MYL3, and ACTC1 [17]. This panel typically identifies a disease-causing
variant in about 60% of familial cases [18].

Dilated cardiomyopathy (DCM) is characterized by the presence of left ventricular or
biventricular dilatation and systolic dysfunction. It encompasses a wide range of genetic or
acquired disorders. Approximately 100 genes have been identified as potentially related to
DCM, with truncating variants in the titin gene (TTN) being the most common in DCM,
accounting for up to 20% of cases [19]. Genetic testing panels should include the most
prevalent genes such as TTN and TNNT2, as well as genes with prognostic or therapeutic
implications, such as LMNA, FLNC, and DSP, or other genes such as NEXN, ACTC1,
and ACTN2. The selection of genetic testing panels can be guided by the presence of
specific extracardiac phenotypes, such as neuromuscular diseases (e.g., DMD and EMD),
mitochondrial disease (e.g., NDUFB3), and congenital syndromes [20].
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Arrhythmogenic cardiomyopathy (ACM) is mainly characterized by the replacement
of myocardial tissue with fibrous or fibrofatty tissue, which can lead to progressive global
or regional ventricular dysfunction with a high burden of ventricular arrhythmias. The
recommended genetic test for ACM must include a minimal set of genes that have shown a
clinical association with the disease. These genes, by frequency, include PKP2 (20–45%),
DSP (2–15%), DSG2 (4–15%), DSC2 (2–7%), FLNC (3%), JUP (1%), TMEM43 (1%), PLN (1%),
and DES (1–2%) [21]. Initial studies suggested that the RYR2 gene is part of the genetic basis
of ACM. Apart from ACM, RYR2 mutations have been linked to CCD, DCM, and CPVT.

The identification of individuals at high risk of SCD due to channelopathies and
cardiomyopathies poses a considerable clinical challenge. However, advances in genetic
testing have revolutionized risk stratification, enabling healthcare providers to pinpoint
underlying genetic mutations predisposing individuals to these.

Genetic testing in descendants of SCD victims plays a pivotal role in unraveling the ba-
sis of inherited cardiac conditions. The heritability of certain cardiac disorders, such as long
QT syndrome, Brugada syndrome, and hypertrophic or arrhythmogenic cardiomyopathy,
underscore the importance of identifying at-risk individuals within affected families [7,22].

The genetic make-up of individuals can influence their response to cardiac device
therapy. Despite the potential benefits, incorporating genetic testing into routine clinical
practice for patients with electronic cardiac devices has some challenges. Issues such as cost,
accessibility, and the interpretation of genetic variants need to be addressed. Collaborative
efforts between cardiologists, electrophysiologists, and genetic counsellors are essential to
overcome this and integrate genetic testing into cardiac care.

2. Materials and Methods

1. Study Design: Retrospective observational study.
2. Inclusion criteria: (I) Patients diagnosed with arrhythmias as a first cardiac event (e.g.,

ventricular tachycardia, ventricular fibrillation, and 3rd-degree atrioventricular block)
who are being treated with cardiac devices, such as pacemakers (PMKs), internal
cardioverter-defibrillators (T-ICDs), subcutaneous internal cardioverter-defibrillators
(S-ICDs), and undergoing genetic screening; (II) Patients with syncope of unknown
cause, who are being treated with loop recorders and undergoing genetic screening;
(III) Patients with cardiac resynchronization therapy (CRT) indications, heart failure
(HF) belonging to New York Heart Association (NYHA) class II–IV, left ventricular
ejection fraction (LVEF) ≤ 35%, QRS complex ≥ 130 ms, left bundle branch block
(LBBB) pattern, and optimal pharmacological treatment 3 months prior to CRT, who
are undergoing genetic testing.

3. Exclusion criteria: patients with incomplete medical records or missing genetic data.
4. Data collection:

4.1 Patient demographics: age, gender, and family history of SCD.
4.2 Clinical characteristics: symptoms, type of arrhythmias, and history of cardiac

arrest.
4.3 Cardiac imaging: (1) Echocardiographic measurements in all patients (valvular

regurgitation and ejection fraction (EF)) and (2) Cardiac Magnetic Resonance
Imaging (MRI) if available: ejection fraction, fibrosis, or scar.

4.4 Interventions: type of cardiac device (PMK, ICD, S-ICD, CRT, or loop recorder)
and type of ablation if it was performed.

4.5 Genetic testing used next-generation sequencing panels. The testing focused on
channelopathies and cardiomyopathies, used commercially available panels,
ranged from 106–174 genes, and were chosen at the discretion of the attending
physician.

Depending on availability and local collaboration protocols, certain patients had
their genetic testing conducted at the Regional Center of Medical Genetics Dolj (CRGM
Dolj). This was performed using the TruSightCardio panel Illumina (San Diego, CA, USA),
which included 174 genes. Genomic DNA was isolated from the primary sample using
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commercial kits (Wizard® Genomic DNA Purification Kit, PureLink™ Genomic DNA,
QIAsymphony DSP DNA). Preparation of sequencing libraries was performed according
to the manufacturer’s recommendations. The protocol was based on enzymatic fragmen-
tation and selective amplification of target areas. The library obtained was sequenced
on the Illumina platform with the aim of obtaining coverage of at least 50× (depth) for
germline variants, and at least 98% (coverage) of the targeted areas. Bioinformatics anal-
ysis was performed using a bioinformatics solution implemented locally within CRGM
Dolj. Variants with convincing evidence of variant/gene–phenotype correlation according
to established international databases (OMIM and Clin Var) were especially evaluated.
All known modes of transmission for the presumed diseases were taken into account.
Mendelian and variants with insufficient criteria for diagnosis were excluded from the re-
port (e.g., heterozygous variants in genes known to be recessive). Bioinformatics tools such
as GEMENI, (iGenomes GATK GRCh37 variants nf-core/sarek v2.7.1; Nextflow v21.04.1;
BWA 0.7.17; GATK v4.1.7.0) as well as tapes/annovar, could be used for filtering and prior-
itization. WAS followed the AMCG variant classification, which reflected the probability
that a variant is pathogenic in the following sequence: Benign, Likely Benign, Variant with
Uncertain Significance (VUS—variant of unknown significance), Likely Pathogenic, and
Pathogenic. Only those variants that correlate with the clinical phenotype were reported.

Some patients underwent genetic testing at the Genomic Center of the University of
Medicine and Pharmacy Victor Babes Timisoara, utilizing a 174-gene sequencing panel,
the TruSightCardio panel from Illumina (San Diego, CA, USA). Target enrichment was
conducted with the TruSight Rapid Capture kit (Illumina). Sequence reads were aligned
to the human reference genome, hg37, using the Burrows–Wheeler alignment (BWA)
tool. Variants identified were annotated using ANNOVAR, as described in previous
publications [23].

For some patients, NGS gene panels were utilized at Invitae laboratories (USA) to
test for sequence and exon-level copy number variants, as previously described [24,25].
The prescribing physician selected one or more panels among the commercially available
NGS panels at their discretion. The basic commercial panel included 106 genes, while
larger panels, comprising up to 168 genes, covered a broader set of genes for the Invitae
Arrhythmia and Cardiomyopathy Comprehensive Panel, Add-on Preliminary evidence
Genes for Arrhythmia and Cardiomyopathy, and Add-on Sudden Unexpected Death in
Epilepsy (SUDEP) Genes. Familial screening was offered to relatives of a proband with
pathogenic and likely pathogenic variants. The patient and physician chose among the three
laboratories based on different turnaround times and reimbursement considerations. The
outcomes were device efficacy and device-related complications, arrhythmia recurrence,
and mortality.

Statistical Analysis

Data are presented as mean ± standard deviation for continuous variables and as
proportions for categorical variables. Continuous variables were compared between
groups using an unpaired T-test (variables with normal distribution) or Chi-square test. A
p-value < 0.05 was considered significant.

All the subjects included in the study gave their informed consent before inclusion.
The study was conducted in accordance with the Declaration of Helsinki, and the protocol
was approved by the Ethics Committee of our institute (number 46/28.09.2018).

3. Results

Thirty-eight patients, 44.5 ± 13.1 y.o. (58% males), were included. All patients received
an electronic cardiac device in a tertiary center between 2018–2023. The most frequent
presentation that led to the diagnosis was ventricular tachycardia in 34% of the cases,
followed by cardiac arrest in 26% of the cases. Demographic, clinical, and echocardiographic
parameters are found in Table 1.

45



J. Clin. Med. 2024, 13, 3801

Table 1. Demographic, clinical, and echocardiographic parameters. COPD—chronic obstructive
pulmonary disease, SD—standard deviation, MR—mitral regurgitation, TR—tricuspid regurgitation.

Male gender, % 22 (58%)

Age, y.o., mean ± SD 44.5 ± 13.1

Main arrhythmia or symptoms
leading to cardiac evaluation

Cardiac arrest 10 (26%)
Ventricular tachycardia 34 (34%)

Atrial fibrillation 3 (8%)
3rd degree atrioventricular block 5 (13%)

Heart failure symptoms 2 (5%)
Syncope 5 (13%)

Associated pathology, n, %

Hypertension 5 (13%)
Coronary artery disease 3 (8%)

Diabetes Mellitus 3 (8%)
COPD 1 (3%)

LVEF (%) 40.3 ± 14.7

Severe MR, n, % 5 (13%)
Moderate MR, n, % 13 (34%)

Mild MR, n, % 14 (37%)

Severe TR, n, % 1 (3%)
Moderate TR, n, % 8 (21%)

Mild TR, n, % 24 (63%)

Twenty patients (53%) underwent an MRI scan, and in 70% of cases, extensive fibrosis
was identified during the scan. The baseline medication for all the patients is presented in
Table 2.

Table 2. Cardiological medication taken by the patients included in the study; NOAC—non-
vitamin K antagonist oral anticoagulant, SGLT2—sodium-glucose co-transporter 2 inhibitors, ACEI—
angiotensin-converting enzyme inhibitor, ARNI—angiotensin receptor neprylisin inhibitor.

Medical Treatment N, %

Bblockers 25 (66%)

Ivabradine 1 (3%)

Class Ic antiarrhythmic 2 (5%)

Class III antiarrhythmic 14 (37%)

NOAC 6 (16%)

Antialdosteronics 16 (42%)

SGLT2 inhibitors 9 (24%)

ARB + ARNI 13 (34%)

ACEI 6 (16%)

In accordance with the cardiac pathology being the first cardiac manifestation, patients
were implanted with an electronic device, as follows: six dual-chamber PMKs, 10 single-
chamber ICDs, five dual-chamber ICDs, three subcutaneous ICDs, four loop recorders, 10
CRT,3 CRT-Pacemakers (CRT-P), and seven CRT-D defibrillators (CRT-D).

Nineteen patients (50%) had a family history of SCD. All the patients were genetically
tested, focusing on channelopathies and cardiomyopathies and using commercially avail-
able panels, which ranged from 106–174 genes. The results are displayed in graph no. 1.
Testing identified pathogenic (P) or likely pathogenic (LP) variants in 27 patients (71%),
variants of unknown significance (VUS) in seven patients (18%), and negative results in
four patients (11%) (Table 3).
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Table 3. Genetic testing in our group of patients.

Sex
Age

(Years)
Gene OMIM Number Transcript Zygosity Classification

M 49 TMEM43 #612048 c.1073C>T (p.Ser358Leu) heterozygous P

M 50 TMEM43&TTN #612048&#188840
c.1073C>T

(p.Ser358Leu)&c.107635C>T
(p.Gln35879*)

heterozygous P&P

F 28 DSP #125647 Deletion (Exons 7-10) heterozygous LP
M 30 TMEM43 #612048 c.1073C>T (p.Ser358Leu) heterozygous P
M 49 DSP #125647 c.939C>T (Silent) heterozygous LP
M 48 KCNQ1 #607542 c.691C>T (p.Arg231Cys) heterozygous P
F 44 KCNQ1 #607542 c.604G>A (p.Asp202Asn) heterozygous P
M 29 DMD #300377 Deletion (Exons 45-47) hemizygous P
M 24 EMD #300384 c.187+1G>A (Splice donor) hemizygous P
F 50 TNNI3K #613932 c.2302G>A (p.Glu768Lys) heterozygous P
M 52 RYR2 #180902 c.10631C>G (p.Pro3544Arg) heterozygous LP
M 50 TTN #188840 c.93166C>T (p.Arg31056*) heterozygous LP
F 40 LMNA #150330 c.604G>T (p.Glu202*) heterozygous P
F 47 SCN5A #600163 c.5971C>T (p.Arg1991Trp) heterozygous LP
F 61 DSC2 #125645 c.397G>A (p.Ala133Thr) heterozygous LP
M 31 TRPM4 #606936 c.1127T>C (p.Ile376Thr) heterozygous P
M 63 MYBPC3 #600958 c.712C>T (p.Arg238Cys) heterozygous LP
F 23 CTNNA3 #607667 Deletion (Exon 10) heterozygous LP
M 38 SCN5A #600163 c.2989G>A (p.Ala997Thr) heterozygous LP
M 46 RYR2 #180902 c.5776G>A (p.Val1926IIe) heterozygous LP
F 45 MYH7 #160760 c.1615A >G (p.Met539Val) heterozygous LP
M 47 PKP2 #602861 c.1510+1G>T heterozygous LP
M 38 TTN #188840 c.69224delA heterozygous LP
M 55 SGCD #601411 c.448T>G heterozygous VUS
F 61 TMEM43 #612048 c.1073C>T (p.Ser358Leu) heterozygous P
F 55 FBN1 #134797 c.718C>T heterozygous P
F 58 MYH7 #160760 c.1615A>G heterozygous LP
M 46 MYLK #600922 c.3610C>T (p.Arg1204Trp) heterozygous VUS
M 53 A2ML1 #610627 c.2464G>A (p.Val822Ile) heterozygous VUS
M 64 SOS1 #182530 c.2165G>A (p.Arg722Lys) heterozygous VUS
F 26 CACNB2 #600003 c.998C>T (p.Thr333Ile) heterozygous VUS
F 63 AGL #610860 c.1333A>G (p.Met445Val) heterozygous VUS
F 67 AGL #610860 c.3235C>T (p.Gln1079*) heterozygous P
F 25 NDUFB3 #603839 c.208G>T (p.Gly70*) heterozygous VUS

Gene variants—pathogenic, likely pathogenic, and uncertain significance. M = male, F = female, P = pathogenic,
LP = likely pathogenic, VUS = uncertain significance. c.107635C>T (p.Gln35879*) TTN: Exons 153-155
(NM_133378.4) are excluded from analysis. TTN variants are reported in the primary report based on func-
tional effect and/or location. A complete list of variants of uncertain significance, likely benign and benign
variants in TTN is available upon request. Variants are named relative to the NM_001267550.2 (meta) transcript,
but only variants in the coding sequence and intronic boundaries of the clinically relevant NM_133378.4 (N2A)
isoform are reported (PMID: 25589632). c.93166C>T (p.Arg31056*) TTN: Exons 45-46, 147, 149, 164, 172-201
(NM_001267550.2) are excluded from analysis. TTN variants are included in the primary report based on func-
tional effect and/or location. A complete list of variants of uncertain significance, likely benign and benign
variants in TTN is available upon request. Variants are named relative to the NM_001267550.2 (meta) transcript.
c.604G>T (p.Glu202*) This sequence change creates a premature translational stop signal (p.Glu202*) in the LMNA
gene. It is expected to result in an absent or disrupted protein product. Loss-of-function variants in LMNA are
known to be pathogenic (PMID: 18585512, 18926329). c.3235C>T (p.Gln1079*) This sequence change creates a
premature translational stop signal (p.Gln1079*) in the AGL gene. It is expected to result in an absent or disrupted
protein product. This variant has been observed in individual(s) with clinical features of glycogen storage disease
type III (PMID: 26885414). In at least one individual the data is consistent with the variant being in trans (on the
opposite chromosome) from a pathogenic variant. ClinVar contains an entry for this variant (Variation ID: 551403).
c.208G>T (p.Gly70*) This sequence change creates a premature translational stop signal (p.Gly70*) in the NDUFB3
gene. While this is not anticipated to result in nonsense mediated decay, it is expected to disrupt the last 29 amino
acid(s) of the NDUFB3 protein. NDUFB11: Deletion/duplication and sequencing analysis is not offered for exon
1. COX10: Deletion/duplication and sequencing analysis is not offered for exon.
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According to the recommendations of the American College of Medical Genetics and
Genomics (ACMG) [26], the patients included in our study were divided into two groups.
The first group included 27 patients with positive genetic tests (pathogenic and likely
pathogenic), and the second group included 11 patients either with negative genetic tests
or with a variant of unknown significance. We considered TTN and LMNA as a separate
group (14.81% of patients). The following genes were included in the sarcomeric motor
genes group: MYBPC3, CTNNA3, MYH7, TNNI3K, and MYLK. This functional gene group
recorded a positive genetic test in 22.22% of patients (Figure 1A). Regarding desmosomal
genes, these included DSP, DSC2, and PKP2. This functional gene group recorded a
positive test in 14.81% of the patients. Another functional gene group was represented by
ion channel genes, which included the following genes: KCNQ1, RYR2, SCN5A, TRPM4,
and CACNB2. This gene group registered positive genetic tests in 22.22% of the patients.
In addition, genes from the cytoskeleton-Z-disk gene structural group included DMD,
with a positive genetic test in only one patient (3.70%). Patients with mutations in the
remaining genes that were screened were categorized into an “other genes” group. These
genes include SGCD, TMEM43, FBN1, A2ML1, SOS1, AGL, NDUFB3, and EMD, and were
registered in 22.22% of the patients with positive genetic tests. Regarding the patients with
negative genetic tests or with a variant of unknown significance (only 11 patients out of a
total of 38 patients), the following genes were identified: CACNB2 from the ion channel
genes group, MYLK from the motor sarcomeric genes group, and A2ML1, SOS1, AGL, and
NDUFB3 from the other genes group (Figure 1B).

Figure 1. Distribution of positive genetic test (A)/variant of unknown significance or negative test
(B) in the overall study cohort.

Seven patients (18%) had ACM, two patients (5%) had HCM, two had muscular
dystrophies (one with Becker and one with Emery Dreifuss tip 1), three patients (8%) had
channelopathies (two patients with LQTS type 1 and one patient with BrS syndrome), one
patient (3%) had mitochondrial disease, four patients (11%) had CCD, and the rest had
DCM. A more detailed image of genetic testing results is presented in Figure 2.

TMEM43 mutations (11%) were the most prevalent due to being a disease-causing
variant of arrhythmogenic cardiomyopathy. In four patients (11%), genetic testing was
negative, two patients had idiopathic ventricular fibrillation, one patient had ACM, and one
patient had DCM. In these patients, genetic retesting will be considered using an extensive
cardiology panel.
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Figure 2. Prevalence of genetic mutations.

The average follow-up was 4.7 ± 1.8 years, and the longest follow-up was 6 years.
During follow-up, five patients (13%) needed ventricular tachycardia ablation, two patients
(5%) underwent atrial fibrillation ablation, and one patient (3%) underwent ganglion
denervation.

In ten patients (26%) with DCM, CRT was performed (seven CRT-D, three CRT-P). The
assessment of responses to CRT was based on the following criteria [27,28]:

- Clinical response to CRT, defined as improvement in NYHA functional class.
- Echocardiographic response (defined as >5% increase in LVEF and decreased mitral

regurgitation degree).

Patients were divided into two groups: super-responders (SRs) and non-SRs (re-
sponders and hyporesponders). SR patients were defined as those with a stable ejection
fraction (LVEF) ≥ 45%. A detailed comparison regarding SRs and non-SRs characteristics
is presented in Table 4.

Comparing the SR vs. non-SR groups, we observe that the SR group has a younger
average age, a 100% typical LBBB pattern, a wider QRS complex, and LV leads placed only
in posterolateral or lateral positions. During a 12-month follow-up, none of the patients
in the SR group experienced severe or moderate mitral regurgitation. In terms of genetic
testing, there was a variation of mutations in the SR group, while the non-SR group had
two patients with VUS-AGL and one patient with both TTN and TMEM43 pathogenic
mutations. No deaths were recorded in the SR group. In the non-SR group, there was
one cardiac death in the patient with both TTN and TMEM43 mutations due to refractory
HF and electrical storm following a severe COVID infection, despite having the clinical
and paraclinical criteria of a super-responder (nonischemic, younger age, typical LBBB
pattern, wider QRS, and LV lead in the posterolateral position). Additionally, in the SR
group, one patient with a TNNI3K gene mutation, who met the clinical and paraclinical
criteria of a super-responder (nonischemic, younger age, typical LBBB pattern, and wider
QRS) on maximal medical treatment, was initially a non-responder due to the inadequate
positioning of the LV lead in the anterior wall. After proper positioning in the posterolateral
wall, the patient became a super-responder, as illustrated in Figure 3.
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Table 4. A comparison regarding technical aspects, echocardiography parameters, and genetic
mutation in SRs versus non-SRs; LBBB—left bundle branch block, SD—standard deviation, FO—
follow-up, super-responders (SRs), non-SRs (responders and hyporesponders), typical pattern—
Strauss Criteria, MR—mitral regurgitation.

SRs
(N = 5, 50%)

Non-SRs
(N = 5, 50%)

Age, y.o., mean ± SD 51 ± 3.3 63 ± 6.5

LV lead position
n, %

Posterolateral 2 (40%) 0 (0%)
Lateral 3 (60%) 3 (60%)

Posterior 0 (0%) 1 (20%)
Anterolateral 0 (0%) 1 (20%)

AV paced interval,
mean ± SD 120 ± 7.5 110 ± 10

AV sensed interval,
mean ± SD 100 ± 8 90 ± 6.3

LBBB
Typical pattern 5 (100%) 2 (40%)

Atypical pattern 0 (0%) 3 (60%)
QRS duration

mean ± SD 180 ± 0 140 ± 9.8

LVEF (%)

• Baseline
• 12 months FO

20 ± 7.1 30 ± 2.4
50 ± 3.7 35 ± 4.4

Severe MR, n, %

• Baseline
3 (60%) 0 (0%)

• 12 months FO 0 (0%) 0 (0%)

Moderate MR, n, %

• Baseline
2 (40%) 5 (100%)

• 12 months FO 0 (0%) 4 (80%)

Genetic testing
(gene mutation)

PKP2 A2ML1
SGCD AGL

TNNI3K AGL
MYLK MYBCP3
RYR2 TTN&TMEM43

An upgrade to CRT-D was necessary in the non-SR group for one patient with a
VUS-AGL mutation, a possible non-disease-causing variant. This patient had nonischemic
DCM with an atypical LBBB pattern and a QRS duration of 140 ms, and was on maximal
medical treatment when initially implanted with a CRT-P device. Two years after CRT
implantation, due to repeated ventricular tachycardia, a CRT-D upgrade was needed,
including replacement of the LV lead from the anterior position to the lateral wall. However,
the patient, just like the other one with the same mutation, remained a non-responder.

Two young patients, who experienced cardiac arrest due to ventricular fibrillation as
their first cardiac event, received a subcutaneous implantable cardioverter-defibrillator (S-
ICD). Genetic testing later diagnosed them with arrhythmogenic cardiomyopathy, revealing
one DSP mutation and one TMEM43 mutation, both of which are pathogenic. During
follow-up, they developed electrical storm due to multiple forms of ventricular tachycardia.
Despite undergoing endoepicardial ablation procedures, they continued to experience
ventricular tachycardia. Both patients experienced early battery depletion, and the patient
with DSP mutation also showed under-sensing. Consequently, a transvenous ICD (T-ICD)
was recommended with complete removal of the S-ICD system, as shown in Figure 4.
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Figure 3. The evolution of a patient with a TNNI3K gene mutation after proper positioning of the LV
lead in the posterolateral wall.

In the entire group of patients, there were two cardiac deaths, both in individuals with
TTN mutations who suffered from refractory heart failure. Despite receiving maximum
treatment, their condition progressed rapidly and was fulminant.

Assessing the correlation (Figure 5) between the age of the patients included in our
study and the left ventricular ejection fraction (LVEF), we observed a negative correlation
for all patients included in our study, meaning that the younger the patients, the higher the
LVEF values, and the older the patients, the lower the LVEF values (r = −0.5210, p = 0.0008).
Separating the two groups of patients, we noticed negative correlations both in patients
with a positive genetic test (r = −0.4474, p = 0.0193) and in patients with a variant of
unknown significance or a negative test (r = −0.6354, p = 0.0357).
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Figure 4. The cases of two young patients with S-ICD who experienced early battery depletion
and under-sensing due to low voltage surface QRS. A transvenous ICD (T-ICD) was recommended
with complete removal of the S-ICD system. The red circles on the ECG are highlighting QRS
underdetection by the S-ICD.

Figure 5. Correlations between left ventricular ejection fraction (LVEF) and age of all patients in the
study (A), between LVEF and age of patients with positive genetic tests (B), and between LVEF and
age of patients with a variant of unknown significance or a negative test (C).

4. Discussion

Genetic testing in patients with electronic cardiac devices holds significant promise for
optimizing therapy and improving outcomes. As our understanding of the genetic basis
of cardiac disorders continues to expand, integrating genetic information into the clinical
decision-making process will become increasingly important. By doing so, clinicians can of-
fer more personalized and effective treatments for patients with pacemakers, defibrillators,
and resynchronization therapy devices.

Identifying a specific genetic trait can aid in patient management and guide clinical
decisions. Patients with pathogenic LMNA variants consistently face a poor prognosis,
particularly with a high risk of sudden cardiac death (SCD) due to conduction defects or ven-
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tricular arrhythmia. Preventive pacemaker (PM) or implantable cardioverter-defibrillator
(ICD) therapy should be considered early for LMNA carriers, with ICD implantation al-
gorithms that include pathogenic variant mechanisms (truncating vs. missense variant)
due to the higher SCD risk [29,30]. Similarly, a higher risk of SCD is linked to pathogenic
variants, especially truncated variants, in the FLNC, DES, RBM20, and PLN genes, warrant-
ing consideration for preventive ICD implantation in these patients [31,32]. Desmosomal
pathogenic variants in individuals with dilated cardiomyopathy or biventricular arrhyth-
mogenic cardiomyopathy are also associated with an increased risk of life-threatening
ventricular arrhythmias and SCD [33].

Cardiomyopathies can be either inherited and/or acquired [34,35]. They may also
be exacerbated by disease modifiers, which are conditions that can worsen or trigger
cardiomyopathies (such as many cardiovascular comorbidities). Identifying an acquired
cause of DCM does not rule out the presence of an underlying gene mutation; conversely, a
genetic variant might require an additional acquired cause to clinically manifest [36,37].

Cardiac resynchronization therapy has emerged as a valuable treatment option for
heart failure patients [38,39]. As technology advances, genetic testing plays an increasingly
pivotal role in tailoring therapies to individual patients’ needs. One critical decision faced
by clinicians is choosing between a traditional CRT-P and a CRT-D.

After the controversial Danish trial, the ICD benefit in primary prophylaxis in patients
with non-ischemic cardiomyopathy is debatable in the presence of CRT, and it seems that
CRT-P is not inferior to CRT-D [28,40].

The data indicate differences within the group we studied. All patients who underwent
CRT and genetic testing had non-ischemic cardiomyopathy. Among them, 70% received a
CRT-D device following a cardiac arrest caused by ventricular fibrillation or ventricular
tachycardia as their first cardiac event, while the remaining 30% received a CRT-P device.
One patient with a VUS-AGL mutation, a potentially non-disease-causing variant, required
an upgrade to CRT-D due to repeated ventricular tachycardia two years post-implantation,
which also involved the replacement of the LV lead from the anterior position to the
lateral wall. Despite these interventions, this patient, like another with the same mutation,
remained a non-responder. Another patient, despite having the clinical and paraclinical
criteria of a super-responder (nonischemic, younger age, typical LBBB pattern, wider QRS,
and LV lead in the posterolateral position), died due to refractory HF and electrical storm,
having both TTN and TMEM43 mutations. It appears that patients with multiple mutations
experience more severe disease and exhibit a weaker response to CRT. Furthermore, despite
being a nonischemic DCM, a patient with a TMEM43 mutation, known for its extreme
arrhythmogenicity, more often has an unfavorable outcome.

In human patients, mutations in the nuclear envelope protein TMEM43 are linked to
severe diseases, including ACM type 5, a devastating cardiomyopathy that leads to malig-
nant arrhythmias and heart failure. The TMEM43-p.S358L mutation has been identified
as the genetic cause of an aggressive form of ACM, primarily affecting males. Despite
extensive in vivo studies, the pathogenic mechanisms of TMEM43-associated ACM re-
main poorly understood. Various research groups have developed different models using
mice and zebrafish, and induced pluripotent stem cells with TMEM43 mutations to study
ACM [41–43]. However, both TMEM43-p.S358L knock-in and knock-out mice do not
develop a cardiac phenotype under normal conditions [41], suggesting that the pathogenic-
ity of this specific mutation requires enhancement through overexpression or additional
genetic, epigenetic, or environmental factors in mice. In the study by Zink et al. [42], the
first transgenic zebrafish model expressing two different potential pathogenic variants
found in human patients under a heart-specific promoter was created, along with genetic
mutants of TMEM43 in zebrafish. These zebrafish lines were characterized from early
embryonic stages to adulthood. The mutant p.S358L TMEM43 was found to be unstable
and partially redistributed into the cytoplasm in embryonic and adult hearts. Additionally,
both TMEM43 variants exhibited cardiac morphological defects at juvenile stages and
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ultrastructural changes within the myocardium, along with dysregulated gene expression
in adulthood.

Conversely, a patient with a TNNI3K gene mutation, who met the super-responder
criteria (nonischemic, younger age, typical LBBB pattern, and wider QRS) on maximal
medical treatment, was initially a non-responder due to the inadequate positioning of the
LV lead in the anterior wall. After proper positioning in the posterolateral wall, the patient
became a super-responder.

Considering our group of patients, in order to become a super-responder, meeting
the clinical and paraclinical criteria of a super-responder (nonischemic DCM, younger age,
typical LBBB pattern, wider QRS complex, and appropriate LV lead position) is necessary.
Additionally, the absence of multiple associations with severe gene mutations is also crucial.

Two patients diagnosed with arrhythmogenic cardiomyopathy, who experienced car-
diac arrest due to ventricular fibrillation as their first cardiac event, received subcutaneous
implantable cardioverter-defibrillators (S-ICDs). During follow-up, they developed elec-
trical storm due to multiple forms of ventricular tachycardia. Both patients experienced
early battery depletion, and the patient with a DSP mutation also showed under-sensing.
Consequently, a transvenous ICD (T-ICD) was recommended with complete removal of
the S-ICD system. The oldest lead was 6 years old. Multiple simple manual tractions were
necessary to release the generator and the proximal part of the lead. For the distal part, a
mechanical dilator sheath (yellow sheath, inner ID/OD 8.5/10.7Fr) was used to free the
lead. The systems were completely removed without complications.

Considering this, it might be preferable to implant a T-ICD when arrhythmogenic car-
diomyopathy is suspected, even if the patient experienced cardiac arrest due to ventricular
fibrillation as their first cardiac event.

Studies indicate that both T-ICD and S-ICD are effective in detecting and terminating
life-threatening arrhythmias in arrhythmogenic cardiomyopathy (ACM); however, the
absence of antitachycardia pacing (ATP) in S-ICDs can be a limitation for patients who
frequently experience ventricular tachycardia that could otherwise be managed without
a shock [44,45]. Guidelines generally support the use of either device in ACM patients,
emphasizing personalized treatment based on patient risk profile, lifestyle, age, and ar-
rhythmic burden [2]. As speculated in the literature in cases of severely impaired right
ventricular function, a T-ICD is better than an S-ICD [46]. In the remaining cases, an S-ICD
could be taken into account, especially in younger patients or those with a higher risk of
lead-related complications.

Regarding mortality, two patients died during follow-up due to refractory heart failure,
both of whom had titin mutations. A significant proportion of DCM cases are linked to
genetic mutations, with titin mutations being the most common type [47]. Titin is a giant
protein that plays a crucial role in the elasticity and stability of cardiac sarcomeres. Studies
have shown that patients with this mutation have a worse prognosis, especially a higher
incidence of heart failure progression and death, but the extent of the impact can vary
based on individual patient factors [48,49]. Early genetic screening and tailored therapeutic
strategies are essential in managing patients with TTN-related DCM to improve outcomes
and reduce mortality, including more aggressive heart failure management and the use of
ICD to prevent sudden cardiac death.

The severity and progression of DCM exhibit significant variability among individuals,
not only in sporadic cases but also within members of the same family. This variability
may be explained by the fact that the clinical phenotype is influenced not only by a single
causative gene variant but also by the interaction with common variants in the genome,
epigenetic factors, and environmental influences. Patients with DCM who carry pathogenic
variants in the LMNA, RBM20, and DSP genes are at higher risk for heart failure progression
and may require heart transplantation [33,50].
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5. Conclusions

Genetic testing has the potential to revolutionize the decision-making process in
patients with cardiac electronic devices. By identifying genetic markers associated with
arrhythmia susceptibility, heart failure etiology, and CRT response, clinicians can tailor
therapy to individual patient needs.
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Abbreviations

A2ML1 Alpha 2 Macroglobulin Like 1
ACM Arrhythmogenic Cardiomyopathy
ACMG American College of Medical Genetics and Genomics
ACTC1 Actin Alpha Cardiac Muscle 1
ACTN2 Actinin Alpha 2
ACEI Angiotensin-Coverting Enzyme Inhibitor
AGL Amylo-Alpha-1, 6-Glucosidase, 4-Alpha-Glucanotransferase
ARNI Angiotensin Receptor Neprylisin Inhibitor
ATP Anti-Tachycardia Pacing
AV Atrioventricular
BrS Brugada
CACNB2 Calcium Voltage-Gated Channel Auxiliary Subunit Beta 2
CALM 1 Calmodulin 1
CALM 2 Calmodulin 2
CALM 3 Calmodulin 3
CCD Cardiac Conduction Defects
COPD Chronic Obstructive Pulmonary Disease
CPVT Catecholaminergic Polymorphic Ventricular Tachycardia
CRT Cardiac Resynchronization Therapy
CRT-D Cardiac Resynchronization Therapy Defibrillator
CRT-P Cardiac Resynchronization Therapy Pacemaker
CTNNA3 Catenin Alpha 3
DCM Dilated Cardiomyopathy
DES Desmin
DSG2 Desmoglein 2
DMD Dystrophin
DSP Desmoplakin
DSC2 Desmocollin 2
EF Ejection Fraction
EMD Emerin
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FBN1 Fibrillin 1
FLNC Filamin C
FO Follow-Up
HCM Hypertrophic Cardiomyopathy
HF Heart Failure
ICD Implantable Cardioverter Defibrillator
JUP Junction Plakoglobin
KCNQ1 Potassium Voltage Gated Channel Subfamily Q Member 1
KCNH2 Potassium Voltage Gated Channel Subfamily H Member 2
LBBB Left Bundle Branch Block
LP Likely Pathogenic
LMNA Lamin A/C
LQTs Long QT Syndrome
LV Left Ventricle
LVEF Left Ventricular Ejection Fraction
MRI Magnetic Resonance Imaging
MR Mitral Regurgitation
MYBPC3 Myosin Binding Protein C, Cardiac
MYH7 Myosin Heavy Chain 7
MYLK Myosin Light Chain Kinase
MYL2 Myosin Light Chain 2
MYL3 Myosin Light Chain 3
NDUFB3 NADH: Ubiquinone Oxidoreductase Subunit B3
NEXN Nexilin F-actin binding protein
NOAC Non-Vitamin K Antagonist Oral Anticoagulant
NYHA New York Heart Association
P Pathogenic
PLN Phospholamban
PKP2 Plakophilin 2
PMK Pacemaker
RBM20 RNA Binding Motif Protein 20
RYR2 Ryanodine Receptor 2
SCD Sudden Cardiac Death
SCN5A Sodium Voltage Gated Channel Alpha Subunit 5
SGCD Sarcoglycan Delta
SGLT2 Sodium-Glucose Co-transporter 2 Inhibitors
S-ICD Subcutaneous Implantable Cardioverter Defibrillator
SOS1 SOS Ras/Rac Guanine Nucleotide Exchange Factor 1
SR Superresponder
SD Standard Deviation
T-ICD Transvenous Implantable Cardioverter Defibrillator
TMEM43 Transmembrane Protein 43
TNNI3K TNNI3 Interacting Kinase
TNNI3 Troponin I3, Cardiac Type
TNNT2 Troponin T2, Cardiac Type
TPM1 Tropomyosin 1
TR Tricuspid Regurgitation
TRMP4 Transient Receptor Potential Cation Channel Subfamily M Member 4
TTN Titin
TTN-DCM Titin Related Dilated Cardiomyopathy
VUS Variant of Uncertain Significance
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Abstract: Heart failure (HF) is a complex medical condition characterized by both electrical and
mechanical dyssynchrony. Both dyssynchrony mechanisms are intricately linked together, but the cur-
rent guidelines for cardiac resynchronization therapy (CRT) rely only on the electrical dyssynchrony
criteria, such as the QRS complex duration. This possible inconsistency may result in undertreating
eligible individuals who could benefit from CRT due to their mechanical dyssynchrony, even if they
fail to fulfill the electrical criteria. The main objective of this literature review is to provide a com-
prehensive analysis of the practical value of echocardiography for the assessment of left ventricular
(LV) dyssynchrony using parameters such as septal flash and apical rocking, which have proven
their relevance in patient selection for CRT. The secondary objectives aim to offer an overview of
the relationship between septal flash and apical rocking, to emphasize the primary drawbacks and
benefits of using echocardiography for evaluation of septal flash and apical rocking, and to offer
insights into potential clinical applications and future research directions in this area. Conclusion:
there is an opportunity to render resynchronization therapy more effective for every individual;
septal flash and apical rocking could be a very useful and straightforward echocardiography resource.

Keywords: cardiac resynchronization; left ventricular dyssynchrony; septal flash; apical rocking;
echocardiography

1. Introduction

Heart failure (HF) is a clinical syndrome resulting from structural and functional
impairment of ventricular filling or ejection of blood. The global incidence and prevalence
rates of HF have reached epidemic proportions, affecting nearly 23 million people, and in
the general European population the prevalence of symptomatic HF ranges between 0.4
and 0.6%, being similar to the prevalence in the United States [1]. The prevalence of HF
rises exponentially with age, being ≥10% among people aged >70 years [2].

Within the population of patients with chronic HF, intraventricular conduction ab-
normalities play a substantial role in elevating the risk of morbidity and mortality. These
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abnormalities can lead to impaired systolic function, reduced left ventricular contractility,
prolonged mitral regurgitation, and abnormal septal wall motion, affecting approximately
one-third of patients with heart failure and reduced ejection fraction (HFrEF) [3–9]. It is
noteworthy that the prevalence of secondary mitral regurgitation (SMR) in heart failure
patients reaches 50% for ischemic and 65% for nonischemic cardiomyopathy, while mild
to moderate secondary mitral regurgitation occurs in 49% of patients with HF and severe
secondary mitral regurgitation occurs in 24% of patients [10,11]. The presence and severity
of SMR alone reveal substantial connections with both all-cause mortality and heart failure
hospitalizations [11].

Cardiac resynchronization therapy (CRT) is a well-established treatment for heart
failure patients with a severely reduced ejection fraction (LVEF < 35%) and a QRS dura-
tion exceeding 130 ms who remain symptomatic despite optimized medical therapy [12].
Extensive data from large-scale randomized studies consistently show that, in patients
with a wide left bundle branch block (LBBB) conduction pattern and severe left ventricular
(LV) systolic dysfunction, cardiac resynchronization therapy (CRT) leads to significant
improvements in hard outcomes such as reduced mortality [13] and heart failure hospital-
ization rates [14], as well as improvement of exercise capacity, symptoms, and quality of
life [15]. In addition, cardiac resynchronization therapy (CRT) can reduce secondary mitral
regurgitation by enhancing the closing forces driven by ventricular resynchronization as
well as by diminishing the tethering forces on the mitral apparatus [16].

In the last three decades, extensive research efforts have focused on identifying
imaging-based parameters that can uncover the electromechanical factors influencing the
effectiveness of cardiac resynchronization therapy (CRT) [17]. Echocardiographic assess-
ment of ventricular or mechanical dyssynchrony before CRT, irrespective of left ventricular
ejection fraction (LVEF) or QRS duration [18–20] may enhance patient selection and identify
patients who may benefit from CRT [9,21]. These assessments, including apical rocking
and septal flash, have shown promise in predicting favorable outcomes in CRT patients,
offering an accurate and rapid bedside investigation to guide treatment decisions [22–29].

During echocardiography examination, the most frequently observed abnormal wall
motions are represented by septal flash, septal rebound stretch, and apical rocking. While
both “septal flash” (early inward bulge of the septum) and “septal rebound stretch” (out-
ward extension after initial shortening) are linked to the left bundle branch block (LBBB),
their underlying condition is different. The origin of septal flash is in the early activation
of the right heart chamber pushing on the unopposed septum, whereas rebound stretch
is caused by late activation of the left ventricle after early septal contraction [30,31]. The
prevalence of septal flash in LBBB patients exhibits a wide range, typically between 45%
and 63%, with variations attributed to the specific population under study and the strictness
of the criteria used to define LBBB [28,32].

Septal flash (originally termed “septal beak” in 1974 by Dillon et al.), when observed
through M mode echocardiography in patients with left bundle branch block (LBBB) [33],
serves as a prominent marker of intraventricular dyssynchrony.

The term “septal flash” gained specificity in 2008 when Parsai et al. linked it to
an indicator of asynchrony resulting from electrical abnormalities [22], defining it as an
anomalous, rapid leftward motion of the interventricular septum during the isovolumetric
ventricular contraction phase, which occurs before the opening of the aortic valve [34,35].
This phenomenon is primarily driven by an electrical disorder, as the left bundle branch
block leads to the left ventricle’s electrical activation via the right bundle branch, causing
a depolarization process from right to left. This results in delayed contraction in the
posterolateral walls due to slower propagation velocity through the myocardial fibers with
distinct electrical properties compared to the specialized Purkinje system [30]. The septal
strain pattern in the left bundle branch block (LBBB) is notable for its distinct features, which
involve pre-ejection shortening followed by abrupt septal stretch during ejection [36,37].
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The presence of a significant septal flash is frequently associated with a U-shaped
activation pattern on electrical mapping and predicts a more favorable response to CRT
intervention compared to patients with no or limited septal flash [28,38].

Moreover, in the context of left bundle branch block (LBBB), the septum, comprising
approximately one-third of the left ventricle’s mass, loses its contractile effectiveness,
leading to a dyssynchronous contraction that impairs the heart’s pumping function and
results in the entire ejection fraction workload being carried by the posterior and lateral
walls [39,40]. In cases of LBBB with a posterior lateral scar or myocardial ischemia, septal
flash is notably absent, as these conditions do not exert the necessary forces to stretch the
septum, potentially leading to a “pseudonormal” appearance initially, which can ultimately
induce left ventricular remodeling [5]. This remodeling often manifests as hypertrophy
of the left ventricular lateral wall and thinning of the septum [34], potentially driven by
altered activation and stretch patterns in opposite LV walls that induce molecular and
cellular changes [4], redistribute myocardial blood flow and oxygen uptake [41], and result
in differences in septal-to-lateral wall thickness [42,43].

An apical four−chamber view M−mode of the LV (Figure 1) is shown from a pa-
tient with typical LBBB, demonstrating septal flash (red arrows) and the dyssynchrony of
contractility between the interventricular septum and posterolateral wall (red circle). The
septum has an initial short inward motion before the ejection phase, which is followed by
the stretching of the left ventricular lateral wall.

 

Figure 1. Septal flash on M-mode imaging.
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Jansen et al. initially identified apical shuffle in 2007 as an unusual systolic septal-to-
lateral movement of the left ventricle, yet they did not explore the underlying physiological
mechanisms that cause this phenomenon, despite its predictive power for left ventricular
reverse remodeling (sensitivity 90% and specificity 70%) [44]. Nowadays, the “apical
shuffle” is known as apical rocking, and it is defined as abnormal lateral rocking of the
ventricular apex caused by an intraventricular functional dyssynchrony. This dyssynchrony
can be attributed to intraventricular conduction delays (e.g., LBBB), regional damage (e.g.,
myocardial scar), or a combination interplay of both [25,42,45,46].

Recently, the pathophysiological mechanism of apical rocking, characterized by brief
early septal motion at the apex and a predominant lateral motion during ejection, has been
elucidated in two distinct publications [26,47]. This phenomenon is characterized by a
distinct right-to-left motion of the apical myocardium in the left ventricle (LV), occurring
perpendicular to the LV’s long axis [47,48]. The mechanism of apical rocking involves a
contraction that causes the septum to temporarily move inward, pulling the apex closer
towards it. Following that, the septum stretches as the apex is pulled laterally by the
delayed activation of the lateral wall during the ejection phase [49]. This gradual process
allows the ventricle to build up the necessary force to eventually open the aortic valve
and efficiently pump blood out. The extent of “apical rocking” in dilated cardiomyopathy
directly relates to the size of the left ventricle (left ventricular end-diastolic volume), and
the QRS duration does not influence the magnitude of the movement [50].

Even though each of these easily recognizable and accessible parameters indicates
an atypical myocardial motion associated with the left bundle branch block (LBBB), our
comprehension of the precise physiological mechanisms that underlie septal flash and
apical rocking is restricted, regardless of their efficacy in the patient selection process
for CRT. This literature review aims to provide a comprehensive analysis of the practical
value of echocardiography for the assessment of left ventricular (LV) dyssynchrony using
parameters such as septal flash and apical rocking, which have proven their relevance
in patient selection for CRT, the relationship between septal flash and apical rocking,
emphasize the primary drawbacks and benefits of using echocardiography for evaluation
of septal flash and apical rocking, and offer insights into potential clinical applications and
future research directions in this area.

It is illustrated by the early septal contraction before aortic valve opening (AVO)
associated with the pre-stretch and apical movement of the posterolateral wall towards the
septum. At the end of the systolic phase, the apex undergoes rightward rotation due to
the lateral wall contraction in addition to the septal stretching. The dashed line shows the
longitudinal axis of the left ventricle (Figure 2).
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Figure 2. Computer Simulations of Cardiac Myofiber Strain in LBBB patients and two-dimensional
echocardiography of apical four-chamber view illustrating the apical rocking phenomenon.
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2. Materials and Methods

The selection of studies for this review followed the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guidelines. This review was conducted
by reviewing bibliographic searches on databases such as the PubMed database, Google
Scholar, and Scopus. Both manual searches and the use of MeSH terms on PubMed were
employed to identify articles on septal flash and apical rocking published within no date
restriction. The selection of the most relevant articles involved assessing their titles, the
information provided in their abstracts, and a brief overview of the complete manuscript.
The eligibility criteria was based on studies that evaluated septal flash and/or apical rocking.
There was no restriction based on how septal flash and/or apical rocking was defined, with
all imaging modalities being included. Articles not written in English, publications with
only abstracts available, and duplicate entries were excluded from consideration.

In October 2023, the search and selection process was carried out by two experi-
enced cardiologists with expertise in interventional arrhythmology and echocardiography.
Initially, we manually scoured articles using the specific keywords “ventricular dyssyn-
chrony” and “septal flash” and “apical rocking”. Additionally, using the MeSH term option
available in PubMed, we conducted another search with the following terms: ((“Cardiac
Resynchronization Therapy” [Mesh]) AND “Echocardiography”[Mesh]).

The PRISMA diagram below illustrates the search strategy employed along with the
filters that were applied (Figure 3). The diagram was made using the draw.io applica-
tion (UK).

To enhance the organization and planning of the review, all chosen articles were
integrated into a Microsoft Excel (version 2021) table. This table included columns for the
article’s title, authors, utilized imaging method, year of publication, journal, publication
type, and keywords.

We deliberated on the critical data and findings, with a particular emphasis on the
correlation (Table 1) and the difference (Table 2) between septal flash and apical rocking.
We categorized the articles in the following manner:

1. The strong inter-relationship between septal flash and apical rocking—19 selected
articles [studied included in quantitative synthesis (n = 16); studied included in
qualitative synthesis (n = 3)]; some of the most relevant, of date articles regarding the
same underlying pathophysiology similarities and differences.

2. The importance of echocardiography in ventricular dyssynchrony management—
23 selected articles [studied included in quantitative synthesis (n = 19); studied in-
cluded in qualitative synthesis (n = 4)]; some of the most relevant articles regarding the
role and limitation of the echocardiographic techniques were selected and compared
with one another.

Table 1. Similarities of septal flash and apical rocking.

Feature Septal Flash Apical Rocking

Type of abnormality Wall motion abnormality Wall motion abnormality

Pathophysiology

Early activation of the right
ventricle exerts pressure on the

septum as a consequence
of left bundle branch
block (LBBB) [20,30]

Early septal contraction pulls the
apex inwards, while delayed

lateral wall contraction pulls the
apex outwards [26,28]

Associated with
The uncoordinated contraction

of the left
ventricle [20,22,28,30,36,51]

The uncoordinated contraction of
the left ventricle [26,28]

Observed with Echocardiography Echocardiography
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Figure 3. PRISMA chart of the article selection.
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Table 2. Differences of septal flash and apical rocking.

Feature Septal Flash Apical Rocking

Type of abnormality

Paradoxical interventricular
septum movement toward

left ventricle during
systole [20,30,36]

Brief early septal motion at the
apex and a predominant lateral
motion during ejection [26,47]

Region Involves the interventricular
septum [20,22,30,36,51]

Primarily affects the left
ventricular apex [28]

Timing in the cardiac cycle Earlier—During isovolumic
contraction phase [20,30]

Later—During the ejection
phase [26,28]

Clinical Significance

Associated with left bundle
branch block (LBBB) and

other conduction
abnormalities [20,30,49]

Typically seen in patients with
left ventricular dysfunction or

ischemic heart disease [26]

3. Results

3.1. The Relationship between Septal Flash and Apical Rocking

Septal flash and apical rocking are related features of the typical left bundle branch
block (LBBB) contraction pattern, indicating a shared underlying pathophysiology. They
often coexist in the same patients, although their extent may vary.

Stankovic et al. determined that the left bundle branch block (LBBB) causes early
septal contraction, seen as “septal flash”, occurring before the aortic valve opens [28]. This
is a quick inward and outward motion of the septum. During this septal flash, the left
ventricular (LV) apex moves toward the septum, initiating the first part of the apical rocking
motion. Subsequently, a delayed and more pronounced posterolateral contraction leads to
stretching of the septum and movement of the LV apex in the opposite direction, completing
the second phase of the apical rocking, as can be observed by experienced observers in
an echocardiographic four-chamber view of a heart with dyssynchrony [22,26,30,49]. The
main distinction between them lies in the timing of the cardiac cycle. Septal flash takes
place during the shorter isovolumic ventricular contraction phase, whereas apical rocking
occurs during ejection, which has a longer duration. The presence of septal flash and apical
rocking corresponds with research that uses quantitative assessments of systolic stretch by
strain imaging [37].

However, it is worth noting that they can occasionally be observed together or sepa-
rately, with variations in their intensity [28]. There are some several conditions that can
contribute to the diminished intensity or even the complete dispersal of these phenomena,
summarizing that [30,36,51]: the passive phase of the septal flash can be impaired by
contractility dysfunction or high filling pressures of the right ventricle; the active phase
of the septal flash can be diminished by a delayed conduction through the right bundle
branch or the presence of a septal scar; a scarred posterolateral wall will reduce the ability
of the septum to stretch during the second phase of apical rocking; slow RBB conduction
that is disguised inside the LBBB, resulting in slow RV contraction and septal activation
(this would suggest that SF might occur only when RBB conduction is intact); a septal
fascicle could bypass the slow transseptal conduction; difficulties in the alignment of the
ultrasound fascicle beam with the latero-lateral movement of the septal flash or a low frame
rate can impair the visualization of the septal flash [52]; the site of the left bundle branch
block is important because, the more proximal the block is, the more typical septal flash
is [30,36,51,53,54].

Alternatively, isolated mechanical asynchrony can imitate the genuine septal flash
induced by electrical conduction irregularities. Moreover, elevated right ventricular pres-
sures or a scarred septum can trigger a right-to-left systolic motion that may resemble
septal flash. In these instances, the critical distinguishing characteristic is that the systolic
motion persists longer than in the case of a genuine septal flash [20].
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3.2. Echocardiography

Given its widespread availability, feasibility, and capacity to assess regional myocardial
function with excellent temporal and spatial resolution, echocardiography emerges as an
ideal imaging tool for the selection of patients suitable for cardiac resynchronization therapy
(CRT) [49].

Early investigations into left ventricular mechanical dyssynchrony using echocardio-
graphy primarily concentrated on quantifying the delay in the contraction of opposing
ventricular walls. In a small-scale study involving 24 heart failure patients, Pitzalis et al.
identified that a septal-to-posterior motion delay (SPWMD) of ≥130 milliseconds could
serve as a predictor of left ventricular reverse remodeling in patients without a history of
anterior or septal infarction [55,56]. Later investigations explored the use of tissue Doppler
imaging and speckle-tracking echocardiography to assess LV dyssynchrony. These tech-
niques were employed to measure opposing wall delays or analyze variations in peak
systolic velocities among different myocardial regions [13,18,57].

Another technique proposed to assess left ventricular dyssynchrony involves analyz-
ing the unique contraction pattern associated with LBBB and comparing the contractility of
opposing walls to identify septal flash (SF) [22] and/or apical rocking (ApR) [25].

Given that there is no universally preferred method for assessing these parameters,
various techniques have been suggested. Septal flash is conventionally evaluated using
M-mode in the parasternal long-axis view, as well as 2D and tissue Doppler imaging in
either the short or long parasternal long-axis view [22,58]. The M-mode echocardiography
can be applied from the parasternal views to ascertain the radial function of the interven-
tricular septum, and the evaluation of the longitudinal displacement of the interventricular
septum can be determined from the apical views using TDI-derived speckle tracking [7,59].
However, relying on longitudinal strain for assessing the accurate pattern of septal radial
movement is not precise [38]. Assessing radial strain is a more intricate task, while parame-
ters derived from longitudinal strain, such as septal rebound stretch and systolic stretch
index [60,61], are more readily available, reproducible, and commonly employed in the
selection of CRT patients. Marechaux et al. described three echocardiographic patterns
of septal flash by applying the longitudinal strain speckle tracking specifically, as follows:
pattern 1—a double-peaked systolic shortening; pattern 2—an early pre-ejection shortening
peak followed by a prominent systolic stretch; pattern 3—a pseudo-normal shortening
with a late systolic shortening peak, no or minimal pre-ejection septal lengthening, and less
pronounced end-systolic stretch. This study concluded that the first two patterns of septal
flash were strongly linked to a positive response to CRT, while the third pattern was more
likely to lead to a negative response. The third pattern was also associated with a high level
of scarring in the heart muscle and a more advanced stage of heart failure [62].

Voight et al. devised an algorithm for quantifying apical rocking through the measure-
ment of apical transverse motion (ATM), which combines the longitudinal myocardial data
from the interventricular septum and the lateral wall of the left ventricle. Their findings
indicated that apical transverse motion serves as a valuable parameter for enhancing the
identification of patients who stand to benefit from CRT therapy [25].

Nevertheless, echocardiography has significant limitations (Table 3). This approach
relies on complex and time-consuming algorithms for assessing different cardiac cycles,
and myocardial peak velocities can be greatly affected by factors like the filling condition
and the passive motion of the analyzed wall segment. Furthermore, the expertise of the
echocardiographer is essential for the accurate diagnosis of septal flash and apical rocking
in candidates for cardiac resynchronization therapy (CRT). In a small, single-center study,
Mada et al. demonstrated that semi-automatic detection of these particular contraction
patterns using speckle tracking echocardiography was superior to inexperienced echo-
readers for recognizing SF/ApR [63].
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Table 3. Advantages, disadvantages, strengths, and limitations of echocardiography in the assessment
of septal flash and apical rocking.

Parameter Septal Flash Apical Rocking

Advantages

A variety of echocardiographic
techniques, including M-mode, 2D,

and tissue Doppler
imaging [18,55,60,62]
Various septal flash

echocardiographic patterns have been
identified, some of which are strongly
associated with a favorable response

to CRT [38]

Enhances identification of
patients who may benefit from

CRT [25]
Quantified through apical

transverse motion (ATM) [25]

Disadvantages

Myocardial peak velocities can be
influenced by a multitude of

variables, such as passive motion and
filling condition [7]

Expertise of echocardiographer is
essential [63]

Assessment complexity and
reliance on expertise of the

operator [63]

Strengths

Potential predictive value for CRT
response [7,22]

Different septal flash patterns were
identified [38,62]

An additional parameter is
provided to improve the process

of selecting patients for CRT
Quantifiable through specific

echocardiographic
measurements [25]

Limitations

Operator dependency and complexity
of interpretation [56,63]

Semi-automatic detection may not
completely replace expertise of

an experienced
Echocardiographer [63]

Specific septal flash patterns might
not be common to all Patients [38,62]
Features such as the severity of heart
failure and a history of myocardial

fibrosis may impact the analysis

Relies on expertise of
echocardiographer for accurate

evaluation [63]
Algorithmic quantification may

still be influenced by various
factors affecting myocardial

motion such as temporal and
regional function

Inhomogeneities [25]

4. Discussion

Echocardiography plays a pivotal role in the selection of patients undergoing cardiac
resynchronization therapy (CRT) due to its broad spectrum of possibilities. Septal flash
and apical rocking are practical indicators in predicting the response to cardiac resynchro-
nization therapy (CRT), resulting in improved clinical outcomes for patients.

Cardiac resynchronization therapy (CRT) plays an essential role in treating heart
failure patients with prolonged QRS duration and low LVEF [12]. International guidelines
make a Class IA recommendation for CRT device implantation in symptomatic patients in
sinus rhythm with an LV ejection fraction (LVEF) of ≤35%, LBBB and QRS duration (QRSd)
of ≥150 ms, despite optimal medical therapy and a Class IIaB for symptomatic patients with
heart failure in sinus rhythm with an LV ejection fraction (LVEF) of ≤35%, LBBB and QRS
duration (QRSd) 130–149 ms, despite optimal medical therapy for the reduction in mortality
and morbidity [12]. Despite the coexistence of electrical and mechanical dyssynchrony,
the CRT guideline recommendations rely on electrical dyssynchrony criteria, due to the
amount of research data using QRS duration as an enrollment criterion and findings from
studies like the Predictors of Response to CRT (PROSPECT) study [13].

However, certain research data proved that septal flash is a relevant echocardiographic
finding in over half of heart failure (HF) patients receiving cardiac resynchronization
therapy (CRT), and it serves as a valuable predictor of favorable left ventricular reverse re-
modeling following CRT implantation, as evidenced by Doltra et al., who reported an 80.2%
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echocardiographic response rate with reductions in LV end-systolic volumes and LVEF,
along with CRT-induced correction of septal flash in 93% of patients [64]. Gabrielli et al.
determined septal flash as the only independent predictor of significant left ventricular
reverse remodeling [29], Gąsior et al. observed that septal flash at baseline correlated with
notable enhancements in LVEF, LV end-systolic volumes, and diastolic volumes [65], and
Parsai et al. reported that 88% of cases displayed the resolution of septal flash after CRT
implantation, along with improvements in LV volumes, although no significant overall
LVEF improvement was noted [22]. In a comprehensive, multi-center observational study
known as PREDICT-CRT, a quantitative measurement of apical rocking was compared with
visual assessment and showed similar accuracy in predicting the response to CRT. In addi-
tion, Stankovic et al. demonstrated that a certain pattern of LV mechanical dyssynchrony,
characterized by apical rocking and septal flash, is associated with enhanced long-term
survival after cardiac resynchronization therapy (CRT) [28]. Another study conducted
by Parsai et al. proved that low-dose dobutamine stress echocardiography (DSE) repre-
sents a valuable approach for revealing septal flash in individuals with a viable septum,
irrespective of the cause of their heart failure [23]. Low-dose DSE unveils or amplifies
the extent of dyssynchronous motion induced by left bundle branch block (LBBB) and
helps in the identification of patients who may experience reverse remodeling following
cardiac resynchronization therapy (CRT). CRT responders exhibit a characteristic early
septal contraction that pulls the apex toward the septum, aligning with other studies
demonstrating this phenomenon as a brief bounce in the septum, known as septal flash [22].
The prominence of septal flash is an indicator of the inefficient work performed by the
dyssynchronous left ventricle, and its disappearance following pacing is associated with
the reversal of left ventricular remodeling, whereas its persistence after pacing is a sign
of non-responsiveness to therapy [23]. Furthermore, Stankovic et al. concluded that the
presence of septal flash and apical rocking has shown its predictive value for CRT response
in individuals with chronic right ventricular pacing who require an upgrade to cardiac
resynchronization therapy (CRT) [66].

Although small cohort retrospective studies have shown positive outcomes related to
the utility of echo-derived parameters in predicting CRT response, the extensive PROSPECT
trial did not succeed in confirming their effectiveness for identifying appropriate CRT candi-
dates [67]. These inconclusive outcomes are ascribed to the variability in the reproducibility
of echo-derived dyssynchrony parameter analysis [21], as well as the inadequacy of op-
posite wall delay as the sole assessment tool, which fails to fully elucidate the complex
pathophysiology underlying CRT response.

Even though randomized controlled trials (RCTs) have demonstrated significant bene-
fits of cardiac resynchronization therapy (CRT) in HFrEF patients (Table 4), a subset exhibits
non-response characterized by persistent symptoms, recurrent hospitalizations for heart
failure, and lack of left ventricular reverse remodeling. Non-responsiveness to CRT can be
attributed to a broad range of causes, including poor lead placement in the left ventricle,
suboptimal atrioventricular (AV) and ventricular-ventricular (VV) timing, left ventricular
scar, and progression of heart failure [68]. The excessive focus on the idea of “non-response”
to cardiac resynchronization therapy (CRT) has led to a significant lack of use of the device,
leading to up to two-thirds of indicated patients failing to obtain the implant [69]. The
most recent attempt in the data area focuses on identifying patients who respond to the
CRT with a particularly beneficial (super) response patients because of their significantly
lower cumulative risk of heart failure, mortality, and need for defibrillator therapy for ven-
tricular tachycardia or ventricular fibrillation. Based upon the results of previous research,
studies have identified the following two potential predictors of a “super-response” to
treatment: left bundle branch block (LBBB) and a smaller size of the left atrium [70,71].
The MADIT-CRT trial identified female gender, absence of prior myocardial infarction,
QRS duration ≥ 150 ms, LBBB, BMI < 30 kg/m2, and reduced left atrial volume index as
predictors of super-responsiveness to cardiac resynchronization therapy [72].
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Table 4. Summary of the main cited studies providing an overview of the relationship between septal
flash and apical rocking in the field of CRT.

Authors/Journal-
Year/Ref

Population Study Endpoints
Imaging

Parameters
Results

C. Parsai et al., Eur. Heart
J., 2009 [22]

161 pts
66 ± 10 years
LVEF 24 ± 6%

QRS width >120 ms

Reverse remodeling was
defined as a reduction in

LVESV ≥10%
SF

Presence of SF Se 64%, Sp 55%, PPV
81%, NPV 33% for the prediction of LV

response remodelingClinical response was
defined as a reduction in

NYHA Class ≥1

C. Parsai et al., Eur. Heart
J., 2008 [23]

52 pts
69 ± 2 years

LVEF 24 ± 7%
QRS width >120 ms

Reduction in
LVESV ≥10%

SF

Presence of ApR and SF
Se 84% and 79%, Sp 79% and Sp 74%,
and accuracy of 82% and 77% for the
prediction of LV response remodeling

Clinical response was
defined as a reduction in

NYHA Class ≥1, increase in
6 min walk test (>10%), and

fall in BNP (≥30%)

ApR [HR] 0.40, 95% confidence
interval [Cl] 0.30–0.53, p < 0.0001 and
SF (HR 0.45 [Cl 0.34–0.61], p < 0.001 is

associated with lower all-cause
mortality after CRT

M. Szulik et al., Eur. J.
Echocardiogr., 2010 [26]

69 pts
63 ± 10 years

Reduction in
LVESV > 15% ApR

Presence of ApR resulted in an average
Se = 89%, Sp = 75%, and accuracy for
prediction of CRT response of 83%;

I. Stankovic et al., Eur.
Heart J., 2014 [27]

58 pts
63 ± 10 years
LVEF 26 ± 6%

QRS width > 175 ± 25 ms

An increase >5%
of LVEF during

stress-echocardiography
ApR AUC 0.88, 95% CI 0.77–0.99, p < 0.001

for the prediction of CRT response

I. Stankovic et al., Eur.
Heart J.—Cardiovasc.

Imaging, 2016 [28]

1060 pts
64 ± 11 years
LVEF 27 ± 7%

QRS width >170 ± 29 ms

Reduction in left
LVESV ≥15% during the

first year FU

SF
ApR

Presence of ApR and SF Se 84% and
79%, Sp 79% and Sp 74%, and accuracy

of 82% and 77%
for the prediction of LV

response remodeling

ApR [HR] 0.40, 95% confidence
interval [Cl] 0.30–0.53, p < 0.0001 and
SF (HR 0.45 [Cl 0.34–0.61], p < 0.001 is

associated with lower all-cause
mortality after CRT

L. Gabrielli et al.,
Europace, 2014 [29]

94 pts
69 ± 8 years

QRS width >166 ± 35 ms

Reduction in
LVESV >15% SF Baseline SF predicts CRT response

(OR 5.24; 95% Cl 1.95–14.11)

Z. Gąsior et al., Arch.
Med. Sci., 2016 [65]

133 pts
63 ± 10 years
LVEF 25 ± 6%

QRS width >165 ± 25 ms

Evaluation of SF
implication

SF

SF presence before CRT implantation is
related to significant improvement in
LV systolic and diastolic volumes and

LVEF (p < 0.05)
Evaluation of myocardial

contractile reserve for
12 months follow up

A. Ghani et al., Neth.
Heart J., 2016 [48]

297 pts
median age 68.7 years
median LVEF 24 ± 8%

median QRS width 160 ms

Determination of the
independent association of

LV ApR and
CRT super-response

ApR

Super-responders had an absolute
mean LVEF increase of 27%
(22.05 ± 5.7 at baseline and

49.0% ± 7.5 at follow up)
ApR was more common in

super-responders (76%, p < 0.001)

A. Doltra et al., JACC
Cardiovasc. Imaging,

2014 [67]

200 pts
67.37 ± 9.17 years

LVEF 24 ± 6%
QRS width

>169.29 ± 30.38 ms

Reduction in
LVESV ≥15% SF Baseline SF predicts CRT response in

93% of the population

Abbreviations: ApR—apical rocking, AUC—area under the curve, BNP—brain natriuretic peptide, CI—confidence
interval, CRT—cardiac resynchronization therapy, FU—follow-up, LV—left ventricle, HR—hazard ration,
LVEF—left ventricle ejection fraction, LVESV—left ventricle end-systolic volume, NPV—negative predictive
value, NYHA—New York Heart Association functional class, OR—odds ration, PPV—positive predictive value,
Se—sensibility, Sp—specificity, SF—septal flash.
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Based on the fact that these two parameters are distinctive characteristics of left bundle
branch block (LBBB) contraction patterns, which indicate the presence of an asynchronous
left ventricular (LV) contraction, the goal of cardiac resynchronization therapy (CRT) is
to correct the dyssynchrony by coordinating the contraction of the ventricles. In conse-
quence, a coordinated contraction will enhance the function of the left ventricle and will
decrease the burden of the symptoms of heart failure. In addition, the relationship between
septal flash and apical rocking and favorable outcomes in patients undergoing cardiac
resynchronization therapy (CRT) may be related to their link with left ventricular reverse
remodeling [29,67]. The literature data have shown that there is a link between the reso-
lution of septal flash and the reduction in apical rocking post cardiac resynchronization
therapy (CRT) implantation with an increase in left ventricular (LV) function, defined as
decreased end-systolic volumes [22] and increased ejection fraction percentage [65]. In
patients undergoing cardiac resynchronization therapy (CRT), the presence of septal flash
and apical rocking may therefore function as indicators of CRT response and subsequent
left ventricle (LV) reversal remodeling, resulting in enhanced clinical outcomes [28].

However, the particular mechanisms beneath the efficacy of cardiac resynchronization
treatment (CRT) for individuals with heart failure and widened QRS remain unclear,
emphasizing the need for a more comprehensive assessment of their pathophysiology
because dyssynchrony might be probably the most important factor, but not the only factor,
influencing the success of CRT in an individual patient [49]. This increased comprehension
could lead to a more accurate and focused evaluation of patients for CRT, possibly outlining
the wide range of responses noticed, from significant LV reverse remodeling in “CRT super-
responders” [72] to more modest effects or even deterioration of LV function [73–75].
Alternative CRT pacing, such as fusion pacing CRT or LV only pacing, was associated
with a high rate of super-responders [76,77]. Fusion pacing CRT is defined as optimised
LV only pacing (with or without a back-up RV lead) creating electrical and mechanical
fusion with the intrinsec QRS. Avoiding RV pacing may substantially increase the structural
response rate by shortening LV activation time [78]. Moreover, different ”degrees” of LV
only fusion, according to AV node variability and heart rate, seem to play an important role
in the LV remodelling process, and post-implantation optimization by targeting electrical
dyssynchrony can improve CRT response in non-responder patients [79,80]. In consequence,
understanding all components of cardiac dyssynchrony is essential not only in patient
selection, but also in choosing the best CRT pacing modality.

Comparing our results with those of previous studies reveals consistencies and dis-
crepancies both in terms of results and clinical implications. Our findings mainly align with
previous research in highlighting the importance of echocardiography in assessing cardiac
function and identifying potential candidates for cardiac resynchronization therapy (CRT),
but we also highlight the ongoing challenge of assessing septal flash and apical rocking
despite their formerly established significance in improving patient selection. Compared
to previous research that may have indicated specific criteria for parameters like septal
flash and apical rocking [20,26,30], our results contribute to the consensus that no single
echocardiographic approach has gained broad support in current clinical guidelines.

Furthermore, our review emphasizes the tendency to underestimate the strong cor-
relation between septal flash and apical rocking. Although they often coexist in patients
with left bundle branch block (LBBB) and left ventricle (LV) dyssynchrony, the inadequate
application of both in the approach of these patients is neglected, and there is not enough
data on the combined effectiveness of these parameters. Along with that, adopting an
integrated strategy towards heart failure patients undergoing cardiac resynchronization
therapy (CRT) increases the potential to significantly influence the prognosis of the group
of patients now referred to as non-responders.

This review contributes to the existing literature data by providing a comprehensive
assessment of septal flash and apical rocking, their close relationship, and their potential
relevance. Even more, by addressing gaps in the understanding of echocardiographic
analysis, our research summarizes the current evidence on septal flash and apical rock-
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ing, emphasizing that echocardiography is the most accessible, readily available imaging
modality that can improve patient selection.

This review has certain limitations due to the lack of studies examining septal flash and
apical rocking. Our work is restricted by the absence of established criteria for measuring
septal flash and apical rocking, leading to inconsistencies during echocardiography. More
research is needed to fill in the lack of data in this area. Specifically, studies should focus on
quality of life measurements, cardiac event rates (such as recurrent hospitalization with
heart failure), and mortality rates to thoroughly evaluate the association of septal flash and
apical rocking and their potential impact on mortality.

5. Future Direction

The future perspectives of the clinical application of apical rocking and septal flash for
patients undergoing cardiac resynchronization therapy (CRT) display potential in enhanc-
ing tailored therapeutic approaches and optimizing outcomes for patients. Additionally,
septal flash and apical rocking may be useful parameters for tracing the evolution of CRT
response [28]. Through regular assessment of these echocardiographic parameters follow-
ing implantation, clinicians can continue to monitor changes in ventricular dyssynchrony
and assess the effectiveness of the therapy. By applying this dynamic monitoring strat-
egy, non-responders can be detected earlier, which allows for prompt adjustments to be
implemented to optimize patient outcomes. Further research into the possible integration
of apical rocking and septal flash into risk stratification models for heart failure patients
may be appropriate as our understanding of their prognostic significance advances. By
using clinical and demographic data with these echocardiographic parameters, it may be
possible to improve risk prediction tools for the aim of selecting patients who are most
prone to adverse outcomes and providing guidance for targeted interventions, such as
cardiac resynchronization therapy (CRT) [18,20,26,48]. The clinical application of apical
rocking and septal flash in CRT patients should benefit from validation in real-world clinical
practice settings. Prospective studies should focus on patient-centered-outcome research to
evaluate the effects of apical rocking and septal flash on quality of life, functional status, and
healthcare use in patients who have undergone cardiac resynchronization therapy (CRT).

6. Conclusions

In conclusion, this review provides a comprehensive analysis of the practical effective-
ness of septal flash and apical rocking which are valuable echocardiographic parameters to
assess the left ventricle (LV) dyssynchrony and to guide the patient selection for cardiac
resynchronization therapy (CRT). Even if both parameters are predictive and assist in en-
hancing potential cardiac resynchronization therapy (CRT) responders, their dyssynchrony
causes, assessment methods, and clinical implications differ. However, their combined
evaluation improves the assessment of left ventricle (LV) dyssynchrony and the cardiac
resynchronization therapy (CRT) optimization for better outcomes.
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Abstract: Mitral annular plane systolic excursion (MAPSE) was a widely used and simple M-mode
echocardiographic parameter for determining the left ventricle (LV) longitudinal systolic function.
The purpose of this review is to analyze the use of MAPSE as a simple LV systolic function marker
in different clinical scenarios, especially given the recent paradox of choices in ultrasound markers
assessing cardiac performance. Recent data on the use of MAPSE in the assessment of LV function in
different settings seem to be relatively scarce, given the wide variety of possible causes of cardiovas-
cular pathology. There remain significant possible clinical applications of MAPSE utilization. This
review included all major articles on the topic of mitral annular plane systolic excursion published
and indexed in the PubMed, Google Scholar, and Scopus databases. We analyzed the potential
implications of using simpler ultrasonographical tools in heart failure diagnosis, prediction, and
treatment. MAPSE is a dependable, robust, and easy-to-use parameter compared to ejection fraction
(EF) or global longitudinal strain (GLS) for the quick assessment of LV systolic function in various
clinical settings. However, there may be a gap of evidence in certain scenarios such as conventional
cardiac pacing.

Keywords: MAPSE; LVEF; echocardiography; review

1. Introduction

Mitral annular plane systolic excursion (MAPSE) is an M-mode-derived ultrasound
parameter for assessing left ventricle (LV) systolic longitudinal function. It is a simple
and reproducible index that correlates well with left ventricular ejection fraction (LVEF)
and is a clinically established echocardiographic parameter that can be used in various
stages of cardiovascular disease [1]. Even though it has long been superseded by other,
more modern and complex parameters and techniques, such as tissue Doppler imaging,
strain-rate imaging, or three-dimensional echocardiography, its appeal still consists in its
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ease of use and ready availability. The LV is conical in shape on the longitudinal section,
with a central cavity surrounded by muscular walls, while, in a transverse section, it
more resembles a circle. The LV wall is composed of three muscular “layers”, which,
based on their alignment, are a subepicardial layer, a middle layer, and a subendocardial
layer. These three layers also seem to be differently oriented, thus giving birth to oblique
muscle fibers in the subepicardium, circumferential in the middle layer, and longitudinal
in the subendocardium [2,3]. This specific anatomical arrangement and the mechanical
motion imply that, during the cardiac cycle, certain ultrasound parameters can be used
for approximating LV function [4]. Several techniques and parameters have been used for
the assessment of LV function by two-dimensional cardiac ultrasound. The most widely
used, documented, and currently recommended by both the European Association of
Cardiovascular Imaging (EACVI) and the American Society of Echocardiography (ASE) for
the assessment of LVEF, is the modified Simpson’s rule (biplane method of disks). Even
though LVEF is a robust and reliable indicator of left ventricle systolic function, it does have
its pitfalls. Due to the geometrical assumptions made by using the Simpson method, the
accurate measurement of the LVEF requires good endocardial border tracing in end-systole
and end-diastole and an adequate-quality image in the apical windows. These tracings
eventually divide the LV cavity into a predetermined number of disks (usually 20), and
since tracing of the entire LV cavity border is not achievable, some geometric assumptions
need to be made.

The monoplane Simpson method requires the tracing of endocardial borders just in
the apical four chambers (A4C) view, while the more precise and the preferred one, the
biplane method, already requires high-quality images in two distinct views, the A4C and
the apical two chamber (A2C) [5] (Figure 1).

 

Figure 1. Example of 2D LVEF determination in the A4C view.

More modern ultrasound techniques such as two-dimensional speckle tracking echocar-
diography (2D-STE) with global longitudinal strain (GLS) measurement and 3D ejection
fraction (3D-EF) provide excellent accuracy and, at least in the case of 3D-EF, correlate
well with CMR-derived volumes and results. However, all of these techniques share the
following common disadvantages: they are time consuming, operator dependent, rely
on image quality, and/or require more complex and expensive ultrasound machines. On
the other hand, MAPSE measurement does not require good image quality (because it
is a linear measurement that is less affected by artefacts) or multiple views and is not
a time-consuming technique, thus making its measurement extremely useful in case of
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emergency settings and poor sonographic windows [6]. There has historically been ample
data published on its usefulness in evaluating the longitudinal systolic function of the LV
in heart failure (HF); however, recent publications have raised the question of its validity
and use as a sensitive marker of early LV dysfunction and as a prognostic tool not only for
HF patients, but also in the setting of septic shock, cardio-oncology, and many others [7,8].
There appears to be a lack of validation of its use in the context of conventional, endocardial
right ventricular pacing (Figure 2).

Figure 2. Lateral MAPSE measurement in the apical four chamber view.

The purpose of this article was to review the current, more recently available evidence
on the use of MAPSE as a marker of cardiac function in different scenarios, as well as to
offer an overview of its applications in day-to-day clinical situations.

2. Materials and Methods

We performed a literature search for different types of published studies (retrospective,
prospective, and reviews) using the PubMed, Google Scholar, and Scopus databases with
the keywords “MAPSE” OR “MITRAL ANNULAR PLANE SYSTOLIC EXCURSION”. The
selection of studies for this review followed the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines. We performed manual searches and
used MeSH (Medical Subject Headings) terms on PubMed to identify articles published on
MAPSE. We excluded from selection articles not written in English, articles with subjects
other than humans, articles with CMR-derived MAPSE, publications with only abstracts
available, and duplicate entries. The search was performed in February 2024, with no
publishing year restriction, by experienced cardiologists with expertise in echocardiography.
We performed a manual initial search for articles using the specific keywords “MAPSE”
and “MITRAL ANNULAR PLANE SYSTOLIC EXCURSION” in the title. In addition,
using the MeSH term option available in PubMed, we conducted another search with the
following terms: ((“MAPSE” [Mesh])). All eligible and chosen articles were organized
into a Microsoft Excel table (version 2408), which included columns for the article’s title,
authors, year of publication, journal, and publication type (Figure 3).

The diagram below exemplifies the methodology used by the authors for article
selection and was created using Microsoft Office suite. We have found a total of 454 articles
published and indexed in the search engines with the keywords of “mitral annular plane
systolic excursion” and “MAPSE”. Out of the total number of identified records, we
discarded duplicates and articles that were not relevant or did not correspond to the
inclusion criteria set at the beginning, with the final number being 25 articles (Figure 4).
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Figure 3. Example of septal MAPSE measurement in A4C view in a patient with impaired LV
longitudinal function.

 
Figure 4. Flow diagram of the review process.

3. Results

We have included in the table below a selected number of relevant articles on the
subject published in the last decade, having specified the title, authors, year of publication,
number of patients included, and conclusions (Table 1).
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3.1. Heart Failure

MAPSE has a strong correlation with LVEF, which has been validated in multiple
studies over time, being a valuable tool for HF screening in the mid-range and reduced
phenotypes [25]. It also seems that this correlation is maintained over the whole range
of HF types, with one meta-analysis discovering that MAPSE is a more sensitive and
specific indicator of LV systolic function in patients with heart failure with preserved
ejection fraction (HFpEF) compared to LVEF and a good predictor of mortality and risk of
long-term survival in patients diagnosed with HF [26]. As far as HFpEF is concerned, an
article published in 2011 by Wenzelburger et al. indicates that MAPSE correlates well with
other, more complex measurements of ventricular function in this subgroup of patients
at rest and during exercise, being a useful tool for HFpEF diagnosis, especially during
treadmill exercise testing using a modified Bruce protocol [27]. Another study performed
by Elnoamany M.F. et al. showed a significative negative correlation between MAPSE and
brain natriuretic peptide (BNP) levels [28]. There also appears to be an increase in right
atrial (RA) dyssynchrony (assessed as the so-called PA′-TDI interval) in HFpEF patients
with reduced MAPSE values, which suggests that these patients might be at an increased
risk of developing arrhythmias [20]. Left atrioventricular plane displacement (AVPD),
commonly measured ultrasonographically as the MAPSE index, is related to both systolic
and diastolic LV function [29].

3.2. Hypertensive Heart Disease

In hypertensive patients, especially those with concentric LV hypertrophy, there is a
deterioration of longitudinal function [30]. The determination of LV longitudinal function
by the measurement of left atrioventricular plane displacement using M-mode ultrasound
is reliable and reproducible. Longitudinal function impairment has been demonstrated to
have prognostic value and is an independent cardiovascular risk marker in these patients,
as proven by data in the literature [31,32].

3.3. Ischemic Heart Disease

Several publications have reported on the correlation between MAPSE and LV sys-
tolic function in patients with ischemic heart disease. An article published in 2018 by
Magdy G et al. on 50 patients with ischemic heart disease and HFrEF reports that MAPSE
can be an easy tool for assessing contractile reserve before revascularization, showing a
significant positive correlation with LVEF [15]. The literature also cites left atrioventricular
plane displacement as a clinically useful tool in patients with stable coronary artery disease
and an independent prognostic tool in these patients not influenced by previous myocardial
infarction [33].

3.4. Aortic Stenosis

We do know that, in left-sided valvular heart disease, MAPSE is affected by localized
wall motion abnormalities around the area of the mitral valve, by severe mitral annular
calcification, and by mitral valve prosthesis [34]. In patients diagnosed with aortic valve
stenosis, mitral annular plane excursion is known to be reduced, while LVEF or other
LV function parameters might be within normal values. However, it does seem to be
more markedly reduced in symptomatic patients compared with asymptomatic; moreover,
Takeda S et al. also noticed that it may be of use as a predictor of symptom onset in this
subset of patients [35].

3.5. Intensive Care Unit

MAPSE is a valuable echocardiographic tool in ICU patients too, being reported in
a number of articles to reflect both systolic and diastolic function in critically ill patients,
while also correlating well with myocardial injury in patients with systemic inflammatory
response syndrome (SIRS) [36]. MAPSE, along with TAPSE, LVEF. and lung ultrasound
score (LUS score) seem to be significantly related to ICU mortality, according to a study
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published by Yin W et al. in 2017 [19]. Another significant advantage regarding its
use in the ICU is that MAPSE assessment does not require good image quality or an
experienced operator.

3.6. Arrhythmias

Reduced MAPSE, along with LAVI (left atrial volume index), seem to play a role in
predicting atrial fibrillation (AF) recurrences after catheter ablation, according to one article,
and may be used as a marker in the future, with more research being required on this
topic [37].

3.7. Pediatric

MAPSE variations have been described as being due to cardiac size, which implies that
its use in the pediatric population should be adjusted for body size. One study concludes
that it can be reliably used in children and is most significantly associated with GLS [25,38].
It also seems that MAPSE is highly reproducible in inter-observer scenarios and that image
quality has minimum influence on its measurement and thus can be a robust LV evaluation
tool in children [6].

3.8. Oncology

A study performed on 40 patients by Lund M et al., published in 2015, set out to evalu-
ate the effect on LV function of chemotherapy in the case of esophagus or gastroesophageal
cancer. The results found that, in a neoadjuvant chemoradiotherapy group, there was a
significant decrease in LV function determined by a significant decrease in septal MAPSE
(mean change −1.4 mm, with a p value of 0.02) among other ultrasound parameters [23].

3.9. COVID-19

Given the recent COVID-19 pandemic and its emerging cardiovascular implications,
several authors have set out to investigate possible correlations between SARS-CoV-2 infec-
tion and cardiac dysfunction. An article published in 2020 in the Journal of the American
Society of Echocardiography by Jarori U et al. suggested that MAPSE in combination with
right atrial (RA) size can be used to accurately stratify the risk in patients with severe
COVID-19 infection, enabling them to be more appropriately triaged and more aggressively
treated early on. MAPSE, according to the same study, seems to be the only left heart
parameter that was independently associated with increased mortality in this context [12].

4. Discussion

There are limitations to MAPSE use and interpretation in certain specific cases, such
as after cardiac surgery, significant pericardial effusions, mitral valve disease, or localized
areas of motion abnormality or fibrosis, situations in which the use of this parameter should
be more carefully applied, as its result might not accurately reflect longitudinal function.
As far as cardiac pacing is concerned, the data seem scarce, with no such specific situation
being investigated; therefore, this is an area in which more research might be carried out as
far as validating MAPSE as a tool for LV appreciation in this context. An article published
by Kai H et al. in late 2012 postulates that, in patients with paradoxical septal motion (PSM),
also referred to as septal bounce, such as that seen in patients with left bundle branch block
or conventional RV pacing, septal MAPSE might also reflect RV abnormalities (for which
we have a similar M-mode parameter that has been historically used—tricuspid annular
plane systolic excursion—TAPSE). They also recommend the use of lateral MAPSE for LV
longitudinal function quantification [25,39].

In recent times, with the growth of cardiac magnetic resonance (CMR) imaging,
MAPSE measurement in the four-chamber cine view has become a valuable index, compa-
rable to echocardiography. Recently published articles have suggested that CMR-derived
MAPSE is a predictor of mortality in hypertensive patients and independently predicts
long-term prognosis following an ST-segment elevation myocardial infarction [40,41].
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The major advantages of this simple tool are its good correlation with LVEF, its simple
and excellent reproducibility between users, and the fact that it is mostly independent of
image quality, while its disadvantages are connected to its limitations.

The limitations of MAPSE use are related to the fact that is an M-mode parameter and
thus is angle-dependent and unable to detect regional wall abnormalities. There is also a
caveat in its use in the case of pericardial effusions (especially large ones that cause mobile
apex) and in mitral valve disease and calcifications of the mitral ring, in which MAPSE
assessment should not be performed, as its direct measurement is not accurately possible.

Gaps in Evidence and Future Perspectives

There is a lack of evidence on MAPSE usefulness in areas such as cardiac pacing
and pacing-induced cardiomyopathy (PICM), where it might prove to be a useful tool for
quick LV function assessment, thus justifying further research. Alatic J et al. published
an article in 2022 on using MAPSE as a predictor of atrial fibrillation recurrence after
pulmonary vein isolation (PVI), with the conclusion being presented in subchapter 3.6. In
addition, due to the study limitations, more research is needed, as MAPSE could prove to
be a diagnostic criterion in patients referred for catheter ablation of atrial fibrillation [37].
They also postulate that CMR-derived MAPSE might be used as a prognostic marker in
patients with atrial fibrillation after PVI. Also, regarding CMR-derived MAPSE, there is
increasing evidence of its utilization and usefulness in varying situations. A 2019 article by
Romano et al. proved that its CMR-derived equivalent is a strong predictor of mortality
in patients with hypertensive heart disease and that it might serve a role in identifying
and stratifying the patients at a highest risk [40]. The same seems to be true in the case
of acute coronary syndromes, where Mayr A et al. concluded that CMR MAPSE is a
predictor of major adverse cardiovascular events (MACE) after an ST-elevation myocardial
infarction, while also suggesting that more research is needed to establish a correlation
between MAPSE and other markers such as left atrium parameters [41]. There is obviously
room for ample research in the world of CMR-derived indices of LV longitudinal function,
but we also believe that classic ultrasound M-mode-derived MAPSE still represents a field
of research warranting more interest.

5. Conclusions

MAPSE seems to be a reliable and easy-to-use echocardiographic marker of LV func-
tion that not only correlates well with LVEF, but also proves to be extremely useful in the
assessment of cardiac function in a wide array of clinical applications and might even
have predictive value. Publications on its use in the last decade, however, seem to be
insufficient, and it appears to be an underrepresented and underused LV function marker
in comparison with others. There is a lack of evidence and validation regarding its use in
certain specific cases such as, but not limited to, ventricular paced rhythms in patients with
cardiac implantable electronic devices (CIED). It is a tried and tested ultrasound parameter
that has proven to be applicable for the early detection of cardiac abnormalities, predicting
the risk of heart failure and monitoring treatment response, especially in patients with poor
acoustic windows.
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Abstract: The rising prevalence of cardiovascular disease underscores the growing significance of
heart failure (HF). Pathophysiological insights into HF highlight the dysregulation of the autonomic
nervous system (ANS), characterized by sympathetic overactivity and diminished vagal tone, im-
pacting cardiovascular function. Heart rate recovery (HRR), a metric measuring the heart’s ability to
return to its baseline rate post-exertion, plays a crucial role in assessing cardiovascular health. Widely
applied across various cardiovascular conditions including HF, coronary artery disease (CAD), and
arterial hypertension (HTN), HRR quantifies the difference between peak and recovery heart rates.
Given its association with elevated sympathetic tone and exercise, HRR provides valuable insights
into the perspective of HF, beyond effort tolerance, reaching toward prognostic and mortality indica-
tors. Incorporating HRR into cardiovascular evaluations enhances our understanding of autonomic
regulation in HF, offering potential implications for prognostication and patient management. This
review addresses the significance of HRR in HF assessment, analyzing recently conducted studies,
and providing a foundation for further research and clinical application.

Keywords: heart failure; heart rate recovery; cardiac exercise stress test; autonomic nervous system

1. Introduction

Heart rate recovery (HRR) is a parameter that addresses the decrease in the heart rate
following a physical exercise, reaching its resting heart rate values. It is typically measured
as the difference between the maximum heart rate during effort and the heart rate at a given
recovery time [1,2]. It serves as a precious tool for evaluating autonomic nervous system
(ANS) imbalance and has been widely used in screening and quantifying cardiovascular
risk and all-cause mortality in patients suffering from heart disease [3,4]. This process
reflects the dynamic equilibrium and synchronized interaction between the reactivation
of the parasympathetic nervous system and the withdrawal of the sympathetic nervous
system [5].

Cardiac autonomic dysfunction is frequently linked to cardiovascular disease (CVD)
and has been observed in individuals possessing such risk factors [6]. In these populations,
autonomic dysfunction is predominantly characterized by diminished parasympathetic
drive and increased sympathetic activity. This imbalance amplifies cardiac load, increases
ventricular instability, and consequently augments the susceptibility for cardiac arrest,
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infarction, and sudden death. Therefore, the existence of autonomic dysfunction suggests a
more deprived prognosis for individuals with cardiovascular disease and more specifically,
with heart failure (HF) [7,8].

Although the recently updated guidelines from the European Society of Cardiology
(ESC) explicitly classify acute and chronic HF in the realm of the left ventricular ejection
fraction (LVEF), the approach fails to adequately address the diverse pathophysiological
mechanisms, etiological factors, and associated comorbidities inherent to HF. Notably,
patients diagnosed with HF exhibit substantial clinical similarities irrespective of their LVEF
status, underscoring the inadequacy of relying solely on LVEF for complete classification
and management strategies [9,10].

In conditions of impaired ventricular contraction, the sympathetic nervous system
activation aims to enhance the cardiac output by accelerating the heart rate. Norepinephrine
release via adrenergic pathways augments myocardial contractility and triggers activation
of the renin–angiotensin–aldosterone system (RAAS), essential for maintaining adequate
blood pressure and cardiac output. Chronic elevation in wall stress instigates myocardial
hypertrophy and remodeling, alongside vasoconstriction, thus elevating afterload and
boosting contraction while impairing myocardial relaxation. This feedback loop intensifies
neurohormonal stimulation, exacerbating cardiac output compromise and perpetuating
heart failure progression [11–13].

On the other hand, increased vagal tone can help protect against ischemia and arrhyth-
mias by reducing heart rate and blood pressure. Modern therapies aim to regulate cardiac
dysautonomia by increasing parasympathetic activity through interventions such as vagal
nerve stimulation [14].

The purpose of this review is to provide an in-depth analysis of the existing data on
HRR in heart failure patients, by identifying underlying correlations ranging from prognosis
and mortality to clinical outcomes and echocardiographic evaluation. Additionally, it aims
to elucidate the potential of the parameter as a diagnostic metric in detecting and/or
characterizing HF patients.

2. Autonomic Influence in Exercise and the Recovery Period

Heart rate during physical exercise is influenced by both central (central command)
and peripheral (metabo- and mechanoreflex) mechanisms [15]. The metaboreflex, a phys-
iological reflex triggered during or after exercise-induced muscle ischemia, is activated
by stimulation of metabo-receptors. In healthy individuals, this reflex mechanism en-
hances hemodynamic response, leading to increased cardiac output primarily through
flow-mediated mechanisms [16]. Physical exercise causes intricate shifts between the sym-
pathetic and parasympathetic branches of the autonomic nervous system, concluding in an
augmentation of heart rate (HR) through vagal withdrawal and adrenergic discharge. This
complex physiological response enhances cardiovascular parameters, including cardiac
output, HR, cardiac contractility, alveolar ventilation, and venous return to the heart. As
exercise intensifies, the peak of sympathetic discharge and catecholamine release induces
vasoconstriction in various circulatory systems, with exceptions in muscle, coronary, and
cerebral circulations [17]. Despite increased sympathetic activity during exercise, parasym-
pathetic modulation continues to influence HR, ensuring optimal myocardial perfusion
during diastolic intervals and contributing to cardioprotective effects [18].

The recovery phase after maximal exercise involves an obvious shift in autonomic
tone, typified by sympathetic withdrawal and parasympathetic reactivation. Notably,
parasympathetic reactivation promptly manifests within the initial minute following exer-
cise cessation, significantly influencing HR decline. While vagal reactivation predominantly
mediates the initial 30 s HR decline, the prominence of sympathetic withdrawal becomes
more apparent two minutes post-exercise [6,19]. The available literature data highlight the
hemodynamic changes that occur in the recovery phase, when the important HR drop may
be caused by a decreased cardiac output, mediated by intrinsic regulation [20]. Autonomic
influence marks both HRR and the metaboreflex. Available data reveal that HF patients
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exhibit an increased metaboreflex, caused by an increased sympathetic activity. This re-
sults in excessive arteriolar vasoconstriction and increased systemic vascular resistance.
Consequently, ventricular contraction is compromised, leading to a reduced stroke volume.
Similar changes were noted in diabetic patients or those with metabolic syndrome [21].

As opposed to heart failure, trained individuals maintain a higher cardiac output
during the recovery phase, caused by the redistribution of blood to the central regions,
leading to an increased preload [20]. Thus, along with the more augmented vagal activity, it
explains the shifts in hemodynamics in a trained individual compared to heart failure states.
While chronotropic incompetence (CI) itself serves as a marker of cardiac dysautonomia,
conflictual data appeared regarding beta-blockers, that are commonly used to treat heart
failure. To address this issue, a lower threshold has been introduced for patients taking
beta-blockers, which defines CI as the inability to reach 62% of APMHR [22].

Exercise elicits a sophisticated autonomic response, involving sympathetic dominance
and enduring parasympathetic modulation, thereby influencing the dynamics of heart
rate and recovery. Considering that heart failure is a state of hypersympathetic activity,
exploring the recovery phase contributes to a better understanding of the ongoing processes,
allowing the evaluation of therapeutic approaches.

3. Main HRR Parameters

As early as the 1990s, the first data appeared concerning HRR, stating that a
HRR < 12 beats per minute in the first minute strongly predicts overall mortality, set-
ting a cornerstone for future studies [23]. Since then, the topic of HRR has been gaining
interest among researchers, who developed various means of determining HRR, at
different time intervals of the recovery period.

The following paragraph summarizes various HRRs, grouped through measurement
methods.

3.1. Difference between Peak HR and HR at a Certain Moment of Recovery

• HRR1—HRR at 1 minute of recovery subtracted from the peak HR [24–30].
• HRR2—HRR at 2 min of recovery subtracted from the peak HR [25,28,29,31,32].
• HRR150 sec—measured as the difference between the maximum HR and the HR after

150 seconds of recovery [33].
• HRR3—measured as the difference between the maximum HR and the HR after three

minutes of recovery [34].

3.2. A Ratio between Different Phases of the Effort

• Heart rate recovery index—measured as the ratio between heart rate acceleration time
(AT) and heart rate deceleration time (DT) [35].

3.3. A Delay in the Maximum Heart Rate

• Delay of peak HR: HRR assessment 6 months after heart transplantation reflects the
cardiac denervation and the loss of vagal tone, which would normally induce HR drop
after exercise [32].

Given the distinct recovery phases and autonomic involvement, evaluating sympa-
thetic nervous system activity during the post-exercise recovery phase could be crucial,
given the correlation between cardiovascular issues induced by exercise and raised sym-
pathetic activation. Moreover, while numerous population-based studies have associated
HRR with mortality, there remains a gap in research regarding whether the augmentation
of HRR following a therapeutic intervention serves as a predictive factor for improved
survival during the subsequent follow-up period [36].

4. Clinical Applications of HRR

Ideas regarding HRR have been widely used in various clinical settings besides coro-
nary artery disease. Heart failure, which will be thoroughly discussed further, has intricate
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connections with dysautonomia, implicit with the consequences of hypersympathetic states.
Autonomic nervous system dysfunction is also implied in conditions such as hyperten-
sion [3], diabetes mellitus (DM) [37], metabolic syndrome and obesity [38], and obstructive
sleep apnea syndrome [39].

HRR evaluation in DM plays a significant role in detecting subclinical LV dysfunction
and preventing HF by evaluating diastolic functional reserve among heart failure with
preserved ejection fraction (HFpEF) risk factors [40]. In a study by Vukomanovic et al.,
both type 2 diabetes patients and healthy individuals were enrolled to evaluate autonomic
cardiac dysfunction using CPET. The results of the study revealed that patients with type
2 diabetes displayed a blunted HRR, which was associated with altered HRR, yielding
significant autonomic nervous system dysfunction [41]. Moreover, another piece of research
revealed the importance of dysautonomia by highlighting the associations between diastolic
dysfunction and diminished functional capacity in patients with type 2 DM [42].

A recent study involving 2540 patients aimed to examine the correlations between
heart rate recovery (HRR) and terminal-pro B type natriuretic peptide (NT-pro-BNP), which
are both established as prognostic markers for heart failure. The study found that the NT-
pro-BNP value was correlated with HRR2 and HRR3, indicating the importance of HRR
in the slow recovery phase. This suggests that NT-pro-BNP is linked to the sympathetic
nervous system, which is associated with heart failure processes. The study highlights
the significance of cardiac dysautonomia evaluated by HRR and its connection to strong
prognostic indicators of heart failure [43].

5. Methodology

The current review aims to encompass the most relevant studies conducted in the
last ten years, concerning HRR in HF patients, employing two tables that hold the most
relevant aspects of the studies (Tables 1 and 2).

Table 1. Heart rate recovery (HRR) studies including patients with heart failure with reduced Ejection
Fraction (HFrEF).

Study
(Year)

Patients
Enrolled
(n)

HF
Population

Purpose of the
Study

Exercise Test
Methodology

Beta-Blocker
Treatment

HRR Evaluation
Method and
Cut-Off

Conclusions

Andrade
et al. (2022)
[25]

76 HFrEF Correlation of
all-cause
mortality and
HRR1 and
HRR2 during a
2-year
follow-up

6 MWT followed
by passive supine
recovery.

97% of patients.
Dosage N/A.

HRR1; HRR2 =
HRmax-HR at 1;
2 min of recovery;
Preestablished N.V.
HRR1 > 12 bpm;
HRR2 > 22 bpm

Decreased HRR1
and HRR2 are
associated with
increased mortality.

Tanaka
et al. (2021)
[27]

84 HFrEF with
AF

Correlation of
HRR and
exercise
capacity of
HFrEF and AF
patients before
and after the
rehabilitation
program

Cycle ergometer
CPET using a ramp
protocol of
10 W/min until
exhaustion, with
an active 1 min
recovery, followed
by a 4 min passive
recovery.

90% of patients.
Dosage N/A

HRR1 =
HRmax-HR at
1 min of recovery.
For AF patients,
HR was
determined by
averaging the last
ten beats at each
point;
Cut-off N/A

Improved HRR is
associated with
improved exercise
capacity in patients
with HFrEF and AF
after completing
the cardiac
rehabilitation
program.

Cozlac
et al.
(2020)
[35]

109 HFrEF
patients
following
CRT
implantation

Correlation of
HRRI and CRT
responsiveness

Cycle ergometer
using the Bruce
Protocol with a
25 W increase/
2 min.

82.8% of the
patients.
Dosage N/A.

HRRI = The ratio
between HR AT
and DT. The cut-off
for CRT response
predictability was
1.51.

HRRI was
significantly higher
in CRT responders
vs.
non-responders.

Fonseca
et al. (2019)
[28]

116 HFrEF Association of
sarcopenia and
autonomic
regulation

Symptom limited
cycle ergometer
CPET using a ramp
protocol
5–10 W/min.
Active recovery for
2 min, followed by
4 min of passive
recovery.

100% of
sarcopenic and
94% of non-
sarcopenic
patients.
Dosage N/A.

HRR1; HRR2 =
HRmax-HR at 1;
2 min of recovery;
Cut-off N/A

Sarcopenia is
associated with
decreased HRR1
and HRR2 in HF
patients.
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Table 1. Cont.

Study
(Year)

Patients
Enrolled
(n)

HF
Population

Purpose of the
Study

Exercise Test
Methodology

Beta-Blocker
Treatment

HRR Evaluation
Method and
Cut-Off

Conclusions

Youn et al.
(2016)
[29]

107 Recovered
acute decom-
pensated
HFrEF
(Eligible for
discharge)

Correlation
between HRR
and pro-
inflammatory
states with
clinical
outcomes

Treadmill CPET
using a modified
Bruce Protocol.
Passive recovery in
seated position.

Total of 33.3%
in the
CV-events
group and
68.8% in the
no-CV-events
group.
Dosage N/A.

HRR1; HRR2 =
HRmax-HR at 1;
2 min of recovery;
Cut off HRR1 < 13,
HRR2 < 27

Impaired HRR is
associated with an
exaggerated
pro-inflammatory
response and
independently
predicts clinical
outcomes.

N—Number; HF—heart failure; HFrEF—heart failure with reduced ejection fraction; AF—Atrial Fibrillation;
6 MWT—6 min walk test; HRR—heart rate recovery at a given time; HRmax—Maximum Heart Rate; HRRI—
heart rate recovery index; CPET—Cardiopulmonary exercise test; Min—minute; S—Second; B.P.M.—Beats per
minute; W—Watt; CRT—Cardiac Resynchronization Therapy; AT—Acceleration Time; DT—Deceleration Time;
N.V.—Normal Values; N/A—Not available; CV—Cardiovascular.

The methodology used for this review implied searching on different databases, such
as PubMed or Google Scholar, using relevant keywords like “heart rate recovery” and
“heart failure”, including Mesh terms.

The criteria for inclusion stipulated that the articles be written in English and published
between 2014 and 2024, and their type should relate to patients involved in clinical studies.
Furthermore, the resulting articles were manually selected considering the relevance,
intending to showcase diverse clinical scenarios where HRR was employed to address
heart failure.

6. HRR in Heart Failure: Bedside Studies

The resulting population heterogeneity prompted the construction of two tables to
effectively organize the resulting data. Table 1 presents patients diagnosed with heart
failure with reduced ejection fraction (HFrEF), offering a focused examination of this
subgroup within the cohort.

In contrast, Table 2 encompasses a diverse range of study populations and comparison
groups, including heart failure with preserved ejection fraction (HFpEF), heart failure with
mid-range ejection fraction (HFmrEF), and comparisons between heart failure patients and
healthy controls. Furthermore, two specific studies are highlighted within this framework:
the study of Carneiro et al. [34], which investigated individuals at risk of developing heart
failure (Stage A), and the study of Imamura et al. [32], which delves into patients recovering
from advanced heart failure (Stage D), and having undergone heart transplantation.

HRR is a powerful tool for predicting morbi-mortality in various conditions and is
considered a marker of cardiac dysautonomia [44].

Table 1 compresses studies conducted on HFrEF patients and reveals several HRR
methods of determination, exercise protocols, and controversial aspects such as beta-
blockade treatment, alongside the study objectives and results.

Our goal is to assess the various purposes for conducting exercise tests, which range
from assessing the impact of reduced quality of life to establishing correlations with
mortality in connection with blunted heart rate recovery. We also aim to point out the
correlation between reduced heart rate recovery and pro-inflammatory states, as well as the
association between exercise tests and conditions such as sarcopenia, CRT responsiveness,
and the influence of cardiac rehabilitation.

Delving into HRR determination methods, the most frequently used methods are
represented by HRR1 and HRR2. Cozlac et al. used another determinant, namely the heart
rate recovery index (HRRI) [35]. This index evaluates both the exercise time, by assessing
the heart rate acceleration time (AT), and the time of recovery, by measuring the heart rate
deceleration time (DT), being defined as the ratio between AT and DT.

Although the study population is represented by HFrEF patients, and the HRR deter-
minants are equal, cut-off values either differ between studies or have no values available
for cut-off, showing a degree of inconsistency. Moreover, additional differences among
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the studies are evident regarding the exercise test employed, the protocols implemented,
and the duration of the recovery period. These studies have employed diverse exercise
protocols and test types, spanning from the six-minute walk test (6 MWT) to comprehensive
cardio-pulmonary exercise tests (CPET). The recuperation period varies across studies, en-
compassing active recovery followed by passive recovery, solely passive recovery protocols,
or instances where the recovery protocol is not specified.

Similar to a recently published study, the methodology did not exhibit a clear pattern
for which exercise type and recovery protocols were used, indicating that further research
and studies are necessary to validate distinct protocols for various clinical scenarios [2].

The exercise types varied from the 6 MWT to the treadmill and cycle ergometer. While
maximal exercise tests like CPET are considered the benchmark for evaluating functional
capacity, the 6 MWT can offer valuable insights into a patient’s daily activity levels and
short-term prognosis, particularly in those with heart failure and reduced ejection fraction,
whether in a stable chronic condition or following an acute decompensation [45].

In contrast to the 6 MWT, both the cycle ergometer and treadmill offer a more gradual
and graded exercise. The bicycle ergometer has several advantages, including a small
space requirement, easy quantification of exercise, and suitability for obese patients or
those with orthopedic disorders. From a safety standpoint, it is a better choice than
other forms of exercise equipment, as it reduces the risk of ventricular arrhythmias and
angina pectoris appearance during exercise. The reason for this is that initially, maximal
exercise on a treadmill exerts more significant stress on the heart and lungs compared to
bicycle ergometers. Research has shown that during exercise tests with a bicycle ergometer,
untrained individuals often end the test due to fatigue in the quadriceps femoris muscles,
resulting in an average 5–20% lower peak oxygen consumption (peak VO2) compared to
treadmill exercise [46].

The study’s population distribution is shown for example in the studies of Youn et al.
or Cozlac et al. studies. The former implied symptom-limited CPET that was conducted
on patients who presented with acute decompensated heart failure (ADHF), after the
clinical stabilization of the patients [29]. The latter showed that an increased HRRI was
associated with responder status, while a blunted HRRI was linked to non-responders in
CRT patients [35].
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The presented data from the numerous studies have covered diverse study groups,
comprising patients from all HF stages [48]. HRR was studied in numerous population
groups, extending from HFrEF and HFmrEF to HFpEF, including cohorts of patients who
were at risk of developing HF in the follow-up period, as evaluated by Carneiro et al.
The study evaluated the patients enrolled in the Framingham Offspring Study to assess
the association between decreased HRR and incidental HF during an average follow-up
period of 16.8 years. Considering that nearly 40% of the patients were on antihypertensive
treatment, 16% on lipid-lowering treatment, 12% were smokers and 9.3% were suffering
from type 2 Diabetes Mellitus (T2DM), they could be considered at risk for developing
HF (Stage A heart failure) [48]. Thus, it is noteworthy to mention the correlation between
blunted HRR and an increased risk of developing HF, particularly HFrEF [29,34,35].

Conversely, Imamura et al. comprised the opposite spectrum of HF patients, namely
those who underwent a heart transplantation, underlining the broad range of HRR applica-
bility [32].

Research has suggested that cardiac rehabilitation programs may have a beneficial
effect on HRR. Several studies have indicated that there is a significant improvement in
HRR following enrolment in a rehabilitation program [24,27,34]. Not only did rehabilitation
result in improved HRR, but CAD patients were shown to have attenuated exercise-induced
arrhythmias and less frequent myocardial ischemia responses. Moreover, HRR appears
to be correlated with other HF determinants, such as the NYHA class, the BORG scale on
exertion perception, and quality of life questionaries [27].

It is common for patients with heart failure to experience mental health concerns like
anxiety and depression, which can sometimes be underestimated. Research conducted by
Irfanullah et al. has revealed that cardiac rehabilitation not only enhanced HRR but also
has a considerable positive effect on mindfulness scale assessment. This is a crucial finding
as mindfulness has been shown to promote an increase in vagal stimulation, which is
advantageous for heart failure patients and may help to improve their mental and physical
well-being [47].

Controversial aspects are contained in the tables, regarding the beta-blocker (BB)
treatment and its influences on HRR determinations. β-blocker therapy leads to a decrease
in neurohormone levels and an increase in β-receptor sensitivity, ultimately resulting in
accentuated inotropy. Additionally, it has been suggested that, among other medications,
β-blockers may experience reduced efficacy over time [49].

HRR was not statistically different in patients who were on BBs, compared to those
who did not, as stated in several studies [2,29]. This suggests that HRR predominantly
reflects vagal tone and remains a viable method for risk stratification across all patients,
regardless of β-blocker therapy [2].

In the study of Hajdusek et al., a statistical difference was observed in the baseline
characteristics of patients concerning beta-blockers. This was performed by comparing
individuals with heart failure with reduced ejection fraction (HFrEF) who were adminis-
tered beta-blockers (BBs), and healthy controls who did not have any medical reason for
receiving BBs. However, HRR was found to reflect the vagal tone and was not associated
with BB usage [33].

Yaylali et al. studied HF patients who were enrolled in a cardiac rehabilitation program,
pointing out that significantly more patients on BBs had normal baseline HRR1 and HRR2,
before starting the rehabilitation program [31].

Lindemberg et al. conducted a study with patients divided into three groups: G1
comprised HF patients treated with BB, G2 consisted of HF patients not treated with BB,
and G3 included healthy patients. Even though the patients who received BB had an altered
HRR, they showed better exercise tolerance, according to the study’s findings [26].

Various studies that determined HRR are displayed in the tables, but the methods
they used were not consistent. Most studies rely on HRR1 evaluation using a cut-off value
that was put in place over 30 years ago. However, two studies used statistical methods
to evaluate their HRR cut-off; Cozlac et al. referred the HRRI value to the area under the
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receiver operating characteristic (AuROC) [35]. Likewise, Youn et al. stood out as they use
Contal and O’Quigley’s method to establish a cut-off value [29]. In contrast, other studies
do not have a clear cut-off value, or they depend on preexisting cut-off values.

Figure 1 shows a graphical representation of the parameters used for assessing HRR.
Whereas the most used evaluation methods use the difference between peak HR and HR at
a certain moment of recovery (HRR1 and HRR2), a ratio between the exercise phase and the
recovery period, such as HRRI, is also displayed. The significant benefit of using HRRI is
that it takes into account the entire exercise period and reports a single value that assesses
both acceleration and deceleration time.

Figure 1. Graphical interpretation of heart rate recovery parameters. HRR1: HR MAX- HR1min
(heart rate recovery at 1 min); HRR2: HR MAX-HR2 2 min (heart rate recovery at 2 min); HRRI:
AT/DT (heart rate recovery index).

7. Echocardiographic Correlations

Echocardiography is a significant part of cardiovascular assessment. The following
section contains research data that revealed associations between certain echocardiographic
determinants and HRR.

LVEF is a cornerstone parameter for evaluating systolic function, yet its exclusive use is
inadequate, particularly given the increasing prevalence of HFpEF. Comprehensive assess-
ments now require additional evaluations, including diastolic function assessment, tissue
Doppler imaging (TDI), and evaluation of left atrial enlargement [10]. Researchers have
revealed that an examination of cardiac hemodynamic parameters, particularly through
tissue Doppler echocardiography, indicates a clear correlation between left ventricular
diastolic function and HRR. Patients showing decreased left ventricular filling pressures
and exhibiting lower E/e’ ratios demonstrate accelerated HRR and a more pronounced
chronotropic response, underscoring the intricate relationship between cardiac autonomic
function and adaptive responses to exercise [50]. As previously stated in the HF bedside
studies, Cahalin et al. revealed that echocardiography can serve as a predictor for HRR
values, involving mainly the E/e’ ratio for evaluating the diastolic filling pattern [30].

Whereas conventional echocardiography has a certain contribution, diastolic assess-
ment during stress echocardiography has shown superior results to conventional echocar-
diography and has been widely evaluated and incorporated in HFpEF diagnostic scores.
The most evaluated parameters represent peak tricuspid regurgitation velocity jet and sub-
sequently, pulmonary artery systolic pressure (PASP) and mitral E/E’ to objectify elevated
LV filling pressures [51].

The relationship between HRR and left atrial function and size is worth mentioning.
Interestingly, blunted HRR has been shown to relate positively to the left atrial volume
index, indicating that cardiac dysautonomia mechanisms may contribute to cardiac remod-
eling processes [51]. As shown in a recent study, abnormal strain rates during the reservoir,

98



J. Clin. Med. 2024, 13, 3328

conduit, and contraction phases of the left atrium were associated with blunted HRR 120 s
in patients with ST-segment elevation myocardial infarction [52].

8. Discussion

This current review discussed the topic of HRR and the main studies that involved
HF patients, in which various aspects and correlations of HRR were determined. The main
HRR studies that were conducted in the last decade underscore the inconsistency of HRR
determinants, underlining that each method has its weaknesses and strengths.

Since the recovery phase is influenced differently by the autonomic nervous system,
we consider that it is crucial to comprehend the whole-effort dynamics to better assess
heart failure conditions.

Ranging from chronic inflammatory states, metabolic imbalance, and sarcopenia to car-
diac outcomes, HF predictability, and mortality, we encompassed the various applicability
of HRR in our presented study.

Available data suggest facilitated patient risk quantification with the help of HRR,
considering that patients with blunted HRR indices exhibit increased risks of mortality,
recurrent HF hospitalizations, and adverse cardiac events [25,29,44]. By identifying high-
risk individuals, we presume that clinicians could adapt management strategies accordingly
to HRR values.

Another key determinant of cardiac dysautonomia is reflected by heart rate variability
(HRV). HRV refers to the variation in the time intervals between successive heartbeats
(i.e., the R-R interval) and has been proven to have decreased values in HF [53]. While
they both serve as prognostic markers [54,55], they differ in their measurement methods
and the information they provide. Firstly, HRV is usually measured on standard resting
electrocardiograms (ECG) or during Holter monitoring [56]. HRR on the other hand, is
measured after a graded exercise and offers more complex information about both the
resting HR and the recovery HR at a given time.

The mutual regulation system observed between HRV and HRR implies a poten-
tial connection between the two measures. If so, resting HRV indicators could serve as
predictors of HRR before encountering stressors like exercise [57].

However, the diagnostic utility of HRR remains to be further proven, as it would be a
crucial aspect to implement HRR among well-established tools, such as natriuretic peptides,
in the diagnostic of heart failure.

Exercise stress tests have been helping clinicians evaluate treatment response in ad-
vanced HF states, that require CRT. A recently published article underlines the importance
of ET in tailoring beta-blockers and ivabradine in CRT fusion pacing. Monitoring dynamic
changes of the HR over time can help evaluate the efficacy of treatment regimens and guide
adjustments as needed [58]. Therefore, our perspectives may shift towards better HRR
comprehension, which may be useful in guiding medical treatment in HF patients. Thera-
peutic interventions aimed at improving cardiac function, such as medication adjustments,
lifestyle improvements, and cardiac rehabilitation programs, may lead to enhancements in
autonomic function and subsequently improved HRR.

As previously exposed, exercise training represents a cornerstone of HF management,
promoting cardiovascular fitness and improving symptoms, further enhancing the quality
of life of HF patients. Among improving cardiovascular fitness, exercise modulates dysau-
tonomia, improves inflammatory states, and prevents muscle loss, which has been proven
to be a consequence of the pathophysiology of heart failure [59].

Therapeutic interventions targeting autonomic modulation vary widely, starting
with medical treatment, such as beta-blockers, angiotensin-converting enzyme inhibitors
(ACEIs), or digoxin. More recently, studies have shown that sodium-glucose cotransporter-
2 inhibitors (SGLT2-i) may improve cardiac autonomic dysfunction in type 2DM patients,
as published in the SCAN Study, which may lead to new research directions toward HF
patients [60]. Besides medical therapies, dysautonomia may be targeted with device-based
options, such as CRT, vagal nerve stimulation (VNS), or renal denervation [61].
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9. Further Perspectives

Assessing HRR in the treatment of HF patients will offer a simple approach to risk
stratification, treatment monitoring, and proactive management.

HRR has been identified as a potential indicator of premature cardiac impairment, such
as altered diastolic dysfunction, as demonstrated in a study involving obese adolescents.
This underscores its significance as a clinically relevant outcome marker [62]. Although
the available determination methods prove some degree of inconsistency with the used
parameters, the field is open for novel implementations.

Future studies may show interest in establishing connections between abnormal HRR,
HF, and atrial remodeling. Considering the intricate synergy between dysautonomia,
electrical and mechanical remodeling, and heart failure progression, the area of research
deserves to be unveiled.

Another key aspect concerns inflammation, frequently measured by high-sensitive
C reactive protein (hs-CRP) [63] or the neutrophil-to-lymphocyte ratio (NLR) [64], which
is known to be linked to the risk of developing cardiovascular disease, such as heart
failure [65] and atrial fibrillation [66]. Further studies are necessary to evaluate the risk of
quantifying atrial fibrillation in the realm of blunted HRR.

Moreover, delayed HRR has been proven to be independently associated with NLR,
indicative of systemic inflammation [63]. This underscores the implications of vagal
modulation in inflammation and suggests future perspectives for managing heart failure.

10. Conclusions

In summary, this study underscores the necessity of integrating heart rate recovery
(HRR) into cardiovascular assessments, as it is associated with both morbidity and mor-
tality in numerous cardiovascular conditions. The connections between HRR and the
autonomic nervous system make HRR an accountable index, for both the assessment of the
pathophysiologic dynamic processes and their consequences [67]. However, the domain of
heart rate recovery stands as a focal point for future research endeavors, particularly in the
context of heart failure, where the potential diagnostic utility of HRR remains to be fully
elucidated. As mentioned before, the recently published studies encompassing HF patients
lack a standardized evaluation protocol that could be easily applied throughout practices,
emphasizing the importance of future research in this area of expertise.

Establishing the diagnostic power of HRR through further investigation holds sig-
nificant promise, especially considering its ease of evaluation. Such advancements could
revolutionize cardiovascular diagnostics, offering clinicians a simple yet potent tool for
enhancing risk assessment and patient care.

Author Contributions: Conceptualization, A.C., C.V. and D.C.; methodology, A.C., M.T. and C.-T.L.;
software, A.C., M.T., A.-I.L.-H. and M.-A.L.; validation, A.C., D.C., C.V. and D.G.; formal analysis,
A.C., A.-I.L.-H. and M.T.; investigation, A.C., D.C., C.V. and M.-A.L.; resources, A.C., L.C., M.T. and
A.-A.F.-G.; data curation, A.C., C.V., L.C. and M.T.; writing—original draft preparation, A.C., D.C.,
C.V. and A.-A.F.-G.; writing—review and editing, A.C., D.C., M.T., C.V. and C.-T.L.; visualization,
A.C., D.C., C.V. and S.C.; supervision, A.C., D.C. and S.C.; project administration, A.C., M.T. and C.V.;
funding acquisition, A.C., D.G. and D.C. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding. Internal funding: We would like to acknowl-
edge VICTOR BABES UNIVERSITY OF MEDICINE AND PHARMACY TIMISOARA for their
support in covering the costs of publication for this research paper.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data sharing is not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

100



J. Clin. Med. 2024, 13, 3328

References

1. Dewar, A.; Kass, L.; Stephens, R.C.M.; Tetlow, N.; Desai, T. Heart Rate Recovery Assessed by Cardiopulmonary Exercise Testing
in Patients with Cardiovascular Disease: Relationship with Prognosis. Int. J. Environ. Res. Public Health 2023, 20, 4678. [CrossRef]
[PubMed]

2. Yu, Y.; Liu, T.; Wu, J.; Zhu, P.; Zhang, M.; Zheng, W.; Gu, Y. Heart rate recovery in hypertensive patients: Relationship with blood
pressure control. J. Hum. Hypertens. 2017, 31, 354–360. [CrossRef] [PubMed]

3. Manolis, A.A.; Manolis, T.A.; Manolis, A.S. Neurohumoral Activation in Heart Failure. Int. J. Mol. Sci. 2023, 24, 15472. [CrossRef]
[PubMed]

4. Fecchio, R.Y.; Brito, L.; Leicht, A.S.; Forjaz, C.L.M.; Peçanha, T. Reproducibility of post-exercise heart rate recovery indices: A
systematic review. Auton. Neurosci. 2019, 221, 102582. [CrossRef] [PubMed]

5. Qiu, S.; Cai, X.; Sun, Z.; Li, L.; Zuegel, M.; Steinacker, J.M.; Schumann, U.; Yin, J.; Jin, X.; Shan, Z.; et al. Heart Rate Recovery and
Risk of Cardiovascular Events and All-Cause Mortality: A Meta-Analysis of Prospective Cohort Studies. J. Am. Heart Assoc. 2017,
6, e005505. [CrossRef] [PubMed]

6. Peçanha, T.; Silva-Júnior, N.D.; Forjaz, C.L.D.M. Heart rate recovery: Autonomic determinants, methods of assessment and
association with mortality and cardiovascular diseases. Clin. Physiol. Funct. Imaging 2014, 34, 327–339. [CrossRef] [PubMed]

7. Okutucu, S.; Karakulak, U.N.; Aytemir, K.; Oto, A. Heart rate recovery: A practical clinical indicator of abnormal cardiac
autonomic function. Expert Rev. Cardiovasc. Ther. 2011, 9, 1417–1430. [CrossRef] [PubMed]

8. Imai, K.; Sato, H.; Hori, M.; Kusuoka, H.; Ozaki, H.; Yokoyama, H.; Takeda, H.; Inoue, M.; Kamada, T. Vagally mediated heart
rate recovery after exercise is accelerated in athletes but blunted in patients with chronic heart failure. J. Am. Coll. Cardiol. 1994,
24, 1529–1535. [CrossRef] [PubMed]

9. McDonagh, T.A.; Metra, M.; Adamo, M.; Gardner, R.S.; Baumbach, A.; Böhm, M.; Burri, H.; Butler, J.; Čelutkienė, J.; Chioncel,
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Abstract: Background/Objectives: This study assessed the long-term prognostic implications of
newly developed left bundle branch block (LBBB) in patients with ST-elevation myocardial infarction
(STEMI) and a single coronary lesion, following primary percutaneous coronary intervention (PCI).
Methods: Among 3526 patients admitted with acute myocardial infarction between January 2011
and December 2013, 42 were identified with STEMI, a single coronary lesion, and newly diagnosed
LBBB. A control group of 42 randomly selected STEMI patients without LBBB was also included.
All participants were prospectively evaluated with a median follow-up duration of 9.4 years. De-
mographic, clinical, and laboratory data were analyzed to assess the impact of LBBB on long-term
outcomes. Results: The baseline characteristics were similar between the groups. The STEMI with
new LBBB group had significantly higher rates of new myocardial infarction, revascularization, and
mortality, highlighting the severe prognostic implications and elevated risk for adverse outcomes
compared to STEMI without LBBB. The multivariate Cox regression analysis demonstrated that the
presence of LBBB (HR: 2.15, 95% CI: 1.28–3.62, p = 0.003), lower LVEF (HR: 1.45, 95% CI: 1.22–1.72,
p < 0.001), and longer pain-to-admission time (HR: 1.32, 95% CI: 1.09–1.61, p = 0.008) were significant
independent predictors of adverse outcomes. Conclusions: Newly acquired LBBB in STEMI patients
is associated with poorer long-term outcomes. Early identification and management of factors such
as reduced LVEF and timely hospital admission, specifically in patients with new-onset LBBB, can
improve prognosis.

Keywords: STEMI; new left bundle branch block; heart failure; long-term outcomes; percutaneous
coronary intervention; prognostic; prospective study

1. Introduction

Acute myocardial infarction with ST-segment elevation (STEMI), one of the most
prevalent causes of death and morbidity worldwide, is a life-threatening disorder that re-
quires prompt diagnosis and is frequently the early clinical manifestation of cardiovascular
disease. In the assessment of individuals with STEMI, the resting 12-lead electrocardiogram
(ECG) serves as the primary diagnostic tool. It is recommended that the ECG results be
interpreted as promptly as possible at the first medical contact, ideally within 10 min [1].
Beyond the importance of analyzing the ischemic findings, it is necessary to assess the
existence of various conduction disturbances that may occur in the setting of acute coronary
syndromes. This is because alterations in the QRS duration and pattern are considered to
indicate more acute ischemia and a faster progression of myocardial necrosis compared to
changes in the ST-segment alone [2–4].
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The American Heart Association (AHA) and European Society of Cardiology (ESC)
acknowledge the challenge of diagnosing STEMI in the presence of left bundle branch
block (LBBB) and determining whether the LBBB is recent or pre-existing, especially
when there is no prior electrocardiogram available for comparison [1,5]. Recent studies
observed that individuals with bundle branch block (BBB) who had acute myocardial
infarction (AMI) had a higher prevalence of three-vessel and left main disease. Also, the
occurrence of pulmonary edema, cardiogenic shock, and significant adverse cardiac events
is greater in these patients [6,7]. However, other studies revealed no significant associations
between the presence of new permanent LBBB or RBBB and the severity of coronary artery
atherosclerosis, as measured by Gensini Score (GS) [8].

In the realm of cardiology, the onset of a new LBBB in patients with STEMI represents
a pivotal diagnostic and prognostic marker. This study delves into the long-term impact
of new LBBB on the incidence of heart failure among STEMI patients, a topic that has
garnered attention due to its significant implications for patient outcomes and management
strategies.

Our objective was to quantify the specific impact of newly developed LBBB on the
long-term prognosis of patients with STEMI and a single coronary lesion who underwent
primary percutaneous coronary intervention (PCI). We focused on assessing the prognostic
significance of LBBB in terms of mortality risk and the development of heart failure, with
the goal of aiding clinicians in optimizing treatment strategies and enhancing patient
outcomes.

2. Materials and Methods

2.1. Patient Recruitment

This is a prospective observational study, conducted at a primary PCI academic hospi-
tal in Eastern Romania, the only hospital in the region with 24 h primary PCI. The study
specifically focused on patients aged 18 years or older who met the criteria for STEMI,
as defined by the fourth myocardial infarction classification, and a single atherosclerotic
coronary lesion [1]. Patients were enrolled consecutively over the study period to minimize
selection bias and ensure a representative sample. The inclusion criteria were refined to
include only patients with acute STEMI who presented within 12 h of symptom onset.
Considering that our hospital is the only primary PCI hospital in the region with 24 h
primary PCI services, and given the significant distances between primary PCI centers in
this area, we included patients who presented at more than 12 h after symptom onset, but
only in the presence of ongoing symptoms suggestive of ischemia, hemodynamic insta-
bility, or life-threatening arrhythmias. This inclusion was necessary to reflect real-world
clinical practice in our region, where delayed presentation is common due to geographic
constraints. STEMI was defined by standard ECG criteria (ST-segment elevation in at
least two contiguous leads) and elevated cardiac biomarkers. All participants underwent
a prospective evaluation with a median follow-up of 9.4 years. Throughout this period,
various biological parameters were assessed to examine the impact of an acute coronary
event on lifestyle changes and to evaluate the predictive value of newly developed left
bundle branch block (LBBB) regarding mortality and heart failure onset. Patients with
type 2 myocardial infarction, defined as myocardial ischemia due to an imbalance between
oxygen supply and demand without coronary artery occlusion, as well as those with a
prior history of STEMI, PCI, or coronary artery bypass grafting, were excluded from the
study (Figure 1).
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Figure 1. Study flow. AMI, acute myocardial infarction; LBBB, left bundle branch block; NSTEMI,
acute myocardial infarction without ST-segment elevation; STEMI, acute myocardial infarction with
ST-segment elevation.

2.2. Data Collection Method

All study participants were interviewed during their hospitalization to document
their cardiovascular risk factors. Special attention was placed on accurately recording the
precise onset time of chest pain related to acute myocardial infarction. A family history
of premature coronary artery disease was defined as the occurrence of sudden death or
coronary artery disease in first-degree male relatives under 55 years of age or in first-degree
female relatives under 65 years of age.

Peripheral blood samples were collected immediately upon admission of patients
to the emergency department or before the urgent coronary angiography, in order to
determine the blood cell counts, biochemical analysis of lipids (total cholesterol, low-density
lipoprotein cholesterol (LDLc), high-density lipoprotein cholesterol (HDLc), triglycerides),
myocardial cytolysis markers (myocardial creatine kinase (CK-MB) and troponin T), glucose
metabolism, aspartate aminotransferase (AST), alanine aminotransferase (ALT), and renal
function analysis. The glycemic status of the patients was determined using criteria
established by the European Diabetes Society: 1. normal glycemic control, defined as
fasting blood glucose (FPG) levels below 5.6 mmol/L (100 mg/dL). 2. A diabetes diagnosis
was made if patients had two FPG values equal to or greater than 7.0 mmol/L (126 mg/dL)
(venous plasma glucose). Patients were classified as diabetic if they had a known history of
diabetes, fasting blood glucose levels of 126 mg/dL or higher, or were receiving treatment
with oral antidiabetic medications or insulin. These criteria were employed to assess and
categorize the glycemic status of the patients in the study [9]. Hypertension was defined
as blood pressure measurements equal to or exceeding 140/90 mmHg or a documented
history of previous antihypertensive treatment [10]. Body mass index (BMI = weight
in kg/height2 in m2) and smoking status were also evaluated. Obesity was defined as
BMI ≥ 30 kg/m2.

Electrocardiographic recognition of myocardial infarction in patients with LBBB poses
challenges in the emergency department due to the masking effect of ST-segment deviations
inherent in LBBB. Various diagnostic criteria have been proposed over the years to aid
clinicians in making accurate diagnoses in such cases, with the Sgarbossa criteria being
the most widely recognized. The original Sgarbossa criteria require at least 3 points to
diagnose STEMI in the presence of LBBB, based on the following: (1) concordant ST-segment

106



J. Clin. Med. 2024, 13, 5479

elevation of 1 mm or more in at least one lead (5 points); (2) ST-segment depression of 1 mm
or more in leads V1-V3 (3 points); and (3) discordant ST-segment elevation of more than
5 mm in at least one lead (2 points). To enhance both sensitivity and specificity, achieving
91% and 90%, respectively, Smith et al. modified the Sgarbossa criteria, and replaced the
absolute ST-segment elevation criterion with a relative ST/S ratio of less than 0.25 [3,4].
Patients were classified as having newly developed LBBB if the condition was documented
on the initial electrocardiogram at admission, and this condition persisted at the patient’s
discharge, without any prior history of LBBB, as confirmed by reviewing previous ECGs
when available. Patients with myocardial infarction without prior ECG data were excluded
to ensure accurate classification and to include only those with definitively new-onset
LBBB. This approach was employed to maintain the accuracy of the classification and the
reliability of our findings regarding the impact of new LBBB on long-term outcomes in
STEMI patients.

All patients underwent echocardiographic evaluation, with left ventricular ejection
fraction (LVEF) measured using the biplane method of discs, based on the modified Simp-
son’s rule [11].

All patients included in the study underwent cardiac catheterization, and coronary
artery stenosis was considered to be present when there was a reduction in the lumen
diameter of any of the three coronary arteries or their main branches by more than 50%. The
culprit lesion was identified based on angiographic findings consistent with acute thrombus
or plaque rupture in a single coronary artery. Coronary arteries with smooth contours and
without focal diameter reduction, or those with atherosclerotic lesions causing less than 50%
stenosis, were classified as “normal”. Importantly, patients with normal coronaries or non-
obstructive disease were excluded from the analysis. Patients with more than one coronary
lesion were likely excluded from the study, based on the standard definition of multi-vessel
disease, which is defined as stenosis of ≥50% in more than one major coronary artery on
coronary angiography. The rationale behind this exclusion was to focus the analysis on
single-vessel disease to maintain homogeneity and to reduce confounding variables related
to multi-vessel involvement. Also, by excluding patients with multiple lesions, the study
aimed to reduce variability in clinical presentation and treatment responses, thus allowing
for clearer analysis and comparison between patients with and without new-onset left
bundle branch block. These patients were then treated according to established protocols,
which involved the placement of second-generation drug-eluting stents. The PCI was
customized to suit the coronary anatomy and clinical condition of each individual patient.
Following the PCI, all patients received standard treatment regimens that adhered to
established guidelines. This included contemporary antiplatelet therapy and standard-dose
statin therapy. After discharge, patients were routinely monitored and followed up at the
clinic. This comprehensive approach aimed to provide optimal care and management for
patients with STEMI.

2.3. Follow-Up and Outcomes

During the study, all participants were prospectively evaluated over a median follow-
up period lasting 9.4 years. Follow-up assessments were conducted through in-person
visits to the clinic. All patients were followed until the study’s completion. The primary
endpoint of the study was the incidence of major adverse cardiac and cerebrovascular
events (MACEs), defined as a composite of the following outcomes: cardiac mortality
(death attributed to cardiac causes), recurrent myocardial infarction (new infarction oc-
curring in the previously treated target vessel), stroke (including both fatal and non-fatal
ischemic strokes), and target vessel revascularization (any repeat percutaneous or surgical
intervention on the previously treated vessel) [1–3,9]. The secondary endpoint of the study
aimed to assess the predictive significance of the newly acquired LBBB in terms of both
mortality and the development of heart failure.

The study adhered to the principles of the Declaration of Helsinki and its subsequent
revisions, as approved by the hospital’s Ethics Committee. Patient data were anonymized,
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and informed consent for the use of personal information was obtained at the time of
hospital admission, ensuring compliance with ethical standards and safeguarding patient
confidentiality throughout the research.

2.4. Statistical Analysis

First, the normality of the distribution of numerical variables was assessed using
the Kolmogorov–Smirnov test. Parametric variables were analyzed with an independent
sample t-test, while non-parametric variables were evaluated using the Mann–Whitney
U test. Categorical data were compared using the chi-square or Fisher’s exact test as
appropriate. A multivariate Cox proportional hazards regression analysis was conducted
to identify independent predictors of MACEs. The analysis incorporated key variables,
including the presence of LBBB, left ventricular ejection fraction, pain-to-admission time,
age, and relevant comorbidities such as diabetes, hypertension, and chronic kidney disease.
Initially, each variable was independently analyzed to determine its association with MACE.
Variables with a p-value of less than 0.05 in the univariate analysis were included in the
multivariate Cox regression model. The final Cox regression model was employed to
identify independent predictors while accounting for potential confounding factors. The
results are presented as hazard ratios (HRs) with 95% confidence intervals (CIs). All
statistical analyses were performed using the IBM SPSS statistics version 26.

3. Results

Among the 3526 patients admitted with acute myocardial infarction between 1 January
2011 and 31 December 2013, 42 had STEMI with a single coronary lesion and newly
diagnosed LBBB. To ensure comparability, a control group of 42 patients with STEMI but
without LBBB was randomly selected.

All participants underwent prospective evaluation over a median follow-up period
of 9.4 years. During this follow-up, different biological parameters were assessed to
investigate the impact of an acute coronary event on lifestyle modifications. Additionally,
the study aimed to determine the prognostic significance of newly acquired LBBB in terms
of mortality and the development of heart failure.

3.1. Patient Characteristics at Baseline

The demographic characteristics, medical history, and admission hemodynamics of
the patients were analyzed to determine if there were any significant differences between
the groups. The median age of patients with STEMI and new LBBB was 67 years (range
52–83), while for those without LBBB, it was 66 years (range 40–81) with a p-value of 0.864,
indicating no significant difference. The percentage of female patients was 38.9% in the
LBBB group and 33.3% in the control group (p = 0.760). This balance in gender distribution
helps in isolating the effect of LBBB on outcomes, as gender differences in myocardial
infarction can influence prognosis.

Regarding the medical history and admission hemodynamics, there were no significant
differences, indicating that the groups were comparable at baseline. The median pain-
to-admission time for patients was 9 h (interquartile range [IQR]: 3–13 h) in STEMI with
new LBBB and 10 h (IQR: 2–15 h) in patients with STEMI without LBBB. This similarity
suggests that both patient groups experienced similar delays from the onset of symptoms
to hospital admission. Also, there was a consistency in the location of myocardial infarction
between the groups, and more than half of the patients had anterior myocardial infarction.
In our study, all procedures were performed via the femoral approach. The interventions
were carried out by a team of highly trained and experienced interventional cardiologists,
ensuring standardized and expert care throughout the study. All patients underwent
successful PCI, with drug-eluting stents, and with a procedural success rate of 100%. Only
one patient with new LBBB presented a local hematoma as a post-procedural complication,
without significant hemoglobin loss. By ensuring that the two patient cohorts are well-
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matched at baseline, the study provides a robust platform for investigating the specific
effects of newly acquired LBBB on the long-term outcomes of STEMI patients.

Table 1 presents the baseline characteristics of the two groups.

Table 1. Patient characteristics at baseline.

Variable
STEMI with New LBBB

(n = 42 Patients)
STEMI without LBBB

(n = 42 Patients)
p-Value

Demographic characteristics

Age, median (IQR), years 67 (52–83) 66 (40–81) 0.864

Female 38.09% 33.33% 0.760

Rural area 40.47% 35.71% 0.630

Medical history

Hypertension 69.04% 66.66% 0.822

Diabetes 28.57% 23.80% 0.869

Dyslipidemia 71.42% 66.66% 0.814

Heart failure 23.80% 16.66% 0.685

Atrial fibrillation 2.38% 4.76% 0.820

Chronic kidney disease 7.14% 9.52% 0.856

Pain-to-admission time (hours)

<6 h 16.66% 14.28% 0.565

6–12 h 71.42% 76.19% 0.905

>12 h 11.90% 9.52% 0.824

Admission hemodynamics

Killip > I 23.80% 19.04% 0.855

Anterior location 54.76% 57.14% 0.780

LVEF (%) 43% 45% 0.856

Ventricular arrhythmias 2.38% 4.76% 0.895

In-hospital outcomes

Median hospital stay (days) 9 (6–11) 6 (5–9) 0.048

Atrial fibrillation 7.14% 4.76% 0.780

Third-degree
atrioventricular block

2.38% 0% 0.855

LBBB, left bundle branch block; LVEF, left ventricular ejection fraction; STEMI, acute myocardial infarction with
ST-segment elevation.

3.2. Laboratory Characteristics

The results reveal notable differences and trends that provide insights into the long-
term outcomes and management of these patient groups (Table 2).

The hemoglobin and hematocrit levels showed a general trend of slight decline in both
patient groups over time. These trends could suggest a mild, chronic anemia or hemodi-
lution developing over time, potentially due to long-term medication use or underlying
chronic conditions. A significant reduction in white blood cell counts was observed in both
groups, reflecting a possible reduction in systemic inflammation over time. Platelet counts
also declined, which might reflect effects of antiplatelet therapies commonly prescribed to
these patients.
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Table 2. Laboratory characteristics.

Variable

STEMI with New LBBB
(n = 42 Patients)

Mean ± S.D.
p-Value

STEMI without LBBB
(n = 42 Patients)

Mean ± S.D.
p-Value

Baseline
Follow-Up
(Median
9.6 Years)

Baseline
Follow-Up
(Median
9.2 Years)

Hemoglobin
(g/dL)

13.80 ± 1.37 13.44 ± 1.44 0.247 14.58 ± 1.28 14.20± 1.40 0.201

Hematocrit (%) 43.65 ± 5.6 42.55 ± 6.7 0.419 46.55 ± 4.8 44.50 ± 6.6 0.111

Platelets (mm3)
285.200 ±

11,500 275,000 ± 10,340 <0.001
245,000 ±

10,680 234,050 ± 10,450 <0.001

White blood cells
(mm3)

14,500 ± 1065 10.230 ± 1050 <0.001 12,350 ± 1055 10,050 ± 1060 <0.001

LDL cholesterol
(mg/dL)

116.9 ± 49.5 87.79 ± 31.1 0.002 123.4 ± 49.16 104.19 ± 26.3 0.031

Creatinine
(mg/dL)

1.1 ± 0.4 0.9 ± 0.6 0.080 1.2 ± 0.8 1.0 ± 0.5 0.177

Uric acid (mg/dL) 6.9 ± 0.9 6.2 ± 0.8 0.001 7.1 ± 0.8 6.7 ± 0.8 0.027

Glycemia (mg/dL) 123 ± 43 106 ± 23 0.029 107 ± 11 102 ± 31 0.330

LDL, low-density lipoprotein; LBBB, left bundle branch block; STEMI, acute myocardial infarction with ST-
segment elevation.

LDL cholesterol levels showed a substantial decrease in both groups, from 116.9 ± 49.5 to
87.79 ± 31.1 mg/dL, p = 0.002 in the LBBB group, and from 123.4 ± 49.16 to 104.19 ± 26.3 mg/dL,
p = 0.031 in the non-LBBB group. This significant reduction highlights the effectiveness of
lipid-lowering therapies and dietary modifications in managing cardiovascular risk factors
over the long term, with a better control in patients with LBBB.

Both creatinine and uric acid levels decreased over the follow-up period, suggesting
improved renal function or better control of metabolic factors through medication and
lifestyle changes. This also might reflect better management of conditions like hypertension
and gout, often associated with elevated uric acid.

Glycemic control also showed improvement in both groups, which also indicates
successful long-term management of blood glucose levels, possibly through medication,
diet, and lifestyle interventions.

3.3. Long-Term Outcomes

The presence of new LBBB in STEMI patients significantly influences both therapeutic
strategies and prognostic outcomes (Table 3).

3.3.1. Treatment for Heart Failure

Patients with STEMI and new LBBB experienced significant improvements in heart
failure management, particularly with the increased use of angiotensin receptor-neprilysin
inhibitor/angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers (AR
NI/ACEi/ARB) and mineralocorticoid receptor antagonist (MRAs), reflecting a proactive
approach in addressing the more severe cardiac dysfunction typically associated with
LBBB. The substantial rise in the use of sodium-glucose cotransporter 2 (SGLT2) inhibitors
(with 61.90% use for STEMI with new LBBB, p < 0.001, and 38.09% use for STEMI without
LBBB, p = 0.028) in both groups indicates their growing importance in heart failure therapy,
underscoring their benefits in reducing hospitalization rates and improving cardiovascu-
lar health.
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Table 3. Long-term treatment and functional outcomes in patients with STEMI, with and without
LBBB.

Variable

STEMI with New LBBB
(n = 42 Patients)

p-Value

STEMI without LBBB
(n = 42 Patients)

p-Value

Baseline
Follow-Up
(Median
9.6 Years)

Baseline
Follow-Up
(Median
9.2 Years)

Treatment for heart failure

Beta-blockers 92.85% 85.71% 0.467 78.57% 85.71% 0.238

ARNI/ACEi/ARB 0/33.3/28.57% 42.85/7.14/4.76% 0.040 0/57.14/21.42% 38.09/4.76/19.04% 0.560

MRA 14.28% 21.42% 0.031 11.90% 14.28% 0.670

SGLT2i 0% 61.90% <0.001 0% 38.09% 0.028

Diuretics 59.52% 40.47% 0.208 14.28% 11.90% 0.450

Left ventricular ejection fraction (%)

<40% 30.95% 21.42% <0.001 14.28% 7.14% <0.001

40–50% 42.85% 52.38% 0.004 64.28% 54.76% 0.003

>50% 28.57% 26.19% 0.456 21.42% 38.09% 0.026

Heart failure

NYHA I 2.38% 4.76% 0.445 4.76% 7.14% 0.767

NYHA II 30.95% 42.85% 0.003 23.80% 28.57% 0.522

NYHA III 7.14% 4.76% 0.767 4.76% 2.38% 0.445

NYHA IV 2.38% 0% 0.497 2.38% 0% 0.497

ARNI/ACEi/ARBs, angiotensin receptor-neprilysin inhibitor/angiotensin-converting enzyme inhibitors/angiotensin
II receptor blockers; LBBB, left bundle branch block; MRA, mineralocorticoid receptor antagonist; NYHA, New
York Heart Association; SGLT2i, sodium-glucose cotransporter 2 inhibitors; STEMI, acute myocardial infarction
with ST-segment elevation.

The use of beta-blockers remained high in both groups but did not change significantly
over time. This indicates that beta-blockers are a consistently integral part of heart failure
management in STEMI patients regardless of the presence of LBBB.

3.3.2. Left Ventricular Ejection Fraction

The analysis of LVEF categories reveals significant shifts over the follow-up period,
highlighting improvements in cardiac function. There was a significant decrease in the
proportion of patients with severely reduced LVEF (<40%) in both groups. This improve-
ment is indicative of successful heart failure management and potentially better myocardial
recovery or remodeling. A significant increase in the proportion of patients with moderately
reduced LVEF was observed in patients with STEMI and new LBBB (42.85% vs. 52.38%,
p = 0.004). In the STEMI without LBBB group, the proportion of patients with preserved
LVEF significantly increased (21.42% vs. 38.09%, p = 0.026). In contrast, no significant
change was observed in the STEMI with new LBBB group (28.57% vs. 26.19%, p = 0.456).
This shift suggests a transition of patients from severely to moderately impaired cardiac
function, reflecting therapeutic efficacy and a better overall recovery in ventricular function
among patients without LBBB.

Changes in New York Heart Association (NYHA) functional classification revealed an
increase in moderate symptoms in STEMI with new LBBB (NYHA II, 30.95% vs. 42.85%,
p = 0.003) and consistently low severe symptoms (NYHA IV) in both groups over time.
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3.3.3. Outcomes

Long-term outcomes highlight significant differences between the two patient groups,
reflecting varying degrees of clinical risk and prognosis (Table 4).

Table 4. Comparison of long-term outcomes in patients with STEMI with and without LBBB, at
baseline and follow-up.

Variable

STEMI with New LBBB
(n = 42 Patients)

p-Value

STEMI without LBBB
(n = 42 Patients)

p-Value

Baseline
Follow-Up
(Median
9.6 Years)

Baseline
Follow-Up
(Median
9.2 Years)

Outcomes

Myocardial
infarction

0 9.52% <0.001 0 4.76% 0.059

Revascularization 0 9.52% <0.001 0 4.76% 0.059

Stroke 0 4.76% 0.059 0 2.38% 0.497

Death 0 9.52% <0.001 0 4.76% 0.059

LBBB, left bundle branch block; STEMI, acute myocardial infarction with ST-segment elevation.

The STEMI with new LBBB group experienced a significant increase in myocardial
infarction (p < 0.001) and revascularization (p < 0.001), compared to the STEMI without
LBBB group, indicating a higher risk for recurrent ischemic events and a greater need
for interventional strategies. Additionally, there was a trend towards increased stroke
incidence (p = 0.059) and significantly higher mortality (p < 0.001) in the STEMI with new
LBBB group, underscoring the severe prognostic implications of new LBBB. In contrast, the
STEMI without LBBB group showed no significant changes in these outcomes, suggesting
a comparatively lower risk profile.

3.4. Predictors of Major Cardiovascular Event in Patients with STEMI and New LBBB

In patients with STEMI, it is very important to identify factors that may influence
long-term outcomes.

A multivariate Cox regression analysis was performed to identify independent pre-
dictors of major cardiovascular events among STEMI patients with and without LBBB.
Variables included in the model were LBBB presence, LVEF, pain-to-admission time, age,
and key comorbidities such as diabetes, hypertension, and chronic kidney disease. Each
variable was first evaluated independently to assess its association with major adverse car-
diovascular events. Significant predictors (p < 0.05) were then included in the multivariate
analysis. A Cox regression model was applied to identify independent predictors while
adjusting for potential confounders. The analysis demonstrated that LBBB (HR: 2.15, 95%
CI: 1.28–3.62, p = 0.003), lower LVEF (HR: 1.45, 95% CI: 1.22–1.72, p < 0.001), and longer
pain-to-admission time (HR: 1.32, 95% CI: 1.09–1.61, p = 0.008) were significant independent
predictors of adverse outcomes (Table 5).
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Table 5. Univariate and multivariate Cox regression analysis to estimate predictors of MACE in
STEMI patients with and without LBBB.

Variable
Univariate Multivariate

HR 95% CI p HR 95% CI p

LBBB presence 2.6 1.45–4.68 0.002 2.15 1.28–3.62 0.003

LVEF (%) 1.7 1.30–2.21 <0.001 1.45 1.22–1.72 <0.001

Pain-to-admission time
(hours)

1.4 1.15–1.71 0.004 1.32 1.09–1.61 0.008

Age (years) 1.1 0.98–1.25 0.076 1.05 0.94–1.18 0.342

Diabetes 1.6 1.05–2.45 0.031 1.35 0.90–2.02 0.120

Hypertension 1.2 0.78–1.85 0.384 - - -

Chronic kidney disease 1.85 1.11–3.08 0.018 1.48 0.90–2.45 0.125

CI, confidence interval; HR, hazard ratio; LBBB, left bundle branch block; LVEF, left ventricular ejection fraction.

4. Discussion

The findings from this study underscore the critical differences in long-term manage-
ment and outcomes between STEMI patients with new LBBB and those without LBBB.
Patients with new LBBB demonstrated significant improvements in heart failure manage-
ment, particularly with increased use of ARNI/ACEi/ARB and MRAs. However, they also
faced higher risks of adverse outcomes, including myocardial infarction, revascularization,
and mortality. These results suggest that while therapeutic advancements have improved
heart failure management in these patients, the presence of new LBBB remains a marker of
poor prognosis, necessitating vigilant monitoring and possibly more aggressive treatment
strategies. Conversely, STEMI patients without LBBB showed better overall recovery in
ventricular function and lower incidences of adverse outcomes, highlighting a compara-
tively more favorable long-term prognosis. In the multivariate analysis, the presence of
LBBB was independently associated with a higher risk of major adverse cardiovascular
events. Moreover, reduced left ventricular ejection fraction and longer pain-to-admission
time were also identified as significant independent predictors of poor outcomes.

The baseline characteristics of the two groups were well-balanced, ensuring the reli-
ability of our comparative analyses. There were no significant differences in age, gender
distribution, medical history, or admission hemodynamics (p > 0.05 for all), which strength-
ens the reliability of our findings. The balanced distribution of demographic characteristics,
comorbid conditions, and initial clinical presentation factors between the groups enhances
the reliability of the study’s findings regarding the prognostic impact of LBBB in STEMI
patients. This thorough baseline matching allows for a clearer interpretation of the impact
of LBBB on long-term outcomes, without being confounded by pre-existing differences
between the groups. This careful methodological approach strengthens the validity of
the study’s conclusions and supports the clinical relevance of its findings. A relatively
small number of patients present with newly developed LBBB in the context of an acute
myocardial infarction. For example, in our study, only 1.2% of patients admitted with acute
myocardial infarction had STEMI with a single coronary lesion and newly diagnosed LBBB.
In a recent study conducted by the Minneapolis Heart Institute STEMI protocol, 3.3% of the
patients had either new or apparently new LBBB. Patients with new LBBB were typically
older, predominantly female, had lower ejection fractions, and experienced higher rates of
cardiac arrest or heart failure compared to those without newly developed LBBB. Addi-
tionally, those with new LBBB had a lower incidence of identifiable culprit arteries (54.2%
vs. 86.4%, p < 0.001). However, they showed a higher rate of all-cause mortality during
the one-year follow-up [12]. We acknowledge that our findings offer valuable insights into
the specific subgroup of STEMI patients with newly developed LBBB; however, further
validation in larger, multicenter studies is required to confirm the broader applicability
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of these conclusions to the general STEMI population. Despite the limitation of a smaller
sample size, our careful selection process and the well-balanced baseline characteristics
between the groups help mitigate some concerns related to sample size, thereby enhancing
the internal validity of our results.

Our longitudinal follow-up revealed important trends in laboratory parameters. Both
groups exhibited a general decline in white blood cell counts, hemoglobin, hematocrit, and
platelet counts, suggesting the potential development of mild chronic anemia, reduction
in systemic inflammation, and the effects of long-term antiplatelet therapy. Significant
reductions in LDL cholesterol levels (p = 0.002 for LBBB group, p = 0.031 for non-LBBB
group) indicate the effectiveness of lipid-lowering therapies in managing cardiovascu-
lar risk over time. Effective lipid management is essential for slowing the progression
of coronary artery disease and potentially reducing the need for additional reperfusion
procedures, thus maintaining vascular health after STEMI [13–15]. A recent retrospective
study evaluated lipid management in post-MI patients based on the 2019 European Society
of Cardiology Guidelines for dyslipidemia. The study found that only 14.7% of patients
reached the guideline-recommended LDL-C target of <1.4 mmol/L and achieved a ≥50%
reduction from baseline LDL-C at follow-up. This finding underscores the critical need for
improved secondary prevention strategies that align with current guidelines [16]. Addi-
tionally, improvements in creatinine and uric acid levels point to enhanced renal function
and metabolic control, likely due to optimized management of associated conditions. The
significant improvements in lipid profiles, glycemic control, and reductions in inflamma-
tory markers underscore the effectiveness of contemporary treatment strategies, including
pharmacotherapy and lifestyle modifications.

Significant improvements were observed in heart failure management among patients
with STEMI and new LBBB. The increased use of angiotensin receptor-neprilysin inhibitors,
ARBs, ACE inhibitors, MRAs, and SGLT2 inhibitors in this group reflects an advanced
therapeutic approach aimed at mitigating the more severe cardiac dysfunction associated
with LBBB. The substantial rise in the use of SGLT2 inhibitors, in particular, underscores
their growing importance in reducing hospitalization rates and enhancing cardiovascular
health. LVEF analysis revealed significant improvements in cardiac function over the follow-
up period. There was a significant decrease in the number of patients with severely reduced
LVEF, with many improving to moderately impaired or preserved LVEF, especially in those
without LBBB. This indicates successful heart failure management and better myocardial
recovery in these patients. However, patients with newly diagnosed LBBB demonstrated
less improvement in left ventricular ejection fraction, underscoring the importance of strict
adherence to treatment protocols and regular follow-up to maintain and enhance the health
benefits in STEMI patients [17]. Regarding the role of SGLT2 inhibitors in acute coronary
syndrome, recent findings provide mixed insights. While preclinical studies suggest these
inhibitors may reduce myocardial infarct size and improve cardiac function, clinical data
have yet to establish a clear benefit in the ACS setting. Although some benefits, such as
reduced contrast-induced acute kidney injury, have been observed, current evidence does
not fully support the use of SGLT2 inhibitors in ACS management, regardless of diabetes
status [18]. Larger, well-designed RCTs are necessary to clarify their role in this context
and potentially expand the therapeutic indications of these drugs. Furthermore, updated
clinical guidelines and new evidence have shaped practice patterns, advocating for more
personalized treatment strategies and the incorporation of alternative therapies [1,17,18].
For instance, angiotensin receptor-neprilysin inhibitors have demonstrated significant
benefits in patients with heart failure, prompting their increased use in contemporary
treatment protocols [19,20].

In our study, all procedures were performed via the femoral approach by a highly
experienced interventional cardiology team, resulting in a 100% procedural success rate
using drug-eluting stents, with only one minor complication (local hematoma) in a patient
with new LBBB. A study by Dudek et al. provides valuable insights into the clinical
outcomes, over a 12-month follow-up period, following bioresorbable vascular scaffold
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(BVS) implantation in complex coronary lesions, particularly in the context of acute coronary
syndrome. The study showed no significant differences in major adverse cardiovascular
events between patients with different levels of vessel tortuosity or calcification. However,
patients with ACS, particularly those with unstable angina, experienced a higher rate of
target lesion revascularization and device-oriented composite endpoints, suggesting that
while BVS can be used effectively in ACS cases, careful patient selection and follow-up are
crucial [21].

Our multivariate analysis highlights that the presence of LBBB in STEMI patients con-
tributes to worse long-term outcomes, likely due to the resulting electrical and mechanical
dyssynchrony that leads to adverse cardiac remodeling. Reduced left ventricular ejection
fraction and delayed pain-to-admission time were also identified as significant independent
predictors of poor outcomes. Interestingly, comorbidities such as diabetes, hypertension,
and chronic kidney disease were not significant predictors in the multivariate analysis after
adjusting for other factors, suggesting that the presence of LBBB, LVEF, and admission delay
may have a stronger influence on long-term prognosis in this patient cohort. These results
highlight the need for vigilant monitoring and aggressive management strategies in STEMI
patients with new LBBB to improve long-term outcomes. Further research could help clarify
these relationships and potentially guide more effective treatment strategies. In a large
retrospective study of 1875 patients undergoing primary PCI, those with LBBB (n = 155,
8.3%) were significantly older, more often female, and had higher rates of prior MI and
CABG compared to patients with STEMI. The LBBB group showed significantly lower rates
of acute occlusion (12.2% vs. 63%; p < 0.0001) and PCI (26% vs. 83%; p < 0.0001). Although
30-day mortality was similar between the groups, overall mortality was significantly higher
in the LBBB group during the 2-year follow-up (27.8% vs. 13.9%; p = 0.023). These findings
highlight the need for improved risk stratification and management strategies for LBBB
patients referred for primary PCI [22]. Lahti et al. performed research which found that
LBBB was linked to higher cardiac mortality even after accounting for clinical risk variables.
However, unlike individuals with non-ischemic ventricular conduction delay (NIVCD),
this connection disappeared when LVEF was included in the analysis. These findings
provide support for the idea that lower left ventricular ejection fraction (LVEF) caused by
mechanical dyssynchrony is a significant unfavorable prognostic factor in LBBB [23].

Nevertheless, a worse prognosis after an acute coronary syndrome (ACS) episode may
not only be attributed to the mechanical pumping ability of the heart. NIVCD continued
to be a significant predictor of cardiac death even after accounting for in-hospital LVEF.
Previously, NIVCD has been linked to a high occurrence of cardiac arrests in STEMI patients
undergoing treatment [23,24]. Lee et al. found that people with LBBB and non-ischemic
cardiomyopathy (NICD) were more likely to end up in the hospital because of HF, cardio-
vascular mortality, or death from any cause. Among these patients, those with LBBB had
the greatest risk of major adverse cardiovascular events [25]. Nevertheless, the frequency
of coronary angioplasty was notably lower in patients with BBB compared to those with
normal QRS, which is a key contributing factor to the worse outcomes seen in these groups,
especially in patients with LBBB [26]. During a 10-year follow-up of patients with ACS,
the presence of LBBB, electrocardiographic left ventricular hypertrophy, and Q waves was
shown to be linked with a poorer outcome compared to a normal electrocardiogram, RBBB,
ST-segment elevation, or ST-segment depression/T-wave inversion. LBBB was correlated
with the most elevated death rates [27]. Patients diagnosed with BBB had more unfavorable
baseline features, particularly those with LBBB. During the long time of observation, they
also had a more unfavorable result, characterized by an elevated rate of death from all
causes [24,25,28].

While our study did not directly utilize cardiac MRI due to the lack of availability
in our clinic, we recognize the potential of advanced imaging techniques, such as cardiac
MRI, in enhancing risk stratification, particularly for high-risk patients like those with new
LBBB. MRI parameters like LVEF and late gadolinium enhancement could complement
our identified prognostic factors, providing a more comprehensive evaluation of patient
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prognosis. This highlights the need for future studies to integrate clinical and imaging
data and emphasizes the importance of expanding access to advanced imaging in clinical
practice. The findings from our study align with and further emphasize the importance of
thorough risk stratification in this patient population. In the DERIVATE-ICM registry, a
large multicenter study involving 861 patients with ischemic cardiomyopathy and chronic
heart failure, the additional use of cardiac magnetic resonance (CMR) was shown to signifi-
cantly improve risk stratification for major adverse arrhythmic cardiac events compared
to standard transthoracic echocardiography (TTE). The study revealed that key CMR pa-
rameters, such as left ventricular end-diastolic volume index, CMR-derived LVEF, and late
gadolinium enhancement (LGE) mass, were independent predictors of MAACE. Notably, a
multiparametric CMR score provided superior predictive accuracy over the conventional
TTE-LVEF cutoff of 35%, resulting in a net reclassification improvement (NRI) of 31.7%
(p = 0.007). These findings underscore the potential role of advanced imaging techniques,
such as CMR, in enhancing the precision of risk assessment and guiding appropriate thera-
peutic strategies, especially in high-risk patients like those with LBBB who are predisposed
to adverse cardiovascular events [29].

The results of another recent study indicate that elevated T2 values in the noninfarcted
myocardium (NIM) following STEMI are significantly associated with adverse outcomes.
Specifically, patients with higher NIM T2 values (>45 ms) exhibited larger infarct sizes,
more microvascular obstruction, and greater left ventricular dysfunction compared to those
with lower T2 values. During a median follow-up of 17 months, patients with higher NIM
T2 values had a markedly increased risk of MACE, predominantly driven by a significantly
higher incidence of myocardial reinfarction (26.3% vs. 1.4%, p < 0.001). Multivariable
analysis confirmed that elevated NIM T2 values independently predicted MACE (HR: 2.824
[95% CI: 1.254–6.361]; p = 0.012), highlighting the prognostic value of this imaging marker.
These findings suggest that tissue-level inflammation and edema, as captured by higher
NIM T2 values, play a critical role in the post-STEMI pathophysiology and could serve as
an important risk stratification tool in this patient population [30].

These studies underscore the critical role of advanced imaging techniques, such as
cardiac magnetic resonance, in improving risk stratification for cardiovascular events in
high-risk populations. These findings highlight the prognostic value of tissue-level assess-
ments in guiding personalized therapeutic strategies and improving long-term outcomes.

This study has some limitations. The results are based on a relatively small sample size
from a single tertiary academic hospital in Romania, which may limit the generalizability
of the findings to other populations or healthcare settings. Thus, considering the limited
number of patients involved, as a result of the very careful selection process to ensure com-
parability of results, further validation, including an increase in the number of participants,
is necessary to strengthen the findings. The reliance on historical patient records from
2011 to 2013, although the study evaluated the patients for a median follow-up period of
almost 10 years, may not fully capture recent therapeutic advances or current management
practices. Due to limitations in sample size and the complexity of the dataset, advanced
multivariate analyses such as Kaplan–Meier curve generation were not performed. This
limitation may impact the generalizability of the findings, and future studies with larger
cohorts should consider these analyses to further refine the prognostic significance of LBBB
in STEMI patients.

Despite its limitations, this study has several strengths that enhance its credibility and
contribute meaningfully to the field of cardiovascular disease management, particularly
for patients with complex conditions such as STEMI and newly diagnosed LBBB. The
prospective data collection likely improves the accuracy and reliability of the findings
compared to retrospective studies. The nearly 10-year follow-up offers valuable long-term
insights into the management and outcomes of STEMI patients, both with and without
LBBB, which is essential for understanding the chronic nature of coronary artery disease.
By focusing on patients with newly developed LBBB, the study addresses a subgroup that is
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often underrepresented in cardiovascular research but may have poor long-term outcomes,
providing specific insights that could shape future guidelines and therapeutic strategies.

5. Conclusions

The study highlights the critical prognostic significance of newly acquired LBBB in
patients with STEMI. Thus, new-onset LBBB, reduced LVEF, and delayed pain-to-admission
time are significant independent predictors of worse long-term outcomes in STEMI patients,
highlighting the need for early detection and aggressive management of these factors.
Future research should focus on refining therapeutic strategies to improve the prognosis of
STEMI patients with LBBB, potentially incorporating advanced heart failure treatments
and timely revascularization to mitigate the higher risks observed in this group.
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Abstract: Background/Objectives: Thoracic aortic aneurysms (TAAs) are potentially life-threatening
medical conditions, and their etiology involves both genetic and multiple risk factors. Coxiella burnetii
endocarditis is one of the most frequent causes of blood culture-negative infective endocarditis
(BCNIE) in patients with previous cardiac surgery. Our review aims to emphasize the importance
of genetic testing in patients with thoracic aortic aneurysms but also the importance of additional
testing in patients with suspected endocarditis whose blood cultures remain negative. The reported
case has a history of acute DeBakey type I aortic dissection that developed during her second preg-
nancy, for which the Bentall procedure was performed at that time. Ten years after the surgery, the
patient started developing prolonged febrile syndrome with repeatedly negative blood cultures, the
serological tests revealing the presence of an infection with Coxiella burnetii. Considering her family
history and the onset of her aortic pathology at a young age, genetic tests were performed, disclosing
a missense variant in the actin alpha-2 (ACTA2) gene in heterozygous status. Methods: For a better
understanding of both conditions, our research was conducted in two directions: one reviewing
the literature on patients with Coxiella burnetii BCNIE and the other focusing on patients who had
a familial thoracic aortic aneurysm (FTAA) due to the ACTA2 variant. This review incorporates
studies found on PubMed and ResearchGate up to August 2024. Conclusions: BCNIE represents a
condition with several diagnostic challenges and may lead to severe complications if timely treat-
ment is not initiated. Also, diagnosing an FTAA requires genetic testing, enabling better follow-up
and management.
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1. Introduction

Thoracic aortic aneurysms (TAAs) involve the dilation of the vessel caliber, with
the aortic diameter thresholds adapting to physical measurements, such as height and
weight [1,2]. In addition to the etiology involving inflammatory and infectious diseases
or risk factors, such as hypertension and hypercholesterolemia, genetic factors implicated
in the physiopathology of vascular wall syndromes have gained significant importance in
recent years, leading to improved classification and management of aortic aneurysms [3,4].
The latest AHA Guidelines for the Diagnosis and Management of Aortic Disease recom-
mend routine genetic testing of patients diagnosed with thoracic aortic aneurysm at a
young age or having features associated with specific syndromes; additionally, DNA se-
quencing should be performed on known at-risk relatives of individuals with positive
results [2]. FTAAs are caused by their association with variants of either extracellular
matrix protein function or vascular smooth muscle proteins [1]. TAAs can be divided
into two main subtypes depending on multiorgan damage, the branches being referred
to as syndromic or non-syndromic. The syndromic ones include diseases affecting both
the vascular system and other connective tissue abnormalities, the most notable examples
of this group being Loeys-Dietz syndrome, Marfan syndrome, or vascular Ehlers-Danlos
syndrome. Conversely, non-syndromic TAAs are defined by their impact solely on the
cardiovascular system [5].

The pathogenic genes involved in the pathway of FTAAs affect proteins that ensure
the integrity of the vascular wall, particularly vascular smooth muscle cells. Multiple
genes can determine a familial pattern of thoracic aortic aneurysms, most of them having
autosomal dominant inheritance, with the highest studied and prominently featured in the
academic field being ACTA2, MYH11, MYLK, PRKG1, and those involved in the TGF-β
pathway [6,7]. Pathogenic variants of the ACTA2 gene, which encodes α-actin, are some
of the most frequent etiologies of FTAAs. Alpha-actin expresses almost half of the total
proteins in smooth muscle cells (up to 40%), thus making it the most representative protein
at this level [6]. In addition to cardiovascular disorders, pathogenic variants of the ACTA-2
gene predispose patients to other forms of vascular pathologies, including Moyamoya-like
occlusions that can lead to early onset of cerebrovascular events or occlusions of internal
carotid arteries or intracranial aneurysms [8–10].

On the other hand, the reported case is one with complex particularities, with several
medical specialties being involved and both the patient’s genetic and infectious pathology
leading to consequences in the cardiovascular system. The infectious disease that the patient
contracted during the last few years was an infection with Coxiella burnetii. This micro-
organism is the causative agent of Q fever, being intracellular gram-negative bacteria, and is
usually transmitted directly from animals, like goats or sheep, or indirectly by ticks [11,12].
It has been repeatedly indicated as a potential biological threat because it can be transmitted
through inhalation, it has a low infective dose, and it has environmental stability [13,14].
The acute onset of the disease manifests as a high fever and flu-like symptoms, for example,
a nonproductive cough, but because of the non-specific symptoms, the treatment is not
always administered on time, allowing the Q fever to turn into a chronic disease [15,16].
The only method of preventing the disease is through immunization achieved by the Q-vax
vaccine, but it is currently only administered in Australia [17].

The most common manifestation of chronic Q fever is blood culture-negative infective
endocarditis, but in some cases, the onset form may be represented by hepatitis, osteomyeli-
tis, febrile illness lasting up to fifty days, and even neurological pathology, characterized
by encephalitis, meningitis, or peripheral neuropathy [18,19].
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The specific treatment of Coxiella burnetii infection is the administration of Doxycycline
for 14 days for the acute infection, but in the case of chronic Q fever, a combination of
Doxycycline and Hydroxychloroquine should be administered for up to 18 months [20,21].
According to the 2023 ESC Guidelines for the management of endocarditis, blood culture-
negative infective endocarditis caused by Coxiella burnetii should be treated with Doxycycline
200 mg/24 h and Hydroxychloroquine 200–600 mg/24 h for a minimum of 18 months [22].

2. Materials and Methods

The main information sources of the studies examined in this review are PubMed
and ResearchGate. The studies were selected based on the inclusion criteria described
above, with the selected articles that resemble the reported case including only those
published since January 2000. Firstly, the studies selected for the first part of the review,
namely patients presenting with BCNIE, had to meet the following criteria: case reports
published between January 2000 and August 2024 that include patients currently being
diagnosed positive for Coxiella burnetii endocarditis but having an aortic valve replacement
in their medical history. Article types other than case reports published before 2000 and
studies involving non-human participants were excluded. For the second part of the review,
the studies included case reports published between January 2000 and August 2024 that
describe patients with the ACTA2 gene causing a familial thoracic aortic aneurysm; the
exclusion criteria remained the same as those applied in the first section of the review.

The following keywords were used to maximize search accuracy: “Coxiella burnetii
infection”, “Q fever”, “mechanical aortic valve”, and “blood culture-negative infective
endocarditis” for the first part of the review, and “familial thoracic aortic aneurysm”,
“ACTA2 variant/mutation”, “aortic dissection”, and “ACTA2 gene”, for the second part. The
keywords were selected to improve research accuracy and capture the intricate pathologies
described in our case report. The MeSH function on PubMed was used to increase the
specificity of the research by using combinations of the keywords. The discovered articles
were added to the Zotero application, with the ones identified as duplicates being removed.
We used Microsoft 365 (Office) software, Microsoft Corporation, Redmond, WA, USA.

Next-generation sequencing (NGS) was performed in the Center for Genomic Medicine,
Timis, oara, for the patient and one daughter in a panel of 174 genes, using the Illumina
TruSight Cardio Sequencing Panel kit and a MiSeq Illumina sequencing platform (Illumina,
San Diego, CA, USA). End-to-end bioinformatics algorithms were implemented, using
Burrows-Wheeler Aligner (BWAAligner), SAMtools, Genome Analysis Toolkit (GATK-
Variant Caller-Broad Institute of MIT and Harvard, Cambridge, MA, USA) and Annovar
(as described elsewhere) [23]. Alignment of the sequenced fragments was performed on
the human reference genome GRCh37. A tertiary data analysis was performed at the level
of current knowledge using online databases and aggregators, including Varsome, ClinVar,
gnomAD, DECIPHER, UCSC Genome Browser, OMlM, DGV, and Ensembl. Variants were
classified according to the 2015 ACMG guideline [24].

3. Results

The reported case describes a 45-year-old woman known to have multiple cardiovas-
cular conditions and a positive family history, namely her mother died at 36 years old of
unknown causes (a possible spontaneous carotid artery dissection). The patient developed
acute aortic dissection DeBakey type I during her second pregnancy, which was treated
surgically with a Bentall procedure in 2006 by replacing the aortic valve and the ascending
aorta with a valved composite graft with re-implantation of the coronary arteries into
the graft.

The clinical evolution of the patient was favorable for the first 15 years, followed
only by chronic anticoagulant treatment of Acenocumarol 4 mg, adjusted according to
the INR test. In December 2021, she started developing prolonged febrile syndrome,
which was extensively investigated and treated with antibiotics several times. For two
years, the patient was hospitalized in various clinics, and sets of blood cultures were
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performed repeatedly, all with negative results. After all the investigations were carried
out, the established diagnoses were blood culture-negative infective endocarditis on the
mechanical aortic valve, anti-neutrophil cytoplasmic antibody (ANCA)-associated systemic
vasculitis, chronic glomerulonephritis (nephritic syndrome form) with splenic infarction,
and diet-controlled type 2 diabetes.

In June 2024, the patient was admitted to our clinic for suspected intermittent febrile
syndrome with subfebrile onset for about 3 months, accompanied by vertigo. The medical
examination revealed normal vital signs and pale skin, and the cardiac examination high-
lighted a systolic murmur, heard loudest in the aortic area with a closing click. The ECG was
normal. The pathological blood samples collected at admission revealed an inflammatory
syndrome, i.e., highly elevated ESR and C-reactive protein, with positive procalcitonin.
The transthoracic echocardiography showed an apparently normal mechanical prosthesis
in the aortic position, mild intraprosthetic aortic regurgitation, mild mitral regurgitation,
mild functional tricuspid regurgitation, mild secondary pulmonary hypertension, and
a roughly 12 mm echo-dense mass surrounding the ascending aorta, also visible on the
transesophageal echocardiography, as seen in Figure 1. Transesophageal echocardiography
provides additional information on heart morphology, usually being used for a better view
of the left atrium and the left atrial appendage in order to detect thrombi, but in our case, it
was used for a better view of the aortic valve [25,26].

A.  

B.  

Figure 1. (A) Transthoracic and (B) transesophageal echocardiographies showing an echo-dense mass
surrounding the ascending aorta.

On the second day after admission, the patient experienced a subfebrile episode, which
prompted the collection of blood cultures, but the results were negative. Consequently,
more specific investigations were performed, and serological tests for infective endocarditis
of diverse etiology were acquired, including IgG and IgM antibodies for Mycoplasma pneu-
moniae, Bartonella henselae, Chlamydophila pneumoniae, Brucella spp., Legionella pneumophila,
and Coxiella burnetii. All results were negative, except for Coxiella burnetii IgG and IgM
phase I and phase II antibodies, and the results of both the phase I and phase II immunoflu-
orescent assay (IFA) highlighted increased antibody titers, as seen in Table 1. Likewise, the
PCR for Coxiella burnetii in the blood by molecular hybridization with an amplification test
also revealed a positive result. Therefore, the diagnosis of acute onset of chronic Q fever
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as a disease was confirmed, the targeted therapy with Hydroxychloroquine 200 mg tid
and Doxycycline 100 mg bid was initiated, and treatment will continue to be administered
for 18 months. A relevant reference is the patient’s travel history; starting from 2021, the
patient had not traveled abroad, and no direct link could be made to a potential source
of infection, such as domestic animals. However, from 2006 to 2011, the patient traveled
to several African countries for about 3 months/year, and starting in 2012, she traveled
several times to Switzerland and Germany.

Table 1. Serology of Coxiella burnetii antibodies.

Serology Value

IgG phase I antibodies >1:4096

IgM phase I antibodies 1:2024

IgG phase II antibodies >1:4096

IgM phase II antibodies 1:1024

Consequently, with the echocardiographic images revealing a significant peri-aortic
mass, it was decided to perform further investigations. The thorax CT scan detected a mul-
tiloculated right semi-circumferential fluid accumulation with iodophilic walls that extends
from the level of the aortic valve along the aortic prosthesis to the anterior mediastinum,
suggesting a peri-aortic abscess, as seen in Figure 2. Pericardial and pleural fluid collection
and mediastinal adenopathies were also found.

A.  B.  

Figure 2. Thorax CT scan images showing the periaortic fluid accumulation (red arrow): (A) sagittal
and (B) axial sections.

The preliminary diagnosis was Coxiella burnetii infective endocarditis complicated
with mediastinal abscess; thus, a multidisciplinary team, consisting of a cardiologist,
cardiovascular surgeon, infectionist, and intensive care physician, decided that the optimal
management in this case would be a surgical redo operation with antibiotic protection. The
surgery involved the removal of the periaortic fluid mass, with the macroscopic examination
suggesting a liquefied chronic hematoma that can be seen in Figure 3. The bacteriological
examination of the collected biological products, pericardial fragment, periprosthetic and
subprosthetic tissue, and clot fragment revealed no bacterial or fungal growth on the
inoculated culture media.
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Figure 3. Intraoperative images showing the periaortic fluid accumulation (black arrow).

The post-operative evolution was favorable, and the investigations continued with ge-
netic tests. Genetic testing for a familial aortopathy was proposed considering the positive
family history of early cardiovascular-related death, the patient’s mother having passed
away at the age of 36, possibly due to a spontaneous carotid artery dissection. The patient’s
onset of the aortic pathology manifested as thoracic aortic dissection at the age of 27, which
also constituted one of the factors that prompted the suspicion of a hereditary condition,
thereby leading to genetic testing. A missense variant (variant NM_001613.4:c.773G>A,
NP_001604.1:p.(Arg258His)) was detected in heterozygous status in the ACTA2 gene lo-
cated on chromosome 10q23.31. This variant was identified in several individuals with
FTAAs, segregated by phenotype. The variant was classified with pathogenic significance
according to the American College of Medical Genetics and Genomics (ACMG) guide-
line [24]. As a result, the suspicion of a genetic disease was confirmed, establishing the
diagnosis of familial thoracic aortic aneurysm 6, part of a non-syndromic FTAA cluster. In
some cases, the pathogenic variant of ACTA2 is associated with intracranial aneurysms and
Moyamoya-like cerebrovascular disease, so the patient will be undergoing a cranial CT
scan [27]. Subsequently, her two daughters are proposed to be genetically tested and will
have follow-up echocardiographic examinations.

To provide a better perspective on the patient’s clinical status, paraclinical data, per-
sonal and family medical histories, and the treatment have been summarized in Table 2.

Table 2. Significant characteristics of the patient.

Clinical
Manifestation

Family History
of Aortic
Disease

History of
Cardiovascular

Surgery
Blood Samples

Echocardiography
Findings

Fever
History

Treatment

-prolonged
febrile

syndrome
-vertigo

-pale skin
-closing click in
the aortic area

Mother died at
36 y

(spontaneous
carotid artery

dissection)

Bentall
procedure (for
acute DeBakey

type I aortic
dissection)

-elevated ESR
-elevated
C-reactive

protein
-positive

procalcitonin
-negative blood

cultures
-elevated phase
I and phase II
IgG and IgM

-mechanical
prosthesis in

aortic position
-12 mm

echo-dense mass
surrounding the
ascending aorta

2 years

Medical:
-antibiotics:
Doxycycline

(100 mg/bid) and
Hydroxychloro-

quine (200 mg/tid)
-Acenocumeral

4 mg
-Furosemide/
Spironolactone
20/50 mg/day

Surgical: removal
of the periaortic

hematoma
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The patient was discharged with a good general condition and the following diagno-
sis: blood culture-negative infective endocarditis with Coxiella burnetii, liquefied chronic
periprosthetic hematoma (surgically treated), status post-Bentall operation, normofunc-
tional double disc mechanical prosthesis in the aortic position, mild mitral regurgitation,
mild functional tricuspid regurgitation, mild secondary pulmonary hypertension, NYHA I
chronic heart failure with preserved ejection fraction, diet-controlled type 2 diabetes, ANCA-
associated systemic vasculitis, chronic glomerulonephritis (nephritic syndrome form), en-
larged spleen with subcapsular infarction, and mild normochromic normocytic anemia, and
the following treatment being recommended at home: Hydroxychloroquine 200 mg/tid,
Doxycycline 100 mg bid, Acenocoumarol 4 mg (dose controlled by INR test in order to main-
tain a value between 2.5–3.5), diuretics (association between Furosemide/Spironolactone
20/50 mg/day), and a probiotic. The specific antibiotic treatment for Coxiella burnetii BCNIE
with Hydroxychloroquine and Doxycycline will be administered for 18 months, according
to the 2023 ESC Guidelines for the management of endocarditis. This approach is tailored
to the patient’s clinical course, the prolonged progression of febrile syndrome with multiple
recurrences, and the potential complications that could be associated with mediastinal
spread of the infection [22]. The only side effects reported by the patient regarding the
specific medication for Coxiella burnetii were insomnia and tinnitus.

4. Discussion

In order to perform an accurate review starting with the reported case, which included
two major significant pathologies, both a genetically inherited disease, the ACTA2 variant
gene leading to a familial thoracic aortic aneurysm and dissection, as well as a rare infec-
tious disease, namely blood culture-negative infective endocarditis on a mechanical aortic
valve, the research on the medical literature started by looking for the coexistence of both
pathologies, but it failed to identify any patient similar to the case presented above.

Therefore, our research was oriented toward searching separately for the two intricate
pathologies, the review encompassing medical articles describing, on one hand, blood
culture-negative infective endocarditis with Coxiella burnetii on a mechanical aortic valve
and, on the other hand, studies presenting patients having familial thoracic aortic aneurysm
and/or dissection due to the ACTA2 disease-causing variant.

Firstly, in the interest of achieving similarities between the described patient’s infec-
tious disease with cardiovascular implications and the patients included in the chosen
studies, we identified articles published in the medical literature between 2000 and August
2024 available on PubMed and ResearchGate. The inclusion criteria that the selected ar-
ticles had to meet were patients with a medical history including a surgery replacing the
native aortic valve with a prosthetic one; patients diagnosed with Coxiella burnetii blood
culture-negative infective endocarditis; studies including clear diagnosis and management
parameters and having an explicit outcome for the patients; articles published in the target
period of time; and studies defined as case reports. The exclusion criteria were studies
published before 2000; studies having qualities other than case reports; articles that did not
include accurate patient management details; and studies including non-human partici-
pants. The research strategy was designed using keywords and phrases closely relevant
to the reported case; thus, the keywords included “Coxiella burnetii infection”, “Q fever”,
“mechanical aortic valve”, and “blood culture-negative infective endocarditis”.

There were four identified case reports describing Coxiella burnetii-associated blood
culture-negative infective endocarditis on a prosthetic aortic valve, as seen in Table 3.

The most frequently described symptom in these patients was fever, and, in most
of the cases, febrile symptomatology started about a month before the presentation. In
our patient, fever was present for about two and a half years, with periods of remission,
subfebrility, or aggravation episodes.
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Table 3. Patients presenting Coxiella burnetii blood culture-negative endocarditis and their characteristics.

No
First Author/

Year/Reference
No. of Patients/

Gender/Age
History of

Cardiovascular Surgery
Fever History

Surgical or Medical
Treatment

1 Bozza et al., 2023 [28] 1/M/55

Aortic valve
replacement (aortic
regurgitation and

aneurysm)

1 month

Medical: Doxycycline
(100 mg/bid) and

Hydroxychloroquine
(200 mg/tid)

2 Deyell et al., 2006
[29] 1/M/31

Open valvulotomy for
congenital aortic

stenosis + mechanical
aortic replacement for

severe aortic
regurgitation

Not described

Surgical: Aortic root
replacement of the

ascending aorta and
aortic valve replacement

3 Afrasiabian et al.,
2024 [30] 1/F/67 Aortic valve

replacement 1 month
Medical: Levofloxacin-

intolerance of
Doxycycline

4 Krol et al., 2008 [31] 1/F/43
Aortic valve

replacement (bicuspid
aortic valve)

Fever history, but
no time described

Both; medical:
Doxycycline

monotherapy

The treatment in two of the cases was exclusively medical, one patient benefited from
surgical intervention, and one case was managed through both medical and surgical therapy.
One case was treated with a special antibiotic, as Afrasiabian et al. [30] described intolerance
to Doxycycline, and thus the antibiotic treatment chosen instead was levofloxacin. Krol
et al. [31] also preferred the administration of monotherapy with Doxycycline for 5 months,
leading to a favorable result and an improved patient outcome. The treatment preferred
by Bozza et al. [28] was the administration of Doxycycline 100 mg/bid in association
with Hydroxychloroquine 200 mg/tid for 24 months, with a long-term follow-up of the
patient, which proved the efficacy of the chosen antibiotics through a decreasing trend in
the serological tests. This combination of antibiotics was also chosen for the patient treated
in our clinic, being well tolerated by the patient, without fever remissions.

The characteristics of the Coxiella burnetii infection selected to compare with the
patient’s evolution described in our case report with the literature data represent only
a subset of the features associated with this complex disease. Coxiella burnetii is defined as
an intracellular bacterium causing a zoonotic disease transmitted from animals like sheep,
cattle, or goats to humans, with ticks being the main reservoir in nature. The transmission
is usually performed through aerosols, but vertical, transplacental, or even nosocomial
infection is also possible. In humans, the infection may present many forms, including an
asymptomatic course or progression through two distinct phases, acute and chronic disease.
Acute infection can manifest as febrile symptomatology or flu-like onset, but it may also
appear as hepatitis, pneumonia, or other manifestations. The presence and duration of
fever were included in the comparative characteristics evaluated in the patients analyzed
in this review. The most common manifestation of chronic Q fever is endocarditis; however,
hepatitis, ophthalmological or neurological disorders, and infections of vascular grafts may
also be present as forms of the disease.

In addition, a second part of the research was the comparison of the patient’s evolution
regarding the aortic disease caused by the ACTA2 variant with the patients described in
the chosen articles. The research among the medical literature provided five case reports
published between 2000 and August 2024 that describe patients having a thoracic aortic
aneurysm with a positive family history and the ACTA2 variant, as seen in Table 4. The
inclusion criteria were patients presenting any type of variant of the ACTA2 gene expressing
vascular smooth muscle cells; studies having the quality of case reports; and studies
providing clear evidence of patient management. On the other hand, the exclusion criteria
were studies involving non-human participants; studies published before the year 2000;
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and studies with characteristics other than case reports. The examination was conducted
among the studies found on PubMed and ResearchGate.

The prevalence of the targeted aortic pathology was found to be higher among men,
with 57.1% of the patients described in the selected studies being males. Similarly, the
ACTA2 disease-causing variant genes were discovered to be more frequent among males
with aortic disease. Concerning the average age of patients with familial thoracic aortic
aneurysm, the oldest patient experiencing acute onset of the condition was 41 years old, as
described by Hoffjan et al. [32], while the youngest was just 15 years old, namely the study
published by Ware et al. [33] presenting the twins who developed acute aortic dissection
at the same time. In the patients’ family history, cases carrying the mutant gene were
identified after genetic counseling and testing because they did not experience any clinical
manifestation of the disease. Similar to the reported data in the literature, our patient’s
clinical onset was very early; the acute aortic dissection occurred at the age of 27.

Among the included patients, only two of them presented a notable phenotypic
manifestation, namely congenital mydriasis in the twins described by Ware et al. [33].
This clinical expression was also described in the specialized literature as being strongly
associated with a particular missense variant in arginine 179 in the ACTA2 gene [5].

The complexity of the reported case arises from the early onset of the aortic disease,
the patient being 7 months pregnant when she presented at the hospital for acute aortic dis-
section. This circumstance is consistent with the documented data regarding the evolution
of pregnancies in females with the ACTA2 variant [34]. Thus, Hoffjan et al. [32] described
two patients with a history of physiological pregnancy before being diagnosed with mild
aortic dilation and acute aortic dissection. The academic literature describes a powerful
connection between an underlying aortic disease and an aortic dissection associated with
pregnancy. Fluctuations in pregnancy hormone levels, along with the hemodynamic stress
experienced by pregnant women, can exacerbate a subjacent aortic condition, particularly
during the third trimester [35].

Furthermore, genetic counseling should be the standard practice in all the cases
outlined above. This management step is crucial for families where one member has
already been identified for the ACTA2 disease-causing variant, as this gene is associated
with an increased risk of vascular diseases, as seen in every presented study. Considering
the autosomal dominant transmission of the ACTA2 gene, each child of an affected parent
has a 50% chance of inheriting the variant; thus, the two daughters of the patient presented
in our case report will undergo genetic counseling to facilitate future cardiovascular follow-
up and ensure that any potential complication can be managed in time. If a child is found
to be a hereditary carrier, management strategies should focus on regular cardiovascular
monitoring through echocardiograms or CT scans and implementing lifestyle changes
that minimize stress on the cardiovascular system. This might include controlling blood
pressure and avoiding heavy lifting or other risk factors, such as smoking. Pregnancy will
be monitored closely as it adds additional stress to the aorta. In some cases, preventive
surgical options might be discussed if imaging indicates a high risk of vascular events. In
addition to medical information, genetic counseling addresses the emotional impact of a
genetic diagnosis, providing resources and support for the psychological aspects of living
with an inherited condition. Discussing the options for preimplantation genetic or prenatal
testing of the ACTA2 variant is included in the genetic counseling.
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Table 4. Patients presenting the ACTA2 gene and their characteristics.

No.
First Author/

Year/Reference
No. of Patients/

Gender/Age
Medical History of

Aortic Disease
Family History of

Aortic Disease
Clinical
Features

Healthy
Pregnancy

1. Hoffjan et al.,
2011 [32]

3 patients
a. F, 38
b. F, 37
c. M, 41

a. Mild aortic
dilation

b. Acute aortic
dissection

c. Thoracic aortic
aneurysm

a. 1 brother had
ascending aorta

aneurysm and died at
46 years old; 1 brother

and the father had
thoracic aortic

aneurysm
b. 1 brother died at

29 years old from acute
aortic dissection

c. no data available

Not described

a. 2 healthy
pregnancies
b. 2 healthy
pregnancies

c. -

2. Keravnou et al.,
2018 [36] 1/M/30 Type A aortic

dissection

Father had aortic root
and ascending aorta
aneurysm (Bentall

procedure performed)
Mother had ascending

aortic dilation

Not described -

3. Marutani et al.,
2023 [37] 1/M/15

Extensive
dissection from the
ascending aorta to
the common iliac

artery

Genetic tests not
performed Not described -

4. Ware et al.,
2014 [33] 1/M/17

Recurrent aortic
dissection, severe

aortic regurgitation

Twin brother had aortic
dissection

Congenital
mydriasis (both

twins)
-

5. Delsart et al.,
2021 [38] 1/F/29 DeBakey type I

aortic dissection

2 siblings had acute
aortic dissection
Mother died at

49 years old from type
B aortic dissection

Not described No pregnancies

5. Conclusions

To summarize, a familial thoracic aortic aneurysm is a condition with a high mortality
rate if it is not properly diagnosed and monitored over time. These findings should
encourage more frequent genetic testing in patients with aortic aneurysms, especially those
with significant familial medical history or an early onset of the aortic disease. Additionally,
a condition of particular importance but meaningful diagnostic and therapeutical challenges
is blood culture-negative infective endocarditis. Rare causes should be investigated, and
serological testing for infectious agents such as Coxiella burnetii ought to be considered.
The management of a patient with both a genetic variant already manifested through a
cardiovascular complication and a concurrent infectious disease is very particular due
to the complexity of the case and requires a comprehensive, multidisciplinary approach
focused on surveillance and proactive care. Therefore, regular cardiovascular imaging,
blood pressure monitoring, and infection status assessment are essential to detect early
signs of complications. Genetic counseling and family screening may also be beneficial for
identifying at-risk relatives, enabling timely follow-up.
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Abstract: Background/Objectives: Cardiovascular involvement in severe cirrhosis presents diag-
nostic challenges and carries significant prognostic implications. This study aims to evaluate the
relationship between liver disease severity and portal hypertension with the burden of diastolic
dysfunction. Methods: We prospectively enrolled patients with hepatic cirrhosis, classified according
to the Child–Pugh criteria. Of the 102 patients included, 65 were classified as Group A (non-severe
cirrhosis: Child–Pugh Classes A and B) and 37 as Group B (severe cirrhosis: Child–Pugh Class C).
Portal vein and spleen diameters were assessed using abdominal ultrasound. All patients underwent
echocardiographic evaluation. LV systolic function was assessed by measuring ejection fraction,
while diastolic function was evaluated using three parameters: E/Em ratio, E/Vp ratio, and indexed
left atrial volume. Results: We observed a significantly greater burden of diastolic dysfunction
in Group B compared to Group A. Specifically, the E/Vp ratio was 2.2 ± 0.4 in Group B versus
1.9 ± 0.3 in Group A (p < 0.001); the indexed LA volume was 34.5 ± 3.2 mL/m2 in Group B versus
30.1 ± 2.9 mL/m2 in Group A (p < 0.001); and the E/Em ratio was 17.0 ± 3.0 in Group B versus
11.5 ± 2.8 in Group A (p < 0.001). Additionally, the mean diameters of the portal vein and spleen
were larger in Group B, with measurements of 14.3 ± 2.1 mm versus 11.5 ± 1.6 mm for the portal vein
and 15.0 ± 1.2 mm versus 11.7 ± 1.5 mm for the spleen (p < 0.001), which correlated with the extent of
diastolic dysfunction. Conclusions: Diastolic dysfunction was prevalent in 55% of patients with liver
cirrhosis. The burden of diastolic dysfunction was higher in patients with severe hepatic cirrhosis
compared to those with milder forms, and it correlated with the severity of portal hypertension, as
assessed by measuring portal vein diameter and spleen diameter.

Keywords: diastolic dysfunction; cirrhotic cardiomyopathy; echocardiography; hepatic cirrhosis

1. Introduction

Liver cirrhosis is a severe condition characterized by the progressive scarring of liver
tissue. It can arise from various causes, including viral infections (such as hepatitis B and
C), chronic alcohol consumption, obesity, and metabolic diseases. As the global prevalence
of cirrhosis increases, it poses significant challenges not only to individual health, but also
to healthcare systems, increasing the demand for treatments, hospitalizations, and other
medical resources. Complications of cirrhosis include liver failure, gastrointestinal hemor-
rhages, heightened risk of liver cancer, and heart failure. Patients with liver cirrhosis exhibit
well-documented hemodynamic alterations, including elevated cardiac output and reduced
systemic vascular resistance [1,2]. The vasodilation that occurs in patients with cirrhosis can
mask early systolic cardiac dysfunction and the initial decrease in contractility by reducing
afterload and increasing preload, which in turn increases cardiac output. Resting diastolic
evaluation may be inadequate for patients whose symptoms are limited to exertional dysp-
nea, as the increase in left ventricular filling pressures and pulmonary congestion in these
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individuals may only manifest during exercise [3]. Over the past three decades, research
has highlighted a phenomenon known as “cirrhotic cardiomyopathy”, which includes
impaired myocardial contractility, altered diastolic relaxation, and electrophysiological
abnormalities in the absence of overt heart disease [4–7].

While the exact prevalence of cirrhotic cardiomyopathy remains unclear, estimates sug-
gest that around 50% of cirrhotic patients may develop this type of cardiomyopathy at some
stage in their illness [8]. Cirrhotic cardiomyopathy is often under-recognized in clinical
practice, as it may only become apparent under stress, making diagnosis challenging.

The presence of cirrhotic cardiomyopathy, marked by left ventricular diastolic dysfunc-
tion, is associated with accelerated disease progression and a poorer prognosis. Increased
stiffness of the cirrhotic heart can lead to reduced compliance, resulting in diastolic dys-
function. This condition can be assessed using transmitral Doppler echocardiography,
tissue Doppler echocardiography, and cardiac magnetic resonance imaging. Additionally,
there seems to be a correlation between diastolic dysfunction and the severity of liver
dysfunction, as well as the presence of ascites [9].

In 2019, the Cirrhotic Cardiomyopathy Consortium redefined the diagnostic criteria
for cirrhotic cardiomyopathy, incorporating the latest recommendations from the Ameri-
can Society of Echocardiography (ASE) and the European Association of Cardiovascular
Imaging (EACVI) for assessing systolic and diastolic function. This update superseded
the diagnostic recommendations from the 2005 World Congress of Gastroenterology [10].
Diastolic dysfunction is frequently observed in cirrhotic patients, with prevalence rates
ranging from 43% to 70%, even when left ventricular ejection fraction (LVEF) remains
normal [11].

The Consortium recommends using parameters such as the septal velocity of the Em
wave, the E/Em ratio, indexed left atrial (LA) volume, and tricuspid regurgitation velocity
for evaluating diastolic function.

While specific guidelines on whether the diastolic function should be assessed at rest
or during exercise are lacking, it is crucial to recognize that diastolic abnormalities may not
manifest at rest. Diastolic dysfunction symptoms often appear only during exercise, as left
ventricular filling pressure may be normal at rest, but increases with physical activity due
to the heart’s inability to increase cardiac output without increasing filling pressure [12].

Diastolic dysfunction has proven to be the most sensitive indicator for diagnosing
cirrhotic cardiomyopathy, as it is the earliest parameter to be affected. Atroush and col-
leagues utilized tissue Doppler imaging and speckle tracking to evaluate diastolic function
in patients with end-stage liver disease, investigating the correlation between cardiac dys-
function and the Child–Pugh classification of liver cell failure. The study identified a high
prevalence of diastolic dysfunction (87.5%) among patients with end-stage liver disease
by measuring the E/É ratio using tissue Doppler imaging (TDI), which was found to be
more accurate than the E/A ratio. Although the study did not find a correlation between
cardiac dysfunction and the severity of liver disease, it is important to note that it had a
small sample size, consisting of only 40 patients who were followed for three months [13].

A meta-analysis by Stundiene et al., encompassing 16 studies, found that approxi-
mately 51% of cirrhotic patients have diastolic dysfunction [14]. However, these findings
are limited by the use of less specific parameters, such as the E/A ratio and the inclusion of
patients with potential ventricular relaxation impairment from other causes. As noted by
Prekumar et al. and Ruíz-del-Árbol et al., inadequate detection of diastolic dysfunction
may lead to adverse clinical outcomes. Therefore, early and accurate identification of this
condition is crucial for improving patient prognosis [15,16].

The presence of cirrhotic cardiomyopathy and impaired diastolic function represent
critical factors, especially for patients following liver transplantation. Ershoff et al. con-
ducted a retrospective cohort study involving 254 liver transplant recipients to evaluate
the impact of diastolic dysfunction on mortality. The LA volume index was used as a
key parameter for assessment. The study concluded that this condition is associated with
increased mortality in post-liver transplant patients, particularly those with a high Model
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for End-Stage Liver Disease (MELD) score [17]. Similarly, a 2022 study by Vetrugno et al.,
which included 83 orthotopic liver transplant recipients, explored the relationship between
preoperative diastolic dysfunction and the risk of early allograft dysfunction. The study
found that patients with impaired diastolic function were more likely to develop early
allograft dysfunction after orthotopic liver transplantation [18].

This study aimed to analyze the correlation between the severity of liver disease
(severe Child–Pugh C vs. non-severe Child–Pugh A and B) and the burden of diastolic
dysfunction measured after exercise using a combination of parameters. Additionally, it
sought to evaluate the potential correlation between diastolic dysfunction and the severity
of portal hypertension, as assessed by abdominal ultrasonography parameters, specifically
portal vein and spleen diameters.

2. Materials and Methods

We conducted an observational, prospective study involving 102 patients with hepatic
cirrhosis, classified according to Child–Pugh criteria. Patient recruitment and subsequent
clinical, laboratory, and abdominal ultrasound evaluations were conducted at the internal
medicine clinic from November 2021 to March 2024. Within the first 15 days after inclusion,
participants underwent cardiac ultrasound evaluations at a cardiology outpatient clinic.
The inclusion and exclusion criteria are detailed in Table 1.

Table 1. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria

Age over 18 years Age under 18 years
Diagnosis of hepatic cirrhosis

Written informed consent Heart failure from any cause other than CCM

Persistent or permanent atrial fibrillation
Significant ventricular arrhythmia

Uncontrolled hypertension
Acute coronary syndrome

Ch Chronic kidney disease in
hemodialysis stage

Sequelae of ischemic or hemorrhagic stroke
Inability to perform physical exertion

CCM = cirrhotic cardiomyopathy.

This study was approved by the Ethics Committee of Transilvania University of Bras, ov
(approval number no.5, approval date: 26 February 2020), and all participants provided
informed consent prior to enrollment.

Laboratory tests were performed to assess blood cell count, liver function (bilirubin,
AST, ALT, GGT, LDH), renal function (creatinine, urea), coagulation status (INR), plasma
albumin, and glucose levels. Additionally, the glomerular filtration rate (GFR) was calcu-
lated for all patients. Abdominal ultrasound evaluations focused on the dimensions of the
liver, spleen, portal vein, and splenic vein, as well as the presence or absence of ascitic fluid.

The Child–Pugh score was assessed for each patient, following the classification
system described in the MSD Manual (https://www.msdmanuals.com/professional/
multimedia/clinical-calculator/child-pugh-classification-for-severity-of-liver-disease, ac-
cessed on: 30 July 2024). This score typically categorizes patients into three groups based on
liver function severity: Class A (score of 5–6), Class B (score of 7–9), and Class C (score of 10–
15). For our study, patients were divided into two groups: Group A (non-severe cirrhosis,
encompassing Child–Pugh Classes A and B) and Group B (severe cirrhosis, Child–Pugh
Class C).

Regarding cirrhosis etiology, the majority of patients had alcoholic cirrhosis (77 pa-
tients, representing 75% of the total). Eighteen patients had viral etiology (17%), while
seven patients were classified under other etiologies (6%).
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To assess systolic and diastolic function, all participants performed five squats and
were subsequently evaluated via echocardiography.

Modern echocardiographic techniques are used to evaluate systolic and diastolic
function for diagnosing cirrhotic cardiomyopathy. Left ventricular (LV) systolic function
is commonly assessed by measuring the LV ejection fraction (LVEF), with values below
50% considered abnormal. For the assessment of diastolic function, four echocardiographic
parameters may be used: septal and lateral mitral annular peak early diastolic velocity
(e’), the ratio of the peak velocity of mitral inflow during early diastole (E) to the average
of septal and lateral e’ (E/e’), LA volume indexed to body surface area, and tricuspid
regurgitation velocity [3].

In our study, cardiac ultrasound was performed using a General Electric Vivid E9
machine with a 4.2 MHz cardiac transducer. A thorough examination was carried out,
which included measurements of the dimensions of the aorta, left atrium, left ventricle,
right atrium, right ventricle, interventricular septum, and posterior wall. The assessment
also encompassed valve functionality, systolic pulmonary artery pressures, and evaluation
of the pericardium. Systolic function was measured by calculating the LVEF using the
Simpson method. Diastolic function was assessed using the following parameters:

E/Em Ratio: The ratio of E, the velocity of early mitral inflow measured by pulsed
Doppler, to Em, the early diastolic mitral annular tissue velocity. Normal values are <15.

E/Vp Ratio: The ratio of E to Vp, where Vp represents the propagation of early
diastolic trans-mitral velocity assessed by M-mode echocardiography. Normal values are
<2, with values >2.5 linked to pulmonary capillary wedge pressures above 15 mmHg [19].

Indexed Left Atrial (LA) Volume: Normal values are <34 mL/m2.
Peak E wave velocity was evaluated in the apical four-chamber view using color flow

imaging to achieve optimal alignment of PW Doppler with the mitral flow. We analyzed
the peak modal velocity during late diastole (following the P wave on the ECG) at the
leading edge of the spectral waveform.

Pulsed-wave tissue Doppler imaging (TDI) e’ velocity (cm/s) was measured in the
four-chamber view using a pulsed-wave sample volume positioned at the lateral and septal
basal regions, facilitating the calculation of the average e’ velocity. We assessed the peak
modal velocity during early diastole at the leading edge of the spectral waveform.

For E/Vp acquisition, we used color M-mode in the apical four-chamber view, utilizing
color flow imaging to guide M-mode cursor positioning. The color baseline was adjusted
toward the mitral valve inflow to lower the velocity scale, enhancing the red/yellow inflow
velocity profile. We then analyzed the slope of the inflow from the mitral valve plane into
the left ventricular chamber during early diastole at a 4 cm distance.

To obtain the indexed LA volume, we used the apical four- and two-chamber views,
capturing freeze frames before the mitral valve (MV) opening. The area–length method was
utilized, with the left atrial appendage and pulmonary veins excluded from the tracings.
The values were adjusted for body surface area.

An example of echocardiographic parameters used for evaluating diastolic function is
displayed in Figure 1.

The physical exertion was supervised by medical staff, and echocardiography was
performed immediately afterward. Following the evaluation, diastolic function parameters
obtained from all three measurements were compared between the two study groups.
Additionally, correlations were analyzed between diastolic function parameters and the
diameters of the portal vein and spleen as measured with abdominal ultrasound.
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Figure 1. Diastolic function parameters measured by echocardiography: the upper left image shows
the Em wave, the upper right image shows the LA volume, the bottom left image shows the E wave,
and the bottom right image shows the Vp measurement.

Statistical Analysis

Statistical analyses were conducted using Python 3.4 (PSF, Wilmington, DE, USA).
Variables were reported as mean ± SD. Gender, smoking status, hypertension, dyslipidemia,
and diabetes mellitus were recorded as dichotomous variables. The Chi-squared test was
employed to compare the frequency of nominal variables. For continuous variables, the
Independent-Samples t-test was used to compare means, while the Mann–Whitney U-test
analyzed mean rank differences for ordinal variables. A two-sided p-value of <0.05 was
considered statistically significant.

3. Results

Out of the 102 study participants, sixty-five patients had non-severe cirrhosis (Child–
Pugh Classes A and B), while thirty-seven patients had severe cirrhosis (Child–Pugh Class
C). Factors influencing diastolic function were similarly prevalent in both groups, regardless
of the severity of hepatic disease (Table 2). Baseline characteristics were comparable
between the two groups, with no significant differences in age, hypertension, dyslipidemia,
coronary artery disease, or obesity. However, the prevalence of diabetes was notably higher
in the severe cirrhosis group.

All patients were prescribed cardiovascular medication as shown in Table 3.
Significant differences were observed in medication prescriptions between patients

with varying levels of hepatic function impairment. Beta-blockers were prescribed to all
patients in the severe cirrhosis group, compared to only 46.2% in the non-severe group.
Additionally, spironolactone and furosemide were more frequently administered in the
severe group (91.9% vs. 3.1%, p < 0.001, and 86.5% vs. 3.1%, p < 0.001, respectively). In
contrast, angiotensin-converting enzyme inhibitors were exclusively used in the non-severe
group (24.6%). The dosage of furosemide ranged from 20 to 40 mg, while spironolactone
was administered at doses between 25 and 50 mg. A total of ten patients were treated with
SGLT2 inhibitors (dapagliflozin or empaglifozin), including four with non-severe cirrhosis
and six with severe cirrhosis, all of whom had diabetes mellitus.
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Table 2. Characteristics and comorbidities of the groups with non-severe cirrhosis compared to the
severe cirrhosis group.

Characteristic
Non-Severe Cirrhosis
n = 65

Severe Cirrhosis
n = 37

p

Age, mean ± SD [years] 65.5 ± 10.9 64.5 ± 11.6 0.69
Male, n (%) 44 (67.7) 22 (59.5) 0.68
Hypertension
Diabetes mellitus
Chronic coronary syndrome
Dyslipidemia, n (%)

32 (49)
8 (12)
5 (7)
12 (18)

17 (45)
11 (29)
4 (10)
9 (23)

0.74
0.03
0.45
0.34

Smoking, n (%) 23 (34.3) 15 (40.5) 0.61
BMI, mean ± SD [kg/m2] 24.2 ± 3.9 23.8 ± 4.5 0.84

BMI = Body mass index; GFR = estimated Glomerular Filtration Ratio; SD = standard deviation. Bold: statistical
significance.

Table 3. Cardiovascular medication.

Medication
Non-Severe Cirrhosis
n = 65

Severe Cirrhosis
n = 37

p

Beta-blockers, n (%) 30 (46.2) 37 (100) <0.001
Spironolactone, n (%) 2 (3.1) 34 (91.9) <0.001
Furosemide, n (%)
SGLT2 inhibitors, n (%)

22 (3.1)
4 (6)

32 (86.5)
6 (16)

<0.001
0.1003

Angiotensin-converting
enzyme inhibitors, n (%) 16 (24.6) 0 (0)

SGLT2 = sodium-glucose transport protein 2. Bold: statistical significance.

While LVEF was comparable between the two groups, significant differences were
noted in diastolic function measurements between patients with non-severe and severe
cirrhosis. Specifically, the E/Vp ratio was 1.9 ± 0.3 in the non-severe cirrhosis group
versus 2.2 ± 0.4 in the severe cirrhosis group (p < 0.001); the indexed LA volume was
30.1 ± 2.9 mL/m2 compared to 34.5 ± 3.2 mL/m2 (p < 0.001); and the E/Em ratio was
11.5 ± 2.8 versus 17.0 ± 3.0 (p < 0.001).

Diastolic dysfunction was present in the majority of patients with severe cirrhosis,
affecting 26 individuals (70%). Conversely, 34 patients in the non-severe group did not have
this condition, leading to a lower prevalence in that group (47%). Overall, the prevalence
of diastolic dysfunction across the entire study population was 55%.

Abdominal ultrasound parameters indicative of portal hypertension severity were
markedly altered in patients with severe cirrhosis. The mean portal vein diameter was
14.3 ± 2.1 mm in the severe cirrhosis compared to 11.5 ± 1.6 mm in the non-severe cirrhosis
group, group (p < 0.001). Additionally, the mean spleen diameter was significantly greater
in the severe cirrhosis group (15.0 ± 1.2 mm vs. 11.7 ± 1.5 mm; p < 0.001), as shown in
Table 4.

We also examined the relationship between the severity of portal hypertension and LV
diastolic function. Moderate and statistically significant correlations were found between
the portal vein diameter and two diastolic function parameters (Figure 2a,b), as well as
between the spleen diameter and all three diastolic function parameters (Figure 3a–c).
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Table 4. Comparison of cardiac and abdominal parameters assessed with ultrasound between the
two patient groups.

Parameter
Non-Severe

Cirrhosis
n = 65

Severe
Cirrhosis

n = 37
p

LV Ejection fraction, mean ± SD [%] 56.9 ± 6.2 58.9 ± 3.9 0.06
E/VP, mean ± SD 1.9 ± 0.3 2.2 ± 0.4 <0.001

Indexed LA volume, mean ± SD
[mL/m2] 30.1 ± 2.9 34.5 ± 3.2 <0.001

E/Em, mean ± SD 11.5 ± 2.8 17.0 ± 3.0 <0.001
PV, mean ± SD [mm] 11.5 ± 1.6 14.3 ± 2.1 <0.001

Spleen diameter, mean ± SD [mm] 11.7 ± 1.5 15.0 ± 1.2 <0.001

E = velocity of the early phase of mitral inflow; Em = early diastolic mitral annular tissue velocity LA = left atrium;
LV = Left ventricle; PV = portal vein; VP = propagation of early diastolic trans-mitral velocity; SD = standard
deviation. Bold: statistical significance.

(a) 

 

(b) 

Figure 2. Correlation between PV and indexed LA volume (a) and E/EM (b). [(a) r = 0.28, p = 0.004;
(b) r = 0.34, p < 0.001].

137



J. Clin. Med. 2024, 13, 5442

(a) 

 

(b) 

 

(c) 

Figure 3. Correlations between spleen diameters and E/Vp (a), indexed LA volume (b), and E/Em
(c). ((a) r = 0.39, p < 0.001; (b) r = 0.39, p < 0.001, and (c) r = 0.53, p < 0.001).

4. Discussion

The clinical significance of diastolic dysfunction has gained considerable attention
in recent years, with substantial evidence demonstrating its profound impact on both the
quality of life and the prognosis of affected patients [20–22]. A meta-analysis by Ladeiras-
Lopes et al. revealed that impaired diastolic function is associated with a 3.53-fold increased
risk of cardiovascular events or death [23]. Similarly, research by Kosmala et al. indicated
that asymptomatic LV diastolic dysfunction in patients with preserved systolic function is
linked to the development of heart failure and decreased survival [24].

These findings underscore the importance of early detection and accurate assessment
of diastolic dysfunction, particularly in patients with hepatic cirrhosis. Proper evaluation is
crucial as it can significantly influence the prognosis of patients with impaired diastolic
function, even when systolic function appears normal.
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However, the presence and implications of diastolic dysfunction in patients with
normal systolic function within the context of hepatic cirrhosis are less well-explored.
Current studies are often limited by small sample sizes and inconsistent results, highlighting
the need for further research in this area. Table 5 below summarizes the key studies on
diastolic dysfunction in cirrhotic patients.

Table 5. Main studies on diastolic dysfunction in cirrhotic patients.

Clinical Study
Number of

Patients Enrolled
Aim Results

A case-cohort study of left
ventricular diastolic dysfunction
in patients with cirrhosis: the
liver–heart axis [25]

203

Assessment of the association
of diastolic dysfunction with
the factors affecting cirrhosis
patients’ severity,
complications, and survival

Higher Child–Pugh class,
prolonged QTc, higher ascitic
fluid protein levels, and poor
survival are significantly
associated with
diastolic dysfunction

Cardiac dysfunction in cirrhotic
portal hypertension with or
without ascites [26]

60

To evaluate cardiac systolic
and diastolic functions in liver
cirrhosis patients with or
without ascites

Diastolic dysfunction is
commonly associated with
advancement of
hepatic dysfunction

Ultrasonographic Prevalence and
Factors Predicting Left Ventricular
Diastolic Dysfunction in Patients
with Liver Cirrhosis: Is There a
Correlation between the Grade of
Diastolic Dysfunction and the
Grade of Liver Disease? [27]

92

To assess the
echocardiographic prevalence
of diastolic dysfunction
among a population of
cirrhotic patients and to
investigate whether a
correlation between stage of
cardiac dysfunction and stage
of liver disease could
be established

Diastolic dysfunction stage 1
is fairly prevalent among all
CTP classes, whereas diastolic
dysfunction stage 2 seems to
be characteristic of the
advanced liver disease
(CTP-class C)

Diastolic myocardial dysfunction
does not affect survival in
patients with cirrhosis [28]

76

To investigate if diastolic
dysfunction is associated with
severity and etiology of
cirrhosis and mortality

Diastolic dysfunction is more
frequent in patients with
ascites and does not link
to mortality

Cardiac dysfunction in cirrhosis is
not associated with the severity of
liver disease [29]

74

To investigate factors
associated with cardiac
dysfunction in
cirrhotic patients

No association between
severity of liver disease and
cardiac dysfunction

Systolic and diastolic impairment
in cirrhotic cardiomyopathy:
insights from a cross-sectional
study [30]

68

To investigate the prevalence
of systolic and diastolic
function in patients with
cirrhotic cardiomyopathy

Remarkable prevalence of
cirrhotic cardiomyopathy
Lack of correlation with the
severity of liver cirrhosis

CTP = Child–Turcotte–Pugh, QTc—corrected QT interval.

Our study conducted a comprehensive evaluation of diastolic function by incorpo-
rating three advanced parameters, including two (E/Em and indexed LA volume) recom-
mended by the Cirrhotic Cardiomyopathy Consortium. Previous research has identified
E/Em as a highly specific marker for elevated left ventricular filling pressure, while in-
dexed LA volume serves as an indicator of chronically increased end-diastolic LV pressure,
though it does not strongly correlate with LA pressure [31]. The third parameter, E/Vp,
also proved to be valuable in assessing diastolic function [32]. Garcia et al. demonstrated
that E/Vp is less dependent on left ventricular filling conditions; by combining Vp (an
index of ventricular relaxation) with the E wave velocity (reflecting left atrial pressure),
E/Vp is particularly useful for estimating left ventricular filling pressures [33]. To the
best of our knowledge, our research is the first to utilize these three parameters to define
diastolic dysfunction in cirrhotic patients.

Our findings revealed no significant differences in LV systolic function between the
two groups, which aligns with the existing literature [34,35]. However, all three parameters
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used to define diastolic function were significantly more altered in patients with advanced
hepatic disease, partially in line with findings from other studies [25–28]. While some pre-
vious studies have shown a link between diastolic dysfunction and the severity of cirrhotic
disease, others, such as the research by Merli et al., found no such association [29,30].

By combining these three parameters, we were able to highlight the pressure changes
in all three components: left ventricle, left atrium, and pulmonary capillary, reflecting
the progression of these cardiac changes in parallel with the worsening of liver disease.
Moreover, to support this hypothesis, we were able to show the correlation between the
severity of portal hypertension and diastolic dysfunction. In our research, the degree of
diastolic dysfunction correlates with both the portal vein diameter and spleen diameter.

Similar results were published in the literature. Thus, in a recent study, Behera et al.
found that Child C patients with portal hypertension had a higher prevalence of cirrhotic
cardiomyopathy and diastolic dysfunction [36]. Also, Marconi et al. concluded in their
2017 study that diastolic dysfunction, measured by Em and LA volume, worsens as portal
pressures increase [37].

Since the focus of this research was on diastolic dysfunction, systolic function was
assessed solely through the LVEF determined by the Simpson method, which revealed
no statistically significant differences between the two groups. It is important to note
that previous studies have demonstrated that global longitudinal strain (GLS) [38] and S
wave velocity measured with tissue Doppler [39] are more effective methods for evaluating
systolic function compared to ejection fraction.

Our study uniquely utilizes three distinct high-fidelity parameters: E/Vp, E/Em,
and indexed LA volume to estimate diastolic function, correlating these measures with
the severity of liver disease and assessing diastolic dysfunction after brief exercise. This
approach allows us to uncover diastolic abnormalities that may not be evident under
resting conditions. Furthermore, E/Vp has not been previously utilized as a marker for
diastolic dysfunction in the context of hepatic cirrhosis.

Given that liver cirrhosis is associated with comorbidities such as malnutrition, muscle
mass loss, reduced exercise capacity, and decreased muscle strength, we opted to use a non-
standardized exercise test. This involved performing five squats, immediately followed by
an assessment of diastolic function parameters.

To the best of our knowledge, this is the first study to utilize these three parameters to
define diastolic dysfunction and to analyze them after exercise in patients with cirrhosis.

This study involved interdisciplinary collaboration, with patient enrollment conducted
at an internal medicine clinic after a thorough evaluation and diagnosis. Cardiac assess-
ments were performed separately in an outpatient cardiology clinic. Additionally, we
implemented a novel approach by categorizing patients according to the severity of their
cirrhosis—severe versus non-severe.

Our findings indicate that diastolic dysfunction, as a marker of heart failure, warrants
consideration of specific interventions, particularly for patients with severe cirrhosis who
have limited treatment options [40]. Thus, early recognition of diastolic dysfunction as a
sign of heart failure (in conjunction with natriuretic peptides) could expand the therapeutic
options by incorporating SGLT2 inhibitors into the treatment regimen. These drugs are now
included in the guidelines with a Class I recommendation for the entire spectrum of heart
failure, including heart failure with preserved LVEF [41]. Furthermore, earlier integration
into a palliative care program should be considered, as it offers significant benefits for these
patients [42].

The diagnosis of diastolic dysfunction is also critically important in post-liver trans-
plant patients, as numerous studies have demonstrated an association with increased
morbidity and mortality [43,44].

5. Conclusions

In our study, diastolic dysfunction was less prevalent in patients with non-severe
cirrhosis, while the majority of patients with severe cirrhosis exhibited this condition.
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The overall prevalence of diastolic dysfunction among patients with liver cirrhosis was
found to be 55%. Severe hepatic cirrhosis (Child–Pugh Class C) was also associated with a
more pronounced degree of diastolic dysfunction compared to milder forms of the disease.
This dysfunction was significantly correlated with the severity of portal hypertension,
as reflected by surrogate parameters such as portal vein and spleen diameters. Spleen
diameter was the sole factor that demonstrated a significant correlation with all three
evaluated parameters of diastolic function. These findings underscore the importance of
monitoring diastolic function in cirrhotic patients, particularly those with advanced disease,
as early identification and management of diastolic dysfunction could potentially improve
clinical outcomes.

5.1. Study Limitations

Our study has several limitations. The relatively small sample size may have impacted
the thoroughness and significance of the results. Additionally, follow-up visits could
have offered better insights into symptom progression and the development of diastolic
dysfunction. Furthermore, measuring natriuretic peptides and examining their correlation
with diastolic function and the severity of cirrhosis, along with the use of tissue Doppler
ultrasound for GLS or S wave analysis, could significantly improve our understanding of
these conditions.

5.2. Future Directions

Recognizing the importance of the early detection of diastolic dysfunction in reducing
cardiovascular events after liver transplantation, a paradigm shift is essential. This shift
involves incorporating diastolic function evaluated through modern diagnostic parameters
into pre-liver transplant risk stratification, which has traditionally focused on ejection
fraction and right-sided cardiac pressures.
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Abstract: Non-pharmacological therapies play an essential role in the management of heart failure,
complementing pharmacological treatments to mitigate disease progression and improve patient
outcomes. This review provides an updated perspective on non-pharmacological interventions with
a focus on lifestyle modifications, device therapies, and the management of heart failure in special
populations, such as the elderly, women, and patients with comorbid conditions like renal dysfunction
and diabetes. Key lifestyle interventions, including sodium and fluid restriction, dietary changes,
and physical activity, are explored for their impact on symptom reduction, hospital readmissions,
and quality of life. Device therapies like cardiac resynchronization therapy (CRT) and implantable
cardioverter defibrillators (ICD) are also evaluated for their effectiveness in reducing mortality in
patients with advanced HF. Special attention is given to vulnerable populations, emphasizing the need
for individualized approaches tailored to specific pathophysiological mechanisms and socioeconomic
factors. By integrating these strategies, healthcare providers can optimize care and enhance patient
adherence, reducing the overall burden of heart failure.

Keywords: heart failure; lifestyle modification; diet; exercise; diabetes; chronic kidney disease

1. Introduction

Heart failure (HF), a complex clinical syndrome characterized by the inability of
the heart to pump blood effectively, remains a significant public health challenge, with
increasing prevalence and associated morbidity and mortality. Specifically, HF refers to
cardiac dysfunction linked to structural and/or functional incapabilities, either during
ventricular filling or ventricular ejection [1]. In industrialized and high-income countries,
the prevalence of heart failure (HF) is approximately 1–2% in the adult population, which
increases to 10% when sub-stratifying the population of adults over 70 years of age [2].
Based on the guidelines of management of HF, the AHA/ACC/Heart Failure Society of
America (HFSA) has classified HF into four main variations: heart failure with preserved
ejection fraction (HFpEF), heart failure with reduced ejection fraction (HFrEF), heart failure
with mildly reduced ejection fraction (HFmrEF), and heart failure with improved ejection
fraction (HFimpEF) [1,2].

A guideline-directed medical therapy (GDMT) has been well studied and established
as the mainstay of treatment. Yet, non-pharmacological management of HF is equally
as important to mitigate and decrease the complications that arise from HF. However,
poor compliance has been reported in the HF population, especially in the elderly, which
results in an increased risk for mortality and HF readmissions [3]. The four core tenets of
non-pharmacological management of HF include (1) adopting a lifestyle where patients
follow a low sodium diet, (2) restricting the amount of fluid consumption, (3) weighing
themselves daily, and (4) abiding with the recommendations and guidelines set for them
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by their physicians regarding exercise therapy and activity training [3]. Patients who were
compliant with one modality (i.e., made modifications to diet and exercise) were also
more eager and motivated to adopt secondary behavioral changes, such as decreasing
consumption of alcohol and cigarette smoke [3]. This intrinsic behavioral modification
among this class of patients caused a decrease in hospital readmission rates related to
HF complications.

This review aims to provide an in-depth analysis of the current non-pharmacological
interventions for HF, focusing on their effectiveness in diverse populations. Special atten-
tion will be given to particularly vulnerable groups, such as the elderly, women during
pregnancy, and individuals with concomitant renal dysfunction or diabetes. Moreover,
this review will explore the impact of HF across different socioeconomic and financial
statuses and between various population classes, racial backgrounds, and age groups. This
manuscript provides a more comprehensive approach to the non-pharmacological man-
agement of HF that encompasses the many facets of preventative measures and treatment
regimens and discusses the importance of compliance and adherence to such therapies
and interventions.

2. Lifestyle Modifications

Effective lifestyle modifications are an integral component in the management of HF,
complementing GDMT by reducing symptom burden and hospitalizations and concomi-
tantly improving quality of life. The interplay between cardiac, renal, and endocrine sys-
tems, termed cardio–kidney–metabolic (CKM) syndrome, requires a multifaceted approach
to HF treatment. The major tenets of lifestyle modification include sodium restriction, fluid
restriction, dietary adjustments, physical activity, and weight management.

2.1. Sodium Restriction

The mechanism of sodium restriction improvement has been a subject of debate, partic-
ularly regarding sodium stimulation of the neurohormonal system. Increased salt retention
by kidneys leads to worsening edema and congestion and stimulates increased sympa-
thetic activity. This results in peripheral vasoconstriction of the afferent renal artery and
decreased blood flow to the juxtaglomerular apparatus in the kidneys, thereby activating
the renin–angiotensin–aldosterone system (RAAS). Angiotensin II (ATII) directly causes
sodium retention in the proximal tubules, while aldosterone leads to increased sodium
resorption in the distal tubule and plays a key role in worsening heart failure [4].

It has also been shown that water retention and volume overload in acute heart
failure exacerbation are primarily driven by sodium retention [5]. However, experts have
suggested sodium restriction in patients with poor nutritional status may lead to poorer
results in heart failure patients due to reduced appetite and food intake, exacerbating
malnutrition. In fact, a systematic review and meta-analysis of 10 randomized controlled
trials were performed (1011 participants with HF) to evaluate the effects of dietary sodium
restriction on quality of life (QoL), and the results showed that sodium restriction did not
improve QoL over long term (>30 days) (p = 0.61). The pooled results also showed that
sodium restriction might increase mortality risk (p < 0.00001). Lastly, it also showed that
it did not reduce the readmission rate within the short term (≤30 days) (p = 0.78) and, on
the contrary, increased the readmission rate over the long term (p = 0.0003) [6]. Despite
its controversy, sodium restriction has been internationally acknowledged as a method of
lifestyle modification in HF patients.

Dietary sodium restriction in heart failure patients has been recommended by many
different guidelines. The Korean Society of Heart Failure (KSHF), European Society of
Cardiology (ESC), and American Heart Association/American College of Cardiology
(AHA/ACC) all recommend sodium restriction. However, the consensus among the
societies varies. The Korean heart failure guidelines recommend sodium restriction to <2 g
per day in moderate to severe heart failure [7], while European guidelines recommend
avoiding excessive sodium (>5 g/day) [8]. Per AHA/ACC guidelines, patients should
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avoid excessive sodium to reduce congestive symptoms [9]. Even though guidelines have
recommendations regarding sodium restriction in HF patients, there is a disagreement
among experts about sodium restriction, especially in malnourished patients. Because of
the variability in recommendations and patient responses, an individualized approach to
sodium restriction, particularly in patients with comorbid conditions or malnutrition risk,
may be more beneficial than a one-size-fits-all approach.

2.2. Fluid Restriction

The benefit of fluid restriction in HF patients is similarly a subject of debate, with
inconsistent evidence supporting its routine use [5]. A small single blind study was carried
out by Travers et al. to investigate the clinical impact of fluid restriction in class IV heart
failure patients during their hospitalization. The study showed no significant difference in
time to clinical stability, discontinuation of IV diuretic therapy, or stabilization of serum
urea, serum creatinine, natriuretic peptides, or sodium in fluid-restricted patients (n = 34)
versus free-fluid patients (n = 33) [10]. A key study examining the outcomes with 1 L
fluid restriction in patients found that quality of life improved, though it did not find any
differences in HF rehospitalization or all-cause mortality [11]. Given the limited data on
fluid restriction, new randomized control studies are needed to adequately determine the
utility and effectiveness of fluid restriction.

Subsequently, there are no clear recommendations in clinical guidelines for fluid re-
striction. KSHF guidelines suggest educating patients about fluid restriction at discharge
following a hospitalization for heart failure [7]. However, KSHF does not specify an exact
amount of fluid restriction in the guidelines. Conversely, ESC guidelines recommend con-
sidering a fluid restriction of 1.5 to 2 L in patients with severe heart failure/hyponatremia
to relieve symptoms and congestion, taking note to increase fluid intake during periods
of high heat/humidity and/or nausea/vomiting [8]. AHA/ACC guidelines make a 2b
recommendation regarding fluid restriction in heart failure patients as the benefit of fluid
restriction to reduce congestive symptoms is uncertain [9]. Ultimately, fluid restriction
should be considered on a case-by-case basis, with careful attention to patient-specific
factors such as comorbid conditions and symptomatology.

2.3. Dietary Changes

Dietary interventions are essential in managing heart failure, particularly in patients
with comorbid obesity or metabolic syndrome. A healthy diet should be adapted to the
specific needs of each patient. Nutrition with restricted caloric intake designed for weight
loss is recommended in overweight or obese HF patients. Patients who are overweight or
obese have a significantly increased risk of developing HF, suffering from more frequent
HF exacerbations, and experiencing progression of HF. Particularly, the increased cardiac
work required to maintain cardiac output in such individuals increases ventricular strain,
leading to earlier onset and worsening of HF [12]. The newly termed CKM syndrome has
emerging evidence on the risk of cardiovascular disease (CVD), including HF [9,13]. Risk
calculators such as PREVENT for the staging of CKM may help providers evaluate an
individual’s risk for the development of CVD and guide management accordingly. This
model includes considerations of sex, age, comorbidities such as diabetes and CKD, and
lifestyle habits including tobacco use [13].

While neither the KSHF nor the ESC provides specific dietary recommendations, the
AHA/ACC guidelines recommend adherence to heart-healthy, evidence-based diets such
as the Dietary Approaches to Stop Hypertension (DASH) diet and the Mediterranean diet.
The DASH diet focuses on reducing sodium intake and increasing consumption of fruits,
vegetables, and low-fat dairy products. The DASH diet, through the original DASH trial,
was shown to substantially reduce blood pressure compared with a diet that is low in these
foods [14,15]. Furthermore, consistent compliance with diets that are low in sodium and
high in fruits, vegetables, low-fat dairy products, antioxidants, and potassium may be
linked to decreased heart failure hospitalizations [16]. The Mediterranean diet, a generic

146



J. Clin. Med. 2024, 13, 6993

term used to describe a dietary pattern consisting of fruits, vegetables, unsalted nuts, whole
grains, lean proteins, and extra-virgin olive oil, has been shown through multiple studies
to reduce blood pressure and improve overall cardiovascular health [17,18].

Elderly HF patients, particularly those who are frail, often face barriers to maintain-
ing a heart-healthy diet as they are more likely to be dependent on caregivers for meal
preparation. A study of 40 patients found that both patients and caregivers consume
poor-quality diets, which suggests that even though the Mediterranean diet and DASH diet
have beneficial effects, the focus should be placed on household modifications for heart
failure patients to have any success [9].

In patients with advanced HF (AHA/ACC stage C and D), unintentional weight loss,
sarcopenia, and cardiac cachexia are common, which further complicates the management
of nutritional intake. These conditions are associated with lower caloric intake and higher
micronutrient deficiencies compared with age- and sex-matched healthy adults [19]. Ad-
ditional weight loss to address obesity may exacerbate these conditions. Dietary changes
need professional guidance and counseling on adapting a diet to reduce weight loss that
is driven by malnutrition to avoid sarcopenia and cardiac cachexia. Strategic treatment
for sarcopenia includes resistance training exercises to improve overall muscle strength
and mass with focused nutritional support in protein intake. Cardiac cachexia is a complex
metabolic syndrome that can be addressed through high-calorie, high-protein diets. At
times, appetite stimulants may also be required, especially in end-stage heart failure. Both
sarcopenia and cardiac cachexia are factors associated with worsened prognosis in heart
failure [20].

2.4. Physical Activity

Physical activity has been linked to increased quality of life, exercise capacity, and de-
creased hospitalizations. Exercise-based cardiac rehabilitation programs have been shown
to significantly enhance functional status, as measured by the 6 min walk test and reduce
all-cause and HF-related hospitalizations [21]. Such classes have tailored exercises for
cardiac patients to improve heart health. Current guidelines strongly recommend cardiac
rehabilitation programs (CRP) for all eligible heart failure patients though practical data
show low participation rates [21]. A CRP is primarily based on physical exercise; however,
a comprehensive CRP also includes educational sessions that focus on risk factors, lifestyle
modification, nutritional advice, psychosocial support, smoking cessation, regulation of
body weight, and optimization of blood pressure, lipid levels, and glycemic control [22].
General exercise and physical activity are still highly recommended, particularly for pa-
tients who do not qualify for CRP or where CRP is not available. Patients who have
completed CRP are also recommended to continue physical activity, utilizing learned skills
for future habits. Guidelines recommend exercise as a non-pharmacological treatment for
heart failure but do not specify intensity or duration. KSHF guidelines recommend pro-
moting exercise-related activities, along with an exercise prescriber, in a multidisciplinary
team that handles heart failure patients [7]. ESC recommends exercise for all patients who
are capable of doing so [8]. The 2022 AHA/ACC Heart Failure Guidelines also recom-
mend exercise training or regular physical activity to improve functional status, exercise
performance, and quality of life in heart failure patients who can participate in the exercise
training [9].

2.5. Weight Management

Obesity can lead to heart failure directly (through the effects on the myocardium)
and indirectly (through obesity-related comorbidities). Obesity can lead to hemodynamic
changes, including increased blood volume and cardiac output through activating RAAS.
Apart from hypertension, it can also increase the risk of diabetes and hyperlipidemia,
all of which are risk factors for developing heart failure. Obesity can also directly affect
the heart through fat accumulation in the myocardium, which can lead to fibrosis and
the development of heart failure [23]. In fact, a study performed by Kenchaiah et al.
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investigated the relation between body mass index (BMI) and the incidence of heart failure
among 5881 participants and found that after adjustment for established risk factors, there
was an increase in the risk of heart failure of 5 percent for men and 7 percent for women for
each increment of 1 in BMI increase. Compared with participants with normal BMI, obese
participants had a doubling of the risk of developing heart failure [24].

Weight loss is recommended to help prevent heart failure; however, in patients with
established heart failure, the efficacy of weight loss is less clear [5]. Even though obesity
increases the risk of heart failure, it has a protective effect in patients already diagnosed
with heart failure as a lower body mass index (BMI) is associated with a higher risk of
mortality. This phenomenon has been called the “obesity paradox”. The obesity paradox
is typically observed in mild obesity and seems to lose any potential survival benefit in
severely obese patients [25].

Weight loss has been shown to reduce the incidence of heart failure, but in patients
with known heart failure, unintentional weight loss can be detrimental. This even includes
patients with mild heart failure as weight loss >5% over one year was a significant predictor
of cardiovascular death or hospitalization with heart failure exacerbation [26]. The 2016
ESC guidelines stated that in patients with heart failure and moderate obesity (BMI <35
kg/m2), weight loss cannot be recommended. Patients with a BMI of 35–45 kg/m2 may
consider weight loss for symptom management and exercise capacity [25]. The ACC/AHA
guidelines also have a class 1 recommendation stating that conditions that may lead to
or contribute to heart failure, such as obesity, should be controlled [25]. However, due to
the paucity of data, firm guidance regarding the management of obesity in heart failure
patients is lacking.

2.6. Substance Use Cessation

Substance use, particularly alcohol, tobacco, cannabis, and cocaine, is strongly linked
to the onset and progression of HF. Moderate alcohol may reduce the incidence of heart
failure, but heavy alcohol usage (>5 drinks per day) is strongly associated with dilated
cardiomyopathy [27]. In addition, tobacco usage also increases the risk of heart failure by
increasing the risk of coronary artery disease (CAD), along with other comorbidities that
contribute to CAD, including hypertension, diabetes mellitus, and hyperlipidemia [5,28].
Smoking has a direct effect on the heart as the chemicals that are inhaled damage the
blood vessels and form plaque in the coronary arteries, leading to CAD. Figure 1 below
summarizes the effects of smoking and alcohol as well as the benefits of smoking and
alcohol cessation.

Patients who engage in heavy drinking or smoking should be strongly advised to stay
away from heavy and binge drinking [5]. Specifically, smoking cessation has been shown to
lower the incidence of serious adverse events, such as myocardial infarction, heart failure,
stroke, and death [27]. Healthcare providers should emphasize the importance of substance
use cessation as part of comprehensive lifestyle modification strategies for HF patients.
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Figure 1. The effects of alcohol and tobacco on the heart. Heart failure (HF). Myocardial infarction (MI).

2.7. Weight Monitoring and Education

Regular weight monitoring in patients is critical, particularly in detecting fluid re-
tention, which may indicate worsening heart failure. The WHARF trial, a large random-
ized controlled study, investigated patients with NYHA class III or IV heart failure and
LVEF ≤ 35%. It compared heart failure outcomes between those receiving standard care
and those receiving standard care alongside access to the AlereNet System, a technology-
based monitoring system designed to track daily weight and symptoms in heart failure
patients. The results revealed a 56.2% reduction in mortality (p < 0.003) for patients in the
AlereNet group [29].

A sudden increase in weight often indicates fluid overload, which can occur even in
patients compliant with treatment regimens and lifestyle modifications [9]. Accordingly,
patients are advised that an increase of two to three pounds per day, or five pounds in
one week, will require adjustment to their medication regimen. Recognition of these
bodily changes empowers patients to engage in their care, adjust lifestyle factors, and
recognize when to seek prompt medical advice to reduce hospital admissions for heart
failure exacerbations.

To ensure the accuracy of the daily weight monitoring, providers should educate
patients to weigh themselves at the same time every morning, preferably after using the
restroom and before eating or drinking [9]. Patients are advised to use the same scale and
wear similar clothing daily. These daily weights should be logged, and any concerning
trends should be promptly discussed with the healthcare provider. This allows patients to
play an active role in managing their heart failure condition, leading to improved outcomes
and fewer heart failure exacerbations [9].

3. Advance Interventions: Devices and Surgery

In addition to lifestyle modifications, device therapy, and surgery present another
avenue of evidence-based non-pharmacological management of heart failure, especially
in severely reduced HF and advanced HF. Cardiac resynchronization therapy (CRT) and
implantable cardioverter defibrillators (ICD) are viable options for helping patients with
HF reduce overall mortality and prevent sudden cardiac death (SCD).

CRT assists with coordinating cardiac contractions in the lower chambers of the heart
and has also been found to decrease the incidence of life-threatening arrhythmias like
ventricular tachycardia (V-Tach) and ventricular fibrillation [30]. Relevant indications for
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CRT include HFrEF with LVEF ≤ 35%, symptomatic heart failure NYHA class II, II, or
ambulatory IV despite optimal medical therapy, and prolonged QRS ≥ 130 milliseconds
(Table 1) [31].CRT is a viable option for treatment in HF patients who have a conduction
system abnormality. Even with a substantial non-responder rate of 30%, CRT can lengthen
the time to heart transplantation and left ventricular assist device placement in patients with
HF [32]. The MIRACLE Trial of 2002 showed the following improvements for patients on
CRT versus traditional control groups on standard conventional therapy with heart failure:
improved distance walked in six minutes, decreased need for peak oxygen consumption,
and improved NYHA class [33].

Table 1. Key aspects of CRT and ICD therapies, including purpose, indications, long-term outcomes,
and potential complications. Heart failure with reduced ejection fraction (HfrEF). Left ventricular
ejection fraction (LVEF). Heart failure New York Heart Association (HF NYHA). QRS complex (QRS).
Ventricular fibrillation (V-fib). Ventricular tachycardia (V-tach). Myocardial infarction (MI).

Cardiac Resynchronization
Therapy (CRT)

Implantable Cardioverter
Defibrillator (ICD)

Purpose

• Coordinates cardiac contractions,
reduces mortality, prevents
arrhythmias and sudden cardiac
death (SCD)

• Monitors heart rhythm, delivers
shocks to prevent SCD

Indications

• HfrEF with LVEF ≤ 35%
• Symptomatic HF NYHA class II, III,

or ambulatory IV despite optimal
therapy

• Prolonged QRS ≥ 130 ms

• LVEF ≤ 35%
• Symptomatic HF
• History of V-fib or sustained V-tach
• Recent MI (within 40 days) with

LVEF ≤ 35% and symptomatic HF
• Nonischemic cardiomyopathy with

LVEF ≤ 35%
• Long-standing symptomatic HF

despite optimal therapy

Long-term
Outcomes

• Lengthens time to heart
transplantation and left ventricular
assist device placement

• Lower incidence of SCD in the ICD
group, more pronounced in patients
<70 years

Potential
Complications

• Perioperative complications
(pneumothorax, bleeding,
cardiac perforation)

• Inappropriate shocks
• Device-related infection
• Fear of appropriate shocks
• Impact on quality of life

ICD, which can be an additional feature of CRT, is a device utilized to monitor the
heart rhythm and deliver a coordinated shock to prevent SCD caused only by ventricular
tachyarrhythmia, severe bradycardia, or complete heart block [34]. HF patients with
indication for ICDs include those with LVEF ≤ 35%, symptomatic HF, history of V-fib
or sustained V-tach, recent MI within last 40 days with LVEF ≤ 35% and symptomatic
HF, nonischemic cardiomyopathy and LVEF ≤ 35%, and long-standing symptomatic HF
despite optimal medical therapy (Table 1) [35]. An association was found between reduced
all-cause mortality when substratified for age, such that patients who were <70 years of
age and had nonischemic systolic heart failure benefited from ICD implantation [27]. In a
study on long-term follow-up, patients in the DANISH trial showed that the ICD group
had a lower incidence of SCD. This impact was more pronounced in patients <70 years of
age, but not in the group of patients >70 [36].

Potential complications or risks associated with device usage include perioperative
complications such as pneumothorax, bleeding, and cardiac perforation, and late com-
plications associated with ICD treatment such as inappropriate shocks, device-related
infection, the fear of appropriate shocks, and quality of life [34]. Key aspects of CRT and
ICD therapies are discussed in Table 1 below.

In patients diagnosed with NYHA functional classes II–IV secondary to mitral regur-
gitation, MitraClip implantation lowered 2-year mortality rates or heart failure-related
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hospitalizations compared with only providing GDMT. MitraClip valve repair also im-
proved quality of life at two years compared with GDMT alone, independent of baseline
functional status [37].

Ischemic cardiomyopathy leading to HfrEF may be reversible and can improve with
revascularization. Evidence surrounding PCI versus coronary artery bypass grafting
(CABG) has shown that CABG offers substantial survival benefits and significant reduction
in myocardial infarction and the need for repeat revascularization in multivessel CAD
(MVCAD), particularly in diabetic patients with intermediate and high severity disease [38].
Additionally, patients who underwent coronary artery bypass grafting (CABG) surgery
had substantially less risk of mortality from any cardiovascular cause compared with those
only receiving traditional medical therapy [39].

4. HF Management in Special Populations

Special populations within HF, such as the elderly, women, and patients with comorbid
conditions, face unique challenges that require tailored strategies to optimize outcomes.
Understanding the personalized challenges within and between groups allows providers
to connect with their patients on an individual level and provide precise, personalized
care. This section highlights the fundamental mechanisms, management strategies, and
population-specific considerations to aid providers in treating special populations of people
with HF. Important takeaways and key considerations for HF management in special
populations are summarized in Table 2.

Table 2. HF management in special populations, including general principles and key considerations.
Guideline-directed medical therapy (GDMT). Angiotensin-converting enzyme-inhibitor (ACEi). An-
giotensin receptor blocker (ARB). Angiotensin receptor-neprilysin inhibitor (ARNI). Mineralocorticoid
receptor antagonist (MRA). Heart failure (HF). Cardiac defibrillator therapy (CRT). Implantable car-
dioverter defibrillator (ICD). Chronic kidney disease (CKD). Sudden cardiac death (SCD). Estimated
glomerular filtration rate (eGFR). Sodium-glucose cotransporter-2 inhibitor (SGLTi). Sodium-glucose
cotransporter-2 (SGLT2). Glucagon-like peptide-1 (GLP-1). Dipeptidyl peptidase-4 (DPP-4).

Special
Population

General Principle Key Considerations

Elderly patients

Elderly patients with HF have similar
GDMT recommendations as the
general population but require
tailored approaches due to increased
sensitivity to medications and changes
in intravascular volume.

• Noncompliance: financial issues, social
isolation, and cognitive impairments

• Medication sensitivity: requires nuanced
medication selection

◦ Beta blockers and
ACEi/ARBs/ARNIs are the
most effective.

◦ MRAs are also beneficial.
◦ Diuretics effectively manage

congestive symptoms.

• Exercise: improves muscle mass
and strength

• Patient education and support: improve
adherence and monitoring, potentially
reducing disparity.

Female patients

Sex-specific research is limited, but
certain lifestyle and physiological
factors in women affect HF risk
and management.

• Diet:

◦ Plant-based diets are associated
with a lower HF risk in women.

◦ Southern dietary patterns increase
HF risk.

• Treat comorbidities: obesity, anemia,
depression.

• Hormone therapy: estrogen therapy is
generally not recommended due to the
potential for thrombosis and
worsening HF.
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Table 2. Cont.

Special
Population

General Principle Key Considerations

Patients with
renal dysfunction

Both device-driven and
pharmacological therapies are
effective in managing HF with renal
dysfunction, with specific
interventions benefiting across
different eGFR levels.

• Device therapy:

◦ CRT: reduces mortality, HF
hospitalizations, and incidence of VT.

◦ ICD: CKD patients have an
increased risk of SCD.

• Pharmacological therapy:

◦ Standard GDMT medications:
prioritize ACEi/ARB/ARNI
and SGLT2i.

◦ Nonselective SGLTi: new data
support use in CKD.

Patients
with diabetes

Exercise and specific
antihyperglycemic agents improve HF
outcomes in patients with diabetes.

• Exercise:

◦ Improves functional capacity and
reverses cardiac stiffness.

• Antihyperglycemic agents

◦ SGLT2 inhibitors: improve
cardiovascular outcomes (benefits
seen even in patients without
diabetes).

◦ GLP-1 agonists and DPP-4
inhibitors: improve weight loss,
glycemic control, and
cardiovascular health.

Ethnic and racial
minority patients

Socioeconomic factors heavily
influence HF outcomes, with financial
barriers leading to later-stage HF
presentation and reduced adherence.

• Healthcare costs: HF-related
hospitalizations are very costly, thus
affecting compliance and HF outcomes.

• Medication accessibility:

◦ Cost-effective medication choices:
consider ACEi/ARB over ARNI
and metoprolol succinate over
carvedilol to reduce upfront costs.

◦ Medication selection:
spironolactone is suggested as an
early GDMT medication, with
SGLT2 inhibitors used after
confirming affordability.

4.1. Heart Failure in Elderly Patients
4.1.1. Mechanism of Heart Failure in Elderly Patients

Aging is a normal process that leads to decreased cardioprotective systems and in-
creased disease processes that may lead to heart failure [40]. Even though aging does
not cause heart failure, it lowers the threshold for disease manifestation [40]. The elderly
population has an increased prevalence of comorbid conditions that increase cardiovas-
cular risk, such as hypertension, hyperlipidemia, and coronary artery disease, resulting
in increased risk for heart failure. Older patients with HF also experience a high burden
of polypharmacy, frailty, and cognitive impairment [41]. Changes in arterial vessels and
consequences with advanced age involve increased oxidative stress, endothelial dysfunc-
tion, inflammation, matrix metalloproteases, and vascular cell proliferation [40]. This
leads to changes in arterial walls through decreased elastin content, increased collagen
production, cross-linking and glycosylation, decreased collagen degradation, and increased
intima medial wall thickness [40]. The hemodynamic consequences of this change result
in increased diameter of central arteries, systolic pressure, pulse pressure, LV afterload,
and oxygen requirements, as well as a decrease in coronary filling pressures and LV early
diastolic filling [40]. Table 3 below provides a summary of age-related changes.
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Table 3. The mechanisms, arterial changes, and hemodynamic consequences of aging in the cardio-
vascular system. Advanced glycation end products (AGEs). Left ventricular (LV). Matrix metallopro-
teases (MMPs).

Mechanisms

The mechanisms of aging, including increasing oxidative stress,
endothelial dysfunction, chronic inflammation, activity of
MMPs, and dysregulated vascular cell proliferation, collectively
contribute to tissue damage, vascular aging, and the
development of age-related diseases.

Changes in Arterial Wall

The changes in the arterial wall with aging include a decrease in
elastin content, an increase in collagen production, cross-linking,
and glycosylation, a decrease in collagen degradation, an
increase in AGEs, and an increase in intima-medial thickness.

Hemodynamic Consequences

The hemodynamic consequences of aging include an increase in
the diameter of central arteries, systolic pressure, pulse pressure,
LV afterload, contraction, and oxygen requirements, along with a
decrease in coronary filling pressure and LV early diastolic filling.

4.1.2. Management Considerations in the Elderly Population

Noncompliance proves to be a large barrier to improvement for HF patients, and the el-
derly population remains especially vulnerable due to financial difficulties, social isolation,
and cognitive impairments that preclude complex medication regimens, among others [40].
Older individuals who are diagnosed with HF have similar recommendations for GDMT to
the general population; however, each of these medications has specific, unique mechanistic
effects that can be utilized to the advantage of the patients and their comorbidities.

Given that the elderly population is more sensitive to small changes in intravascular
volume, diuretics have been proven effective in reducing congestive symptoms [40]. The
ultimate effect of beta blockers is to inhibit the sympathetic nervous system, which is
often upregulated in heart failure. By reducing heart rate and myocardial oxygen demand,
beta-blockers improve left ventricular function and reduce mortality and hospitalization
rates [9]. MRAs block the effects of aldosterone, thereby reducing sodium retention,
myocardial fibrosis, and ventricular remodeling, leading to improved survival and reduced
hospitalizations [42]. ACEis, ARBs, and ARNIs reduce the detrimental effects of RAAS
activation, thereby reducing vasoconstriction, sodium retention, and myocardial fibrosis,
consequently decreasing afterload and reducing ventricular remodeling [9]. HF in elderly
patients is associated with increased activation of the sympathetic system as well as the
RAAS; as such, beta-blocker therapy and ACE inhibitor therapy are helpful in the elderly
population. Elderly patients tend to exhibit more sensitivity to GDMT, and careful titration
of GDMT should be considered to avoid significant hypotension and/or bradycardia.

Exercise training can also be generalized to older patients, as the disease process is as-
sociated with decreased muscle mass and strength. Although advances in pharmacological
therapies available for heart failure exist, up to 40% of patients with HF will die within one
year of their first hospitalization [41]. We emphasize the importance of rigorous patient
education, close monitoring, and social support to help reduce the disparity.

4.2. Heart Failure in Females

Heart failure phenotypes can differ based on sex. HfpEF is more prevalent among fe-
males, and HfrEF is higher among males [43]. Hypertension (HTN) and diabetes contribute
to the risk for HF in females, whereas ischemia is the leading cause of HF in males [44].
Sudden cardiac death, which can be caused by HF, is also more common in males compared
with female counterparts, primarily attributed to the fatal arrhythmias associated with
HfrEF that may not be seen in HfpEF [45].
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4.2.1. Mechanism of Heart Failure in Females

Over the last decade, the hallmark of HfpEF in females has been described by the
increased stiffness and smaller size of the left ventricle compared with males. Consequently,
females require a greater resting heart rate than males to maintain cardiac output. With
HfpEF and aging, an overall increased stiffness of the LV and stroke volume reduction
occur, leading to dependence on increased heart rates to compensate for cardiac output.

Although less prevalent, women with HfrEF may present with increased morbidity
compared with their male counterparts. One study found that women with severe HfrEF
had lower exercise tolerance, worse pulmonary function, and worse kidney function than
males of similar age and ejection fraction [44]. The PREVENT model for HF incorporates
sex into consideration of the overall risk for HF development.

4.2.2. Females with Comorbid Diabetes

Growing evidence indicates that women with diabetes experience more pronounced
endothelial, coronary microvascular, and diastolic abnormalities than men with diabetes.
The exact mechanisms behind the heightened risk of heart failure in diabetic women remain
unclear. Still, factors such as sex hormones, variations in cardiovascular risk profiles, and
potential differences in treatment patterns between men and women might contribute [46].

4.2.3. Pregnancy and Heart Failure

Pregnancy has a known association with peripartum cardiomyopathy (PPCM) and can
be a life-threatening syndrome in women. As pregnant patients near the end of pregnancy
and in the weeks to months after delivery, left ventricular systolic dysfunction is observed
and leads to an increased risk for heart failure. The potential etiology includes inflammation
and angiogenic dysregulation, causing vascular damage. Patients usually present with an
ejection fraction (EF) of <45% [44].

4.2.4. Management Considerations for Female Patients

There is not much known regarding the sex-specific aspects in the prevention or
treatment of HF; however, a prospective study that followed adults with five types of
dietary patterns noticed that adherence to a plant-based dietary pattern, more frequently
found in women, was inversely associated with incident HF risk. In contrast, the Southern
dietary pattern was positively associated with incident HF risk [47]. Obesity, anemia, and
depression are more prevalent in females with heart failure, and as such, treating these
conditions effectively can help manage heart failure. Current research has not found a
benefit to estrogen therapy though targeting hormonal changes during and after menopause
may also be considered in the future. Although the loss of estrogen is linked to an increased
cardiovascular risk, hormone replacement therapy (HRT) is generally not recommended in
women with heart failure due to concerns about clotting and worsening heart failure.

4.2.5. Management Consideration for Pregnant Females

Management of heart failure in pregnancy aims to relieve symptoms, optimize hemo-
dynamic status, improve long-term outcomes with continuation or initiation of therapies
for chronic conditions, and treat other precipitating factors such as anemia, thyroid imbal-
ance, infections, and arrhythmias [48]. Chronic heart failure in pregnancy warrants lifestyle
modifications, vaccinations, and, possibly, even device therapy such as cardiac resynchro-
nization and/or implantable cardioverter defibrillator therapy [48]. Non-pharmacological
management of acute and refractory heart failure in pregnancy includes supplemental
oxygen therapy and temporary mechanical circulatory support [46].

4.3. Heart Failure in Renal Dysfunction
4.3.1. Mechanism of Heart Failure in Renal Dysfunction

Heart failure can exacerbate renal dysfunction and vice versa, as third-spacing of
fluid in congestive heart failure (CHF) can induce acute kidney injury (AKI), leading
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to further depletion of intravascular volume. The Acute Decompensated Heart Failure
National Registry (ADHERE) calculated that approximately one-third of all patients who
have been hospitalized in the past for acute decompensated HF have acute or chronic renal
insufficiency [49]. The classic interplay between heart failure and kidney disease, termed
cardio-renal syndrome, has three significant comprehensive interactions: (1) hemodynamic
mechanisms, (2) neurohormonal mechanisms, and (3) CVD-associated mechanisms [49].

Due to low systemic perfusion rates as a consequence of acute HF exacerbation, the
nephron can temporarily avoid damage by activating the RAAS pathway initiated by the
glomeruli in this reactive state. This temporary sub-optimal state will eventually lead to
exhaustion and depletion of homeostasis and to overt kidney damage, surpassing a simple
AKI. HF with ‘forward failure,’ or a drastic decrease in cardiac output due to HfrEF, can
lead to renal tubule hypoxia and acute tubular necrosis [49]. Continuous and recurring
insult to the kidneys leads to the development of chronic kidney disease (CKD), severe
electrolyte derangements, rise in creatinine and blood urea nitrogen levels (BUN), and
elevation of other chemical and enzymatic biomarkers in the blood, causing an overall
toxic environment.

4.3.2. Management Strategies for Renal Dysfunction

The specific management strategies of renal dysfunction in the setting of HF encompass
both a non-pharmacological device-driven therapeutic approach and a pharmacological
approach. The value of cardiac resynchronization therapy (CRT) as an intervention in
patients with an eGFR < 60 mL/min has been just as advantageous and efficacious as in
patients with an eGFR > 60 mL/min [50]. As such, the usage of CRT, regardless of eGFR
in CKD patients, may have equal benefits for reduction in death and HF hospitalizations.
Accordingly, CRT-D therapy demonstrated a significantly lower risk of mortality and heart
failure hospitalizations compared with ICD [51].

Placement of an ICD as a primary prevention against sudden cardiac death (SCD)
may prove to be beneficial for patients with CKD stage 3 and concomitant HfrEF [52]. The
risk for SCD in patients with advanced CKD or dialysis is higher than either risk factor
alone [53]. However, recommendations remain to implant ICDs in patients with EF < 35%
as risk for infection in dialysis patients proves to be a significant consideration.

Pharmacological interventions in patients with HfrEF and CKD are vast and include
standard GDMT, with a focus on angiotensin-converting enzyme inhibitors (ACEi), an-
giotensin receptor blockers (ARBs), hyperpolarization-activated cyclic nucleotide-gated
(HCN) channel blockers like Ivabradine, angiotensin receptor/neprilysin inhibitors (ARNI),
and sodium-glucose co-transporter-2 (SGLT-2) inhibitors. For African American patients
with NYHA class III-IV HfrEF, hydralazine and isosorbide dinitrate reduce morbidity and
mortality [54].

Targeting the RAAS pathway with ACEi, ARB, and ARNIs has been most utilized in
patients with CKD given its mechanistic effects, as explained previously. GDMT initiation
becomes most effective when proactively planning the regimen based on future transitions
to other classes. Transitions between two classes of medications, such as ARBs, then
transitioning to ARNIs is preferred to transitioning from ACEi to ARNIs due to the presence
of a 36 h washout period that is needed for this particular transition. The high prevalence
of side effects such as angioedema and cough are common complaints among patients who
are on ACEi, which also makes ARBs/ARNIs more optimal. However, landmark trials do
not establish a specific order of GDMT administration that is preferred over another.

SGLT2is, initially developed for diabetes, reduces HF hospitalizations and cardio-
vascular mortality through mechanisms such as natriuresis and reduction in preload and
afterload [42]. Newly emerging data from the SCORED trial have linked improvement in
mortality and heart failure hospitalizations with sotagliflozin, which is a nonselective SGLT
inhibitor [55]. Though not implemented in guidelines yet, we highlight this as a potential
consideration for patients with CKD as a possible medication during early GDMT titration.
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Ivabradine, another GDMT option, selectively inhibits If (funny) channels in a
concentration-dependent manner, reducing HR [56]. Ivabradine has a selective advan-
tage in CKD patients as its clearance through the renal tubules only contributes to 20% of the
total metabolism of the drug [56]. Careful initiation must be considered for patients with con-
comitant liver conditions as serum concentration of ivabradine can be increased in chronic
liver and cirrhosis patients. Research has shown that patients with a Child–Pugh score ≤7
can have increased concentration of ivabradine levels, but generally, there are limited data
on studies with patients diagnosed with moderate or severe hepatic impairment [56].

4.4. Heart Failure in Diabetes
4.4.1. Mechanism of Heart Failure in Diabetes

Diabetic patients have over twice the risk of developing HF than patients without
diabetes. Diabetes mellitus is associated with increased myocardial fatty acid utilization,
decreased glucose utilization (glycolysis and glucose oxidation), increased myocardial
oxygen consumption, and decreased cardiac efficiency. In diabetes, fatty acid oxidation
occurs at an increased rate, but triglycerides and other lipid metabolites tend to accumulate
in the diabetic heart. It is suggested that diabetes increases the risk of heart failure up to
twofold in males and fivefold in females. This increased incidence persists despite adjusting
for risk factors such as age, HTN, HLD, and CAD [57].

4.4.2. Management Considerations in Diabetes

An important aspect of heart failure management with concurrent diabetes consists
of dietary and lifestyle modifications, which are similar to the lifestyle modifications
discussed above. In general, patients are recommended to take a multi-lifestyle approach
through the “Life’s Essential 8” [58]. The ideal Life’s Essential eight components include
nonsmoking, body mass index <25 kg/m2, ideal physical activity, ideal diet score, serum
cholesterol <200 mg/dL without medication, blood pressure <120/<80 mmHg without
medication, sleep health, and fasting glucose <100 mg/dL without medication [58,59].

Nutrition plays a vital role in HF and diabetes; however, dietary plans must be tailored
according to personal and cultural food preferences, required caloric intake, comorbidities,
current medications, and need for weight loss. Regardless, for those with diabetes and HF,
minimizing alcohol intake and avoidance of smoking are always recommended [46].

HF is associated with physical inactivity and low fitness; given the high prevalence of
concomitant HF and diabetes, exercise therapy can and should be directed to this population
as well. Cardiac stiffness, the mainstay of HfpEF, accelerates in midlife but can be reversed
by aerobic exercise [46]. One study consisting of 2331 patients, 32% with diabetes, was
randomized to an aerobic exercise training program or standard of care for HF and then
followed for 2.5 years. It was noted that although all individuals had a baseline lower
functional capacity at the start of the study, those who completed the exercise program had
significant improvement in their peak oxygen consumption and distance covered in the
six-minute walk test compared with those who received only the standard care without
any exercise training. The patients enrolled in this study who also had diabetes accounted
for a large portion of the sample and, therefore, support the recommendations for exercise
therapy to improve functional capacity in both heart failure and diabetes alike [60].

Several agents that demonstrate cardiovascular safety and improved outcomes also
serve as effective antihyperglycemic agents, specifically those studied in heart failure
patients. These include dipeptidyl peptidase-4 (DPP-4) inhibitors, glucagon-like peptide-
1 (GLP-1) agonists, and sodium-glucose cotransporter-2 (SGLT2) inhibitors [61]. DPP-4
inhibitors increase the concentration of GLP-1. Small human studies with GLP-1 agonists
exhibited similar results, with an overall increase in LVEF and functional status noted
within the participants [62]. GLP-1 agonists have shown promise in HF treatment not
only due to their beneficial effects on cardiovascular outcomes but also by managing other
organ systems that relate to HF morbidity, including targeting weight loss and glycemic
control, which work through the reduction of metabolic complications associated with
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obesity and HF, MACE, and HF symptoms [63]. The multisystem approach through
GLP-1 agonists has led to a new topic of discussion about its effectiveness in HF, along
with other medications for diabetes management. SGLT2 inhibitors have been shown to
improve blood pressure control, arterial stiffness, vascular resistance, and microvascular
remodeling—all occurring via multiple proposed mechanisms, including the beneficial
effects on ion homeostasis, calcium handling, reduction of cardiac oxidative stress, and
vascular inflammation. Myocardial metabolism utilizes ketone bodies as an energy-efficient
source instead of glucose and lipid oxidation, which leads to improved cardiac contractility
and confers cardiovascular protection.

As SGLT2i has been incorporated into GDMT, patients with diabetes are recommended
to start empagliflozin or dapagliflozin earlier rather than later for optimal benefits. The
DAPA-HF trial found that the risk of worsening heart failure or death from cardiovascu-
lar etiologies was lower in patients on dapagliflozin therapy compared with those who
received placebo, regardless of the presence or absence of diabetes [64]. Another relevant
trial that proved the cardiac benefits of early SGLT2-i is the EMPEROR-preserved trial,
which showed that empagliflozin reduced the combined risk of cardiovascular death or
hospitalization for patients with HFpEF [65]. Incretin-based therapies such as DPP-4 in-
hibitors and GLP-1 agonists should also be prioritized in diabetes management in these
patients, possibly adjusting patients’ diabetes regimen to include either class. Figure 2
below denotes recommendations for stepwise antihyperglycemic therapy based on heart
failure stages A through D, indicated at each arrow [61].

 
Figure 2. The recommendations for antihyperglycemic therapy based on the heart failure stage. Sodium-
glucose cotransporter-2 (SGLT2). Glucagon-like peptide-1 (GLP-1). Dipeptidyl peptidase-4 (DPP-4).

Briefly mentioned above, nonselective SGLT inhibitors may also play a role in diabetes
patients with HF. The SOLOIST-WHF trial, which enrolled patients with diabetes and
recent worsening heart failure, noted that sotagliflozin (SGLT1 and 2 inhibitors) therapy
significantly lowered total number of deaths from cardiovascular causes and decreased the
number of hospitalizations and urgent visits for heart failure compared with placebo when
the medication was initiated before or shortly after discharge [55].

4.5. Ethnic and Racial Minorities and Heart Failure

Broadly, HF prevalence varies depending on the racial communities; African Americans
have a higher hazard ratio of HF, followed by Latin X/Latinos, Caucasians, and Asian
communities [66]. HFpEF is more prevalent in non-African American demographics [43].
Comorbidities appear to primarily affect the presence of HF. African Americans exhibit a
higher burden of hypertension (HTN), and Hispanics have more complications of diabetes
mellitus (DM), both of which are increased risk factors for HF [66]. Thus, the management and
prevention of HF are rooted in managing comorbidities, as addressed in previous sections.
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4.6. Social Determinants of Health (SDOH), Socioeconomics, and Heart Failure

HF patients experiencing SDOH, particularly those from low-income or underserved
populations, face numerous barriers to implementing non-pharmacological therapies for
HF management. These barriers are primarily related to a lack of access to care in the form
of cost and transportation issues, which increases the likelihood of poor HF outcomes over
time due to more frequent symptom exacerbations and recurrent hospital admissions [66].
A significant challenge for this population is the cost associated with managing complex
chronic illnesses, including medication and healthcare appointments [67].

Current models that capture the impact of SDOH on HF care include the World
Health Organization (WHO) and vulnerable population conceptual frameworks [66]. These
models emphasize the interplay between available resources—such as community support,
geographic factors, and individual-level healthcare access—and the significance of personal,
social, and behavioral factors, including relative risk and the overall health status of HF
patients. Based on these frameworks, vulnerable patients facing significant SDOH can
benefit from socioeconomic and environmental resources within their communities, which
influence health through individual lifestyles, cultural behaviors, and value systems [67].
These resources encompass a range of services, from pharmacies to social and rehabilitation
services to telehealth [67].

Patients face real-world challenges when implementing lifestyle changes, particularly
those with financial difficulties or limited access to healthcare resources. These challenges
can negatively impact survival, quality of life, and readmission rates [67]. Individuals
experiencing SDOH benefit from a dedicated team that facilitates their transition to post-
acute care facilities, often through a transitional care coordinator. This team also helps
improve access to prescribed medication regimens via various patient assistance programs
or the Dispensary of Hope, a national charitable medication distributor [67].

However, uninsured patients may struggle to secure an appropriate outpatient follow-
up for heart failure management. These individuals require resources to access care at local
indigent clinics, federally funded clinics, or county hospitals as viable options for long-term
care [67].

The economic burden of HF, like other diseases, is measured on many facets rooted
in the financial burdens of direct and indirect costs [2]. Direct costs of HF include hospi-
talization, outpatient care, medications, rehabilitation, nursing care, and informal care [2].
Indirect costs are those associated with the total societal productivity loss based on stan-
dards such as ‘presenteeism’, or the lack of productivity from employees due to illness
or disease even though they are physically present at work, sick leave, early retirement,
and premature mortality [2]. In the PURE study, socioeconomic status (SES) and risk
of cardiovascular disease in 20 low-income, middle-income, and high-income countries
showed that hypertension, diabetes, and secondary prevention and care management
were lower in people with the lowest levels of educational attainment among low-income
countries [68]. However, less marked differences in cardiovascular health were found in
healthcare disparities when comparing educational attainment among middle-income and
high-income countries [68]. Possible explanations may include the allocation of budget
spending on healthcare each fiscal year in various countries. Thus, low educational attain-
ment in low-income countries equates to poor healthcare outcomes compared with high
educational attainment in the same low-income country.

The inpatient cost of hospitalization for HF-related complications is by far the highest
expenditure of all. The highest cost of hospitalization in any nation was noted in the US
healthcare system, which approximated USD 125,000 per patient per year [69]. In most
European countries, those hospitalization costs range from USD 5000 to as close as USD
18,000 per patient per year [69].

Economic disparities and increasing healthcare costs translate to immediate effects on
compliance. Lower SES communities tend to present in later-stage HF due to avoidance of
healthcare costs [70]. In an effort to address such disparities, risk calculators have begun
incorporating factors related to SES, including zip codes within the US. With repeat and
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large-cost hospitalizations, patients accumulate a debt that results in difficulty optimiz-
ing care and future healthcare visits. This healthcare debt spiral leads to worsening HF
outcomes [70].

In cases of low SES, lifestyle changes may be of utmost importance. Additional medical
therapies that offer high efficacy and low cost should be considered. Initial medication
therapy is crucial as patients are less likely to adhere to medication regimens if presented
with initial high costs, even if subsequent therapies are more affordable [70]. Thus, we
recommend opting for ACEi/ARB over ARNI and choosing metoprolol succinate before
carvedilol in these patients. In a head-to-head trial of valsartan (ARB) to captopril (ACEi),
ARB was shown to be non-inferior, but not superior, to ACEi [71]. As such, we suggest a
selection of ACEi, reserving utilization of ARB if a patient demonstrates side effects of ACEi.
Starting spironolactone as an earlier medication in GDMT may also be a consideration,
with SGLT2i therapy used after confirming a patient can afford it.

5. Challenges and Considerations

The barriers to implementation and the challenges patients with HF face include
both compliance and adherence to both non-pharmacological and pharmacological thera-
pies. Generally speaking, patients who were more compliant with medications in various
studies also adhered to effective lifestyle modifications, such as exercise, limited alcohol
consumption, and smoking cessation, which all resulted in better outcomes [3].

The explanation of this cohesion among patients with HF and their successful adher-
ence and compliance with non-pharmacological modifications also spills over to pharmacy-
driven interventions. In one study, HF patients who were compliant with their non-
pharmacological treatment regimen were more likely to also be compliant with medication
and pharmacy interventions, which, when combined, led to a better prognosis for pa-
tients. Out of the four core non-pharmacological interventions mentioned prior (i.e., daily
weighing, diet modification, management of fluid consumption, and exercise programs),
compliance with an exercise program recommendation in the HF population was the
lowest, nearing 60% [3].

Bridging the gap of noncompliance requires a multifaceted approach, particularly in
addressing the underlying cause for the inability to adhere to their regimen [72]. Non-
compliance rooted in medical illiteracy can be combated with aggressive education and
social support. In contrast, financial noncompliance requires a more tailored approach to
management that considers affordability and efficacy in therapies, as noted above.

Educational attainment plays a significant role in how many CRP sessions would be
completed by the patient. Patients with at least a 4-year college degree were more likely
to complete CR interventions than patients with either a high school or less than a high
school/GED diploma with a p value of <0.001 [73].

6. Discussion and Future Directions

The ubiquity of HF affecting multiple organ systems and spanning different popu-
lations contributes to the complexity of HF management. Although a well-studied field,
growing evidence regarding HF management continues to be a topic of discussion, both
in management modalities and nuances in patient-centered care. Particularly, there are
varying strengths of data in the management of HF in special populations, with more
populations studied compared with others. Clinicians are left to create a personalized
approach for each patient using their empiric experiences in combination with existing
care algorithms. There appears to be a paucity of evidence-based data on management
prioritization in the female population, marking an area of potential growth. Additionally,
socioeconomic status proves to be a large consideration in HF management in practice, yet
structured approaches to medication titration, compliance, and lifestyle education remain
insufficient. Thus, managing such populations continues to be a challenge, warranting
further research and guideline-directed approaches.
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Broadly speaking, new methods for heart failure management continue to be evaluated,
including targeted physical exercise, dietary benefits, and medications. Innovations in the
field of HF have led to discoveries of targeted drug therapies intended for other diseases,
which can now be generalized to the HF population. In turn, HF management can undergo a
paradigm shift, with a transition toward a multisystem and holistic approach as opposed to
managing HF as a separate entity. GLP-1 antagonists, in addition to SGLTi, are among some
of the examples of emerging drugs as potential HF therapies. Nonselective medications are
also a hot topic of research for classes of drugs within GDMT. With further investigation,
such therapies may become incorporated into GDMT in the near future.

Interventional management of HF also serves as a new and innovative avenue for
heart failure. CardioMems to guide medical therapy has been a relatively new approach.
Though beyond the scope of this paper, therapies such as IVC occluders, interatrial septal
shunting, renal denervation, and BaroStim are emerging and may grow in popularity for
interventional approaches to HF management.

7. Conclusions

Heart failure is a complex syndrome with high morbidity and mortality, and it re-
quires a multidisciplinary approach. Non-pharmacological therapies and heart failure
management include patient education, lifestyle modifications, dietary changes, increased
physical activity, psychosocial support, and specialized cardiac rehabilitation programs.
A continuous educational program is vital for chronic heart failure patients, covering
CHF causes, symptoms, diet, salt/fluid restrictions, medication adherence, and lifestyle
adjustments. A multidisciplinary team of dietitians, physical therapists, psychologists,
nurses, and social workers is recommended to improve patient well-being and reduce
healthcare costs. These measures, when used in conjunction with medical therapy, provide
a comprehensive approach to managing heart failure, empowering patients to actively
participate in their care and achieve better health outcomes.
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Abstract: Background/Objectives: Despite significant advances in the management of heart failure
with reduced ejection fraction (HFrEF), data concerning older patients remain limited. The purpose
of this study was to evaluate the implementation of guideline-directed medical therapy (GDMT) in
older patients with HFrEF along with cardiac events and variation in clinical and echocardiographic
parameters during follow-up in a heart failure (HF) clinic. Methods: We conducted a retrospective
observational analysis of patients with HFrEF aged ≥ 80 years who attended an HF clinic between
March 2022 and February 2023. The primary outcome was a composite of the first episode of
worsening HF or cardiovascular death. All-cause death was also recorded. Results: We included
110 patients (30.9% females; mean age 82.9 years). After a median follow-up of 25.5 months, left
ventricular ejection fraction (LVEF) improved (mean difference 12.5% (p < 0.001)). New York Heart
Association class improved in 37% of patients, and N-terminal pro-B-type natriuretic peptide levels
decreased (3091 (158–53354) to 1802 (145–19509), p < 0.001). The primary outcome occurred in
34 patients (30.9%). Patients without the primary outcome were more likely to receive sodium-
glucose co-transporter-2 inhibitors (SGLT2i) (23.5% versus 67.1%, p < 0.001) and angiotensin receptor-
neprilysin inhibitors, angiotensin-converting enzyme inhibitors, or angiotensin-receptor blockers
(67.6% versus 84.2%, p < 0.05). These patients also received a greater number of GDMT medications
(2 (0–4) versus 3 (1–4), p < 0.01) and demonstrated a higher LVEF at the last visit (41.2 ± 10.2%
versus 47.1 ± 9.4%, p < 0.05). Survival analysis demonstrated a significant association between LVEF
recovery (hazard ratio (HR) 0.35, p < 0.01), treatment with two or more GDMT medications (HR 0.29,
p < 0.01), vasodilator use (HR 0.36, p < 0.01), and SGLT2i prescription (HR 0.17, p < 0.001) and a
reduced risk of the primary endpoint. Conclusions: The optimization of HF treatment is achievable
in older patients and may be associated with a reduction in cardiac events.

Keywords: heart failure; guideline-directed medical therapies; geriatric cardiology

1. Introduction

Heart failure (HF) is associated with significant morbidity and mortality, and its
prevalence exponentially increases with age, reaching 10% in those over 80 years old. This
condition has emerged as a significant challenge in the elderly population, representing the
leading cause of hospitalization in this age group [1–3]. More than half of those hospitalized
for HF are over 75 years old. The prognosis also worsens with age, with 1- and 5-year
mortality rates of 19.5% and 54.4% for 80 year olds [4]. While preserved ejection fraction
is more prevalent in older individuals with HF, a considerable proportion presents with
reduced ejection fraction (HFrEF) [5].
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Advances in HFrEF diagnosis and management have shown great reductions in
cardiovascular events, hospitalizations, and mortality in clinical trials over the last few
decades [6]. In view of these results, international guidelines have endorsed the so-
called “4 pillars” for HFrEF treatment: angiotensin receptor-neprilysin inhibitor—ARNI,
or angiotensin-converting enzyme inhibitor—ACE-I); beta-blockers; mineralocorticoid
receptor antagonist (MRA) and sodium-glucose co-transporter 2 inhibitors (SGLT2i) (da-
pagliflozin/empagliflozin) [1,7,8]. However, the use of guideline-directed medical ther-
apy (GDMT) can be challenging in this population. There are limited data about HFrEF
treatment in older patients as they are underrepresented in major randomized clinical
trials [9–11]. In addition, clinical trials aimed at this specific population are marginal [12].
Also, clinicians can be overcautious in the presence of multiple comorbidities and polyphar-
macy. HF clinics may offer a means of enhancing the quality of care for this population,
facilitating close follow-up and meticulous titration of GDMT [13].

This study aimed to evaluate the degree of implementation of HF therapies in an older
population with HFrEF, assessing clinical and echocardiographic changes and documenting
the occurrence of cardiac events during follow-up within an HF clinic.

2. Materials and Methods

2.1. Patient Selection and Study Design

This study was an observational, single-center retrospective analysis of consecutive
elderly patients diagnosed with HFrEF who visited a tertiary hospital heart failure clinic
led by cardiologists during one year (from March 2022 to February 2023). The selection of
this timeframe ensures a standardized management of HFrEF following the ESC practice
guidelines of HF issued in late 2021 [1]. Patients that were 80 years old or older at the
time of first visit and were at least 75 years old at the time of HF diagnosis were included.
Exclusion criteria included severe primary valvular heart disease requiring intervention, a
life expectancy of less than 6 months, and a follow-up period of less than 6 months in the
HF clinic. This study was conducted in compliance with the Declaration of Helsinki and
reviewed by the Institutional Review Board Ethical Committee of our center (24/720-E).

2.2. Data Collection and Follow-Up

Data from the first and last clinical evaluation were retrospectively collected. De-
mographic, clinical, laboratory, echocardiographic, and electrocardiographic data were
recorded. Echocardiographic parameters registered included left ventricular ejection frac-
tion (LVEF), left ventricular end-diastolic diameter (LVEDD), mitral valve regurgitation,
and the presence of right ventricular dysfunction. The New York Heart Association (NYHA)
classification was used to assess functional class. Glomerular filtration rate (GFR) was
estimated with Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation.
LVEF at diagnosis and the suspected etiology of HF were also registered.

A ≥10-point increase from diagnosis with a final LVEF of >40% at the last visit was
considered improved LVEF, and LVEF recovery was defined as an increase in LVEF of
at least 10% to a value ≥50%. Primary outcome was defined as the composite of the
first episode of worsening HF (HF hospital admission or need for intravenous diuretics
in the outpatient clinic) or cardiovascular death. All-cause death was also addressed.
HF treatments at the time of the first episode of worsening HF and one month after its
occurrence were also registered.

All required information was extracted from the electronic records system and com-
piled into an anonymized Excel sheet using a standardized extraction procedure, which
included validation rules. Medical charts were revised to ensure their reliability and ac-
curacy before data extraction. When multiple sources were available, cross-checking was
performed to identify any discrepancies. A single individual conducted data extraction,
while a different expert reviewed the extracted data to ensure accuracy prior to analysis.
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2.3. Statistical Analysis

The collected data were analyzed using the software IBM SPSS® version 23.0 and
GraphPad Prism 10®. Pie charts were designed with Microsoft Excel®. The Kolmogorov–
Smirnov test was used to test the existence of a normal distribution in continuous quantita-
tive variables. Continuous variables with a normal distribution were presented as mean
and standard deviation. The median, interquartile range, and minimum and maximum
values were used for those with a non-normal distribution. Categorical variables were
presented as absolute numbers and percentages. Between-group analyses of categorical
variables were performed with the chi-square, Fisher’s exact, and McNemar tests. The
Kruskal–Wallis, Man–Whitney U, Wilcoxon, Spearman, and paired samples t-tests were
used for continuous variables. Analysis of binary outcomes such as LVEF recovery was
performed with logistic regression, using a backward stepwise approach for multivari-
ate analysis with p = 0.05 for inclusion and p = 0.10 for exclusion. Time-to-first-event
curves were obtained using the Kaplan–Meier method and compared with log-rank test.
Hazard ratios (HR) were obtained using univariate Cox regression analysis, including
predefined variables (GDMT, LVEF recovery). A 95% confidence interval was considered,
with statistical significance at p < 0.05.

3. Results

3.1. Sample Description

This study included 110 patients (30.9% females; 80 ± 6 years at HF diagnosis and
82 ± 4 years at first evaluation). Baseline characteristics are described in Table 1. Diabetes
was present in 41.8% of patients and chronic kidney disease in 50.9%. Mean LVEF at
diagnosis was 32.4%, with the most common cause of HF being non-ischemic dilated
cardiomyopathy (37.3%), followed by ischemic cardiomyopathy. Two-thirds of the patients
included in this study were referred to the HF clinic after a hospital admission for HF.

Table 1. Sample description.

n = 110

Female sex 34 (30.9%)

Age at Diagnosis (years) ** 80.1 ± 6.1

Age at First Visit (years) * 82.9 ± 4.1

Duration of Follow-up (months) ** 25.5 (14–47)

Hypertension 97 (88.2%)

Dyslipidemia 78 (70.9%)

Diabetes 46 (41.8%)

Smoking
Yes 2 (1.8%)

Ex-smoker 45 (40.9%)

Moderate/severe COPD 5 (4.5%)

Sleep apnea with CPAP 9 (8.2%)

Chronic kidney disease (GFR < 45 mL/min/1.73 m2) 56 (50.9%)

LVEF at Diagnosis (%) * 32.4 ± 5.4

Etiology of heart failure
Dilated cardiomyopathy, non-ischemic 41 (37.3%)

Ischemic 36 (32.7%)
Valvular 12 (10.9%)

Mix (valvular + ischemic) 13 (11.8%)
Amyloidosis 2 (1.8%)

Other 6 (5.5%)
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Table 1. Cont.

n = 110

Reason for referral to the HF clinic
Heart failure admission 67 (60.9%)

Presence of symptoms or signs of HF 33 (30%)
Casual finding on echocardiogram 9 (8.2%)

Sudden cardiac death episode 1 (0.9%)
* Mean ± standard deviation; ** Median (percentiles 25–75) (minimum–maximum); CPAP—continuous positive
airway pressure; COPD—chronic obstructive pulmonary disease; GFR—glomerular filtration rate; HF—heart
failure; LVEF—left ventricle ejection fraction.

3.2. Follow-Up

The median follow-up time was 25.5 months. Differences between first and last visits
are described in Table 2.

Table 2. Differences from first to last visit at the Heart Failure Clinic.

First Visit Last Visit p

NYHA class

<0.01
I 19 (17.3%) 30 (27.3%)
II 66 (60%) 66 (60%)
III 25 (22.7%) 13 (11.8%)
IV 0 1 (0.9%)

ECG Rhythm

NS
Sinus rhythm 64 (58.2%) 59 (53.6%)

Atrial fibrillation 44 (40%) 49 (44.5%)
Auricular pacing 2 (1.8%) 2 (10.8%)

QRS morphology

NS
LBBB 29 (26.4%) 32 (29.1%)
RBBB 13 (11.8%) 17 (15.5%)
IVCD 9 (8.2%) 4 (3.6%)

Ventricular Pacing 14 (12.7%) 18 (16.4%)

LVEF (%) *** 32.7 ± 8.4 45.2 ± 10 <0.001

LVEDD (cm) *** 5.6 ± 0.9 5.2 ± 0.9 <0.001

Grade III/IV mitral
regurgitation 21 (19.1%) 6 (5.7%) <0.001

Moderate/severe RV
systolic disfunction 10 (9.1%) 12 (11.4%) NS

NT-proBNP (ng/L) * 3091 (158–53,354) 1802 (145–19,509) <0.001

Estimated GFR
(mL/min/1.73 m2) *** 54.5 ± 18 47.2 ± 14.8 <0.001

ARNI 27 (24.5%) 66 (60%) <0.001

ACE-I or ARB 63 (57.3%) 22 (20%) <0.001

ARNI, ACE-I, or ARB 90 (81.8%) 88 (80%) NS

Beta-blocker 94 (85.5%) 89 (80.9%) NS

SGLT2i 26 (23.6%) 71 (64.5%) <0.001

MRA 61 (55.5%) 59 (53.6%) NS

Number of drug classes *
0/0 **
1/1 **
2/2 **
3/3 **
4/4 **

3 (0–4) (2–3)
3 (2.7%)/7 (6.4%)

13 (11.8%)/29 (26.4%)
35 (31.8%)/49(44.5%)
48 (43.6%)/19 (17.3%)
11 (10.0%)/6 (5.5%)

3 (0–4) (2–4)
4 (3.6%)/5 (4.5%)

11 (10%)/15 (13.6%)
20 (18.2%)/25 (22.7%)
44 (40%)/40 (36.4%)

31 (28.2%)/25 (22.7%)

<0.05/<0.001
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Table 2. Cont.

First Visit Last Visit p

ICD
Primary prevention 9 (8.2%) 9 (8.2%)

Secondary prevention 3 (2.7%) 3 (2.7%) NS

CRT 11 (10%) 16 (14.6%) NS
* Median (percentiles 25–75); ** With ARNI as neurohormonal antagonist; *** Mean ± standard deviation; ACE-
I—angiotensin-converting enzyme inhibitor; ARB—angiotensin-receptor blocker; ARNI—angiotensin receptor-
neprilysin inhibitor; CRT—cardiac resynchronization therapy; ECG—electrocardiogram; GFR—glomerular fil-
tration rate; ICD—implantable cardioverter-defibrillator; IVCD—intraventricular conduction delay; LBBB—left
bundle branch block; LVEDD—left ventricular end-diastolic diameter; LVEF—left ventricular ejection fraction;
MRA—mineralocorticoid receptor antagonist; NS—non-significant; NYHA—New York Heart Association; RBBB—
right bundle branch block; SGLT2i—sodium-glucose co-transporter 2 inhibitor.

At the initial visit, over half of the patients were in the NYHA class II (60%), while
22.7% were in the NYHA class III and 17.3% in the NYHA class I. A significant improvement
in NYHA functional class was observed during follow-up (Figure 1). Specifically, 37% of
patients improved to a better functional class, and 27.3% were in the NYHA class I (p < 0.05)
at the last visit. Atrial fibrillation and left ventricular bundle branch were described at first
visit in 40% and 26% of patients, with no significant differences during follow-up. NT-
proBNP levels significantly decreased during follow-up (median 3091 vs. 1802, p < 0.001),
and a significant reduction was also observed in estimated GFR (54.5 ± 18.0 vs. 47.2 ± 14.8,
p < 0.001).

  
(a) (b) 

 
(c) 

Figure 1. Cont.
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(d) 

Figure 1. Variation in NYHA class (a), NT-proBNP levels (b), LVEF (c) and medical therapies (d) from
first to last visit at the Heart Failure Clinic. ACE-I—angiotensin-converting enzyme inhibitor; ARB—
angiotensin-receptor blocker; ARNI—angiotensin receptor-neprilysin inhibitor; LVEF—left ventricle
ejection fraction; MRA—mineralocorticoid receptor antagonist; NYHA—New York Heart Association;
NS—non-significant; SGLT2i—sodium-glucose co-transporter 2 inhibitor.

LVEF significantly improved from first to last visit, with an absolute difference of
12.5% (p < 0.001). Improved LVEF was observed in 53% of patients, and 27% showed LVEF
recovery. Grade III or IV mitral regurgitation was present in 19.1% of patients at first visit,
with a significant reduction to 5.7% at last visit (p < 0.001). No significant changes were
observed in right ventricular ejection fraction.

At first visit, almost a quarter of patients were already under ARNI treatment, and
57.3% were receiving ACE-I or ARB.

At last follow-up, ARNI and SGLT2i use significantly increased to 60% and 64.5%,
respectively (p < 0.01). Prescriptions for beta-blockers and mineralocorticoid receptor
antagonists (MRA) were 85.5% and 55.5% at the initial visit, respectively, and did not show
significant changes at the last visit. Patients with more than two drug classes increased from
53.6% to 68.2% (p < 0.05). Figure 1 shows changes in HF therapy between the first and last
visit. Eleven patients were treated with cardiac resynchronization therapy (CRT) at the first
visit, and five additional patients received this therapy during follow-up. Twelve patients
carried an implantable cardiac defibrillator (ICD) at first visit, with no new implants during
the time of study.

Multivariate analysis was performed to identify predictors of LVEF recovery. After
adjustment, only age was associated with a lower probability of LVEF recovery, with no
positive impact of the initiation of three or more HF medical therapies (Table 3).
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Table 3. Predictors of LVEF recovery.

Univariate Multivariate

OR (CI 95%) p OR (CI 95%) p

Age 0.82 (0.71–0.95) 0.009 0.82 (0.71–0.95) 0.010

Female sex 1.5 (0.61–3.69) 0.38

Chronic kidney disease
(GFR < 45 mL/min/1.73 m2) 0.79 (0.34–1.87) 0.60

LVEF at diagnosis 1.00 (0.93–1.08) 0.90

Ischemic cardiomyopathy 0.36 (0.12–1.04) 0.059 0.36 (0.12–1.07) 0.066

3 or more HF therapies 1.29 (0.50–3.31) 0.60
GFR—glomerular filtration rate; HF—heart failure; LVEF—left ventricle ejection fraction.

3.3. Clinical Outcomes

Thirty-four patients (30.9%) experienced the composite primary outcome during
follow-up (Table 4). The majority of these events (94.1%) consisted of the first episode of
worsening heart failure. Principio del formularioFinal del formulario

Table 4. Primary outcome and mortality during follow-up.

Primary Outcome (Composite of First HF Hospitalization or CV Death) 34 (30.9%)

HF hospitalization/IV diuretics 32 (94.1%)
CV death 2 (5.9%)

All-cause death 14 (12.7%)

CV Death 6 (42.9%)
Cardiac death secondary to progression of heart failure 2 (14.3%)

Sudden/arrhythmic cardiac death 2 (14.3%)
Cardiac death (not arrhythmic or heart failure related) 2 (14.3%)

Non-cardiac death 7 (50%)

Death of unknown cause 1 (7.1%)
CV—cardiovascular, HF—heart failure, IV—intravenous.

Table 5 compares patients according to the occurrence of the primary outcome. Patients
who did not experience the primary outcome were significantly more likely to receive
treatment with SGLT2i (p < 0.001) and ARNI/ACE-I or ARB (p < 0.05) and were prescribed
a greater number of disease-modifying HF medications (p < 0.05). These patients also
exhibited a higher LVEF at the last follow-up visit (p < 0.05).

Table 5. Differences in guideline-directed medical therapy and left ventricular ejection fraction
according to the occurrence of the primary outcome.

Primary Outcome

YES (n = 34; 30.1%) NO (n = 76; 69.1%) p

ARNI 17 (50%) 46 (60.5%) NS

ACE-I or ARB 6 (17.6%) 18 (10.5%) NS

ARNI, ACE-I, or ARB 23 (67.6%) 64 (84.2%) <0.05

Beta-blocker 27 (79.4%) 64 (84.2%) NS

SGLT2i 8 (23.5%) 51 (67.1%) <0.001

MRA 16 (47.1%) 41 (53.9%) NS

Number of drug classes * 2 (0–4) (1–3) 3 (1–4) (2–4) <0.01
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Table 5. Cont.

Primary Outcome

YES (n = 34; 30.1%) NO (n = 76; 69.1%) p

LVEF at first visit (%) ** 33.1 ± 7.7 32.5 ± 8.8 NS

LVEF at last visit (%) ** 41.2 ± 10.2 47.1 ± 9.4 <0.05
* Median (percentiles 25–75) (minimum–maximum); ** Mean ± standard deviation; ACE-I—angiotensin-
converting enzyme inhibitor; ARB—angiotensin-receptor blocker; ARNI—angiotensin receptor-neprilysin in-
hibitor; LVEF—left ventricle ejection fraction; MRA—mineralocorticoid receptor antagonist; NS—non-significant;
SGLT2i—sodium-glucose co-transporter 2 inhibitor.

Figures 2 and 3 show a graphical representation of survival free from the primary
outcome, depending on LVEF recovery, number, and type of HF disease-modifying drugs.
Patients who recovered LVEF were at lower risk of the primary outcome (HR 0.35 [95% CI
0.17–0.72] p < 0.01). The use of two or more HF drug classes also had a positive effect on
survival free from cardiac events (HR 0.29 [95% CI 0.10–0.86], p < 0.01). Regarding the
implementation of GDMT, Kaplan–Meier curves and log-rank test also showed a benefit
for vasodilator therapy (ARNI, ACE-I or ARB) (HR 0.36, p < 0.01) and SGLT2i use (HR 0.17
[95% CI 0.15–0.95], p < 0.001).

Figure 2. Kaplan–Meier curves for the composite primary outcome of time to cardiovascular death or the
first episode of worsening heart failure, presented for the overall population and according to LVEF recovery.
LVEF recovery was defined as LVEF increase of at least 10% from LVEF at diagnosis to a value over 50%.

Figure 3. Cont.
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Figure 3. Kaplan–Meier curves for the composite primary outcome of time to cardiovascular death or
the first episode of worsening heart failure, according to guideline-directed medical therapy. * Patients
with ARNI were excluded. ACE-I—angiotensin-converting enzyme inhibitor; ARB—angiotensin-
receptor blocker; ARNI—angiotensin receptor-neprilysin inhibitor; MRA—mineralocorticoid receptor
antagonist; NS—non-significant; SGLT2i—sodium-glucose co-transporter 2 inhibitor.

Concerning overall mortality, survival analysis showed a benefit for patients who
recovered LVEF (HR = 0.2771 [95% CI 0.10–1.01], p < 0.05) but no differences when analyzing
each drug class (Figures 4 and 5).

Figure 4. Kaplan–Meier curves for all-cause mortality, presented for the overall population and
according to LVEF recovery. LVEF recovery was defined as LVEF increase of at least 10% from LVEF
at diagnosis to a value over 50%.

Figure 5. Cont.
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Figure 5. Kaplan–Meier curves for all-cause mortality, according to guideline-directed medical thearpy.
* Patients with ARNI were excluded. ACE-I—angiotensin-converting enzyme inhibitor; ARB—angiotensin-
receptor blocker; ARNI—angiotensin receptor-neprilysin inhibitor; GDMT: guideline-directed medical
therapy; MRA—mineralocorticoid receptor antagonist; NS—non-significant; SGLT2i—sodium-glucose
co-transporter 2 inhibitor.

3.4. Treatment Changes After the First Episode of Worsening Heart Failure

No significant differences in HF treatment were observed after the first episode of worsen-
ing HF, with no optimization or dropout of drug classes one month after said event. Table 6
compares both time points, and Figure 6 shows the dosage for each individual medical therapy.

Table 6. Changes in guideline-directed medical therapy after the first episode of worsening heart failure.

Time of Event
(n = 32)

One Month
After (n = 32)

Change ** (%) p

ARNI 16 (50%) 14 (43.8%) −6.2 NS

ACE-I or ARB 5 (15.6%) 8 (25%) +9.4 NS

ARNI, ACE-I, or ARB 21 (65.6%) 22 (68.8%) +3.2 NS

Beta-blocker 25 (78.1%) 25 (78.1%) 0 NS

SGLT2i 6 (18.8%) 8 (25%) +6.2 NS

MRA 16 (50%) 16 (50%) 0 NS

Number of drug classes * 2 (1–3) 2 (1–3) 0 ((−1)–2) NS
* Median (percentiles 25–75); ** Changes over time ACE-I—angiotensin–converting enzyme inhibitor; ARB—
angiotensin–receptor blocker; ARNI—angiotensin receptor-neprilysin inhibitor; MRA—mineralocorticoid receptor
antagonist; NS—non-significant; SGLT2i—sodium–glucose co-transporter 2 inhibitor.
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Figure 6. Changes in GDMT dosage after the first episode of worsening HF. ACE-I—angiotensin-
converting enzyme inhibitor; ARB—angiotensin-receptor blocker; ARNI—angiotensin receptor-
neprilysin inhibitor; LVEF—left ventricle ejection fraction; MRA—mineralocorticoid receptor antago-
nist; NS—non-significant; SGLT2i—sodium-glucose co-transporter 2 inhibitor.

4. Discussion

This study reports the clinical and echocardiographic characteristics, treatment, and
cardiac outcomes of a cohort of adults over 80 years with HFrEF. A high level of implemen-
tation of GDMT in older populations is feasible. LVEF recovery, a greater number of HF
medical therapies, and treatment with a vasodilator agent or SGLT2i were associated with
a reduction in the combined primary outcome of the first episode of worsening HF and
cardiovascular death.

In this cohort, elderly patients with HFrEF who initiated a structured follow-up at the
HF clinic received three or more HF drug classes in more than two-thirds of cases, with
ARNI prescription in 60% and SLGT2i in 64.5% of patients at the last visit. The implemen-
tation of GDMT was higher than previously described in observational cohorts [14–19].
Real-world data usually show an underusage of HF therapies in the elderly in comparison
to younger patients [20]. Also, recent registries such as CHECK-HF registry and EORP
demonstrate an implementation of HF medical therapies significantly higher in patients
aged less than 60 years and a decline in the use of GDMT with advanced age [14,16]. Avail-
able data about ARNI and SGLTi use in the elderly are very limited. In a recent prospective
study of patients with a mean age of 83.3 years, only 14.3% of those with a theoretical
indication for ARNI therapy were receiving the medication [18]. Similarly, in another recent
registry of 364 octogenarians with HFrEF, only 15.1% were treated with SGLT2i and 26.4%
with ARNIs [19].

Initiation and up-titration of HF medical therapies in older patients can be challenging.
Elderly people with HF frequently present other major illnesses, with a high prevalence of
chronic kidney disease, high cardiovascular risk, and frailty, which can interfere with drug
efficacy and tolerability [5,21,22]. Comorbidities were frequent in our study, with more
than half of the patients presenting chronic kidney disease. Indeed, chronic kidney disease
is one of the main reasons for suboptimal use or non-up-titration of GDMT [23,24]. Also,
polypharmacy increases the risk of adverse drug reactions and is associated with a higher
treatment burden, which may be another potential explanation for the lower implementa-
tion of GDMT in the elderly [25,26]. Healthcare system characteristics and reimbursement
policies of HF therapies can also have an impact on GDMT implementation [20]. The Span-
ish healthcare system usually covers the full price of prescription costs in the elderly, which
may have favored GDMT prescription in our cohort. Follow-up at a dedicated HF clinic led
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by cardiologists may help explain the high rates of GDMT prescription in our cohort. First,
older patients attending Cardiology HF clinics may be a selected, less frail group compared
to the broader population of octogenarians. Second, cardiologists may be more attuned
to the importance of GDMT implementation than geriatricians or general practitioners.
Finally, dedicated HF clinics facilitate frequent consultations, offering a unique opportunity
for careful up-titration of GDMT [13], which might not be possible in other settings. The
application of our findings may, therefore, be limited outside this context; however, it
does not invalidate the fact that GMDT is achievable with the proper resources. Also, our
findings highlight the importance of referring older patients with HFrEF to dedicated HF
clinics independently of their biological age if frailty is not a major concern.

Despite the complexities of GDMT implementation in older adults, its use was associ-
ated with a reduction in the primary outcome in our cohort. The implementation of two
or more drug classes, or the prescription of any vasodilator agent (ACE-I/ARB/ARNI)
or SGLT2i, was associated with a significant prognostic benefit. In line with our results,
a growing body of evidence suggests that HF medical therapies are safe and benefit the
elderly similarly to younger patients. Sacubitril/valsartan has proven to be superior to
enalapril across the spectrum of age in a post hoc analysis of the PARADIGM-HF trial [9],
and its use has been associated with a significant reduction in mortality in patients over
75 years [18]. Regarding ACE-I/ARB, post hoc analysis of major studies and meta-analysis
has not found age-related heterogeneity [27–29], and no higher risk has been observed of
syncope-related hospitalization when compared to younger patients [30]. SGLT2i consti-
tutes the latest addition to the arsenal of HF therapies, so evidence concerning their use in
the elderly is minimal. Prespecified subgroup analysis of major clinical trials did not show
significant age-related heterogeneity [10,31]. Our study showed a notable protective effect
of SLGT2i, which should be confirmed in further studies. The pleiotropic effects of this drug
class may confer additional benefits in elderly patients by influencing other comorbidities
such as reducing kidney disease progression [32] or atrial fibrillation risk [33]. In this
cohort, beta-blockers or MRA administration was not associated with a risk reduction.
Noteworthily, the prescription of both medications did not increase from the first to last
visit in the HF clinic, although beta-blocker prescription was already high at first visit. It
is well known that physicians have more concerns about beta-blockers and MRA adverse
effects in the elderly population. The SENIORS trial, one of the few randomized clinical
trials in an older population, showed that nebivolol was well tolerated and effective in
reducing mortality and morbidity in patients of age >70 years with HF, regardless of the
initial LVEF [34]. In this line, a subgroup analysis of the MERIT-HF trial described that
metoprolol improved survival, reduced hospitalizations, and was safe and well tolerated
in patients over 65 years [35]. An explanation for our different findings could be that
patients in our study were older than those in the SENIORS trial (mean age 83 years versus
76 years). Indeed, some studies and meta-analyses have raised concerns about beta-blocker
tolerability in very elderly patients, where difficulties in achieving target doses may dimin-
ish their impact [36]. In that sense, our cohort may not have been of large enough size to
demonstrate an already attenuated effect. The small sample size of our cohort may also
explain the absence of a positive impact of MRA administration. A meta-analysis of RALES,
EMPHASIS-HF and TOPCAT did find a beneficial effect in mortality and morbidity in
patients over 75 years [37]. However, studies display significant inter-study heterogeneity
concerning mortality in patients with HFrEF over 75 years, suggesting that MRA’s effect
may depend on the patient baseline characteristics [38]. Impaired renal function or the risk
of hyperkaliemia may limit the use of MRA in frail, comorbid older patients. However, age
alone should not be a barrier to prescribing MRA, as it often is currently [39]. Rather, a
careful, individualized approach should guide ARM implementation. Our study suggests
that there may be room for improvement concerning MRA prescription in the elderly, war-
ranting close monitoring of renal function and potassium levels. Regarding concerns about
worsening kidney function under GDMT, our study did observe a significant reduction
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in estimated GFR from the first to last visit, although it may be explained by age being
included in the CKD-EPI creatinine equation [40].

Overall mortality analysis was limited by a relatively low mortality rate (fourteen
deaths in more than two years of median follow-up), despite the mean age at first visit
being very similar to the Spanish life expectancy [41]. As expected, half of the deaths were
not secondary to cardiac causes [42]. This finding highlights the critical importance of
comorbidities in this subset of patients and their associated competitive risks. Additionally,
it underscores that the management of older patients with HFrEF and efforts to improve
their quality of life should include strategies to address non-cardiac comorbidities.

Concerning implantable devices, CRT was not underused in our cohort when com-
pared to the rates of CRT observed in recent major clinical trials including younger pop-
ulations [10,43]. This strategy aligns with several retrospective studies, suggesting that
older patients benefit similarly in terms of resynchronization response and reductions in
HF-related hospitalizations [44–47]. In opposition, ICD implantation was infrequent in our
cohort. ICD benefits are more controversial in the elderly, as the risk of arrhythmic death
is lower with a higher competing risk of non-arrhythmic death, including non-cardiac
deaths [48]. More studies are needed to assess ICD survival benefits in contemporary
elderly people treated with GDMT.

During follow-up, most patients improved their functional class, LVEF, LVEDD, and degree
of mitral regurgitation. A decrease in NT-proBNP levels was also observed, which is expected
to be associated with a better prognosis [49,50]. It is noteworthy that only age demonstrated
a negative impact on LVEF recovery, a finding consistent with previous reports [51]. This
association may have attenuated GDMT’s effect on LVEF recovery in our cohort. However, this
finding emphasizes GDMT’s effect on prognosis independently of LVEF recovery.

Recent guidelines suggest that a cardiac event, particularly a heart failure admission,
is an opportunity for evidence-based treatment optimization [1]. Different than expected,
no significant changes were observed when analyzing GDMT use before and after a first
episode of worsening HF. Worse kidney function, hypotension, and higher frailty after
admission could hinder this opportunity in the elderly.

Our study presented some limitations, mostly those inherent to a retrospective analysis,
which only enables hypotheses generation. The small sample size may have prevented us
from extracting further conclusions from data analysis. Also, lower-than-expected mortality
in our cohort prevented a further analysis of the treatment effect on mortality. Frequent
cardiology consultations may have impacted outcomes, such as worsening heart failure,
which might have been more frequent in a less controlled environment. Also, follow-up in
an HF clinic led by cardiologists may have introduced a selection bias towards more robust
elderly patients, with frailer patients being followed at geriatric outpatient clinics. This may
explain the high level of implementation of GDMT and low mortality rates. In this sense,
data concerning frailty or comorbidity scores such as the Charlson comorbidity index could
have provided valuable information. However, this finding does not undermine the fact
that chronological age by itself should not be a limitation for GDMT use. In this sense, future
studies should focus on the impact of frailty rather than age on GDMT’s effect. On the
other hand, comparing with a younger matched control group could have strengthened our
analysis by providing further insight into the specific effects of GDMT in the elderly. Future
studies could use this approach to enhance our understanding of the matter. Ultimately, the
relative importance of non-cardiac deaths highlights the differential features of this patient
subset. Randomized clinical trials involving older patients are essential, with primary
outcomes focusing on quality-of-life measures rather than overall mortality.

5. Conclusions

The optimization of HF treatment is achievable in older patients and may be associated
with a reduction in cardiac events. Although further studies are needed, these results should
encourage us to pursue a higher level of GDMT prescription in our seniors as it may benefit
them significantly.
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Ejection Fraction in the Elderly. Card. Fail. Rev. 2022, 8, e17. [CrossRef]

21. Rich, M.W. Pharmacotherapy of Heart Failure in the Elderly: Adverse Events. Heart Fail. Rev. 2012, 17, 589–595. [CrossRef]
[PubMed]

22. Díez-Villanueva, P.; Jiménez-Méndez, C.; Alfonso, F. Heart Failure in the Elderly. J. Geriatr. Cardiol. 2021, 18, 219–232. [CrossRef]
[PubMed]

23. Greene, S.J.; Butler, J.; Albert, N.M.; DeVore, A.D.; Sharma, P.P.; Duffy, C.I.; Hill, C.L.; McCague, K.; Mi, X.; Patterson, J.H.;
et al. Medical Therapy for Heart Failure with Reduced Ejection Fraction: The CHAMP-HF Registry. J. Am. Coll. Cardiol. 2018,
72, 351–366. [CrossRef]

24. Ouwerkerk, W.; Voors, A.A.; Anker, S.D.; Cleland, J.G.; Dickstein, K.; Filippatos, G.; Van Der Harst, P.; Hillege, H.L.; Lang, C.C.;
Ter Maaten, J.M.; et al. 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, 1883–1890. [CrossRef]

25. Stefil, M.; Dixon, M.; Bahar, J.; Saied, S.; Mashida, K.; Heron, O.; Shantsila, E.; Walker, L.; Akpan, A.; Lip, G.Y.H.; et al.
Polypharmacy in Older People with Heart Failure: Roles of the Geriatrician and Pharmacist. Card. Fail. Rev. 2022, 8, e34.
[CrossRef] [PubMed]

26. Unlu, O.; Levitan, E.B.; Reshetnyak, E.; Kneifati-Hayek, J.; Diaz, I.; Archambault, A.; Chen, L.; Hanlon, J.T.; Maurer, M.S.; Safford,
M.M.; et al. Polypharmacy in Older Adults Hospitalized for Heart Failure. Circ. Heart Fail. 2020, 13, E006977. [CrossRef]

27. Flather, M.D.; Yusuf, S.; Køber, L.; Pfeffer, M.; Hall, A.; Murray, G.; Torp-Pedersen, C.; Ball, S.; Pogue, J.; Moyé, L.; et al. Long-Term
ACE-Inhibitor Therapy in Patients with Heart Failure or left-Ventricular Dysfunction: A Systematic Overview of Data from
individual Patients. Lancet 2000, 355, 1575–1581. [CrossRef]

28. Baruch, L.; Glazer, R.D.; Aknay, N.; Vanhaecke, J.; Thomas Heywood, J.; Anand, I.; Krum, H.; Hester, A.; Cohn, J.N. Morbidity,
Mortality, Physiologic and Functional Parameters in Elderly and Non-Elderly Patients in the Valsartan Heart Failure Trial
(Val-HeFT). Am. Heart J. 2004, 148, 951–957. [CrossRef]

29. Pfeffer, M.A.; Swedberg, K.; Granger, C.B.; Held, P.; McMurray, J.J.; Michelson, E.L.; Olofsson, B.; Östergren, J.; Yusuf, S.; CHARM
Investigators and Committees. Effects of Candesartan on Mortality and Morbidity in patients with Chronic Heart Failure: The
CHARM-Overall Programme. Lancet 2003, 362, 759–766. [CrossRef]

30. Savarese, G.; Dahlstrom, U.; Vasko, P.; Pitt, B.; Lund, L.H. Association between Renin–Angiotensin System Inhibitor Use
and Mortality/Morbidity in Elderly Patients with Heart Failure with Reduced Ejection Fraction: A Prospective Propensity
Score-Matched Cohort Study. Eur. Heart J. 2018, 39, 4257–4265. [CrossRef]

31. Packer, M.; Anker, S.D.; Butler, J.; Filippatos, G.; Pocock, S.J.; Carson, P.; Januzzi, J.; Verma, S.; Tsutsui, H.; Brueckmann, M.; et al.
Cardiovascular and Renal Outcomes with Empagliflozin in Heart Failure. N. Engl. J. Med. 2020, 383, 1413–1424. [CrossRef]
[PubMed]

32. Kitaoka, K.; Yano, Y.; Nagasu, H.; Kanegae, H.; Chishima, N.; Akiyama, H.; Tamura, K.; Kashihara, N. Kidney Outcomes of
SGLT2 Inhibitors among Older Patients with Diabetic Kidney Disease in Real-World Clinical Practice: The Japan Chronic Kidney
Disease Database Ex. BMJ Open Diabetes Res. Care 2024, 12, e004115. [CrossRef] [PubMed]

33. Mariani, M.V.; Manzi, G.; Pierucci, N.; Laviola, D.; Piro, A.; D’Amato, A.; Filomena, D.; Matteucci, A.; Severino, P.; Miraldi, F.;
et al. SGLT2i effect on atrial fibrillation: A network meta-analysis of randomized controlled trials. J. Cardiovasc. Electrophysiol.
2024, 35, 1754–1765. [CrossRef] [PubMed]

34. Flather, M.D.; Shibata, M.C.; Coats, A.J.; Van Veldhuisen, D.J.; Parkhomenko, A.; Borbola, J.; Cohen-Solal, A.; Dumitrascu, D.;
Ferrari, R.; Lechat, P.; et al. Randomized Trial to Determine the Effect of Nebivolol on Mortality and Cardiovascular Hospital
Admission in Elderly Patients with Heart Failure (SENIORS). Eur. Heart J. 2005, 26, 215–225. [CrossRef]

35. Deedwania, P.C.; Gottlieb, S.; Ghali, J.K.; Waagstein, F.; Wikstrand, J.C.M. Efficacy, Safety and Tolerability of β-Adrenergic
Blockade with Metoprolol CR/XL in Elderly Patients with Heart Failure. Eur. Heart J. 2004, 25, 1300–1309. [CrossRef]

36. Parrini, I.; Lucà, F.; Rao, C.M.; Cacciatore, S.; Riccio, C.; Grimaldi, M.; Gulizia, M.M.; Oliva, F.; Andreotti, F. How to Manage
Beta-Blockade in Older Heart Failure Patients: A Scoping Review. J. Clin. Med. 2024, 13, 2119. [CrossRef]

178



J. Clin. Med. 2024, 13, 7171

37. Ferreira, J.P.; Rossello, X.; Eschalier, R.; McMurray, J.J.; Pocock, S.; Girerd, N.; Rossignol, P.; Pitt, B.; Zannad, F. MRAs in elderly
HF Patients: Individual patient-data meta-analysis of RALES, EMPHASIS-HF, and TOPCAT. JACC Heart Fail. 2019, 7, 1012–1021.
[CrossRef]

38. Japp, D.; Shah, A.; Fisken, S.; Denvir, M.; Shenkin, S.; Japp, A. Mineralocorticoid receptor antagonists in elderly patients with
heart failure: A systematic review and meta-analysis. Age Ageing 2017, 46, 18–25. [CrossRef]

39. Savarese, G.; Savarese, G.; Carrero, J.; Carrero, J.; Pitt, B.; Pitt, B.; Anker, S.D.; Anker, S.D.; Rosano, G.M.; Rosano, G.M.; et al.
Factors associated with underuse of mineralocorticoid receptor antagonists in heart failure with reduced ejection fraction: An
analysis of 11 215 patients from the Swedish Heart Failure Registry. Eur. J. Heart Fail. 2018, 20, 1326–1334. [CrossRef]

40. Levey, A.S.; Stevens, L.A.; Schmid, C.H.; Zhang, Y.; Castro III, A.F.; Feldman, H.I.; Kusek, J.W.; Eggers, P.; Van Lente, F.; Greene, T.;
et al. A New Equation to Estimate Glomerular Filtration Rate. Ann. Intern. Med. 2009, 150, 604–612. [CrossRef]

41. Health Data Overview for the Kingdom of Spain. Available online: https://data.who.int/countries/724 (accessed on 28
October 2024).

42. Conrad, N.; Judge, A.; Canoy, D.; Tran, J.; Pinho-Gomes, A.-C.; Millett, E.R.C.; Salimi-Khorshidi, G.; Cleland, J.G.; McMurray,
J.J.V.; Rahimi, K. Temporal Trends and Patterns in Mortality After Incident Heart Failure: A Longitudinal Analysis of 86,000
Individuals. JAMA Cardiol. 2019, 4, 1102–1111. [CrossRef] [PubMed]

43. Armstrong, P.W.; Pieske, B.; Anstrom, K.J.; Ezekowitz, J.; Hernandez, A.F.; Butler, J.; Lam, C.S.; Ponikowski, P.; Voors, A.A.; Jia, G.;
et al. Vericiguat in Patients with Heart Failure and Reduced Ejection Fraction. N. Engl. J. Med. 2020, 382, 1883–1893. [CrossRef]

44. Camanho, L.E.M.; Saad, E.B.; Slater, C.; Inacio, L.A.O.; Vignoli, G.; Dias, L.C.; de Mello Spineti, P.P.; Mourilhe-Rocha, R. Clinical
Outcomes and Mortality in Old and Very Old Patients Undergoing Cardiac Resynchronization Therapy. PLoS ONE 2019,
14, e0225612. [CrossRef]

45. Yokoyama, H.; Shishido, K.; Tobita, K.; Moriyama, N.; Murakami, M.; Saito, S. Impact of Age on Mid-Term Clinical Outcomes and
Left Ventricular Reverse Remodeling after Cardiac Resynchronization Therapy. J. Cardiol. 2021, 77, 254–262. [CrossRef] [PubMed]

46. Behon, A.; Merkel, E.D.; Schwertner, W.R.; Kuthi, L.K.; Veres, B.; Masszi, R.; Kovács, A.; Lakatos, B.K.; Zima, E.; Gellér, L.; et al.
Long-Term Outcome of Cardiac Resynchronization Therapy Patients in the Elderly. Geroscience 2023, 45, 2289–2301. [CrossRef]

47. Verbrugge, F.H.; Dupont, M.; De Vusser, P.; Rivero-Ayerza, M.; Van Herendael, H.; Vercammen, J.; Jacobs, L.; Verhaert, D.;
Vandervoort, P.; Tang, W.H.W.; et al. Response to Cardiac Resynchronization Therapy in Elderly Patients (≥70 Years) and
Octogenarians. Eur. J. Heart Fail. 2013, 15, 203–210. [CrossRef]

48. Fernandes, G.C.; Heist, E.K. Primary Prevention Defibrillators in Elderly Persons: How Old Is Too Old? JACC Clin. Electrophysiol.
2023, 9, 989–991. [CrossRef]

49. Ma, B.; Zhao, M.; Guo, Z.; Zhao, Z. Research on the Correlation between Plasma BNP and the Condition and Prognosis of Chronic
Heart Failure. Cell Mol. Biol. 2022, 67, 274–280. [CrossRef] [PubMed]

50. Daubert, M.A.; Adams, K.; Yow, E.; Barnhart, H.X.; Douglas, P.S.; Rimmer, S.; Norris, C.; Cooper, L.; Leifer, E.; Desvigne-Nickens,
P.; et al. NT-ProBNP Goal Achievement Is Associated with Significant Reverse Remodeling and Improved Clinical Outcomes in
HFrEF. JACC Heart Fail. 2019, 7, 158–168. [CrossRef]

51. Goh, Z.M.; Javed, W.; Shabi, M.; Klassen, J.R.L.; Saunderson, C.E.D.; Farley, J.; Spurr, M.; Dall’armellina, E.; Levelt, E.; Greenwood,
J.; et al. Early Prediction of Left Ventricular Function Improvement in Patients with New-Onset Heart Failure and Presumed
Non-Ischaemic Aetiology. Open Heart 2023, 10, e002429. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

179



Citation: Roca, L.N.; García, M.C.;

Germán, J.B.; Becerra, A.J.B.; Otero,

J.M.R.; Chapel, J.A.E.; López, C.R.;

Lázaro, A.M.P.; Urquía, M.T.; Tuñón,

J. Use and Benefit of

Sacubitril/Valsartan in Elderly

Patients with Heart Failure with

Reduced Ejection Fraction. J. Clin.

Med. 2024, 13, 4772. https://doi.org/

10.3390/jcm13164772

Academic Editors: Cristina Tudoran

and Larisa Anghel

Received: 22 July 2024

Revised: 8 August 2024

Accepted: 11 August 2024

Published: 14 August 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Clinical Medicine

Article

Use and Benefit of Sacubitril/Valsartan in Elderly Patients with
Heart Failure with Reduced Ejection Fraction

Luis Nieto Roca 1,†, Marcelino Cortés García 2,*,†, Jorge Balaguer Germán 2, Antonio José Bollas Becerra 2,*, José
María Romero Otero 2, José Antonio Esteban Chapel 2, Carlos Rodríguez López 2, Ana María Pello Lázaro 2, Mikel

Taibo Urquía 2 and José Tuñón 2

1 Cardiology Department, Son Espases University Hospital, 07120 Balearic Islands, Spain;
luis.nietor@quironsalud.es

2 Cardiology Department, Fundación Jiménez Díaz University Hospital, 28040 Madrid, Spain;
jtunon@quironsalud.es (J.T.)

* Correspondence: mcortesg@quironsalud.es (M.C.G.); antonio.bollas@quironsalud.es (A.J.B.B.)
† These authors contributed equally to this work.

Abstract: Background: Heart failure (HF) is a highly prevalent syndrome in elderly subjects. Cur-
rently, multiple drugs have shown clinical benefits in patients with HF and reduced ejection fraction
(HFrEF). However, evidence is scarce in elderly patients (beyond 75 years old), even more so for the
latest drugs, such as angiotensin receptor-neprilysin inhibitors (ARNIs). This study aims to evaluate
the use and benefits of ARNIs in elderly patients with HFrEF. Methods: A prospective observational
cohort study was designed. Patients with left ventricular systolic dysfunction (defined by left ventric-
ular ejection fraction [LVEF] < 40%) and age ≥ 75 years from January 2016 to December 2020 were
prospectively included. Patients with an indication for ARNIs at inclusion or throughout follow-up
were selected. Clinical, electrocardiographic and echocardiographic variables were collected. Results:
A total of 616 patients were included, 34.4% of them female, with a mean age of 83.3 years, mean
LVEF of 28.5% and ischemic etiology in 53.9% of patients. Only 14.3% of patients were taking ARNIs.
After a mean follow-up of 34 months, 50.2% of patients died, and 62.2% had a cardiac event (total
mortality or hospital admission due to HF). Multivariate Cox regression analysis showed that the use
of ARNIs was independently and significantly associated with lower rates of mortality [HR 0.36 (95%
CI 0.21–0.61)], with similar results in relation to all-cause mortality in a propensity-score-matched
analysis [HR 0.33 (95% CI 0.19–0.57)]. Conclusions: We observed an important underuse of ARNIs in
a cohort of elderly HFrEF patients, in which treatment with ARNIs was associated with a significant
reduction in mortality. Greater implementation of clinical practice guidelines in this group of patients
could improve their prognosis.

Keywords: HFrEF; elderly; ARNI; propensity score

1. Introduction

Heart failure (HF) is a highly prevalent syndrome among the elderly. The incidence of
HF progressively increases with age, reaching around 20% among people over 75 years
old [1]. Nowadays, many pharmacological and non-pharmacological therapies have been
shown to reduce all-cause mortality and hospitalizations [2]. Clinical trials, however,
usually exclude elderly patients or under-represent them, raising concerns about the ex-
ternal validity of their results [3]. Angiotensin-converting enzyme inhibitors (ACEIs),
angiotensin receptor blockers (ARBs), beta-blockers (BBs) and mineralocorticoid recep-
tor antagonists (MRAs) are drugs with a longer run in the field of heart failure, which
have demonstrated their role in reducing morbimortality and improving left ventricular
ejection fraction (LVEF) in elder populations [4–9]. Additionally, in the last few years,
angiotensin receptor-neprilysin inhibitors (ARNIs) and sodium-glucose transport protein
2 inhibitors (SGLT2i) have become an important therapeutic group for heart failure with
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reduced ejection fraction (HFrEF). Although we know that neprilysin inhibition in patients
with reduced LVEF through ARNIs is associated with significantly improved survival,
hospitalizations and quality of life results [10], the evidence in the elderly subpopulation
is very scarce. There are no clinical trials focused on ARNIs in this subgroup of patients.
We only have sub-analyses of the main ARNI trials (which show clinical benefit in elderly
patients) [10–12]. On the other hand, even though small observational studies reflect more
disparate results, most of them seem to favor the use of ARNIs in terms of safety and
clinical efficacy [13–16]. Nonetheless, the number of publications relating to this concrete
subject is relatively small; many of them are subgroup analyses of greater populations, with
age intervals far under the clinical practice ones and with significantly smaller populations.

Both ARNIs and SGLT2i appear to suffer from this paucity of evidence. However,
there are some observational studies for SGLT2i in elderly patients with HFrEF that look
at clinically relevant endpoints like mortality and hospitalization [17], unlike with ARNIs.
Thus, the aim of our study is to evaluate the role of ARNI therapy in a population of very
elderly patients with HFrEF.

2. Materials and Methods

2.1. Patient Selection and Study Design

We carried out a single-center, prospective, observational cohort study. We consecu-
tively enlisted 891 patients 75 years of age or older with an LVEF lower than or equal to
40% as measured by 2-dimensional echocardiography from January 2016 to December 2020.
A specific database compiled in the cardiac imaging department of our center was used to
screen for patients meeting the criteria. We selected patients with a clinical indication for
the use of ARNIs at the time of inclusion or throughout follow-up. Ultimately, 616 patients
were included in our study. All patients received regular medical supervision accord-
ing to their symptoms and the indications of their physicians (cardiologists or general
practitioners) to optimize treatment. The study design and protocol have been revised
and approved by the clinical research ethics committee of our institution (Ref. EO093-18
FJD). This investigation was carried out in accordance with the principles outlined in the
Declaration of Helsinki.

2.2. Data Collection

All data, including clinical events and death during follow-up, were collected from
patients’ electronic health records or, if not available, from telephone interviews with
patients or relatives. At the beginning of follow-up, variables recorded included baseline
clinical characteristics, cardiovascular risk factors, comorbidities, the glomerular filtration
rate (GFR) calculated by the Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI) equation, electrocardiographic (rhythm, heart rate and QRS complex width) and
echocardiographic findings, New York Heart Association (NYHA) functional class and
the type and dose of cardiovascular drugs. At the end of follow-up, data regarding HF
treatment, LVEF and NYHA functional class were gathered.

2.3. Outcomes and Follow-Up

The outcomes analyzed in our study were the rate of all-cause mortality and major
cardiovascular events. Major cardiovascular events were defined as either death from any
cause or admission due to heart failure (HF). HF admission was defined as admission to a
healthcare facility lasting > 24 h due to the worsening of HF symptoms and followed by
specific treatment for HF (regardless of the cause of decompensation).

2.4. Statistical Analysis

Data were subjected to descriptive statistical analysis via frequency measurements
(absolute frequencies and percentages) for qualitative variables and using mean and stan-
dard deviation for quantitative variables. The magnitude of the effects of the variables
was expressed in the form of hazard ratios (HRs) and 95% confidence intervals (CIs). Uni-
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variate analysis of the quantitative variables was performed using Student’s t-test when
the variables were normally distributed and the Mann–Whitney U-test when the distribu-
tion was not normal. Qualitative variables were analyzed using χ2 or Fisher’s exact test.
Because observational studies do not allow for randomization, we planned two different
approaches to avoid potential confounding factors: multivariate Cox proportional hazard
and propensity score (PS)-matched analysis. These two analyses were used to determine
significant predictors of cardiovascular events and mortality.

First, we performed a multivariate analysis with Cox (backward stepwise) regression.
Of all of the baseline variables collected, we selected those with the potential to act as
confounding factors. The selection criteria were as follows: first, clinical and biological
plausibility and, second, the statistical criterion of Mickey, excluding all of those variables
that returned a p value > 0.20 on univariate analysis. Multivariate Cox regression analy-
ses were performed for all-cause mortality and cardiovascular events, including clinical
variables [age, frailty, NYHA class, previous HF admissions and comorbidities, such as
diabetes mellitus, hypertension, chronic lung disease (asthma, chronic obstructive pul-
monary disease or sleep apnea/hypopnea syndrome) and peripheral vascular disease
(demonstrated atherosclerotic disease in all arteries other than coronary arteries and aorta)],
GFR, electrocardiographic variables (presence of sinus rhythm and of a wide QRS complex),
LVEF at baseline and follow-up and variables related to therapy [use of ARNIs, ACEI/ARB,
BB, MRA, SGLT2i, diuretics and cardiac resynchronization therapy (CRT) or implantable
cardioverter-defibrillator (ICD)].

Second, we performed a PS-matched analysis. The PS was calculated with an ordered
logistic regression model, taking the ARNI group as the dependent variable and adopting
a parsimonious approach. In the first step, all of the following variables were included
in the univariate analysis: age, gender, diabetes mellitus, hypertension, GFR, chronic
lung disease, peripheral vascular disease, cerebrovascular disease, any degree of cognitive
impairment, any degree of functional disability, the ischemic origin of reduced ejection
fraction [defined as evidence of significant disease of a major coronary vessel (at least
70% stenosis or, in the case of the left main coronary artery, 50% stenosis) as evidenced by
coronary angiography or coronary CT scan, regardless of whether the significant lesion
has been revascularized or not], previous HF admission, LVEF and NYHA class I or II
(vs. III, IV or not available) at the onset of follow-up. All variables with a p value < 0.2
were entered into a multivariate binary logistic regression model, which served to estimate
the PS of every patient. Patient matching was performed at a 2:1 ratio with the nearest
neighbor method (caliper = 0.2 × standard deviation (SD) [logitPs]). Results are expressed
as HR and 95% CIs. Statistical analyses were performed with SPSS version 22.0 (SPSS, Inc,
Chicago, IL, USA).

3. Results

3.1. Baseline Characteristics

During the study period, 616 consecutive patients with an LVEF ≤ 40% were assessed
for eligibility. Table 1 shows the baseline characteristics of our population (total population
and propensity score-selected population). In terms of sex, 65.6% were male, and the mean
age was 83.3 ± 5.1 years. According to cardiovascular risk factors, 81.2% were hypertensive,
35.4% were diabetic, and 57.1% were dyslipidemic. Regarding comorbidities, 53.6% had
been diagnosed with chronic kidney disease (GFR < 60 mL/m/m2) and 17.7% with chronic
lung disease, with chronic obstructive pulmonary disease being the most frequent entity.
Ischemic etiology was found in 53.9% of the cases. The mean LVEF was 28.5 ± 7.8%.
Further, 86.8% presented with NYHA class I-II, and 58.7% of the subjects were at sinus
rhythm at inclusion.

At the end of follow-up, the percentage of patients taking ARNIs was 14.3% of the
total cohort. BBs were used by 76.9% of patients, ACEIs/ARBs by 55.5%, MRAs by 40.4%
and SGLT2 inhibitors (SGLT2i) by 4.2%. Ivabradine was received by 4.4% of the cohort, and
71.8% of patients underwent diuretic treatment.

182



J. Clin. Med. 2024, 13, 4772

Table 1. Baseline characteristics of the study population.

Total Population
(N = 616)

ARNI (after Propensity Score Matching) (N = 258)

Yes (N = 86) No (N = 172) p-Value

Age, years ± SD 83.3 ± 5.1 80.6 ±3.8 80.9 ± 4.3 NS

Male, n (%) 404 (65.6) 60 (69.8) 115 (66.9) NS

High blood pressure, n (%) 500 (81.2) 67 (77.9) 139 (80.8) NS

Diabetes mellitus, n (%) 218 (35.4) 29 (33.7) 62 (36.0) NS

Hyperlipidemia, n (%) 352 (57.1) 48 (55.8) 93 (54.1) NS

Current smoker, n (%) 253 (41.1) 41 (47.7) 71 (41.3) NS

BMI > 30kg/m2, n (%) 66 (10.7) 9 (10.5) 28 (16.3) NS

Chronic lung disease, n (%) 109 (17.7) 16 (18.6) 37 (21.5) NS

Stroke/TIA, n (%) 100 (16.2) 9 (10.5) 13 (7.6) NS

Peripheral artery disease, n (%) 78 (12.7) 11 (12.8) 17 (9.9) NS

Chronic liver disease, n (%) 14 (2.3) 1 (1.2) 3 (1.7) NS

Chronic kidney disease, n (%) 330 (53.6) 42 (48.8) 74 (43.0) NS

Cognitive impairment, n (%) 75 (12.1) 0 (0) 11 (8.2) NS

Functional disability, n (%) 94 (15.3) 8 (9.3) 11 (6.4) NS

LVEF, % ± SD 28.5 ± 7.8 28.6 ± 7.5 28.4 ± 8.0 NS

Ischemic LV dysfunction, n (%) 287 (53.9) 50 (59.5) 79 (51) NS

Previous HF admission, n (%) 269 (43.7) 34 (39.5) 78 (45.3) NS

QRS > 120 ms, n (%) 155 (60.3) 56 (65.9) 99 (57.6) NS

Sinus rhythm, n (%) 361 (58.7) 50 (41.2) 101 (41.3) NS

GFR, mL/min/1.73 m2, ± SD 56.9 ± 18.4 60.8 ± 14.8 60.4 ± 17.8 NS

Hemodialysis, n (%) 13 (2.1) 0(0) 5 (2.9) NS

NYHA class

I–II, n (%) 519 (86.8) 73 (90.1) 149 (87.1) NS

III–IV, n (%) 79 (13.2) 8 (9.9) 22 (12.9) NS

Beta-blockers, n (%) 474 (76.9) 78 (90.7) 139 (80.8) NS

ACEi/ARB, n (%) 342 (55.5) – 114 (66.3) –

MRA, n (%) 249 (40.4) 50 (58.1) 78 (45.3) NS

SGLT2i, n (%) 26 (4.2) 15 (17.4) 7 (4.1) 0.001

Diuretics, n (%) 442 (71.8) 67 (77.7) 123 (71.5) NS

Digoxin, n (%) 60 (9.7) 4 (4.7) 15 (8.7) NS

Ivabradine, n (%) 27 (4.4) 7 (8.1) 7 (4.1) NS

Amiodarone, n (%) 68 (11.0) 10 (11.6) 20 (11.6) NS

Anticoagulation, n (%) 296 (48.1) 47 (54.7) 88 (51.2) NS

ICD/CRT, n (%) 65 (16.6) 19 (22.1) 20 (11.6) NS

ACEi: angiotensin-converting enzyme inhibitor, ARB: angiotensin receptor blocker, BMI: body mass index, CRT:
cardiac resynchronization therapy, GFR: glomerular filtration rate, HF: heart failure, ICD: implantable cardioverter
defibrillator, LV: left ventricle, LVEF: left ventricular ejection fraction, MRA: mineralocorticoid receptor antagonist,
SGLT2i: sodium-glucose cotransporter 2 inhibitors, NS: not significant, NYHA: New York Heart Association, SD:
standard deviation, TIA: transient ischemic attack.

We also analyzed the reasons for not using ARNIs in those patients who did not
receive this drug by means of a thorough examination of the possible causes throughout
the available medical records. Among those patients not receiving ARNIs, 85.8% of the
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patients did not have a clear contraindication for ARNIs. Within the remaining 14.2%, the
main cause for not being treated with ARNIs was impaired renal function (7.2%), followed
by drug-induced hypotension (4.7%) and hyperkalemia (0.8%).

3.2. Outcomes

After a follow-up of 34 ± 21 months, 309 patients (50.2%) had died, and 383 patients
(62.2%) had developed a major cardiovascular event (death or hospitalization for HF).
Of the patients who died, the cause of death was cardiovascular in 72 cases (23.3%), and
non-cardiovascular causes accounted for 188 deaths (60.8%). We were unable to determine
the cause of death in 49 patients (15.8%).

We performed a multivariate Cox regression analysis of our study population to
identify significant predictors of total mortality, following the methodology described
above. Table 2 shows the results of univariate and multivariate analyses of overall mortality.
A multivariate Cox regression analysis revealed that the use of ARNIs was independently
associated with lower rates of mortality (HR 0.36 [95% CI 0.21–0.61]) as compared with
those who were not receiving sacubitril/valsartan. Similarly, we found a clear relationship
between BB intake and reduction in mortality [multivariate Cox regression analysis HR
0.62 (0.48–0.80)]. SGLT2i showed a significant association between its use and reduction in
mortality but only for the univariate analysis [HR 0.12 (0.03–0.5)]. On the other hand, neither
ACEIs/ARBs nor MRAs were associated with a significant improvement in mortality.

A similar analysis was performed to evaluate potential predictors for total cardio-
vascular events. ARNI was independently associated with a significant reduction in
cardiovascular events [HR 0.69 (0.49–0.99)]. The use of BBs and ACEIs/ARBs was also
associated with a significant reduction in events (Table 3).

Table 2. Univariate and multivariate analyses for overall mortality.

Univariate Analysis Multivariate Analysis

HR 95% CI HR 95% CI

Age 1.09 1.07–1.12 1.05 1.02–1.08

Sex 0.97 0.77–1.37

High blood pressure 1.02 0.76–1.77

Diabetes mellitus 1.27 1.01–1.60 1.36 1.07–1.72

Hyperlipidemia 1.10 0.87–1.38

Chronic lung disease 1.30 0.98–1.71

Stroke/TIA 1.17 0.87–1.57

GFR 0.99 0.98–0.99 0.99 0.98–0.99

Functional disability 0.40 0.26–0.61 1.28 1.04–1.58

Ischemic LV dysfunction 1.35 1.05–1.73

Previous HF admission 1.32 1.06–1.66

QRS > 120 ms 0.84 0.64–1.11

No sinus rhythm 1.22 0.98–1.54 1.33 1.06–1.68

LVEF 0.99 0.98–1.00

LVEF improvement 0.48 0.36–0.62 0.49 0.37–0.64

NYHA class III–IV 1.26 0.92–1.74

Beta-blockers 0.53 0.41–0.67 0.62 0.48–0.80

ARNI 0.27 0.16–0.44 0.36 0.21–0.61

ACEi/ARB 0.88 0.70–1.10

184



J. Clin. Med. 2024, 13, 4772

Table 2. Cont.

Univariate Analysis Multivariate Analysis

HR 95% CI HR 95% CI

MRA 1.09 0.83–1.44

SGLT2i 0.12 0.03–0.50

ICD/CRT 0.53 0.35–0.82

Included variables in the multivariate analysis: age, GFR, diabetes, previous HF, sinus rhythm, QRS duration,
functional disability, ACEi/ARBs, beta-blocker, MRA, ARNI, SGLT2i, digoxin, anticoagulation, LVEF improve-
ment and ICD/CRT. ACEi: angiotensin-converting enzyme inhibitor, ARB: angiotensin receptor blocker, CRT:
cardiac resynchronization therapy, GFR: glomerular filtration rate, HF: heart failure, ICD: implantable cardioverter
defibrillator, LV: left ventricle, LVEF: left ventricular ejection fraction, MRA: mineralocorticoid receptor antagonist,
SGLT2i: sodium-glucose cotransporter 2 inhibitors, NYHA: New York Heart Association, TIA: transient ischemic
attack. Statistically significant variables are indicated in bold.

Table 3. Univariate and multivariate analyses for cardiovascular events.

Univariate Analysis Multivariate Analysis

HR 95% CI HR 95% CI

Age 1.06 1.04–1.08 1.04 1.02–1.07

Sex 0.99 0.80–1.22

High blood pressure 1.16 0.89–1.52

Diabetes mellitus 1.23 1.00–1.51 1.32 1.07–1.63

Hyperlipidemia 1.10 0.90–1.35

Chronic lung disease 1.29 1.00–1.66

Stroke/TIA 1.15 0.88–1.49

GFR 0.99 0.98–0.99 0.99 0.98–1.00

Ischemic LV dysfunction 1.14 0.92–1.42

Previous HF admission 1.43 1.17–1.75 1.36 1.1–1.68

QRS > 120 ms 1.09 0.89–1.35

Non-sinus rhythm 1.28 1.05–1.57 1.32 1.07–1.62

LVEF 0.99 0.98–1.00

LVEF improvement 0.67 0.53-0.83 0.72 0.57–0.90

NYHA class III–IV 1.09 0.81–1.46

Beta-blockers 0.64 0.51–0.79 0.70 0.49–0.88

ARNI 0.27 0.16–0.44 0.69 0.49–0.99

ACEi/ARB 0.72 0.59–0.88 0.68 0.54–0.85

MRA 1.01 0.82–1.24

SGLT2i 0.43 0.22–0.83

ICD/CRT 0.79 0.56–1.11
Included variables in the multivariate analysis: age, GFR, diabetes, previous HF, sinus rhythm, QRS duration,
functional disability, ACEi/ARBs, beta-blocker, MRA, ARNI, SGLT2i, digoxin, anticoagulation, LVEF improve-
ment and ICD/CRT. ACEi: angiotensin-converting enzyme inhibitor, ARB: angiotensin receptor blocker, CRT:
cardiac resynchronization therapy, GFR: glomerular filtration rate, HF: heart failure, ICD: implantable cardioverter
defibrillator, LV: left ventricle, LVEF: left ventricular ejection fraction, MRA: mineralocorticoid receptor antagonist,
SGLT2i: sodium-glucose cotransporter 2 inhibitors, NYHA: New York Heart Association, TIA: transient ischemic
attack. Statistically significant variables are indicated in bold.

Finally, a statistical analysis was performed through PS matching, specifically aimed at
analyzing the effect of ARNIs in our population. Table 1 shows the baseline characteristics
of the selected groups according to the aforementioned methodology with and without
ARNI. No significant differences were described between the two groups with respect to
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age, sex, comorbidities or HF treatments except for the use of SGLT2i (greater in the ARNI
group). The PS-matching analysis showed again that the use of ARNIs was associated with
a significant reduction in mortality [HR 0.33 (95% CI 0.19–0.57)].

Kaplan–Meier curves for mortality in the overall population and in the PS-matching
population comparing those under treatment with ARNIs to those not treated with ARNIs
are shown in Figure 1.

Figure 1. Kaplan–Meier curves for mortality, first showing results for the overall population and
then after PS (propensity score) matching according to ARNI use. ARNIs: angiotensin receptor-
neprilysin inhibitors.

4. Discussion

Our study highlights that the use of ARNIs in a cohort of elderly patients (>75 years
old) with HFrEF (LVEF ≤ 40%) was associated with increased survival and an improvement
in long-term prognosis despite a significant underuse. These results are consistent with
those shown in the main trials focused on the general HFrEF population. Nevertheless, our
results represent a novel contribution to the body of evidence of ARNI treatment in that it
directly evaluates mortality and cardiovascular events in a very elderly cohort instead of
relegating them to subgroup or post hoc analyses.

PARADIGM-HF was a guideline-changing trial. It introduced sacubitril/valsartan to
the heart failure drug repertoire after showing significant and safe improvements in LVEF,
NT-proBNP levels and morbimortality in patients with HFrEF [10]. Additional benefits
of ARNIs included an improvement in symptoms, an improvement in quality of life, a
reduction in the incidence of diabetes requiring insulin treatment [18], a reduction in the
decline of GFR [19] and a reduced rate of hyperkalemia [20]. In this trial, almost 50%
were over 65 years old; nevertheless, the proportion of patients > 75 years was just 18.6%
(7% > 80 years and 1.44% > 85 years).

Of the overall population included in the PIONEER-HF trial (which demonstrated the
efficacy and safety of sacubitril/valsartan in acute decompensated HF), only 36.5% were
>65 years old [11]. The median age in the TRANSITION study (showing the feasibility of
early initiation of sacubitril/valsartan after acute decompensated HF) was 68 years old,
with no specific information regarding the proportion of patients older than 75 years [12].

Most patients in these pivotal trials belong to these “younger elders” between 65 and
75 years of age. The “real” elders are clearly underrepresented (a mere 18.6% versus almost
30% between 65 and 75 in PARADIGM-HF). In addition, current evidence regarding the
use of ARNIs in patients > 75 years old and with HFrEF is mostly supported by post hoc
or subgroup analysis. In one of them, where patients of the PARADIGM-HF trial were
analyzed according to age, a persistent benefit was described beyond 65 years old. However,
this was mainly driven by those between 65 and 74 years old, and, even though the results
in terms of mortality were relatively stable across the age range, they did not reach statistical
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significance in the > 75-year-old group. Sacubitril/valsartan was demonstrated to be safe
with no greater rate of adverse events; moreover, there was a possible clinical benefit in
these patients despite lower doses [21]. On the other hand, the few trials that have directly
focused on elderly patients either consider surrogate clinical endpoints or have a very short
follow-up period [22].

Considering the lack of elderly-focused trials and the aforementioned underrepresen-
tation in the main HF trials [23,24], real-world registries have shed some more light on the
use of ARNIs in the “real elders”. In a real-world series including 205 patients beyond
70 years of age, sacubitril/valsartan was, first, safe, with no significant rate of adverse
events compared to the younger group; in addition, its withdrawal was linked with poorer
prognosis [25]. A more recent trial based on the FDA adverse events reporting system
database showed similar rates of adverse events in patients over 75 years of age when
compared with younger peers. [26]. In addition, in a recent large cohort study compar-
ing elderly patients with HFrEF treated with ARNIs versus those receiving ACEIs/ARBs
in the UK, the use of ARNIs was associated with a lower risk of hospitalization for HF
and all-cause mortality (mainly driven by those patients who previously received a renin-
angiotensin system blocker and switched to ARNIs) [27]. Clinical assumptions can also be
made regarding our current knowledge of natriuretic peptides and the effects of this inhibi-
tion. Along this line, it is well known that they have similar effects in old patients when
compared with younger populations [28,29]. Hence, we could expect similar hemodynamic
and clinical benefits in this subgroup of patients. Therefore, even though all available data
seem to support the use of ARNIs in patients with HFrEF and >75 years old, there is still
no solid evidence of their clinical benefit in this population.

On the other hand, HF is a very relevant entity in the elderly. It is well known that the
prevalence of HF reaches up to 20% among people over 75 years old [1,2]. Most patients
with HF are elderly, constituting up to 80% of patients suffering from this disease with
both the incidence and prevalence of the condition increasing with age [30]. Age has
been associated with a greater risk of cardiovascular events and mortality, especially in
patients with HF [31]. We must consider that elderly patients have different clinical profiles
than younger ones, characterized by complex comorbidities and frailty. The latter is an
independent predictor of adverse outcomes, and it is associated with poorer prognosis in
terms of quality of life, hospitalization and mortality [32]. As a matter of fact, we must
point out that despite comorbidities and polypharmacy, age does not seem to be associated
with lower adherence to medical treatment [33]. In this regard, efforts to maintain strict
compliance and improve clinical results are essential.

Although guidelines proclaim that pharmacotherapy and other treatments of HFrEF in
elderly patients are recommended to be the same as for younger patients [2,34], in the real
world, the use of guideline-directed medical therapy is notoriously lower in older patients
despite its potential benefits [2,23,35–37]. As an example of this, Euro Heart Failure Survey
II reported that the use of ACEi/ARBs in patients over age 80 with HFrEF is approximately
60% at admission due to HF, with this rate rising to 75% at discharge [38]. This percentage
is relatively low given that these drugs have been proven to protect against mortality. The
use of these drugs is frequently limited by the already mentioned presence of different
comorbidities, adverse events and polypharmacy [38]. Elders are also less frequently
referred to a cardiologist [39,40]. Altogether, these factors contribute to the lower rate of
appropriate HF treatment and may result in lower adherence to current clinical guidelines
among elderly patients. In addition, optimal doses are frequently not achieved in these
patients despite their positive impact on prognosis [41,42]. Therefore, elderly patients with
HF also very often do not benefit from an optimized medical regimen. This underuse
is concerning given the growing evidence for each HF-specific drug in this subgroup of
patients. Despite the small number of trials that have targeted older HF patients (such as
the SENIORS trial [43] or the CIBIS-ELD trial [44]), these trials have reinforced the idea of
the clinical benefit and safety of using anti-remodeling drugs and opened the door toward
the use of HF-specific drugs in elderly patients with HFrEF. Nevertheless, most of the
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current data regarding the use of HF drugs in the elderly still come from sub-analyses and
observational studies. Some of them have proven to be useful in bringing some light to
the use of ACEi/ARBs and BBs in elderly patients, even in the context of frequent clinical
situations and comorbidities (such as CKD) [37,45–48]. Therefore, we still have a real gap
in evidence regarding the use of guideline-directed medical therapy in elderly HF patients.

The use of ARNIs is no exception to this situation. Insights from the CHAMP trial show
that among patients with HF and > 65 years old, only 12.9% were taking ARNIs [36]. In line
with these results, just 14.3% of our patients were taking any dose of sacubitril/valsartan
at the end of the follow-up. Moreover, almost 86% of our patients did not have a clear
clinical reason for not being on ARNIs. It is quite significant that even with the growing
evidence regarding the safe use of ARNIs in this population since 2018, the proportion of
patients remains almost the same in different but comparable cohorts [36]. Our study also
highlights the reasons for not starting or withdrawing sacubitril/valsartan, with impaired
renal function and symptomatic hypotension being the two main ones. Nonetheless, in
more than 80% of patients, there was no clear reason for not initiating ARNIs. This could be
explained by the lower rate of adherence to clinical guidelines in this subgroup of patients,
probably due to the already mentioned factors (polypharmacy, comorbidities, relatively
fewer referrals to the cardiologist, etc.).

In our study, we found a significant reduction in cardiovascular events and total
mortality associated with the use of ARNIs in our population of very elderly patients with
HFrEF. This is even more interesting in the context of low rates of use of sacubitril/valsartan.
Another important fact is that our study included a significant population of 616 patients
with HFrEF and older than 75 years old. There are few studies directly focused on and
with such a cohort size in this range of age [49]. In addition, our cohort comes directly from
real-world clinical practice, with a mean age (83 years old) much higher than those from
the pivotal trials [10–12,21].

Our research presents some limitations. Firstly, it is an observational study, with the
subsequent risk of biases. Secondly, it is a single-center study, explaining the relatively
small sample size, which may affect the statistical results provided. Another limitation is
that we could not ascertain the cause of death in almost 16% of our population because it
was not available (we do not have access to the complete history of other centers).

Despite the limitations of our study, it appears unlikely that future randomized trials
regarding the use of ARNIs in the elderly will be conducted, especially if we consider the
small number of them carried out in the cardiovascular field in the last decade [43,44,49].
Our study addresses clinically relevant endpoints, with a long follow-up period, in a cohort
with scarce clinical evidence. As such, the results of this paper are both innovative and
potentially applicable to daily clinical practice, regardless of the observational nature of
the registry. Further research using real-world data could help to design larger studies and
generate more research for this “forgotten” population.

5. Conclusions

Based on the findings of our study, treatment with ARNIs in elderly patients presenting
with HFrEF was associated with a significant reduction in mortality and cardiovascular
events. However, a significant underuse in this population was observed. Those patients
not being treated with sacubitril/valsartan did not have a clear contraindication in most of
the cases. Our data support that an increased use of ARNIs in this subgroup of patients
would probably lead to a significant improvement in prognosis. Nevertheless, more studies
focused on this subgroup are needed to confirm these findings.
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1 Cardiology Clinic, “Grigore T. Popa” University of Medicine and Pharmacy, 700115 Iaşi, Romania;
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Abstract: Acute right ventricular heart failure (aRHF), a long-neglected aspect of heart disease,
has recently gained attention due to an improved understanding of its pathophysiology and the
development of tailored therapeutic strategies. The therapeutic approach is now built on several
pillars that aim to support the stable clinical condition of the patient, starting with the central
pillar of etiological or specific therapy and extending to various aspects related to hemodynamic
support, ventilation support, fluid optimization, and, when necessary, advanced resources such as
right ventricular assist devices (e.g., extracorporeal membrane oxygenation—ECMO, Impella RP, or
ProtekDuo). This five-pillar approach summarizes the different facets of contemporary treatment for
aRHF, although some aspects related to their use are still being clarified.

Keywords: right heart failure; pulmonary embolism; cor pulmonale; pillar; ECMO

1. Introduction

Long considered the “weak ventricle”, “a passive conduit”, “the Cinderella side of
the heart”, or “a forgotten ventricle”, the right ventricle (RV) has recently demonstrated its
importance, prompting contemporary investigations and re-evaluations that emphasize its
role in maintaining normal heart function.

The RV was not only “forgotten” but also minimized regarding its role in ensuring
a normal hemodynamic after early experiments (Starr et al. 1943), which promoted the
idea that “a normal, contractile right ventricular wall is not necessary for the maintenance
of a normal circulation”, a concept that determined the complete exclusion of the RV in
Fontan operations (1971) [1]. It can be said that cardiologists have become more and more
“LV-centric”. The end-diastolic volume of the RV is greater than that of the left ventricle/LV
(49–101 mL/m2 vs. 44–89 mL/m2), its ejection fraction (45–60%) is less than that of the
LV (50–70%) and its elastance (1.30 ± 0.84 mmHg/mL) is also more reduced than that of
the LV (5.48 ± 1.23 mmHg/mL) [2]. More recently, the important prognostic role of RV
dysfunction was proved in congenital heart disease (CHD), pulmonary hypertension (PH),
and left heart failure (LHF). LV contraction generates up to 40% of “weak” RV contractile
force, but this is sufficient to pump systemic venous return into the low-pressure system of
pulmonary circulation. One of the greatest vulnerabilities of the RV is its greater sensitivity
to changes in afterload [3].

Acute right heart failure (aRHF) can be isolated (characterized by increased RV and
atrial pressure with systemic congestion) or may be associated with LV damage and reduced
systemic cardiac output (due to ventricular interdependence, highlighting the importance
of maintaining the transseptal gradient) [4].

Consequently, the etiology of aRHF primarily includes acute pulmonary embolism
(aPE), acute cor pulmonale (in previously healthy individuals, high-risk aPE is the most
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common cause of acute RV failure) [5], acute right myocardial infarction (aRMI, in which the
right coronary artery perfuses the RV free wall and the posterior part of the interventricular
septum during both systole and diastole activity, making the RV more vulnerable to
increases in wall tension and drops in systemic blood pressure) [6], acute respiratory distress
syndrome (ARDS, with 20–30% of moderate to severe aRDS cases developing aRHF), acute-
to-chronic cor pulmonale (a/cCP) [6], and aRHF post-cardiac surgery (pcsRHF) (in 0.1% of
patients after cardiotomy, 2–3% after heart transplantation, and in 10–20% of cases in LV
assisted device insertion) [7]. Pericardial pathology is not addressed in this work, although
the pericardium participates in maintaining ventricular interdependence and does not
readily accommodate acute changes in RV size in response to afterload variations [8].

The management of aRHF typically begins in emergency settings, such as emergency
departments and intensive cardiovascular care units, involving a multidisciplinary ap-
proach (emergency medicine, cardiology, pneumology, internal medicine, intensivists, and
thoracic surgery) [5]. Since the primum movens in any emergency approach is its organi-
zation, in this work, we propose and verify the consistency of references regarding the
establishment of some pillars on which such a therapeutic approach must be built, follow-
ing the model recently used in LV heart failure (Figure 1). A major pathophysiological
specificity of the RV is its heightened sensitivity to increases in afterload, regardless of
origin. Accordingly, therapeutic approaches aimed at decreasing excessive RV afterload
should be prioritized, while treatment of the underlying cause of RVF can be addressed
subsequently. However, identifying the etiology and addressing it is the “gold” solution
to interrupt the downward spiral of the patient’s clinical condition, with various symp-
tomatic supports used merely to buy time until the main etiology is identified and removed.
Of course, specific differences in management strategies may depend on the resources
available in different countries and local diagnostic capabilities. Currently, much of what
we know about pharmacological or interventional support in aRHF comes from various
animal models (canine, porcine, rabbit, and rat), which exhibit differences among models
and in local availability, thereby generating variability in the results [9], as well as from
case reports, small cohorts, or meta-analysis. The need for randomized, controlled, mul-
ticenter studies is obvious. The pillars/columns of aRHF management are part of the
therapeutic architecture by which the modern treatment of chronic heart failure, CKD,
atrial fibrillation, etc. has recently been constructed. This seems to be an efficient way to
highlight the structures that more robustly or more precariously support the condition of
stability of the respective patient, allowing for personalized treatment. These management
pillars follow the concept of some physiopathological pillars that the optimal approach
to aRHF must take into account: primary etiology that must be removed as quickly and
as completely as possible, contractility that must be enhanced, preload (volume) that will
have to be optimized, post-load (pressure) that will have to be reduced, and secondary
organ damage that will have to be prevented. It is important to note the fact that some
therapeutic resources support several pillars at the same time or in sequence.

There are a series of therapeutic peculiarities in the case of patients who are older,
pregnant, oncologic, etc., but their approach is beyond the scope of our paper.
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Figure 1. The five-pillar approach for the treatment of aRHF: (1) etiological/specific treatment;
(2) hemodynamic support (vaso-/ino-/inhaled vasodilator); (3) ventilation (conventional or high
flow/NIV/MV); (4) optimization of fluid administration/diuretic therapy/RRT; and (5) v/a
ECMO)/RVAD. NIV—non-invasive ventilation. MV—mechanical ventilation; RRT—renal replace-
ment therapy; v/a—ECMO veno/arterial extracorporeal membrane oxygenation; RVAD—right
ventricular assist device; aRHF—acute right heart failure.

2. The First Pillar

Since a decision-making hierarchy could improve the applicability of this framework,
especially in emergency conditions, we believe that the first pillar, which is also the central
pillar that can ensure stable support, should consist of the etiological/specific treatment,
representing an essential target of the management of aRHF. The other pillars intended
to support the pediment are added gradually, taking into account the advantages and
limitations that each one has. This pillar is best supported by data from clinical trials of
varying sizes (e.g., anticoagulation/systemic thrombolysis/percutaneous catheter-directed
treatment/surgical pulmonary embolectomy in aPE, PCI/thrombolysis in aRMI, etc.) [10].

Frequently encountered challenges in emergency situations mainly relate to the avail-
ability of diagnostic and therapeutic resources because the therapeutic intervention will
have to be applied as quickly as possible and must be adapted to the etiology. Sometimes it
is challenging to discern if the RV dysfunction is secondary to left-sided cardiac dysfunc-
tion, a pulmonary pathology (airway, parenchymal, or vascular disease), an isolated right
ventricle aRMI or pulmonary circulation failure (aPE), or a combination of these etiologies.

For the early and appropriate treatment of the underlying causes of aRHF (before
RV dysfunction passes the point-of-no-return), diagnostic resources must be available in
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emergency settings, including a fast and focused clinical assessment, electrocardiography,
biomarkers (D-dimers, natriuretic peptides, troponin, and blood lactate), echocardiography
(at least a point-of-care ultrasound or POCUS), and other emergency imaging techniques.
No specific biomarker has been identified for the early diagnosis of aRVF, but natriuretic
peptides and cardiac troponin levels do have prognostic value. In acute pulmonary em-
bolism, for example, levels of NT-proBNP ≥ 600 ng/L, heart-type fatty acid binding protein
(H-FABP) ≥ 6 ng/mL, or copeptin ≥ 24 pmol/L may provide additional prognostic infor-
mation, but these biomarkers have not yet been validated to guide treatment decisions [10].
Echocardiographic evaluation is the most frequently used technique in daily practice and
several valuable parameters for an imaging diagnosis of aRVF have been identified: frac-
tional area change (FAC), tricuspid annular plane systolic excursion (TAPSE), the Doppler
tissue imaging-derived systolic S’ velocity of the tricuspid annulus, or the RV index of
myocardial performance (RIMP), and, by using strain echocardiography, RV global and
regional longitudinal shortening may be estimated [3].

Invasive hemodynamic parameters indicating the presence of aRVF include elevated
central venous pressure (CVP > 15 mmHg), discordant right-to-left filling pressures (the
right atrial pressure to pulmonary capillary wedge pressure ratio or RAP/PCWP of
> 0.8), a low pulmonary artery pulsatility index (PAPi ≤ 1.85, which should be inter-
preted cautiously in severe tricuspid regurgitation), and a low RV stroke work index
(<0.25–0.30 mmHg·L/m2) [4]. The RAP/PCWP (right atrial pressure to pulmonary capil-
lary wedge pressure) ratio shows that lowering PCWP increases pulmonary artery compli-
ance more than would be anticipated from a fall in pulmonary vascular resistance (PVR)
alone [11]. A low PAPi (pulmonary artery pulsatility index) value, derived noninvasively
by transthoracic echocardiography, is associated with the markers of right heart failure, RV
dysfunction, and worse survival rates [11].

In a previously healthy individual, the most common cause of acute RV failure is
suspected to be a high-risk aPE [5], but we must not ignore the possibility of an aRMI
involving the RV, whether it is in association with an inferior myocardial infarction (10–50%)
or possibly also with the anterior one (13%, according to necroptic studies) [12].

The recommendations from the latest ESC guidelines for the treatment of aPE [10]
specify the sequence, recommendation classes, and level of evidence for each therapeutic
method. It is recommended that anticoagulation treatment with unfractioned heparin
(UHF), including a weight-adjusted bolus injection, should be initiated without delay
in patients with high-risk PE (class of recommendation I; level of evidence C). Systemic
thrombolytic therapy is recommended for high-risk PE (I, B), while surgical pulmonary
embolectomy or percutaneous catheter-directed treatment (such as catheter-directed throm-
bolysis (CDT), ultrasound-assisted CDT (USCDT), pharmacomechanical CDT, and aspira-
tion thrombectomy) is recommended for patients with high-risk PE, in whom thrombolysis
is contraindicated or has failed (I, C). The inferior vena cava filter should only be used in
patients with a clear contraindication for anticoagulation (IIa, C); in these cases, the filter
should be removed as soon as possible, due to the significant risk of subsequent deep vein
thrombosis [5,10]. The routine use of IVC filters is not recommended (III, A).

The management of aRMI, as stated in the latest version of the ESC guidelines on
this subject, includes early reperfusion (PCI/thrombolysis), which can lead to rapid hemo-
dynamic improvement, the avoidance of reducing right ventricular preload (i.e., nitrates
and diuretics and opioid medications), and the correction of atrio-ventricular (AV) dyssyn-
chrony and/or AV block, with rhythm sequencing if necessary [13].

In the 2021 ESC guidelines regarding the management of patients with isolated aRHF,
only two therapeutic indications have the recommendation class and level of evidence
mentioned: loop diuretics (Class I) and vasopressors and/or inotropes (Class IIb) [4].

3. The Second Pillar

The second pillar focuses on hemodynamic support (vasopressors, inotropes/lusitropes,
or inhaled vasodilators). The rationale for using vasopressors as first-line therapy is driven
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by the need to maintain right coronary perfusion pressure. The presence of biventricular
dysfunction may indicate the use of inotropes. It should be noted that in cardiogenic shock
from the right, as opposed to cardiogenic shock that mainly involves the left ventricle, a
“double hit phenomenon” has been described. The “double hit phenomenon”, described by
Hrymak et al., refers to severely reduced organ perfusion (liver, renal, gut, etc.) in a right
ventricular shock because of the high CVP associated with low systolic blood pressure,
in contrast to what happens during a shock that mainly affects the LV, where the organ
perfusion is maintained, because both the central venous pressure (CVP) and the systolic
blood pressure are both low [2]. The clinical significance of this phenomenon is that after
the “first hit”, represented by the damage to the RV (an acute increase in RV afterload or
volume results in increased wall tension, septal shift due to transseptal gradient reduction,
and tricuspid regurgitation), multiple intra-abdominal organ failure occurs (“double hit”),
which must be constantly considered and treated appropriately [2].

Norepinephrine (0.1–0.5 mcg/kg/min) is a reasonable first choice [8], improving
systemic hemodynamics (as a potent α1-receptor agonist with weaker β-receptor activity,
noradrenaline increases systemic arterial vascular resistance and increases cardiac output
through the optimization of cardiac preload and direct inotropism, and also increases
systemic blood pressure and coronary artery perfusion) with minimal effect on pulmonary
vascular resistance [14]. Vasopressin (0.03 units/min) and vasopressin analogs may be
useful as adjunct vasopressors if hypotension persists [10]. Inotropes can be used alone
in cases of hypoperfusion without hypotension [4]. Inodilators (inotropes with vasodila-
tory properties) such as dobutamine, levosimendan, and phosphodiesterase-III inhibitors
can reduce cardiac filling pressures, enhance ventriculo-atrial coupling by increasing RV
contractility, and restore cardiac output, reducing afterload due to PA vasodilation; how-
ever, as inotropic agents may exacerbate arterial hypotension, they may be combined with
norepinephrine if necessary [4,10]. Sympathomimetics, including norepinephrine and
phenylephrine (the second is not as beneficial in studies on humans compared to those
performed on animals), have a direct vasoconstrictive effect on the pulmonary artery, a
property not shared by vasopressin [8].

In a/cCP, inotropic-vasoactive drugs and inhaled vasodilators have been proposed
during awake intubation following the nebulization of local anesthesia. The simplest
pulmonary vasodilator is supplemental oxygen [10], but the addition of inhaled nitric
oxide (iNO, iloprost, or epoprostenol) is reasonable as a rescue therapy in patients with
ongoing RV dysfunction despite hemodynamic support, appropriate volume status, and
supplemental oxygen administration [5,10]. These therapies remain off-label and can
increase ventilation/perfusion mismatch or shunting, worsening oxygenation [5]. Some
experts argue that pulmonary vasodilators should not be classified as “hemodynamic
support” but rather as strategies to decrease RV afterload.

4. The Third Pillar

The third pillar consists of ventilation support using oxygen therapy (either conven-
tionally or via a high-flow nasal cannula, targeting an oxygen saturation of > 90%) [10],
non-invasive ventilation (NIV), or mechanical ventilation (MV). Supplemental oxygen
should be considered even without hypoxemia [8]. However, while MV may occasionally
be required in the management of patients with aRHF (e.g., severe hypoxemia, impaired
mentation, or the facilitation of procedures), it should ideally be avoided, particularly in
the case of positive pressure ventilation, due to potential hemodynamic consequences, MV
being associated with a three-fold higher risk of mortality in high-risk PE or a/cCP [15].
Pulmonary vascular resistance and intrathoracic pressures may increase, and venous re-
turn and RV preload may decrease during positive pressure ventilation; furthermore, the
option to use positive end-expiratory pressure (PEEP) extends these effects throughout the
respiratory cycle, further reducing venous return and RV preload [5]. Therefore, ventilation
support in patients with aRVF may worsen the clinical situation and should be avoided
in this clinical setting; when necessary, it should be used with caution (ultraprotective set-
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tings). Caution is advised regarding the risk of peri-intubation hemodynamic collapse (e.g.,
with propofol) and pulmonary vasoconstriction (worsening hypoxemia and hypercarbia
during induction), with etomidate considered the most hemodynamically neutral induction
agent [10]. Hypercarbia may not only occur after induction but can also be present depend-
ing on the severity of lung disease when RVF is associated with respiratory compromise. If
MV is necessary, it should be approached cautiously with positive end-expiratory pressure
and low to moderate tidal volumes; however, correcting hypoxemia may not always be
feasible without simultaneous pulmonary reperfusion in high-risk aPE [10]. Early prone
positioning is one of the best maneuvers for unloading the RV in aRDS [16].

5. The Fourth Pillar

The fourth pillar relates to the optimization of intravenous fluid (IVF) administra-
tion [5], the use of diuretic therapy (the potential benefits of IVF versus fluid removal
depend on the baseline status of the patient with aRHF, with loop diuretics remaining
the first option in cases of venous congestion; assessing volume responsiveness may be
useful) [4,10] or, in some cases, the use of renal replacement therapy (RRT) [4]. A random-
ized open-label study comparing diuresis with a 0.5-L saline infusion reported a more
rapid decrease in natriuretic peptide levels after diuretics, without any difference in RV
function or clinical outcomes [17]. Thus, in most cases, IVF administration may be harmful
(over-distending the right heart and subsequently increasing wall tension, impairing LV
filling, aggravating tricuspid regurgitation, worsening ventricular interdependence, and,
consequently, reducing cardiac output) [5]. Although the presentation of fluid optimization
with diuretic therapy can be somewhat confusing, the evidence suggests that patients with
aRVF usually do not require fluid supplementation, as this may exacerbate the associated
systemic venous congestion, sometimes necessitating the removal of excess fluid. Recent
contributions emphasize the possibility of false positive indices of fluid responsiveness,
such as pulse pressure variation [18]. We need to be careful with volume loading that
is guided by central venous pressure (CVP) monitoring, but a CVP of less than 10 mm
Hg can almost rule out RV dysfunction with congestion [3]. In patients with ARDS, fluid
responsiveness can be predicted, but different thresholds should be used [19]. IV loop
diuretic administration should be considered, particularly if evidence exists of RV dysfunc-
tion or volume overload [10]. The challenge lies in detecting hypovolemia, which could
be prognostic, while avoiding worsening tissue hypoperfusion in patients with systemic
venous congestion. This remains an important and complex dilemma.

6. The Fifth Pillar

The fifth pillar represents the most modern approach: the use of veno/arterial extra-
corporeal membrane oxygenation (v/aECMO) and right ventricular assist devices (RVAD).
Where both pulmonary and cardiac support are necessary, v/aECMO is the preferred
approach [20]; for pulmonary insufficiency, v/vECMO can be considered (even in the
absence of MV) as a bridge to an intervention in cases of progressive RV failure, but not in
aPE, as it returns blood to the venous system and does not decrease RV preload [21]. When
only cardiac support is needed, options such as Impella RP or ProtekDuo support (but not
an intra-aortic balloon pump for isolated aRHF) should be considered. The choice of device
depends on the estimated duration of mechanical RV support: short-term (10 to 15 days)
devices include ECMO, Impella RP, and PROTEK Duo, while for more than 15 days, sur-
gically implanted devices (Levitronix CentriMag) should be chosen, and, for an assisted
VD in which recovery is not expected, the possibility of accessing a heart or heart-lung
transplant should be assessed [22]. The association of therapeutic options is also crucial: in
39 studies (n = 6409) involving ECMO for aPE, patients treated with ECMO and catheter-
directed therapy had significantly lower mortality compared to those treated with ECMO
and systemic thrombolysis [23]. ECMO in high-risk PE and aRVF (refractory cardiac shock
or cardiac arrest) cases, in combination with surgical embolectomy or catheter-directed
treatment, represents a promising approach. It must be taken into account, as a warning,
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that ECMO might also induce adverse effects such as a reduction in bronchial arterial blood
flow, a reduction in pulmonary blood flow/transpulmonary gradient, and the worsening
of lung ischemia [24]. Based on the data currently available, we can state that the potential
contraindications and procedural risks of right ventricular assist devices for Impella RP
are the lack of an intrinsic oxygenator and a higher risk of hemolysis, for Protek Duo, they
are the long insertion time and the high transfusion rate, and for v/a ECMO, they are
LV distension and vascular complications [20]. Cost, accessibility, and training require-
ments remain a continuing challenge for the development of these forms of advanced
mechanical support.

7. Conclusions

Acute cor pulmonale is a life-threatening entity in which many organs are affected;
therefore, it requires a multidisciplinary approach [5]. The therapeutic arsenal for patients
with aRHF, like the treatment of heart failure in general, has recently been enriched by
a combination of established, newly developed, and re-evaluated drugs, as well as new
support devices for the RV. We propose a new architectural framework for a therapeutic
approach to aRHF therapy based on five pillars, which would simplify the selection of
options in emergency situations and would make sure that none are overlooked. Of course,
these five pillars vary in robustness and importance and are based on statistical arguments
of varying strengths. This architectural approach prompts the identification of the most
appropriate therapeutic resources, adapted to each patient. The wise use of widely available
therapeutic resources will have to be supported by increasing availability and access to
modern therapeutic resources, as selected by a Heart Team that can be activated in critical
moments (e.g., PERT in pulmonary embolism, etc.). If the identification of the etiology
is the basis of specific assurances of the functionality of the first pillar, starting from the
second pillar (hemodynamic support), there are often antagonistic therapeutic features (the
use of vasopressors, inotropes/lusitropes, or, in some situations, inhaled vasodilators); the
cautious use of positive end-expiratory pressure with the option of low to moderate tidal
volumes (third pillar), the cautious administration of fluids but also recourse to diuretic
therapy (fourth pillar), and recourse to ECMO should be made as early as possible, but,
depending on the need for cardiac support, Impella RP and PROTEK Duo may prove
much more useful. The motto of this pediment-supporting effort might be “Nec plus
ultra”—nothing further beyond.

8. Future Directions

In the future, Artificial intelligence (AI)-enhanced diagnostic and therapeutic strategies
may improve the assessment of aRHF and provide optimal management in this acute
setting. Progress can be achieved through early diagnosis with the identification of the
underlying etiology (specific biomarkers for RV failure, which are commonly used in
the current practice of molecular imaging, as well as the identification and use of new
hemodynamic indices) and early treatment, even borrowing some effective drugs for LV
heart failure (e.g., dapagliflozin for structural RV remodeling and antiarrhythmic effects),
or reducing device implantation delays [22]. SGLT2i may improve RV function, based
on TAPSE, PAP, and FAC values recorded in HF patients assessed with the CardioMEMS
sensor, which showed that empagliflozin caused rapid decreases in PAP, independent of
the loop diuretic effect [25,26].
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Abstract: Objectives: To document the real-world experience with the use of pneumatic pulsatile
mechanical circulatory support (MCS) with the PulseCath iVAC2L during high-risk percutaneous
coronary interventions (HR-PCIs). Background: The use of MCS in HR-PCIs may reduce the rate
of major adverse cardiovascular events (MACEs) at 90 days. The PulseCath iVAC2L is a short-term
pulsatile transaortic left ventricular (LV) assist device that has been in use since 2014. The iVAC2L
Registry tracks its safety and efficacy in a variety of hospitals worldwide. Methods: The iVAC2L
Registry is a multicenter, observational registry that aggregates clinical data from patients treated
with the iVAC2L worldwide. A total of 293 consecutive cases were retrospectively collected and
analyzed. Estimated rates of in-hospital clinical endpoints were described. All-cause mortality was
used as the primary endpoint and other outcomes of interest were used as secondary endpoints. The
rates obtained were reported and contextualized. Results: The in-hospital rate of all-cause mortality
was 1.0%, MACE was 3.1%. Severe hypotension occurred in 8.9% of patients. Major bleeding and
major vascular complications occurred in 1.0% and 2.1%, respectively. Acute myocardial infarction
occurred in 0.7% of patients. Cerebrovascular events occurred in 1.4% of patients. Cardiac arrest
occurred in 1.7% of patients. A statistically significant improvement in blood pressure was observed
with iVAC2L activation. Conclusions: The results of the present study suggest that the iVAC2L is
capable of improving hemodynamics with a low rate of adverse events. However, confirmatory
studies are needed to validate these findings.

Keywords: registry; mechanical circulatory support; PulseCath; iVAC2L; pulsatile; high-risk; percutaneous
coronary intervention; real world; LV assist device; coronary disease; heart failure; cardiogenic shock;
ACS/NSTE-ACS; depressed LV function; mitral regurgitation dilated non-ischemic cardiomyopathy;
ischemic cardiomyopathy

1. Introduction

Due to the recent advances in cardiovascular therapeutics, the growing use of short-
term mechanical circulatory support (MCS) devices is now an established trend. MCS
is available in a variety of support modalities, each with the common goal of improving
prognosis after high-risk invasive interventions.

The intra-aortic balloon pump (IABP) is the most commonly utilized modality; how-
ever, its use tends to decrease in favor of new and more powerful ones, which now have
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class IIb recommendation for prophylactic use in high-risk percutaneous coronary interven-
tions (HR-PCIs) [1–3]. Despite evidence favoring pulsatile flow [4,5], all current short-term
MCS devices are continuous-flow devices (CFDs), with PulseCath iVAC2L (PulseCath BV,
Arnhem, The Netherlands) being the only exception. Numerous large-scale studies have
examined the utilization of short-term MCS in a real-world context. Nevertheless, to date,
no reports have addressed the use of pulsatile flow (PF) in a real-world setting.

Three single-center prospective studies have already demonstrated the safety and
efficacy of the iVAC2L [5]. The iVAC2L Registry is an open, multicenter registry that collects
data on the real-world use of the iVAC2L on a global scale. This report presents the initial
findings from the iVAC2L Registry.

2. Methods

Description of the iVAC2L. The iVAC2L comprises a membrane pump connected to
a nitinol-reinforced polyurethane bi-directional flow catheter. The catheter has a length
of 92 cm, with an outer diameter of 17 French (Fr). It features a stainless steel inlet tip
and a patented two-way valve, illustrated in Supplementary Figure S1. The chamber is
subdivided by a flexible membrane into a blood chamber and a helium chamber. The
catheter is then inserted into the femoral artery and positioned with the inlet tip inside
the LV, where it operates in synchrony with the cardiac cycle. During diastole, the helium
chamber receives helium from the IABP driver, resulting in the ejection of blood back into
the ascending aorta with a stroke volume of around 21 mL. During systole, the helium
chamber undergoes a deflation, which is accompanied by a refill of the blood chamber. The
pump typically produces an additional flow of 1.5 to 1.8 L/min, though it has the capacity
to reach up to 2.5 L/min (data not yet published). The optimal performance of the device is
achieved at rates between 70 and 90 beats per minute (bpm).

Study population and data collection: The iVAC2L Registry is a multicenter, interna-
tional registry that retrospectively collects data on the utilization of iVAC2L in a range of
indications. Participation is entirely voluntary. In order to guarantee strict adherence to
the Declaration of Helsinki, it is recommended that operators seek verbal consent from
patients regarding their willingness to have their data utilized for research purposes and to
provide data only upon confirmation.

To ensure the highest degree of completeness and accuracy, data were collected via
the use of a standardized Clinical Report Form (CRF). Furthermore, all information was
completed at the site with the assistance of the clinical team. The data sources included
medical records, ancillary diagnostic tests, specialist reports, and communications from
treating physicians. Subsequently, the CRFs were subjected to a review by a medical
specialist for coherence, completeness, and accuracy.

The present analysis encompasses individuals aged 18 years and above who under-
went iVAC2L during HR-PCIs for coronary artery disease, and excludes procedures driven
by indications other than HR-PCIs, as well as cases of acute extra-cardiac disease. The
data were anonymized at the time of collection and remained anonymous throughout
the analysis. HR-PCI was defined as any percutaneous intervention for coronary disease
involving an unusually high risk of periprocedural circulatory collapse, as determined by
the treating physician.

Clinical Endpoints. The data were collected retrospectively. The adjudication of
events was conducted by the attending physicians in accordance with the prevailing
standards of practice at the local level. The primary endpoint was all-cause in-hospital
mortality. Secondary endpoints included major adverse cardiovascular events (MACEs),
major vascular complications, major bleeding, acute kidney injury (AKI), and the occurrence
of severe hypotension while on circulatory support. The composite endpoint of MACE was
defined as the occurrence of in-hospital all-cause mortality, cerebrovascular event, acute
myocardial infarction (AMI), and repeat revascularization. Severe hypotension was defined
as a mean arterial pressure (MAP) of less than 60 mmHg for a minimum of 10 min or the
presence of shock of any etiology. A major vascular complication was defined as a clinically
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significant vascular injury, bleeding, or limb ischemia. All other endpoints were adjudicated
at the local level by local teams using local standards of practice and definitions.

Statistical Analysis. Continuous data are presented as either mean ± SD or median
(25th–75th quartiles), as appropriate. Categorical data are presented as frequencies and
percentages. The results of the study include a description of the subjects’ baseline character-
istics, procedural data, and clinical endpoints. Baseline and procedural data are presented
for descriptive purposes, and no statistical tests were performed. The hemodynamic data
were analyzed utilizing either Student’s t-test for paired samples or the Wilcoxon signed-
rank test for paired samples, depending on the statistical distribution. The Bonferroni
correction was employed to account for multiplicity. To investigate the major factors as-
sociated with severe hypotension and in-hospital MACE, uni- and multivariate logistic
regressions were conducted. For the multivariate analyses, stepwise backward and forward
selections were employed. The data were collected and stored using Microsoft Excel 2019
(Microsoft Corporation, Redmond, WA, USA), and the analysis was performed using the R
v4.0.2 statistical package. All statistical tests were based on a two-tailed significance level
of 5%.

3. Results

A total of 302 consecutive patients received iVAC2L during high-risk cardiovascular
procedures in 37 countries between November 2013 and October 2023 (Figures 1 and 2).
Of the aforementioned patients, seven were excluded from the analysis due to indications
other than HR-PCI, and one due to the lack of clinical outcomes. In-hospital outcomes were
ascertainable in 99.7% of cases (n = 293).

The baseline demographic and procedural characteristics are presented in Table 1;
Table 2, respectively. The median age was 71 years (range: 64–77 years), and 85% of the
participants were male. The ejection fraction (EF) was 30% (25–40%), and the SYNTAX
score was 33 (28–40). The majority of patients exhibited moderate to severe symptoms of
heart failure, with 71% classified as NYHA class III or IV. Additionally, 50% of the cohort
was deemed ineligible for CABG. A history of acute myocardial infarction (AMI) was
present in 53% of the cohort, while renal insufficiency, previous cerebrovascular events,
and peripheral arterial disease were also common.

Figure 1. Study flowchart. HR-PCI: high-risk percutaneous coronary intervention.
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Figure 2. Countries whose centers provided data to the iVAC2L Registry until 2023 (in blue).

Table 1. Baseline demographics, n = 293. Data are presented as mean ± SD or median (25th to 75th quartiles)
as appropriate. Count data are presented as percentages (no. of available observations).

Baseline Characteristics

Age (years) 71 (64 to 77)

SYNTAX 33 (28 to 40)

EF (%) 30 (25 to 40)

Gender (male) (%) 84.8 (264)

NYHA classification III/IV (%) 71.3 (174)

EF < 40% (%) 69.2 (273)

Hypertension (%) 76.4 (216)

Type II Diabetes (%) 38.5 (218)

Previous Stroke (%) 9.3 (205)

Previous Myocardial Infarction (%) 52.5 (217)

Peripheral Artery Disease (%) 13.9 (216)

Renal Insufficiency (%) 23.3 (219)

Cancer (%) 4.5 (176)

Not surgical candidate (%) 50 (224)

Previous PCI (%) 38.5 (208)

Previous CABG (%) 33.7 (208)

Three-vessel Disease (%) 56.1 (278)

Unprotected Left Main (%) 35.1 (228)

Multivessel Disease (%) 72.3 (285)

Procedural characteristics. Lesions in the left main coronary artery or the left anterior
descending artery and its branches were treated in 59% and 71% of cases, respectively. The
median duration of the procedure was 67 (45–100) minutes. Rotational atherectomy was
employed in 19% of cases. Data on the maximum flow produced by the iVAC2L were
available in 63% of cases and were estimated to be 1.6 (1.4–1.7) L/min, with a range of
(1.0–2.5) L/min. The MAP at baseline was 80 ± 17 mmHg, with a systolic blood pressure
(SBP) of 117 ± 24 mmHg.
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Table 2. Procedural characteristics, n = 293. Data are presented as mean ± SD or median (25th to 75th
quartiles) as appropriate. Count data are presented as percentages (no. available observations).

Procedural Characteristics

Stented LM (%) 59.1 (274)

Stented LAD and branches (%) 70 (249)

Stented LCX and branches (%) 50.8 (252)

Stented RCA and branches (%) 31.9 (254)

Heart Rate (bpm) 71 (63.8 to 80)

SBP (mmHg) 117.3 ± 23.7

DBP (mmHg) 61.3 ± 16.3

MAP (mmHg) 80 ± 16.8

CPO (Watt) 0.75 ± 0.27

CO (L/min) 4.47 ± 1.27

Pump flow (L/min) 1.6 (1.4 to 1.7)

Rotational Atherectomy (%) 19 (183)

Support time (min) 67 (45 to 100)

Clinical Endpoints. A summary of the clinical endpoints is provided in Figures 3 and 4.
The incidence of all-cause mortality, cardiovascular events (CVEs), and acute myocardial
infarction (AMI) was 1.0%, 1.4%, and 0.7%, respectively. A total of 3.1% of cases resulted
in a MACE. Major vascular complications were observed in 2.1% of cases, none of which
necessitated urgent cardiac or vascular surgery. Major bleeding was observed in 1.0% of
cases. One patient presented with a major bleeding complication that required surgical in-
tervention but succumbed before surgery could be performed. Dislodgement of the iVAC2L
occurred in 5% of cases, while the necessity for removal of the iVAC2L (including escalation
to alternative devices) was observed in 1.0% of instances. Endotracheal intubation was
required in 3.7% of cases. Severe hypotension occurred in 8.9% of cases. Cardio-pulmonary
resuscitation (CPR) was necessary in 1.6% of cases. When only elective or semi-elective
procedures were selected (n = 174), these rates were 3.5% and 1.7%, respectively.

Hemodynamic effects. Findings are shown in Figure 5 and in Supplementary Table S1.
Data on heart rate, blood pressure, cardiac output and mPCWP were available in 78%, 76%,
17%, and 17% of all cases, respectively.

Relative to the pre-support state (i.e., baseline), measurements taken with iVAC2L
activated showed significant increases in both SBP (117.3, 95%CI: [114.2–120.4] vs. 121.2,
95%CI: [118.2–124.2] mmHg, p < 0.01) and DBP (61.3, 95%CI: [59.2–63.5] vs. 63.8, 95%CI:
[61.9–65.8] mmHg, p < 0.01). The heart rate remained constant (73.4, 95% CI: [71.4–75.4]
vs. 74.6, 95% CI: [72.7–76.4] bpm, p = 0.26). There was a significant increase in CO (4.47,
95% CI: [4.13–4.81] vs. 4.78, 95% CI: [4.42–5.14] L/min, p < 0.05) and CPO (0.74, 95% CI:
[0.67–0.82] vs. 0.84, 95% CI: [0.76–0.92] Watts, p < 0.01). No alterations were observed in
the mPCWP (15.8, 95% CI: [13.6–18.1] vs. 17.1, 95% CI: [14.7–19.6] mmHg, p = 0.14) when
assessed in the entire cohort.

In patients who received inotropes and/or vasopressors at any point (n = 27, 9.2%),
cardiac output (CO), blood pressure, and heart rate remained unaltered. However, CPO
increased numerically in this subgroup from 0.75 (95% CI: [0.52, 0.99]) vs. 0.9 (95% CI:
[0.68, 1.13]) Watts, p = 0.37. Additionally, mPCWP demonstrated a non-significant trend
toward a decrease from 28.8 (95% CI: [24.4, 33.1]) vs. 20.3 (95% CI: 16.4, 24.3) mmHg,
p = 0.08.
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Figure 3. In-hospital clinical outcomes from the iVAC2L Registry. MACE: Major Adverse Cardiovas-
cular Event. AMI: Acute Myocardial Infarction. CVE: Cerebrovascular Event. CPR: Cardiopulmonary
Resuscitation.

Figure 4. (A) Rates of severe hypotension found in the most relevant studies on the use of short-
term mechanical circulatory support in high-risk PCI. (B) Rates of CPR found in the most relevant
studies on the use of short-term mechanical circulatory support in high-risk PCI [3,6,7]. CPR:
Cardiopulmonary Resuscitation.

Independent predictors of severe hypotension were Emergent Case and Endotracheal
Intubation. Previous MI and a pre-procedural SBP > 100 mmHg were non-significantly
related (AUC: 0.80). Independent predictors of in-hospital MACE were Multivessel
PCI, Male Gender, Pre-support MAP > 80 mmHg, Hypertension, and Vasoactive Drugs,
AUC = 0.89 (Figure 6).
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Figure 5. (A) Hemodynamic changes obtained with the activation of iVAC2L showing improvements
in blood pressure, CO, and CPO. (B) Hemodynamic measurements taken before implementation
of iVAC2L and during support. Data are presented as mean ± SE. p-values derive from t-tests or
Wilcoxon’s test for paired samples. * p < 0.05; ** p < 0.01; *** p < 0.01 compared to “iVAC 2L ON”. CO:
cardiac output. MAP: mean arterial pressure. CPO: cardiac power output. mPCWP: mean pulmonary
capillary wedge pressure.
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Figure 6. Uni- and multivariate logistic regression analysis: (A) predictors of intraprocedural severe
hypotension; (B) predictors of in-hospital MACE; MACE: Major Adverse Cardiovascular Event. MAP:
Mean Arterial Pressure; AUC: Area Under the Curve; PCI: Percutaneous Coronary Intervention.
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4. Discussion

This study represents the most comprehensive compilation of clinical data on HR-
PCI using PulseCath iVAC2L since the device received CE Mark approval in 2014. The
in-hospital mortality rate was 1%, and the MACE rate was 3.1%. The findings also demon-
strate beneficial effects on the systemic circulation, and the large sample size lends repre-
sentativeness to real-world practice.

4.1. Previous Evidence on the iVAC2L

Since 2015, three prospective cohorts have been published, all in the context of elective
HR-PCIs. Den Uil et al. reported hemodynamic improvements in elective HR-PCIs with no
major adverse events. Samol et al. described that both iVAC2L and Impella 2.5 significantly
increased the MAP, but Impella 2.5 precipitated hemolysis. The PULSE trial showed a
14% reduction in the metabolic demands, a 33% reduction in the native heart’s cardiac
output, and a 17% increase in the MAP [5]. The iVAC2L may be an alternative when there
is a need for an LVAD that is less associated with hemolysis than a CFD or when there is
great concern regarding the possibility of iatrogenic valvular damage that could precipitate
circulatory collapse [8]. It may also be a more feasible alternative in hospitals where other
percutaneous MCS devices are not yet reimbursed.

4.2. Study Findings

The output flow of the iVAC2L ranged between 1.0 and 2.5 L/min. This can be up to
four times that of the IABP, approaching the output flow of Impella 2.5 (1.9 ± 0.27 L/min).
It remains lower than that of the Impella CP (2.8 ± 0.4 L/min at P8), though [5,6,9].

The intraprocedural incidence of severe hypotension was 8.9%, which is lower than
the rate observed in the Impella arm of the PROTECT II trial (10.2%) [3]. The PROTECT II
evaluated the effects of Impella 2.5 versus IABP in elective HR-PCIs and remains the
largest RCT in this population to date. As with the PROTECT II study, the iVAC2L
Registry comprised a high-risk cohort with low EF, a high SYNTAX score, a history of
frequent revascularization and/or AMI, and a high frequency of rotational atherectomy.
It should be noted, however, that the registry also includes cases requiring emergent
intervention. The odds of developing intraprocedural severe hypotension were 14 times
higher in emergent cases compared to non-emergent cases. This parameter was identified
as the strongest independent predictor of severe hypotension (Figure 6). In non-emergent
cases, the incidence of severe hypotension was 3.5%, which is lower than that observed in
elective and semi-elective studies using Impella, namely 7.1% (2015) and 4.6% (2018) [6,7].
While a 2.2% rate was recently reported in 2022 by O’Neill et al., it should be noted that
patients in this study were healthier, with a SYNTAX score of 28 versus 31 in PROTECT II
and 33 in the iVAC2L Registry. Our findings corroborate those of previous studies which
have demonstrated that planned MCS is associated with less hemodynamic instability,
which in turn is associated with lower odds of MACEs. Consonantly, previous data shows
that non-emergent implantation leads to reduced rates of mortality, CPR, and lesser need
for inotropes/vasopressors [10,11].

Activation of iVAC2L resulted in significant increases in MAP, SBP, DBP, CO, and CPO
(Figure 5A). mPCWP decreased numerically with the activation of iVAC2L, but only in
those receiving vasoactive medications during support. The aforementioned medications,
which include vasoactive drugs such as inotropes and vasopressors, can be employed
as surrogates for critical decompensated states in the majority of cases (Figure 5B). The
observed changes are consistent with those reported in previous studies on the same
device. Of particular clinical interest is the observed increase in CPO, as a CPO value
below 0.6 Watts has been associated with worse clinical outcomes [12]. However, in the
current study, CPO was only reported in 17% of cases, and thus it should be interpreted
with caution.

The results demonstrate a reduction in the incidence of CPR episodes with iVAC2L
(1.7%) in comparison to the Impella arm of PROTECT II (6.9%). This figure is also lower
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than the 3% reported by Alaswad et al. for the Impella device. However, it is comparable
to the 1.6% reported in the PROTECT III report. Unlike Alaswad et al., PROTECT III pre-
dominantly used Impella CP rather than 2.5, suggesting equivalent performance between
iVAC2L and Impella CP [3,7]. Although a reduction in mPCWP could only be detected
in a critical state, only 3.7% of the total cohort required advanced airways compared to
5% with (mostly) CFDs in a previous study [5]. This may indicate that pulsatile flow (PF)
facilitates improved unloading, although the observational design precludes the drawing
of causal inferences.

The in-hospital mortality rate following mechanically assisted HR-PCI ranges from
3.2% to 11.5% [13]. The PROTECT II and the cVAD Registry reported in-hospital mortality
rates of 4.6% and 3.3%, respectively [3,7]. In contrast, our findings indicate a 1% rate
with iVAC2L, which is comparable to the 0.7% observed in the EUROPELLA registry [14].
The two studies exhibited similarities with regard to the frequency of left main stenting,
history of CABG, and age distribution. However, the EUROPELLA excluded emergent
cases (Supplementary Table S2). Recently, two studies have reported even higher rates of
7.4% with Impella CP and 14% with VA-ECMO, but they had small sample sizes and more
complex interventions. While this compromises comparability with larger studies, the rate
observed with ECMO is not unexpected, since this modality has been shown to increase
mortality, vascular complications, and hemolysis [15–17].

The current analysis reveals a 3.1% incidence of in-hospital MACE which is less than
the rates observed in the PROTECT II, PROTECT III, and the cVAD registry (10.2%, 5.4%,
and 4.3%, respectively). This may be attributed to the utilization of PF, but also to the
technical advancements since 2012. Although the PROTECT III was recently published, it
employed rotational atherectomy more frequently, which might provide an explanation
to the higher rate of MACE in comparison to iVAC2L [3,9]. Nevertheless, in the iVAC2L
Registry, MACE was not determined by rotational atherectomy, but rather by the adminis-
tration of vasoactive drugs, which are indicative of hemodynamic instability. As in clinical
practice, the latter was primarily influenced by the urgency of the intervention. Another
predictor of interest was multivessel PCI, a finding that has also been observed in large-
scale studies where a more complete revascularization has been associated with superior
outcomes. This finding suggests that the benefit observed in the FAME-2 and PROTECT II
studies [3,18] at longer time frames may also be applicable in the short term. Moreover, this
serves to reinforce the significance of the iVAC2L Registry as a reflection of contemporary
clinical practice.

With the exception of CVE, all other clinical outcomes compared favorably with
previous large studies (Supplementary Figure S2). Four patients had acute neurological
deficits during or after the procedures. Notwithstanding, the observed incidence of stroke
is lower than that expected for Impella, which is approximately 2.6% [13].

The use of PF instead of CF may be advantageous for several reasons. CF may reduce or
eliminate aortic leaflet motion and coaptation, increasing the risk of acute thrombosis in the
ascending aorta. It also decreases sensitivity to catecholamines in the peripheral vasculature
and is reported to be less effective in maintaining end-organ perfusion while increasing
aortic impedance and systemic vascular resistance [19]. The mechanisms involved include
stiffening of the arterial system with obliteration of the Windkessel effect and increased
backward propagation of reflected waves. This elevates the afterload and may jeopardize
the unloading effect [4,12].

Counter-pulsation as applied by iVAC2L is probably less detrimental to LV afterload
and more effective in unloading the LV chamber, resulting in more pronounced reductions
in the myocardial metabolic demands. Previous reports have also documented significant
reductions in intraventricular dyssynchrony [5,20]. In the peripheral circulation, PF can
facilitate blood flow to end organs. It restores cyclic stress and delivers a greater amount
of energy to the walls of peripheral vessels in comparison to CF. This has been linked to
a reduction in postoperative mortality [4,19–21]. The evidence indicates that PF is more
beneficial than CF for vital organ perfusion, as evidenced by studies on the stomach, liver,
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and kidney [22]. Consonantly, the levels of severe hypotension found in this analysis were
remarkably low.

The aforementioned capabilities enhance the resilience of the cardiovascular system
to ischemic injury, reducing hemodynamic instability, and consequently facilitating more
extensive and meticulous interventions. The RESTORE-EF, PROTECT II, and Roma-Verona
studies have demonstrated that patients who received a more complete revascularization ex-
hibited greater improvements in LVEF after 90 days [3,23,24]. Concurrently, a meta-analysis
including more than 17,000 individuals indicated that the utilization of intravascular imag-
ing enhanced patient outcomes [25]. Furthermore, the augmented stability provided by
MCS permits the broader deployment of hyperemic agents to evaluate lesion significance
in patients with markedly impaired LV function, consequently reducing the incidence of
repeat interventions [18].

5. Merits and Flaws

The present analysis includes a wide range of hospitals around the world and sheds
light on the real-world use of iVAC2L in HR-PCI with focus on safety and efficacy. As in
other relevant studies, the study population is characterized by a high-risk profile. The
results also demonstrate a high prevalence of left main stenting and rotational atherectomy.
Nevertheless, the observational design entails a risk of bias due to its potential for selective
reporting, which precludes definitive conclusions on causality. Moreover, despite the lack
of consistent follow-up beyond the immediate postoperative period, the initial hours were
comprehensively documented. The majority of adverse events (approximately 70%) tend
to occur within the first hours during and immediately after the PCI [26]. Therefore, while
some limitations in follow-up may influenced the observed rates, this effect is most likely
minor in magnitude.

It is not possible to discount the possibility that unmeasured confounders, such as
the administration of intravenous fluids or the inherent effects of revascularization, may
have influenced the results. Nevertheless, it can be argued that the observed hemodynamic
response is consistent with that reported in previous studies [5]. Although arterial blood
pressure data were widely available, pulmonary monitoring occurred in only 17% of cases,
which limits the generalizability of the findings and reduces the study’s power to draw
definitive conclusions on the variations observed in CO and CPO. Additionally, the limited
availability of angio-CT may have influenced the incidence of vascular complications.
In light of these considerations, the present analysis should be regarded as hypothesis-
generating only.

6. Future Research

Future research should incorporate more structured designs, such as matched cohorts,
to address the limitations of the observational design. This should include the adoption of
a prospective design, the incorporation of a clinical events committee, written informed
consent, long-term follow-up for up to one year, and electronic centralized data collection.
Hemodynamic evaluations should include details on timing relative to stenting, vasoactive
drugs, intravenous fluids, and other confounders. In the coming years, the UNLOAD-CHIP
trial will measure 30-day mortality or cardiogenic shock in 98 stable high-risk patients with
low EF randomized to iVAC2L versus no MCS. The PULSE II trial will assess major adverse
events (MAEs) at 90 days in 368 elective high-risk subjects randomized to iVAC2L (PF)
or Impella CP (CF). In China, an RCT will investigate the incidence of MACEs at 30 days
in 316 stable high-risk patients randomized to iVAC2L or IABP. By 2026, the PROTECT
IV (NCT04763200) trial, which compares Impella CP with no MCS, will provide further
evidence on CFDs. Additional gaps in knowledge include the impact of intermittent
superior vena cava occlusion on the effects of iVAC2L and the impact of iVAC2L on the
need for vasoactive drugs.

211



J. Clin. Med. 2024, 13, 5357

7. Conclusions

The PulseCath iVAC2L registry demonstrates low rates of in-hospital mortality and MACEs
with the use of pulsatile MCS in a real-world setting. This demonstrates its potential to be a safe
and effective tool to improve clinical outcomes after complex coronary interventions.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm13185357/s1, Figure S1: The iVAC2L concept; Figure S2:
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Table S3: Hemodynamic measurements.
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Abbreviations

AKI Acute kidney injury
AMI Acute myocardial infarction
CABG Cardio-pulmonary bypass graft
CAD Coronary artery disease
CO Cardiac output
CF Continuous flow
CFD Continuous flow device
CPO Cardiac power output
CVE Cerebrovascular event
DBP Diastolic blood pressure
EF Ejection fraction
HR-PCI High-risk percutaneous coronary intervention
IABP Intra-aortic balloon pump
IQR Interquartile range
LM Left main
LV Left ventricle
LVAD LV assist device
MACE Major adverse cardiovascular events
MAP Mean arterial pressure
MCS Mechanical circulatory support
mPCWP Mean pulmonary artery wedge pressure
PCI Percutaneous coronary intervention
PF Pulsatile flow
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RCT Randomized controlled trial
SBP Systolic blood pressure
VA-ECMO Veno-arterial extra-corporeal membrane oxygenation
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Abstract: Objectives: Heart failure (HF) remains a significant public health issue, with
heart transplantation (HT) being the gold standard treatment for end-stage HF. The in-
creasing use of mechanical circulatory support, particularly left ventricular assist devices
(LVADs), as a bridge to transplant (BTT), presents new perspectives for increasingly com-
plex clinical scenarios. This study aimed to compare long-term clinical outcomes in patients
in heart failure with reduced ejection fraction (HFrEF) receiving an LVAD as BTT to those
undergoing direct-to-transplant (DTT) without mechanical support, focusing on survival
and post-transplant complications. Methods: A retrospective, single-center study included
105 patients who underwent HT from 2010. Patients were divided into two groups: BTT
(n = 28) and DTT (n = 77). Primary endpoints included overall survival at 1 and 7 years
post-HT. Secondary outcomes involved late complications, including organ rejection, renal
failure, cardiac allograft vasculopathy (CAV), and cerebrovascular events. Results: At HT,
the use of LVADs results in longer cardiopulmonary bypass and cross-clamping times in
the BTT group; nevertheless, surgical complexity does not affect 30-day mortality. Sur-
vival at 1 year was 89.3% for BTT and 85.7% for DTT (p = 0.745), while at 7 years, it was
80.8% and 77.1%, respectively (p = 0.840). No significant differences were observed in the
incidence of major complications, including permanent dialysis, organ rejection, and CAV.
However, a higher incidence of cerebrovascular events was noted in the BTT group (10.7%
vs. 2.6%). Conclusions: LVAD use as BTT does not negatively impact early post-transplant
survival compared to DTT. At long-term follow-up, clinical outcomes remained similar
across groups, supporting LVADs as a viable option for bridging patients to transplant.

Keywords: ventricular assist device; bridge to transplant; heart failure; heart
transplantation

1. Introduction

The prevalence of heart failure (HF) is steadily rising in both genders, with a particular
increase observed in the elderly cohorts of populations, a trend in part attributable to
advancements in medical treatment and improved survival rates [1]. For patients with end-
stage HF, refractory to medical treatment, heart transplantation (HT) remains to date the
gold standard of care. Nevertheless, the limited availability of donor organs has resulted in
a significant increase in the utilization and development of mechanical circulatory support
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(MCS), such as left ventricular assist devices (LVADs), as a bridge to transplant (BTT)
or bridge to candidacy (BTC) [2]. The widespread use of LVADs as a bridge to heart
transplantation has improved survival rates for patients awaiting donor organs and has
also enabled many candidates to endure extended waiting periods [3,4].

Although the therapeutic benefits of LVAD implantation are well documented [5],
they are also associated with several complications, including gastrointestinal bleeding,
neurological events, infection, pump thrombosis, and right ventricular failure [6,7]. Recent
studies have also highlighted some negative effects of long-term LVADs on organ function,
in particular, regarding liver [8] and renal dysfunction [9]. This has brought back into
focus a highly controversial topic. It is therefore pivotal to better understand the long-term
impact of patients who receive an LVAD as a bridge to HT. Early reports, particularly those
that examined the earlier generations of LVADs, suggested that the use of LVADs could
adversely affect survival following transplantation [10,11].

However, in the present day, survival outcomes of heart transplantation from durable
mechanical circulatory support (MCS) using the latest devices (HeartMate III) are promis-
ing [5,12]. A literature review examined 428 papers on this subject, concluding that de-
creased survival was more likely in patients suffering from dilated cardiomyopathy, patients
transplanted within two weeks of LVAD implantation, or patients who underwent BTT
prior to 2003 [13]. Indeed, post-transplant outcomes in patients bridged to transplant
with temporary mechanical circulatory support devices, like extracorporeal membrane
oxygenation, were associated with a higher risk of mortality [14,15]. While the mechanisms
underlying these outcomes remain complex, one established finding is that the duration of
the LVAD does not have a direct effect on post-transplant survival [16].

More than a decade later, it has become essential to reassess these findings with a
broader perspective: advances in technology, including smaller devices, longer battery life,
and an improved understanding of the pathophysiology of circulation in patients with
LVADs, reinforce the importance of these devices in the management of advanced heart
failure without compromising long-term post-transplant outcomes.

This study aims to provide an overview of the long-term outcomes in patients in
heart failure with reduced ejection fraction (HFrEF) receiving an LVAD as a bridge to heart
transplantation compared to those receiving heart transplantation with medical therapy
alone, and to offer insights into the various complications associated with pre-transplant
mechanical support.

2. Materials and Methods

2.1. Ethical Statement

A retrospective, observational, single-center study was conducted analyzing clinical
outcomes of 105 patients who underwent cardiac transplantation between January 2010 and
June 2020 at Hospital “Papa Giovanni XIII” in Bergamo (Italy). Patients gave consent for
surgical intervention and for data publication. Ethical review and approval were waived
for this study due to the observational and retrospective nature of the study.

2.2. Patient Population

Adult patients (aged ≥ 18 years) with ischemic or dilated cardiomyopathy who
underwent isolated heart transplantation were included in this study.

Patients with a left ventricular ejection fraction (LVEF) greater than 40% were excluded
from the study, limiting the analysis to patients with heart failure with reduced ejection
fraction (HFrEF). Patients with heart failure with mid-range ejection fraction (HFmrEF) or
preserved ejection fraction (HFpEF) were not considered.
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Exclusion criteria were congenital disease, other types of cardiomyopathy, and patients
who died before heart transplantation. We analyzed patients who received an LVAD, either
as a bridge to transplant (BTT) or bridge to candidacy (BTC), collectively categorized
under the BTT group. The analysis included the following devices: HeartMate II (Thoratec
Corporation; Pleasanton, CA, USA), HeartWare (Medtronic; Minneapolis, MN, USA),
and HeartMate III (Abbott Laboratories; Chicago, IL, USA). Patients in this latter group
were compared to those undergoing de novo heart transplantation (direct-to-transplant,
DTT). Patients supported with extracorporeal LVADs, right ventricular assist devices,
biventricular assist devices, and total artificial hearts were excluded.

2.3. Endpoints and Definitions

Follow-up was conducted up to January 2022 (mean follow-up was: 5.76 ± 3.8 years).
The primary outcome of interest was overall survival at 1 and at 7 years. The secondary
outcomes included the occurrence of adverse events during follow-up. Adverse events
were defined as significant arrhythmias, cerebrovascular events (excluding those occur-
ring before or during heart transplantation), renal failure (eGFR < 30 mL/min) or the
need for permanent dialysis, organ rejection, and cardiac allograft vasculopathy (CAV),
according to relative International Society for Heart and Lung Transplantation (ISHLT)
classifications [17,18].

2.4. Data Collection and Follow-Up Protocols

Patients’ clinical data and parameters were evaluated at four specific time-points:

– Baseline before HT: physical characteristics, assessment of clinical, history, heart failure
etiology, echocardiographic, hemodynamic, and biochemical data of patients at the
time of heart transplantation.

– LVAD-related complications between device implantation and heart transplantation
(only for BTT group).

– Surgical data, early mortality (at 30-day), and morbidity during hospitalization, for
heart transplantation.

– Evaluation of transplant-related complications by phone interview or direct clinical
examination, at the last FU.

All patients underwent HT with bicaval anastomosis. All patients received anti-
rejection therapy with calcineurin inhibitors, cyclosporine or tacrolimus, mycophenolate
mofetil, and prednisone according to the hospital protocols. Endo-myocardial biopsies
(EMBs) were performed at 1 year, to determine the occurrence of rejection, according to
hospital protocols (one biopsy every week in the first month, one biopsy every two weeks
until the third month, one biopsy every month until the sixth month, and one biopsy every
two months until the twelfth month; after one year, no routine EMBs were performed if
no clinical suspicion of rejection was present): biopsy classification followed the revised
International Society for Heart and Lung Transplantation (ISHLT) staging classification [17].

To assess the presence of CAV, coronarography was scheduled at 3 and 5 years after
transplantation, then every 5 years or following clinical suspicion. The grade of CAV was
assessed using the ISHLT classification [18].

2.5. Statistical Analysis

The distribution of variables was evaluated using the Kolmogorov–Smirnov 1-sample
test. Continuous variables were presented as mean ± standard deviation (SD) for variables
with a normal distribution or as median (1st and 3rd interquartile) for data without Gaus-
sian distribution. Categorical variables were expressed as absolute number of frequency
(percentages). Independent t-tests were used to compare normally distributed data. For
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data without normal distribution, the Mann–Whitney test for unpaired continuous vari-
ables was used. The chi-square test was used to compare categorical data, and Fisher’s
exact test was used when the minimum cell size requirements for the chi-square test were
not met. Kaplan–Meier estimates were used to assess long-term post-transplantation sur-
vival. Microsoft Office Excel (Microsoft, Redmond, WA, USA) was used for data extraction,
and all analyses were performed in R, version 4.3.1 (R Software for Statistical Computing,
Vienna, Austria) within RStudio. The R packages used were “survival”, “survminer”,
“dplyr”, and “ggplot2”.

3. Results

Seventy-seven (n = 77) patients were in the DTT group, while twenty-eight patients
were in the BTT group. Table 1 shows the baseline differences between the two groups.
The BTT group had a higher BMI (26.4 ± 5.0 kg/m2 vs. 23.1 ± 3.9, p < 0.05) with a lower
percentage of patients with atrial fibrillation (n = 1, 3.6% vs. 20, 26.0%, p = 0.004). General
comorbidities, such as liver and kidney function status, were comparable between the
groups. The etiology of heart failure was balanced, with 50% of each group affected by
ischemic heart disease and the other 50% by dilated cardiomyopathy (p = 0.953).

Table 1. Baseline characteristics before heart transplantation.

BTT (n = 28) DTT (n = 77) p Value

Age, years 54 (43–58) 53 (42–49) 0.954
Gender, male 25 (89.3) 65 (84.4) 0.528
BMI, Kg/m2 26.4 ± 5.0 23.1 ± 3.9 0.001
Etiology 0.953

ICM 14 (50.0) 39 (50.6)
DCM 14 (50.0) 38 (49.4)

Atrial fibrillation 1 (3.6) 20 (26.0) 0.004
Chronic dialysis 1 (3.6) 2 (2.6) 0.999
Hemodynamic status
LVEF, % 24 (20–26) 20 (18–25) 0.137
sPAP, mmHg 41.8 ± 18.4 40.2 ± 15.4 0.686
Wedge, mmHg 18.5 ± 8.8 19.8 ± 9.3 0.561
CO, L 4.1 ± 1.0 3.5 ± 1.1 0.031
CI, L/m2 2.0 (1.8–2.6) 1.9 (1.6–2.1) 0.128
PVR, WU 2.2 (1.4–2.9) 2.4 (1.5–3.3) 0.291
Laboratory

Creatinine, mg/dL 1.1 ± 0.3 1.2 ± 0.4 0.392
Total bilirubin, mg/dL 1.1 ± 0.8 1.4 ± 1.8 0.349

BTT: bridge to transplant; CI: cardiac index; DCM: dilatative cardiomyopathy; ICM: ischemic cardiomyopathy;
CO: cardiac output; DTT: direct-to-transplant; LVEF: left ventricular ejection fraction; PVR: pulmonary vascular
resistance; sPAP: systolic pulmonary artery pression.

3.1. LVAD Population

The BTT population included 28 patients (mean age: 48.5 ± 11.4 years). Considering
the broad recruitment period of the study (January 2010 to June 2020) and the availability of
devices, 21 patients (75%) received a HeartWare implant, which was the most used LVAD,
3 patients (10.7%) received a HeartMate II, and 4 patients (14.3%) received a HeartMate III.
The bridge-to-transplant duration was 554 ± 346 days, during which the complications
outlined in Table 2 were recorded. It was not possible to trace patients who had LVAD
implantation but were not transplanted for various reasons (death, refusal to transplant,
transplantation to another hospital center, off transplant list).
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Table 2. BTT details.

BTT (n = 28)

Age at LVAD implant, years 48.5 ± 11.4
Implantable device

HeartMate II 3 (10.7)
HeartMate III 4 (14.3)
HeartWare 21 (75.0)

Period of bridge, days (mean ± SD) 554 ± 346
Period of bridge, days (range) (26–1559)
Complications

Readmission for HF, n (%) 5 (17.9)
GI bleeding, n (%) 8 (28.6)
Cerebrovascular events, n (%) 11 (39.3)
Arrhythmias, n (%) 6 (21.4)
LVAD-related infection, n (%) 17 (60.7)

BTT: bridge to transplant; GI: gastrointestinal; LVAD: left ventricular assist device.

3.2. Heart Transplantation Hospitalization

Data at the time of hospitalization for heart transplantation are depicted in Table 3.
Aortic cross-clamp and cardiopulmonary bypass times were longer in the BTT group,
without impact on in-hospital mortality between the two groups, BTT: one patient (3.6%)
vs. DTT: four patients (5.2%) (p = 0.999).

Table 3. Operative data and early outcomes after heart transplantation.

BTT (n = 28) DTT (n = 77) p Value

CPB time, minutes 217.7 ± 58.3 146.2 ± 53.3 0.001
CC time, minutes 113.9 ± 29.4 79.3 ± 15.6 0.001
Bleeding requiring SR 4 (14.3) 7 (9.1) 0.442
Cerebrovascular events, n (%) 3 (10.7) 1 (1.3) 0.057
Hemodialysis, n (%) 13 (46.4) 39 (50.6) 0.702
Acute rejection, n (%) 2 (7.1) 9 (11.7) 0.723
ECMO, n (%) 7 (25.0) 22 (28.6) 0.717
Length of hospital stay, days 23 (20–28) 22 (20–27) 0.875
Hospital mortality, n (%) 1 (3.6) 4 (5.2) 0.999

BTT: bridge to transplant; CC: cross-clamping; CPB: cardiopulmonary bypass; DTT: direct-to-transplant; ECMO:
Extra Corporeal Membrane Oxygenation.

A higher percentage of perioperative cerebrovascular events was observed in the
BTT group: three patients, 10.7% vs. DTT: one patient, 1.3% (p = 0.057). No significant
differences were observed in the incidence of various complications: acute organ rejection
(p= 0.723), bleeding requiring surgery (p = 0.442), dialysis (p = 0.702), or ECMO (p = 0.717).

3.3. Primary Endpoint

Survival at 1 and at 7 years is shown in Figure 1. Of the 105 patients undergoing HT,
101 (96.2%) patients completed at 1-year FU. When stratified by surgical strategy for HT,
there was no significant difference in terms of 1-year survival (BTT 89.3 ± 11.4% vs. DTT
85.7± 7.8%; p = 0.745). At 7-year follow-up, the survival rate was 80.8 ± 15.3% for the BTT
group and 77.1 ± 9.6% for the DTT group (p = 0.840).
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Figure 1. Kaplan–Meier curves for all-cause mortality in patients who underwent heart transplanta-
tion. DTT: direct-to-transplantation; BTT: bridge to transplantation.

3.4. Secondary Endpoints

The secondary outcomes during follow-up are depicted in Table 4. When considering
cumulative arrhythmias (permanent atrial fibrillation, permanent pacemaker, or defibrilla-
tor), no significant differences were observed between the two groups (p = 0.999). Similarly,
the incidence of cardiac allograft vasculopathy was comparable, with 14.2% in the BTT
group and 18.2% in the DTT group (p = 0.775). A trend toward a higher incidence of
postoperative cerebrovascular events was observed in the BTT group (10.7% vs. 2.6%,
p = 0.117), while there was a greater need for dialysis in the DTT group (14.3% vs. 3.6%,
p = 0.175). Regarding overall cardiac organ rejection, approximately one-quarter of patients
in each group experienced this adverse event, with no statistically significant difference
(p = 0.644); even when considering the more severe grades (grade IIIA and grade IIIB), no
statistically significant difference was found.

Table 4. Secondary outcomes at last follow-up.

BTT (n = 28) DTT (n = 77) p Value

Permanent
AF/PM/ICD 3 (10.7) 8 (10.4) 0.999

Cerebrovascular
events * 3 (10.7) 2 (2.6) 0.117

CAV 4 (14.2) 14 (18.2) 0.775
Grade I 2 10
Grade II 0 3
Grade III 2 1

eGFR < 30 mL/min 4 (14.2) 18 (23.4) 0.420
Permanent dialysis 1 (3.6) 11 (14.3) 0.175
Organ rejection 21 (75.0) 61 (79.2) 0.644

Grade 1R 16 57
Grade 2R 4 3
Grade 3R 1 1

AF: atrial fibrillation; BTT: bridge to transplant; CC: cross-clamping; CAV: cardiac allograft vasculopathy; DTT:
direct-to-transplant; eGFR: estimated Glomerular Filtration Rate; ICD: Implantable Cardioverter-Defibrillator;
PM: pacemaker; * previous cerebrovascular events were excluded.

4. Discussion

This study presents an updated analysis of long-term outcomes in patients in heart
failure with reduced ejection fraction (HFrEF) undergoing heart transplantation after
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receiving mechanical circulatory support with a left ventricular assist device (LVAD). The
main findings can be summarized as follows:

(I) At the time of heart transplantation, the use of an LVAD introduces technical chal-
lenges that result in longer cardiopulmonary bypass and cross-clamping times in the
BTT (bridge to transplant) group; nevertheless, the increase in surgical complexity
does not affect 30-day mortality.

(II) The overall survival at 1 year was comparable between the two groups, with no
significant difference between the BTT and DTT (direct-to-transplant) patients.

(III) At 7 years, survival rates and comorbidities, including post-transplant complica-
tions such as cardiac allograft vasculopathy (CAV) and organ rejection, were similar
between both groups.

(IV) Adverse neurological events (composite of TIA/stroke) occurred in 39.6% of patients
during the BTT phase, indicating a concern on neurological risk mechanical support.

Heart transplantation is considered the gold standard treatment for patients with
advanced heart failure [2]. However, nowadays, there is a trend toward the increasing
use of LVADs as a bridge-to-transplant (BTT) or bridge-to-candidacy (BTC) solution. This
phenomenon is mostly attributable to the increased number of patients with non-persistent
contraindications to HT and the scarcity of heart organ donors [19,20]. Mechanical circu-
latory support gives patients a chance to reach the state of candidacy or transplant, but
the surgical implications related to LVAD implantation should not be overlooked. Heart
transplant surgical time tends to be longer for those patients, because of adhesions of
previous cardiac surgery and LVAD removal, making surgery more technically demanding.
The present study showed that the average aortic cross-clamp (ACC) and cardiopulmonary
bypass (CPB) time were, respectively, 34.6 and 71.5 min shorter in the DTT group compared
to the BTT group. Although the ACC and CPB duration are depicted from the literature as
predictors of adverse outcomes, particularly in elective and low-risk procedures, we found
no significant difference in early mortality between the two groups despite the significant
difference in CPB and ACC times (hospital mortality: 3.6% BTT vs. 5.2% DTT, p: ns). The
reported results in the BTT patients are consistent with the results of Fukuhara and col-
leagues in a cohort of patients with a similar bridge duration [21] with early mortality found
to be slightly lower compared to the mortality rates in similar patient subsets reported
in other studies, which range from 5% to 10% [15,22]. This finding could be explained
by the hemodynamic support provided by LVADs prior to transplantation conferring a
higher degree of clinical stability that can mitigate the potential negative impact of longer
procedural times. Moreover, we found a 30-day mortality in the BTT group slightly lower
than the previous literature in a similar subset of patients ranging from 5 to 10% [15,22].
In this series, the wide use of post-transplant support with ECMO (25% in BTT group
and 28.6% in DTT group) might also have contributed to enhancing patients’ survival
in both groups. Post-transplant ECMO is typically used when the newly transplanted
heart struggles to maintain adequate cardiac output due to primary graft dysfunction,
rejection, or other complications such as severe pulmonary hypertension. The use of ECMO
to unload the heart allowed the transplanted organ and lung to recover [23]. In addition, in
this study, 89.3% of patients in the BTT group received a third-generation LVAD, namely
HeartWare and HeartMate III, that can provide more benefits and less harm to patients
who are waiting for HT [24].

Moreover, 1- and 7-year survival rates were also found to be comparable between
the two groups (1-year: BTT 89.3 ± 11.4% vs. DTT 85.7± 7.8%; 7-year: BTT 80.8 ± 15.3%
vs. DTT 77.1 ± 9.6% (p = 0.840), supporting the conclusion that the use of LVADs as a
bridge-to-transplant strategy does not adversely affect early post-transplant survival.
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These findings are consistent with the results reported in a French institution by
Petroni et al. [25]. Conversely, the same differ from those of Truby et al’s. [26] on an
American population, where patients who had an LVAD as a bridge to HT experienced
higher mortality within the first five years post-transplant. Although the primary outcome
of the aforementioned papers is the same, it is crucial to consider the significant differences
between the populations considered: Truby’s and Petroni’s studies included different ethnic
groups, while our analysis exclusively involved Caucasian patients; racial differences in
the population enrolled may represent an important risk factor for patients’ survival.
Furthermore, the etiology of heart failure varied considerably across these studies. In our
cohort, there was a balance between ischemic and dilated cardiomyopathy, whereas in
Petroni’s study, ischemic cardiomyopathy accounted for only 32% of cases while Truby’s
analysis also included congenital heart diseases among the etiologies considered.

A further notable finding in the present study is that no significant differences were
observed between the two groups in terms of major complications such as stroke, organ
rejection, CAV, and chronic kidney failure. It is noteworthy, as previous authors have
highlighted the risk of humoral sensitization in patients with LVAD implantation [12,27],
suggesting that they may be more susceptible to graft rejection. In this regard, Arnaoutakis
et al. identified a correlation between LVAD use and an increased rate of primary graft
dysfunction, yet found no adverse effects on survival [28]. In our study, there was no
significant difference in the incidence of any grade of CAV, nor in organ rejection. Petroni’s
analysis also reported a low morbidity rate among patients who underwent bridge to HT,
compared to those who received only medical therapy [25]. This protective effect was at-
tributed to improved systemic perfusion, which helped restore hemodynamic- and reverse
kidney-related metabolic and cellular damage prior to HT, thereby also lowering the risk
of post-transplant morbidity. The presented data support these findings, as demonstrated
by the lower incidence of permanent dialysis (BTT 3.6% vs. DTT 14.3%) and higher eGFR
values (Table 4) observed in patients who underwent LVAD implantation.

Despite several studies that attempted to investigate the short- and long-term clinical
outcomes of patients treated with LVADs and those who undergo transplantation without
bridging, the superiority of BTT over DTT is to date uncertain. The main reason lies in
the absence of randomized trials due to the significant complexity of the patients and
the limited availability of organs. Moreover, in retrospective registries and analysis, the
populations compared are often highly heterogeneous as previously described.

Finally, the drawbacks related to the use of LVADs must be considered. The LVAD-
related complications reported in the present study are comparable with the previous
literature [29–31], while a higher incidence of neurological events during the BTT phase
was reported when compared to previous experiences (39.6% in this analysis versus
8–25% [32,33]). This difference may be related to two factors. Firstly, most studies consider
only major strokes (both ischemic and hemorrhagic) while in the present research, TIAs
were also included. An additional consideration is that most of the latest studies primarily
examine the outcomes of HeartMate devices within the first year, whereas our popula-
tion had a higher prevalence of HeartWare devices. Notably, the HeartWare device was
withdrawn from the market in 2021 due to an increased risk of neurological events and
mortality compared to other devices. Moreover, as suggested by Fukuhara, the advantage
of mechanical support with an LVAD gives the best results when the bridge period is shorter
than 2 years; after this limit, BTT is associated with worse results in terms of survival after
HT when compared to DTT and a shorter BTT period [21].
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Strengths and Study Limitations

Only patients treated after 2010 were enrolled in this study. In our center, a post-
transplant ECMO support protocol was routinely available if necessary as well as the
newest anti-rejection protocol and third-generation LVAD devices, and the results of this
study align with the results of larger studies on this topic. Furthermore, follow-up was
completed in 96.2% of patients at one year, with very few patients lost at longer FU.
Nevertheless, the current study has several limitations. It is a retrospective and single-
center study; the small sample size was not eligible for multivariate analysis to identify
primary endpoint predictive factors. Since this study was not randomized, assessing the
superiority of one management over the other was not possible. Therefore, the adjustment
of baseline characteristics, which is essential for accurate comparison among groups, was
not possible, and consequently, we did not perform advanced statistical analyses such
as multivariate analysis. Furthermore, despite the use of different types of LVADs, the
results were mainly related to HeartWare implantation (75% of BTT patients). Lastly, we
acknowledge as a limitation of this study the exclusion of etiologies other than ischemic
and dilated cardiomyopathy.

5. Conclusions

Despite the progress in MCS support, heart transplantation remains the gold standard
therapy for patients in heart failure with reduced ejection fraction (HFrEF). The one-
year mortality post-transplantation was 13% (10.7% in BTT and 14.3% in DTT), in line
with other European studies. Therefore, LVAD implantation as BTT does not increase
the risk of mortality following heart transplant, as compared with patients bridged with
medical therapy.
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Abstract: Background/Objective: Heart failure (HF) is a complex syndrome, with multiple causes.
Numerous pathophysiological pathways are activated. Comprehensive and guideline-derived care is
complex. A multidisciplinary approach is required. The current guidelines report little evidence for
chronic disease self-management (CDSM) programs for reducing readmission and major adverse
cardiovascular events (MACE). CDSM programs can be complex and are not user-friendly in clinical
settings, particularly for vulnerable patients. The aim of this study was to investigate whether
a simplified one-page CDSM tool, the SCReening in Heart Failure (SCRinHF), is comparable to
a comprehensive Flinders Program of Chronic Disease Management, specifically in triaging self-
management capabilities and in predicting readmission and MACE. Methods: SELFMAN-HF is a
prospective, observational study based on community cardiology. Eligible patients, consecutively
recruited, had HF with left ventricular ejection fraction <40% and were placed on sodium–glucose
co-transporter-2 inhibitors (SGLT2-i) within 3 months of recruitment. SGLT2-i is the newest of the
four HF treatment pillars; self-management skills are assessed at this juncture. CDSM was assessed
and scored independently via the long-form (LF) and short-form (SF) tools, and concordance between
forms was estimated. The primary endpoint is the 80% concordance across the two CDSM scales
for predicting hospital readmission and MACE. Results: Of the 117 patients, aged 66.8 years (±SD
13.5), 88 (75%) were male. The direct comparisons for SF versus LF patient scores are as follows:
“good self-managers”, 13 vs. 30 patients (11.1% vs. 25.6%); “average”, 46 vs. 21 patients (39.3% vs.
17.9%), “borderline”, 20 vs. 31 patients (17.1% vs. 26.5%), and “poor self-managers” (vulnerable), 38
vs. 35 patients (32.5% vs. 29.9%). These findings underscore the possibility of SF tools in picking up
patients whose scores infer poor self-management capabilities. This concordance of the SF with the LF
scores for patients who have poor self-management capabilities (38 vs. 35 patients p = 0.01), alongside
readmission (31/38 vs. 31/35 p = 0.01) or readmission risk for poor self-managers versus good self-
managers (31/38 vs. 5/13 p = 0.01), validates the simplification of the CDSM tools for the vulnerable
population with HF. Similarly, when concurrent and predictive validity was tested on 52 patients, the
results were 39 (75%) for poor self-managers and 14 (27%) for good self-managers in both groups,
who demonstrated significant correlations between SF and LF scores. Conclusions: Simplifying
self-management scoring with an SF tool to improve clinical translation is justifiable, particularly
for vulnerable populations. Poor self-management capabilities and readmission risk for poor self-
managers can be significantly predicted, and trends for good self-managers are observed. However,
correlations of SF to LF scores across an HF cohort for self-management abilities and MACE are more
complex. Translation to patients of all skill levels requires further research.
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1. Introduction

Heart failure (HF) is a complex cardiovascular condition, arising from various con-
tributing factors and typically accompanied by multiple comorbidities [1,2]. This mul-
tifaceted nature makes its management challenging for both healthcare providers and
patients. Delivering comprehensive and optimal HF management requires several factors
to be considered: first, the complex pathophysiology, with an attempt to improve function
with medical treatments; second, a systems approach utilizing a multidisciplinary team
to administer an integrative guideline-based management program (GDMT). The goal is
maintaining quality of life, limiting preventable deteriorations (morbidity and mortality),
and managing health resources [3,4]. There remain population-level gaps in preventing
major adverse cardiovascular events (MACE), including hospital readmissions [5–9].

Chronic disease self-management (CDSM) is a health services approach and a domain
within HF programs. In theory, CDSM can be a cost-effective approach to bridging gaps
in HF care. While CDSM studies for most chronic diseases have reported positive out-
comes [10,11], studies in HF have been relatively disappointing. In fact, recent guidelines
have demoted this therapy in terms of both performance and quality measures, citing a
lack of evidence [9]. CDSM tools can be complex. Their clinical roles can be difficult to
navigate in clinical settings. There are structural issues with CDSM with respect to HF
management. These include a lack of randomized trial evidence demonstrating efficacy [9]
and a lack of clinical understanding on the value of CDSM [9,12] and how it fits within
disease management domains [13], raising the question: could an important gap in CDSM
programs for HF be within the tools themselves? The Flinders Program of Chronic Con-
dition Management [*Flinders Program (FP®)] is a gold-standard generic tool [14]. This
generic unmodified tool, in its long form (LF), is the foundation from which this study is
based. Short forms (SF) are uncommon and have not been tested in an HF population. Our
team has demonstrated via a press publication the psychometrics of FP in CHF syndromes.

The SELF-MANagement in Heart Failure (SELFMAN-HF) study [14] was derived
to address one critical issue: can a novel SF CDSM tool (*SCRinHF) be validated against
the established and best-available LF in determining readmissions and MACE? To date,
there are no proven CDSM tools that have been adapted from its generic form to a shorter
version, and this includes HF. Numerous studies have concluded that the theoretical basis
for CDSM is itself well established; the methods of delivery have been well studied, and
these tools are the best means of delivering CDSM programs [10,15]. With a changing
healthcare landscape, and with evidence for HF lacking, a novel simplified approach could
be explored. There was also impetus from existing examples of simplifying other chronic
disease tools—e.g., SF-36 to SF-12 [16] and PACIC to PACIC-plus [17]—for initiatives in
HF [18–20].

Aims

Our aim was to validate the SF [14] against the established LF with respect to self-
management capabilities, a primary endpoint of hospital readmission and a secondary
outcome of MACE.

2. Materials and Methods

Detailed references for this study protocol, design, and methodology have been
published [14]. The SELFMAN-HF is a prospective, observational case–cohort study that
examined the feasibility and validity of the SF tool, comparing the novel one-page tool
to the LF [14]. In brief, study patients were consecutively enrolled as they presented as
community outpatients. Validity was explored with comparisons to the LF in a range of
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measures including self-management, clinical progress, and predicting 12 months MACE,
including hospital readmissions. Feasibility was not a planned aim in this study.

2.1. Participants

The community service has 6 clinical sites treating HF. Participants were recruited and
enrolled in one clinical site in Western Melbourne. A minimum of 80 patients with HF who
met the inclusion criteria were offered the opportunity to participate. Eligible patients aged
over 18 commenced sodium glucose cotransporter-2 inhibitor (SGLT-2I) within 3 months
for systolic HF [echocardiographic ejection fraction (EF) < 40%]; they received care within
the predefined health jurisdiction. Patients were excluded if concerns were raised by any
medical staff; if they had a life expectancy of ≤6 months; or if they were receiving palliative
or nursing home care. Patients of variant cognitive statuses and patients with dementia
were not excluded if consent from a caring relative or legal guardian who would assist in the
completion of the study was given. This study also excluded individuals with significant
neurological or cognitive impairments, those unable to provide written informed consent
for any reason, clients who did not typically reside in the region (preventing follow-up
data collection), and patients for whom the dates of SGLT-2I prescriptions were unknown.

* SCReening in Heart Failure (SCRinHF) is designed as a simplified triage tool to risk-stratify CDSM
capabilities and complement gold-standard tools. It is compared against the Flinders Program of Chronic
Condition Management [*Flinders Program (FP®)], a gold-standard generic tool. SF (short-form tools) and
LF (long-form tools) will be the acronyms used to describe the tools and programs in this paper.

2.2. Sample Size Calculation

See Section 2.6.

2.3. Trial Instruments, Procedures and Treatment

Short-Form (SF) and Long-Form (LF) Tools (Flinders Program or FP®) Questionnaire

The Flinders Program (FP®) is a generic and comprehensive CDSM program that
utilizes 4 tools to obtain a patient-centred and codesigned comprehensive and flexible
program of care for patients [21]. The FP® is a gold-standard generic chronic disease
management program and is on par with other CDSM programs in achieving outcomes;
i.e., it assess self-management understanding and goals, and from this, an education and
care plan can be tailored to achieve self-efficacy in managing chronic disease [21,22]. The
tools used by the FP extract patient-reported outcomes (PRO) and health service data along
4 domains. A 2-day course certifies health workers to use the LF to conduct interviews
with clients, which can take up to 90 min. The LF tools include the Partners in Health
Scale (PIH), a self-rated questionnaire for the patient to assess 4 domains, namely, self-
management knowledge, attitudes, behaviors, and the impacts of their chronic condition
(Table 1); and the Cue and Response Interview (C&R), a health-worker-administered tool
that explores the same PIH questions via open-ended questions and responses, rated from
the health provider’s perspective. The final 2 domains are not relevant for this study [21].
The programs questionnaire estimate a baseline and utilize other planning tools to attain
the desired CDSM goal.

The SF tool is based on the principles of CDSM programs [14,21–24] and aims to
simplify its use and broaden the usability of the application across the health continuum.
The SF tool aims to assist with triaging patients at any health encounter along several
domains, and self-management capabilities are one key domain (Table 1). This is unique
and important as CDSM discussions that are often relegated to an exclusive aspect of
a patient’s health journey can now begin during any health encounter. Studies have
shown that the LF can assess and deliver one client’s capacity to self-manage, while the
program then provides a generic set of tools in a structured process that enables health
workers and patients to develop health goals collaboratively [14,21]. The SF tool is scored
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by the enrolling trial nurse based on information already recorded on the patient, with
clarifications as needed. It does not require a lengthy patient interview [14].

Table 1. The CPFI, Partners in Health scale, and SCRinHF details and scoring.

A. PIH Domain PIH Scale SCRinHF Domain SCRinHF Question

a. Knowledge

1. Overall, what I know about my
health condition(s).
2. Overall, what I know about my
treatment, including medications
for my health condition(s).

1. Self-care
maintenance/monitoring

a. Do you know “how to
(skill). . .to achieve (goal)”. . .
1. Problem Solve—e.g., (i)
monitoring;
2. Decision making question
3. About Physical
function—e.g., (i) exercise

b. Partnership in treatment

3. I take medications or carry out
the treatments asked by my
doctor or health worker.
4. I share in decisions made about
my health condition(s) with my
doctor or health worker.
5. I am able to deal with health
professionals to get the services I
need that fit with my culture,
values and beliefs.
6. I attend appointments as asked
by my doctor or health worker.

2. Self-management

b. Do you know “what to do
if (skill) to achieve (goal)”. . .
4. Resource utilization e.g.,
(i) monitoring with action
5. Form patient provider
partnership e.g., (i) engage
health system
6. Action planning when
self-tailoring

c. Recognizing and
managing symptom

7. I keep track of my symptoms
and early warning signs (e.g.,
blood sugar levels, peak flow,
weight, shortness of breath, pain,
sleep problems and mood).
8. I take action when my early
warning signs and symptoms get
worse.

3. Self-care
efficacy/confidence

c. Do you know “how
confident you are
(skill). . .when faced with
(goal)”
7. Has client previously
received Rehab/education?
State level of Self-Care
Confidence (SR, SE, TI,
TE)—e.g., (i) adherence to
diet ii) compliance

d. Coping

9. I manage the effect of my
health condition(s) on my
physical activity (e.g., walking
and household tasks).
10. I manage the effect of my
health condition(s) on how I feel
(i.e., my emotions and spiritual
well-being).
11. I manage the effect of my
health condition(s) on my social
life (i.e., how I mix with other
people).
12. Overall, I manage to live a
healthy life (e.g., no smoking,
moderate alcohol, healthy food,
regular physical activity and
manage stress).

Operator assessment of care Covered in another section
of tool.
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Table 1. Cont.

B. Correlation of PIH and SCRinHF—the column below highlights our approach to matching the domains and scores.
@At this point no correlation exists or has been tested between CFPI and SCRinHF. This process will also require validation.

Scoring Likert 0–8 Total 96

SCRinHF domain
1
2
3

PIH correlation
a, d (6 questions)
b, c (6 questions)
a, b, c, d (12 questions)

Interpretation

• SCRinHF is a risk score.
Scores 0 indicated low risk,
i.e., at least average ability to
perform self-management
task. Self-efficacy is more
rigorous and compares to
the entire PIH score.

• The SCRinHF is compared to
health-staff-administered
PIH scale or C&R.

@SCrinHF Score
0 Good
1 Average
2 Borderline
3 Poor

@PIH Pass Score
>8/16 (domain a or
c—2 questions/domain)
>16/32 (domain b or d
4 questions/domain)
>48/96 (combined
CFPIscore)

Validation

• Construct and factor
validity.

• Face and content validity.
• Criterion related validity

(concurrent, predictive).

Ref [25] Delphi process

• Research design and
conduct.

• Expert, patient
consultation with
study data.

• Association to gold
standard, predict
outcomes.

(A) The Partners in Health scale (PIH) is a patient-reported outcome tool and the first part of The Flinders Program.
Four domains are assessed. In contrast, the SCRinHF extracts three components; the coping domain is rested here
and extracted in another tool domain. (B) The PIH is scored 0 to 8 in each care dimension and, overall, achieves
a score of 96. With respect to scoring, the SCRinHF domain 1 and 2 correlate with the respective PIH domains.
The third domain of self-effectiveness correlates with all PIH domains. Each SCRinHF domain has a score of 0
(competent) or 1 poor. In interpretation, SCRinHF patients can have a combined score of 0, 1, 2, or 3. A score of
3 equates to a PIH total score of <48. Individually, a score of 1 in each SCRinHF domain will equate to <16 for the
PIH domains. Pass scores in PIH are >4/8 per question, >8/16 or 16/32 for specific domains, or >48/96 overall
are not being assessed.

2.4. Data Collection
2.4.1. Comparing the Scores of Self-Management Domains

SF has 4 steps [14] and works on the basis of the following (Table 1): first (domain 1),
understanding a client’s generic baseline readmission risk; second (domain 2), determining
the buffers to counter this risk; this includes three parts, patients’ living-at-home skills and
goals determined via 3 questions on self-management maintenance, 3 on self-management,
and 1 on self-management confidence or efficacy; third (domain 3), support for living at
home; fourth, (domain 4) the chronology is employed as an introspective element when
understanding where a client is and where they should aspire to be in the context of their
journeys. The scoring system (domains 5 and 6) has not been tested clinically. The rationale
for scores are matched to LF scales and are described in [14].

2.4.2. Scoring of Outcomes

MACE was measured at 6 and 12 months as the number of planned and unplanned
hospitalizations, cardiovascular events, and mortality. Side effects are listed as those in the
manufacturers’ brochure and documented as reducing the dose, ceasing medications, and
worsening renal function [WRF: 25% reduction in eGFR or increase in serum Creatinine
(SCr)]. Attendance was calculated, in years, from the day of starting the SGLT-2 inhibitor
and documented as visits for test and clinical review as per the number of clinical bookings
and non-attendance.
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2.4.3. Scoring of Established Tools (Appendix)

Baseline scores were completed and presented as per published tool guidelines.
Multiple tools measuring well-being were used. The references for its clinical justifi-
cation are provided as follows: PIH [14,21–24,26–31], Charlson Comorbidity Index (CCI
https://www.mdcalc.com/calc/3917/charlson-comorbidity-index-cci, accessed on 17 May
2024) [27], SF-12 (https://orthotoolkit.com/sf-12, accessed on 17 May 2024) [28], and
PHQ-9 [29]. The scoring is described in the results section (Table 1).

2.4.4. Scoring of the SF and the LF

The SF tool extracts 3 CDSM domains from the PIH scale and allows for health staff
to score in a binary fashion. Specifics are provided in Table 1, published methods [14].
Client (or dyad) contribution in PRO tools makes up a component of the non-controlled
information extracted from carers and health systems. Thus, with any scoring, a degree of
judgement is required, and the removal of the 8-point Likert scores challenges health staff
to commit to clinical decision making

2.5. Ethical Considerations

This study has been approved by the St Vincent’s ethics committees committee (ap-
proval no. LRR 177/21). All participants completed a written informed consent form prior
to enrolment in the study. The study results will be disseminated widely via local and
international health conferences and peer-reviewed publications.

2.6. Statistical Aspects and Data Analysis

The study cohort assesses validity, which will allow for the appropriate parameters to
determine sample size power calculations for future studies that will utilize a controlled
design. Initial data analysis will investigate the distribution characteristics of each primary
and secondary outcome measure and determine either a parametric or semi-parametric sta-
tistical approach to the main data analysis. Descriptive statistics for baseline demographics
and clinical characteristics will be presented as means (standard deviation) for continuous
data and count (%) for categorical data. As an example, the previous publication provides
estimates for pilot sample size calculations for categorical data [32–36]. Latest-edition IBM
SPSS (2024) Statistics 29 has been utilized for this analysis.

3. Results

From May 2022 to January 2024, 210 patients were screened for SGLT-2I, with 120 pa-
tients heart failure with reduced ejection fraction (HFrEF) consenting to participate in this
study (Figure 1). All patients completed baseline criteria and were enrolled. At the time of
final follow-up and study closure, no patient withdrew consent; however, nine patients
were lost to follow-up. Their reasons for being lost to follow-up were confirmed by a
relative or their general practitioner, including travel overseas (n = 2), relocating (n = 2),
mental health (n = 1), and no contact being made (n = 4).

3.1. Baseline Characteristics

The study population comprises 117 patients. Baseline study characteristics are sum-
marized in Tables 2 and 3. The population was 66.8 years old (SD: 13.5); 88 (75%) were
male and 29 were female. The majority of patients ethnicity were Caucasian [90 (77%)],
followed by South Asian, Asian, African, or Indigenous. Most patients were married [75
(64%)]. At least 71 (65%) described their spouses as family support. A majority of 90 (76.9%)
patients had received an education up to high school level. As many as 30 (25.6%) of
patients did not record any associated comorbidity at baseline, 26 (22.3%) had one, and
the remainder had three or more. Hypertension and hypercholesterolemia were the most
common comorbidity, being present in 79 (68%) and 73 (62.4%) patients, respectively. Renal
impairment, defined as eGFR < 60 mL/min, was recorded in 48 (39%) patients. Coronary
artery disease (CAD) and diabetes were recorded in 51 (44%) and 42 (36%) patients, respec-

231



J. Clin. Med. 2024, 13, 6994

tively. Obstructive sleep apnea was also common, recorded in 31 (26.5%) patients in the
cohort. Smoking history was recorded in 53 patients (45%). CHF was not a new diagnosis,
i.e., a chronic condition, having been diagnosed prior to 12 months in 34 (29%) of the cohort.
Further details are described in Appendix A.

Figure 1. Study flowchart. Abbreviations: f; HFpEF—heart failure with preserved ejection fraction;
LTFU—lost to follow-up; n—number of patients.

Table 2. Baseline descriptive statistics of cohort sociodemographic and clinical variables.

Variable Cohort (n = 117) %

Age (yo) 66.8 mean SD 13.5

Sex, (men) 88 75

Ethnicity
Caucasian 90 77

South Asian 7 6
Asian 3 3

African 10 8
Aboriginal/Pacific Is 7 6

Marital Status
Married 75 64

Divorced/Separated 23 19
Widowed 15 13

Never married/Single 4 3

Lives/Support
Alone 46 39

With spouse/Family 71 61

Education Level
Less than high school graduate 43 36.7

High school graduate 47 40.2
Community college education 18 15.4

Baccalaureate graduate 9 7.7
Graduate school 0 0
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Table 2. Cont.

Variable Cohort (n = 117) %

Body Mass Index (BMI) (kg/m2)
BMI < 20 6 5

BMI < 25 (Normal) 21 17.9
25 ≤ BMI < 30 (Overweight) 32 27.4

30 ≤ BMI < 35 (Obese 1) 27 23.1
BMI ≥35–40 (Obese II) 14 12

BMI > 40 (Obese III) 17 14.6

Smoking History
No 53 45

Ex/Yes 64 55

Comorbidities
CRI

1 > 60 69 59
30–60 39 33.3
15–30 7 6
<15 2 1.7

CAD 51 44
DM 42 36
HT 79 68

Chol 73 62.4
OSA 31 26.5

Years with HF Diagnosis
Less than 1 year 83 71

1–4 years 21 18
5–10 years 13 11
LVEF (%)

Grade 2 (40–49) 1 0.8
Grade 3 (30–39) 84 71.2
Grade 4 (20–29) 29 25

Grade 5 < 20 4 3

Number of Comorbidities
Causative/nil 30 25.6

>1 26 22.3
>3 59 50.4
>6 2 1.7

* Comorbidity
IHD 37 31.6

Viral Idio 21 18
AF/Rhythm 31 26.5

Others (VHD/Met Obese,
OSA/Chemo-Ca-amyloid) 2/4/4 8.5

A/D 9/9 15.4

BP (mmHg)
<100/60 42 36
>100/60 75 64

Medications
Aspirin 69 59
NOAC 47 41

ACEI/ATRA 34 29.1
ARNI 77 66

BB 112 96
SGLT-2 109 93
Statin 74 63
MRA 46 39

Diuretic 67 57
COVID-19 vaccine 98 84

233



J. Clin. Med. 2024, 13, 6994

Table 2. Cont.

Variable Cohort (n = 117) %

Number of prescribed medications
≤5 37 32

>5 ≤ 10 57 47
>10 24 21

CR
Within 6 months of diagnosis 16 14

nil 102 86
* Some have two causes; the first documented aetiology is stated. Abbreviations: ACEI—novel oral anti-
coagulant; A/D—alcohol and illicit drugs; AF—atrial fibrillation; ATRA—angiotensin receptor antagonist;
ARNI—angiotensin receptor neprilysin inhibitor; BB—beta-blocker; BMI—body mass index; BP—blood pressure;
Ca—cancer; CAD—coronary artery disease; Chemo—chemotherapy; Chol—hypercholesterolemia; CR—cardiac
rehabilitation; CRI—chronic renal impairment; DM—diabetes mellitus; Ex—ex-smoker; HF—heart failure;
HT—hypertension; Idio—idiopathic; Is—island; kg/m2—weight and height in kilograms and meters; LVEF—left
ventricular ejection fraction; Met—metabolic; MRA—mineralocorticoid receptor antagonist; NOAC—novel oral
anticoagulant; OSA—obstructive sleep apnea; SGLT-2—sodium–glucose co-transporter inhibitor; yo—years old;
VHD—valvular heart disease.

Table 3. Summary of health scores at baseline.

Variable Cohort (n = 117) Cohort %

NYHA classification at discharge
I 0 0
II 73 62.4
III 41 35
IV 3 2.6

PHQ-9
1–4 36 31.5
5–9 27 23.1
>9 52 44.4

SF-12 score, mean (SD)
Physical Component Summary > 50 4 3.5
Mental Component Summary > 42 69 59

Charlson comorbidity index
0 0 0

Mild (<2) 27 23.1
Moderate (>2 < 4) 25 21.4

Severe (>5) 65 55.5
See Appendixes A–C for guide to interpreting scores. Abbreviations: n—number of patients; NYHA—New York
Heart Association; PHQ—Patient Health Questionnaire; SD—standard deviation; SF-12—Short-Form Survey.

3.2. Self-Management Scores in the Cohort

The LF scores are highlighted in Table 4. For the 117 patients, the number and scores for
knowledge (K), coping (C), partnership in treatment (P), and management and recognition
of symptoms (M) are scored as 16, 32, 32, and 16 points, respectively, for a maximum
of 96 points. With the SF domain 1, for self-maintenance (Ma) 76 patients (65%) scored
as good, and 41 patients (35%) scored as average to poor. In comparison, the LF scores
combining K and C at similar levels are 15 (12.8%) for good and 27 (23.1%), 48 (41.9%), and
27 (22.2%) average to poor. For SF dimension 2, or self-tailoring (Mx), 61 (52.1%) showed
good capabilities, while 56 (48.9%) of patients were average to poor. In comparison, the
LF scores combining P and M at similar levels are 35 (29.9%) for good and 43 (36.8%), 26
(22.2%), and 13 (11.1%) for average to poor. When both tools are looked at in combination,
the SF has the capacity for a wider scoring range. The direct comparisons for SF versus LF
are as follows: good, 13 vs. 30 (11.1% vs. 25.6%); and average, 46 vs. 21 (39.3% vs. 17.9%),
20 vs. 31 (17.1% vs. 26.5%), and 38 vs. 35 (32.5% vs. 29.9% [p < 0.01]*).
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Table 4. Comparison of actual and predicted readmission using combined SF scores.

Self-Management Variable *
Self-Management

SCORE #
n = 117 % Mean SD Range

CFPI

#K, M (16/96) K
0 Good ≥ 12 0 6 5.1 6.12 2.41 0–12
1 Ave ≥ 9–11 1 10 8.5
2 BL = 6–8 2 49 41.9
3 Poor ≤ 6 3 53 45.3

#P, C (32/96) P
0 Good ≥ 20 0 33 28.2 17.67 5.27 5–35
1 Ave ≥ 17–20 1 33 28.2
2 BL = 12–16 2 38 32.5
3 Poor ≤ 12 3 13 11.1

#P,C,K,M (96/96) M
0 Good ≥ 56 0 19 16.2 8 2.62 2–14
1 Ave ≥ 49–56 1 19 16.2
2 BL = 41–48 2 64 54.7
3 Poor ≤ 40 3 15 12.8

#KC & PM (48/96) C
0 Good ≥ 30 0 17 14.5 15.75 4.01 5–24
1 Ave = 24–30 1 24 20.5
2 BL = 18–23 2 62 53
3 Poor ≤ 18 3 14 12

KC 21.9 5.67 9–36
0 15 12.8
1 27 23.1
2 48 41.9
3 27 22.2

PM
0 35 29.9 25.67 7.58 7–45
1 43 36.8
2 26 22.2
3 13 11.1

Total
0 30 25.6 47.55 12.7 16–79
1 21 17.9
2 31 26.5
3 35 29.9

* SF

0 Good ** 0 13 11.1

1.71 1.04 0–3
1 Ave 1 46 39.3
2 BL 2 20 17.1
3 Poor 3 38 32.5

1. Ma (K+C) 0 76 65 na na na
2. Mx (P+M) 0 61 52.1 na na na
3. Mse (K+C+P+M) ** 0 13 11.1 na na na

This table highlights the combined SF scores for patients compared to the combined LF scores for the matching
self-management domains, as well as the total LF score. ** All patients who had good self-tailoring were good in
terms of the SF score. No patient who scored poorly in LF scored well in SF, although the SF under-identified good
patients, with 13 (11.1%) identified in SF and 30 (25.6%) identified in LF. Poor self-managers aligned closer with
38 (32.5%) versus 35 (29.9%). * Self-management variables: (a) LF has four domains: C—coping; K—knowledge;
M—recognition and management of symptoms; P—partnership in treatment; (b) SF has three domains: Ma—self-
maintenance/monitoring; Mx—self-management/tailoring; Mse—self-efficacy or good chronic disease self-
management; (c) Combining scores: domains are combined to match and compare the SF and LF. Domains
that overlap are (1) Ma = K + C; (2) Mx = P + M; (3) Mse = K + C + P + M. # Self-management scores (first
row): (a) LF questions are scored from 0 to 8. Two domains (K,M) have two questions and combined scores
range from 0 to 16; two domains have four questions and combined scores range from 0 to 32; the total score is
96. Different combinations for LF scores are compared to the SF score to match self-management capabilities.
(b) The SF domain is scored 0 or 1, and the total score varies from 0 to 3. Abbreviations: Ave—average and above;
BL—borderline; LF—Flinders Program of chronic condition management (Flinders Program or FP); na—not
applicable; SF—Screen in Heart Failure Tool (SCRinHF).
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3.3. Readmission and MACE

Among 117 patients, 6 patients died within the 12-month follow-up. One patient had
cardiac amyloid and renal failure, two from complications of CHF or cardiac procedure
(who were 86 and 92 years old, respectively), and three had CHF secondary to illicit drug
use. The total number with five or more hospital admissions came to 14 (12.0%) over
the 12-month period. Among these, 2 patients had terminal cancer, several were elderly
with dementia and other requiring cardiac and non-cardiac care; 31 (26.5%) had between
one and three admissions; 17 (14.5%) had one admission; and 55 (47%) did not have an
unplanned cardiac or non-cardiac admission. In terms of attendance to the clinic, 34% failed
to attend >25% of pre-booked appointments. These patients had the highest readmission
rates. Reasons documented for cardiovascular readmissions include HF (17), cardiovascular
reasons (21), AF (9) (AF ablation and cardioversions), and 13 had angiography, device
insertion, and bypass surgery. Adverse events, including reduced, ceased, and worsening
renal function, as well as other medication side effects, occurred in 53 (45.2%) of the patients.
Among the 38 patients who scored 0 (n = 13) or 3 (n = 38) in SF, 4 vs. 0 died, and 4 vs. 1
were lost to follow-up; unplanned cardiovascular admissions, including HF and death,
amounted to 5 vs. 31 (p < 0.01). Repeat admissions of >5 were seen in 5 vs. 1 patients, and
between 1 and 3 readmissions were seen in 13 and 2 patients, respectively. The breakdown
for admissions for poor and good self-management scores is highlighted in Table 5 and
Figure 2.

Table 5. SF and LF correlation with readmission and MACE.

Self-Management Score Events

SF Score/(n)
LF (n)

Mean Range

Clinic
Appointments/

FTA (>25%)

CV Adm
HF Adm

NCV/Multiple S/E Deceased (n = 6)

0 (13)
30

21.3 (10–34) 5 * 5/13 2 Nil59.8
24–76 3 4

3 (38)
35

29 2436.13 22.7 (4–48) 31 * 4
16–53 17 25 32.4 (16–47)

Poor self-managers identified by SF and LF had significantly more cardiovascular admissions than good self-
managers. * Statistically significant association with the χ2 (chi squared = 8.69) test at 1 degree of freedom
between the observed SF score of 0 (mean LF 59.8) and heart failure admissions compared to the SF score
of 3 (mean LF 36.13) p < 0.01. Abbreviations: Adm—admission; LF—Flinders Program of chronic condition
management; CV—cardiovascular; FTA—failure to attend clinical review (>25% of appointments); n—patient
numbers NCV—non cardiovascular; SF—Screen in Heart Failure tool (SCRinHF); S/E—side effect. NB// Figure 2
is graphical representation of Table 5 results.

3.4. Validity

Concurrent and predictive validity was tested on 52 patients’ data (Appendix A).
These patients comprised 39 poor and 14 good self-managers, both of which demonstrated
significant correlations between LF (PIH scale) and SF scores. For concurrent validity, an
association was noted between LF and SF when adjusting for age, sex, and the number
of co-morbidities. Multivariate analysis shows that the LF (PIH scale) score correlates
with SF [with coefficient −14.692, SE 4.268217; t = −3.44; p > 0.001 (95% CI −23.27855 to
−6.105458)]. For predictive validity from 48 observations, similar associations were not
demonstrated [coefficient −1.327082, SE 1.039514; t = −1.28; p > 0.209 (95% CE −3.423462
to 0.7692982).
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Figure 2. SF and LF correlation with readmission and MACE.

4. Discussion

This study has shown that it is feasible to simplify established CDSM principles
as a triage tool, and they can predict readmission and probably MACE. The SF tool, a
binary questionnaire with a pooled score ranging from 0 to 3, correlates significantly
with the LF in identifying poor self-managers (a vulnerable patient cohort), who are
characteristically at a significant risk of readmissions. This tool displayed some trends with
respect to good self-managers in predicting lower readmission and MACE, albeit with gaps
as assessed with the LF. Patients who were borderline or average self-managers did not
show similar correlations.

Concerning the study’s stated aim of predicting self-management capabilities based on
SF and LF scores, our study found that patients who score poorly (poor self-managers) in
most domains of the LF correlate with a matched “poor” score in the SF. What appears more
ambiguous are the borderline and average cases, where patients have a range of abilities.
The SF tool missed 3/5 good self-managers, which raises the issue of the sensitivity of
binary scoring in extrapolating broader nuances in CDSM capabilities. This raises the
possibility of a role for confounders here, which could include patient factors, supports,
previous CDSM education, and a range of other factors. An area that is receiving greater
attention is the role of dyads [37]. If we look at a previously published experience on
short forms, interestingly, in an older publication of SF-36 scores (noted despite the loss to
patients’ response opportunities), the authors found that SF-36 binary recoding provided
the possibility of a newer, easier, smarter method to administer, compile, and score tests
and process data [38]. In 1248 HF patients who completed a PRO tool [Kansas City
Cardiomyopathy Questionnaire-12 (KCCQ-12)], Sandhu et al. found that with respect to
the correlation with the four-scoring item NYHA class and KCCQ-12, patients’ perceptions
were greatest when clinicians accessed patients’ KCCQ-12 scale [25]. Another study in
support of multi-response PRO tools was the FAIR-HF trial of 3459 HF patients with iron
deficiency who were randomly assigned to receive intravenous iron (ferric carboxymaltose)
or saline (placebo). For the secondary endpoint of HRQoL, using the KCCQ score, scores
started at 53 points in both groups. The ferric carboxymaltose group had an improvement
of 14 points, and the placebo group of 6 points. This effect was significant in favor of ferric
carboxymaltose (p < 0.001) [39]. This area will thus require further attention in the ongoing
analysis of how and where long- and short-form tools can best be utilized in research and
clinical settings. Larger sample sizes and randomization may be required.
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In reference to our other endpoint, readmissions, this study’s findings also showed
significant concordance between poor self-managers and higher readmission, and trends
correlating good self-managers with lower readmissions. Poor self-managers are a vulner-
able group and are naturally associated with a higher risk of readmissions. There are a
range of factors, and these includes sociodemographic factors. These can be identified with
both the LF and SF tools. This finding has significance in today’s HF healthcare resourcing,
where readmission is the largest contributor to cost (around 2% of health budgets) [1,3,4].
Furthermore, identifying poor self-managers leads to the identification of behaviors rel-
evant for self-management capabilities, making this an identifiable and modifiable risk
factor. The opportunity to optimize GDMT then presents itself, i.e., through triaging these
patients at various healthcare encounters and providing these high-risk patients with early,
patient-focused direction and longer-term readmission planning. Patient- and resource-
centric care seem a feasible objective. Nonetheless, the true value of the clinical tools can
only be gauged after they have undergone rigorous validation. The construct validity of the
PIH in HF is established in [40,41]. The next phase is to establish face and content validity
via a Delphi process.

With regards to predictive validity, this study suggests that there are significant
observations to support patients who have low scores in self-management skills; and in risk
prediction, these are also the patients who are at higher risk of readmission and adverse
outcomes. This trend (Appendix A) needs to be tested in a larger sample, and at the next or
subsequent stage removal of bias must be undertaken through blinding and randomization.
Good and poor self-managers make up 51/117 patients in the cohort. To advance this
concept for future consideration, the scoring process is explored. To help interpret the
complex scoring process, the range of scores from the LF in this study ranged from 16
to 79 points. There were differences in domain scores, with the partnership (P) domain
being the highest mean score for good (17.67). The knowledge (K) domain appears to
be the hardest to score well. Thus, to understand the nuances of SF scores fully, greater
understanding of CDSM domains is needed, as well as of their potential weighted impacts
on self-efficacy (i.e., overall self-management abilities). This may well then present an
opportunity to understand better the role of simplifying scores and to achieve concordance
with LF across all self-management capabilities. This study, however, was not intended to
compare the individual components of each domains score.

4.1. Limitations

This study has several limitations. First, on the issue of the generalizability of the
findings, while there are positive signs with respect to observations of the SF tool’s effec-
tiveness, this study lacks randomization and a control. Any follow-up study will require
this design. Second, the types of readmissions include planned and unplanned cardiac or
medical procedures, complications, or delays from the planned procedures, as well as other
forms of care. This study was not designed to accurately interrogate these confounders in
detail. Third, this was an observational longitudinal study; MACE data were presented for
the lowest (0, good self-manager) and the highest (3, poor self-manager) groups; i.e., no
significant data were observed for the intermediate groups. In future, a larger cohort, multi-
site, controlled, and randomized trial would help to factor in the various confounders.
Finally, on scoring nurse-aided vs. PRO tools, this tool is only tested on nurse-aided.

4.2. Current Findings and Future Research

There are numerous recognized simplifications of established tools. This is the
first (that we know of) for the generic CDSM tool. As the concepts and self-management
domains are established, it was encouraging to see signals for poor and good self-managers.
There are gaps in triaging the intermediate group and also with respect to broader generaliz-
ability. Thus, future studies will need to consider the following: First, on self-management
capabilities, our observation suggests that the self-management domains, when utilized in
the S, may require weighting; a simple start would be to understand how each of the indi-
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vidual four domains (K, P, M, C) correlates to MACE. Second, in interpreting the association
between readmission and MACE, readmission is a complex issue. Uptake of GDMT [3,4]
and the hospital care programs processes [5,7] are established, and when implemented, they
improve outcome [42–44] Heterogeneity (e.g., disease phenotype, comorbidities, certain
demographics, and risk factors that play important roles), HF disease chronology and
phases, specific identifiable vulnerable phases (including non-HF), and status following
HF hospitalizations are established factors [45–49]. In this study, patients were recruited at
the point where the diagnosis of HF was already made; however, in 11% of patients, the
diagnosis of HF was made more than 5 years before the SGLT-2 was started. At recruitment,
many HF pillars (i.e., beta-blockers, RAAS inhibitors, and aldosterone antagonists) were
already commenced. However. low cardiac rehabilitation, with only 14% at baseline, could
also influence and skew MACE rates. These factors point to the need to tighten controls in
study design and to introduce multi-site recruitment to confirm if the current observations
have generalizability beyond this study population. A final point to consider with respect
to how tools are used; future designs will need to factor in trialing this tool as a PRO tool in
addition to health staff use.

What is new and important

1. The SF tool can identify poor self-managers.
2. The SF tool can be used in many health encounters for triaging risk based on self-management

capabilities.
3. A binary scoring system can be used in short-form tools.
4. Important gaps exist in identifying higher levels of self-management.

5. Conclusions

The SELFMAN-HF, for the first time, tested an SF tool against validated LF tools in the
Flinders Program in HF. This study, importantly, has highlighted the potential to simplify
CDSM tools for the targeted purpose of risk stratification and triage in patients with HF.
Poor self-mangers, a vulnerable cohort, can be identified with the risk correlating to both
readmissions and MACE. Trends for good self-managers are noted. More than half of the
cohort who were of borderline and average capabilities could not be risk-stratified against
the gold standard. This early finding requires more robust interrogation to assess the
short-form tool as a PRO tool, along with its validity, reliability, sensitivity, and specificity
in HF, as well as in a spectrum of chronic diseases. CDSM remains a challenging area.
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Appendix A. Association Between PIH and SCRinHF When Adjusting for Age, Sex, and

Number of Co-Morbidities

Appendix B. Heart Failure and Illness Burden of Cohort (Tables 1 and 2)

To interpret the table, the description of the cohort is provided. At baseline, all patients
had commenced SGLT-2i within 6 months of identification for study enrolment. At this
point, at least three of the four HF pillars were already started in patients diagnosed prior
to 12 months. Most patients with a diagnosis of HF within the 12-month period were also
optimized on CHF pillar therapy [beta-blocker, renin–angiotensin aldosterone, and/or
neprilysin inhibitor (RAAS/ARNI) or mineralocorticoid receptor antagonist (MRA)]. As
was the requirement for eligibility of SGLT-2i, all patients were NYHA class II or more, with

240



J. Clin. Med. 2024, 13, 6994

left ventricular ejection fraction (LVEF) class III (<40%) and greater. HF therapy was good;
all patients were on antiplatelet or anticoagulant at baseline. HF pillars were 112 (96%) for
beta blockers, 111 (95.1%) for RAAS/ARNI, and 46 (39%) for MRA. Polypharmacy was
common: 101 (68%) had at least five prescribed medications classes. Cardiac rehabilitation
was only recorded among 16 (14%) patients. At baseline, patient symptoms were NYHA
class II in 73 (62.4%) and 41 (35%) NYHA class III. Only three patients were NYHA IV from
the urgent referrals, as is expected for community outpatients. On imaging, 1 patient (0.8%)
had grade 2 LVEF, while 84 (71.2%), 29 (25%), and 4 (3%) had grades 3, 4, and 5, respectively.
The etiology of HF was most commonly ischemic heart disease (IHD) (37, 31.6%), followed
by atrial fibrillation (AF) (31, 26.5%) and viral or idiopathic diseases (21, 18%). Patients with
drug (amphetamine) (9) and alcohol abuse (9) accounted for 18 cases (15.4%); miscellaneous
combination of metabolic syndrome, valvular heart disease, amyloid, and chemotherapy
accounted for several cases individually, totaling 10 patients (8.55%). Blood pressure was
lower than 100/60 mmHg in 42 (36%) patients, although this study was not equipped to
report on the impact of drug dosing and delivering guideline-based medical therapies
(GDMT). A limited number (16m 14%)—predominately IHD—who received treatment
underwent cardiac rehabilitation within 6 months of their recorded diagnosis. Health scores
for depression with PHQ-9 were negligible for 36 patients (31.5%), intermediate for 27 (23.1),
and high risk for 52 (44.4%). In comparison, the SF-12 highlighted 48 patients (41%) at
high risk. The SF-12 physical score highlighted high physical disability in the cohort for
113 (96.5) patients, with moderate or greater limitations. The Charlson Comorbidity Index
(CCI) highlighted an elevated comorbidity risk, with mild, moderate, and severe scores for
27 (23.1%), 25 (21.4%), and 65 (55.5%) patients, respectively, with the older cohort having
higher scores.

Appendix C. PHQ-9 Scores

Reference: Kroenke et al., 2001 [29].
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Appendix D. SF-12 Scoring

Scores range from 0 to 100, with higher scores indicating better physical and mental
health functioning [28]. A score of 50 or less on the PCS-12 has been recommended as a
cut-off to determine a physical condition, while a score of 42 or less on the MCS-12 may be
indicative of “clinical depression”

Reference: Soh et al., 2021 [30].

Appendix E. Charlson Comorbidity Score

A cut-off of 50 or less can be used to identify a physical condition, while a score of
42 or less may signify clinical depression.

Reference: Charlson et al., 1987 [31].
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