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Abstract

The syndrome of heart failure (HF) is characterized by a triad of 1) signs and
symptoms, 2) cardiac alterations and 3) natriuretic peptide elevation. Patients who
exhibit alterations of cardiac structure or function without overt signs or symptoms of
HF are staged as having “pre-HF”. However, many people with undiagnosed HF
walk little and do not exercise, therefore they may be classified as having
asymptomatic “pre-HF”, simply because they never exercise enough as to feel
breathless. Moreover, many patients have comorbidities such as chronic obstructive
pulmonary disease or obesity, and the physical limitations may be attributed to the
comorbidities rather than to HF. Such comorbidities may also influence natriuretic
peptide measurements. The potential implications of such HF misdiagnosis is that
many patients may remain undertreated. This is illustrated with data from the
HOMAGE (Heart Omics in AGEing) study which included asymptomatic people with
mild natriuretic peptide elevation. When comparing patient characteristics, HOMAGE
participants were similar to those of ALDO-DHF (Effect of Spironolactone on
Diastolic Function and Exercise Capacity in Patients With Heart Failure With
Preserved Ejection Fraction) who were classified as symptomatic HF patients. Given
the confluence of HF with several cardiac-renal- and metabolic conditions, we
propose a simplified, pragmatic and inclusive approach for an early HF diagnosis

and treatment.
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Background

The syndrome of heart failure (HF) is classically characterized by signs and
symptoms of congestion (e.g., lung rales, peripheral edema), breathlessness and
fatigue (often related to congestion and/or physical deconditioning), along with
alterations of cardiac structure and function (e.g., enlargement of the atria,
ventricular wall hypertrophy, left ventricle dilatation, increased filling pressures) which
result in the elevation of natriuretic peptide levels. Thus, according to the current
recommendations, for a patient to be diagnosed with HF the triad of 1)
signs/symptoms, 2) cardiac alterations and 3) natriuretic peptide elevation must be
met.1? In some cases, natriuretic peptide elevation may not be required if other

objective evidence of increased pulmonary or cardiac congestion is documented.?

In the early 2000s, the acknowledgment of HF as a progressive disease has led the
American Heart Association (AHA) and the American College of Cardiology (ACC) to
propose a model that classifies HF into four stages: “stage A” with cardiovascular
risk factors, “stage B” with asymptomatic alterations of cardiac structure or function,
“stage C” with HF signs or symptoms (past or present), and “stage D” with end-stage
HF.? The reasoning behind this staging system was to complement the New York
Heart Association (NYHA) functional classification system, which serves to classify
the severity of symptoms over time of patients who are within “stages C or D”.
Therefore, this staging system, along with the NYHA classification is believed to
directly help staging and intensification of therapy. Once in “stage C” a patient could
never return to “stage B”, even if symptoms regressed to NYHA class I.
Discontinuation of therapy in such conditions, was shown to cause clinical

deterioration.’

Many patients who exhibit alterations of cardiac structure and function do not have
overt signs or symptoms suggestive of HF and, according to the AHA/ACC staging
system, are staged as having “stage B” HF or “pre-HF” (as more recently named)
and are at risk of progressing towards “stage C” HF (i.e., to become symptomatic).®
However, many patients with alterations of cardiac structure and function walk little
and do not exercise, therefore they may be classified as having asymptomatic
(“stage B”) HF, simply because they never exercise enough as to feel breathless.
Moreover, symptoms may be highly subjective as more stoic patients may attribute

fatigue or breathlessness to ageing, stress, or deconditioning, for example. Also, a



significant proportion of patients has comorbidities such as chronic obstructive
pulmonary disease (COPD) or obesity, and the physical limitations may be attributed
to the comorbidities rather than to HF. Beyond the issues in correctly ascertaining HF
signs and symptoms, many patients with HF may have normal- near normal
natriuretic peptide levels as, for example, patients with obesity.® Therefore, applying
the “universal definition of HF” with the above referenced triad of signs/symptoms,
cardiac alterations, and natriuretic peptide elevation will leave many HF patients
undiagnosed and undertreated. In this manuscript we will further explore why the HF
definition may leave many HF patients undiagnosed and, consequently, undertreated
and how we can be more inclusive in HF diagnosis and treatment to improve HF

outcomes across the globe.

Heart failure treatments in the early 2000s versus early 2020s

In the early 2000s, treatment with an angiotensin converting enzyme inhibitor (ACEi),
angiotensin receptor blocker (ARB), and/or beta-blocker was recommended for
selected patients with “stage B” HF. In patients with “stage C” HF, diuretics could be
added for the management of congestion, and a steroidal mineralocorticoid receptor
antagonist (MRA; spironolactone at the time), digitalis, hydralazine/nitrates and
cardiac devices could be used in selected patients, as per guideline directed medical
therapy (GDMT). Because of the concern about treatment-associated adverse
effects (mainly hypotension, hyperkalemia, worsening kidney function); and despite a
clear benefit-to-risk ratio, physicians would use these medications incrementally,
according to patient’s disease severity, and parsimoniously, with frequent under-

dosing and discontinuation.*

However, scientific advances in the last twenty years have made more recent
evidence-based HF treatments generally well tolerated and with a low risk of side-
effects. For example, sodium glucose co-transporter 2 (SGLT2) inhibitors can reduce
the incidence of hyperkalemia and slow the decline of renal function in chronic HF
allowing the implementation or up-titration of other neurohormonal inhibitors.” In
addition, novel drugs can be used to treat many associated cardiac, renal, and
metabolic diseases (e.g., diabetes mellitus [DM], chronic kidney disease [CKD],
obesity, fatty liver disease, and atherosclerotic cardiovascular disease). Thus, their

use early enough in the process of the disease (i.e., when HF is still asymptomatic)



may be justified by cardiovascular, kidney, and metabolic (CKM) benefits, even in the
absence of a HF diagnosis.® For example, SGLT2 inhibitors and MRA therapy with
the non-steroidal drug finerenone may benefit patients with T2D and CKD by
preventing cardiovascular events and kidney function deterioration, and glucagon-
like peptide 1 receptor agonists (GLP1ra) may help patients with obesity, T2D and a
high cardiovascular risk losing weight and reduce the risk of cardiovascular and renal

events.®

Stage B and C HF: are they really different?

Remarkably, although clinical trials with SGLT2i, GLP1ra and finerenone in patients
with T2D and/or obesity and atherosclerotic cardiovascular disease (ASCVD) and/or
CKD enrolled a low proportion of patients with symptomatic HF, in most of such trials
prevention of HF was a consistent benefit. Similarly, in almost all blood pressure
lowering trials with RAAS inhibitors and MRASs, the largest benefit was prevention of
new onset HF. It is therefore legitimate to suspect that a substantial proportion of
patients in these trials had undiagnosed HF, because of undetected signs and/or
symptoms (or symptoms not assigned as HF-related) and absence of natriuretic

peptides measurements.°

Data from the HOMAGE (Heart Omics in AGEing; NCT02556450) study serve as an
illustration of the poor discriminative capacity of HF symptoms. The rationale behind
HOMAGE was to test whether spironolactone (compared to usual care) would
decrease markers associated with cardiac fibrosis among people with a high
cardiovascular risk but without HF. Through fibrosis reduction, spironolactone could
potentially prevent HF. To be enrolled in HOMAGE patients had to be 60 years or
older and have cardiovascular risk factors (e.g., hypertension, T2D, a prior
myocardial infarction, or albuminuria) and slightly elevated natriuretic peptides, but
could not report HF signs or symptoms or be treated with a loop diuretic i.e., they

would be classified as “stage B” or “pre-HF”.*!

However, even with such selection criteria, HOMAGE patrticipants were found to
have more advanced HF than patients classified as having “stage C” symptomatic
HF who were enrolled in the ALDO-DHF (Effect of Spironolactone on Diastolic
Function and Exercise Capacity in Patients With Heart Failure With Preserved
Ejection Fraction; ISRCTN94726526) trial. Specifically, HOMAGE participants had,



on average, higher natriuretic peptide levels, greater left atrial enlargement, and
worse kidney function than ALDO-DHF participants, and had, to a great extent,
similar characteristics to patients with symptomatic heart failure with preserved
ejection fraction (HFpEF) enrolled in TOPCAT-Americas (Aldosterone Antagonist
Therapy for Adults With Heart Failure and Preserved Systolic Function;
NCT00094302) and FINEARTS-HF (Finerenone Trial to Investigate Efficacy and
Safety Superior to Placebo in Patients with Heart Failure; NCT04435626) trials.
Table 1. Furthermore, most HOMAGE patrticipants, although not reporting HF
symptoms on anamneses, were found to complain from symptoms at exertion when
performing the shuttle walk test.*? Therefore, HOMAGE participants actually had
“stage C” HF but had been classified as not having HF by their assistant clinicians.

Symptom-based heart failure diagnosis may be misleading

Large trials, enrolling mostly symptomatic HF patients, have established the clinical
benefit of drug and device therapies. However, HF survival rates have not improved
substantially in the last two decades. Worrisomely, real world observations reported
a recent reversal of the initial decline in HF mortality in the United State of America.™®
Lack of awareness, delays in diagnosis pathway and suboptimal use of treatments

are likely the main contributors to lack of progress over time.

It should be noted that patients with advanced disease (e.g., with terminal diseases
such as advanced cancer, a high systemic multi-morbidity burden, or end-stage
kidney disease) may benefit less from treatments in terms of morbidity and mortality
reduction, because it may be “too late” to substantially modify the course of the
disease.* As above exemplified, the symptom-based HF staging system may delay
diagnosis and treatment of HF, depriving patients from long-term prognosis
modification,'® even though, patients with minimal symptoms and less advanced

disease may experience greater long-term event-free survival.*®

Given the subjectivity of HF symptoms and the impracticality of performing walking
tests in all patients, easier, more inclusive, and generalisable strategies are needed
to identify patients who may benefit from early initiation of disease-modifying

treatments.’

Challenges and limitations of proactive screening for HF



Given the confluence of HF with several CKM conditions, and given that many
treatments may benefit each and all of these confluent conditions, it is suggested to
pro-actively screen patients at risk of HF, even if seemingly asymptomatic, and
certainly if they present with breathlessness. Such a strategy is being tested in
United Kingdom under the acronym of BEATHF (Breathlessness, Exhaustion, Ankle

swelling, Time; https://beathf.org.uk/). Furthermore, a screening programs using

brain natriuretic peptide levels and collaborative care have shown that is possible to
reduce the incidence of cardiac dysfunction and HF.*®

While natriuretic peptides (NP) are central for HF diagnosis and prognosis and
should be requested whenever possible, they are not widely available, particularly in
primary care settings. Moreover, NP concentrations are influenced by various
conditions, medications, and comorbidities, such as the use of diuretics, CKD, atrial
fibrillation, obesity, and simply, age. For example, it is well-documented that patients
with impaired kidney function and those with older age tend to have elevated NP
levels even in the absence of HF. Conversely, patients with obesity tend to have up
to 20-30% lower levels of NPs compared to non-obese patients.® For example, in
the SUMMIT trial (A Randomized, Double-Blind, Placebo-Controlled, Phase 3 Study
Comparing the Efficacy and Safety of Tirzepatide Versus Placebo in Patients With
Heart Failure With Preserved Ejection Fraction and Obesity; NCT04847557) the
median NT-proBNP level was below 200 pg/mL and approximately 25% of patients
had normal- near normal NT-proBNP levels; still, patients with NT-proBNP levels

<200 pg/mL experienced a marked benefit from tirzepatide therapy.®

An electrocardiogram (ECG) is inexpensive and should be ordered in all patients
with cardiovascular risk factors, beyond its utility to screen rhythm and conductance
disturbances, a completely normal ECG is uncommon in HF patients. In this regard,
artificial intelligence (Al)-enabled ECG reading may help in the diagnosis of HF,

including in the identification of patients with reduced ejection fraction.?

Although in patients with low NP levels, a normal ECG, and a normal cardiovascular
physical exam an echocardiogram may be exempted, most patients with suspected
HF should be ordered an echocardiogram (even if the exam is not readily available),
not only to assess left ventricular ejection fraction, but also to study valvular

structure, specific disease patterns (e.g., amyloidosis or hypertrophic


https://beathf.org.uk/

cardiomyopathy), and right ventricle function including indirect signs of pulmonary

hypertension.

With expanded availability of point of care ultrasound (POCUS) and Al algorithms
capable of analysing echocardiographic images, it is expected that
echocardiography becomes widely available in primary care leading to a better
screening of clinically important cardiac alterations requiring a standard

echocardiographic exam and specialist referral.?*

After HF work-up it is expected that most patients with suspected HF present with
preserved ejection fraction, relatively modest elevation of NPs, and mild cardiac
alterations (e.qg., left atrial enlargement or left ventricular hypertrophy). Therefore,
most of these patients do not require hospital interventions and may be managed in
the outpatient setting, with particular emphasis on primary care. For this vast majority
of patients, it is our opinion that SGLT2 inhibitors should be a first-line therapy.
SGLT2 inhibitors improve the prognosis across several CKM conditions, including
HF, CKD, and T2D and should be provided to patients who have one or more of
these conditions, even in the absence of a HF diagnosis or while waiting for

diagnostic confirmation.®

Probabilistic HF scores are available and may help identifying patients more likely to
have HF using routinely available clinical information.?>** These scores may be used
to rule-out HF; however, among patients with intermediate- to high-risk of HF a
diagnostic work-up including, at least, an ECG, blood samples with NPs, urine
samples with albuminuria, and an echocardiogram should be performed and
treatment with a SGLT2 inhibitor promptly initiated, even whilst waiting for the results
of the requested exams.

Why should SGLTZ2 inhibitors be afirst line therapy across the CKM spectrum?
SGLT2 inhibitors improved cardiovascular and kidney outcomes in HF, irrespective of
ejection fraction, but also in high-risk populations without overt HF, including patients
with CKD with and without T2D, and T2D with atherosclerotic disease.?*?°

Furthermore, SGLT2 inhibitors are safe, well-tolerated, and cost-effective.?”? In

some parts of the world SGLT2 inhibitors are now generic drugs, and more generics



will become available in a near future, which will further reduce the cost of therapy

improving its inclusiveness.

Given the robust evidence on efficacy and safety with favorable cost-effectiveness,
and beyond established HF, we suggest that SGLT2 inhibitors are initiated in patients
CKD or T2D even if a HF diagnosis is not confirmed or while the HF diagnosis
workup in underway. After the initiation of a SGLT2 inhibitor, the patient should be
reassessed, at least once, within 3 to 6 months. This reassessment will allow to
better establish the effects of SGLT2 inhibitors on clinical and laboratorial
parameters, while refining the diagnostic workup and considering other therapies
and/or interventions, whenever indicated. For example, patients with symptomatic
HF or persistent albuminuria and T2D may be suitable for therapy with an MRA,
particularly finerenone, and patients with a high cardiovascular risk and obesity, T2D
or symptomatic HFpEF may be candidates for GLP1ra therapy. Other concomitant
conditions such as high blood pressure, dyslipidemia, atherosclerotic cardiovascular
disease, tobacco use or alcohol abuse should be concomitantly addressed.

Notwithstanding, it should be highlighted that with SGLT2 inhibitor treatment, many
patients may experience important reductions in albuminuria, body weight, blood
pressure, NPs, and even blood lipids; thus, it may occur that SGLT2 inhibitors alone

may be sufficient to control HF and associated CKM conditions in some patients.?*°

Given the aforementioned, we propose a pragmatic and simplified approach with
early SGLT2 inhibitor treatment initiation for an early treatment of HF and associated

co-morbid conditions. Figure 1.

After this workup, it is expected that only a minority of patients require further testing
and referral to specialist care. For example, when structural heart disease is present
(e.g., left ventricular systolic dysfunction, valvular disease, suspected pulmonary
hypertension, hypertrophic cardiomyopathy, or amyloidosis suspicion), or when
overly symptomatic for further invasive testing (e.g., coronary angiography), or

regarding decisions on certain therapies (e.g., devices).

This strategy would empower general practitioners to manage early stages of HF,

saving the scarce resources of HF specialists for more severe patients.
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Notwithstanding, future research should focus on how whether such pragmatic and
inclusive approach of early SGLT2 inhibitor initiations improves patient outcomes. In
this regard, ongoing trials with SGLT2 inhibitors in patients with arterial hypertension
(e.g., SGLT2 HYPE: SGLT2 inhibition for cardiovascular endpoint reduction in
hypertension; NCT0680416) will further elucidate whether our proposed strategy
should be applied to a broad population with cardiovascular risk, even in the

absence of a HF diagnosis, CKD, or T2D.

Conclusions

Heart failure is often characterized by a triad of signs and symptoms, elevated
natriuretic peptides, and alterations of cardiac structure and function. However, HF
signs and symptoms are often difficult to identify and are prone to confounding by
other conditions and comorbidities, and natriuretic peptides may be influenced by
many factors, including a substantial reduction of its levels in the presence of
obesity. Thus, a large proportion of ambulatory HF patients may remain undiagnosed
and, consequently, undertreated. We propose an early pragmatic and inclusive HF
diagnostic and treatment approach based on related CKM comorbidities and early
SGLT2 inhibitor initiation. Future research should focus on how whether such

pragmatic and inclusive approach improves patient outcomes.
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Table 1. Comparison of patient’s characteristics between stage B pre-HF and stage

CHF

Characteristics

HOMAGE

ALDO-DHF

TOPCAT

FINEARTS-HF

Population Stage B, pre-HF | Stage C HFpEF | Stage C HFpEF Stage C HFpEF
Patients 527 422 1767 6001

Age, years 73 (69-79) 67 (£8) 72 (64-79) 72 (x10)
Men (%) 74 48 50 46
CAD/MI (%) 72 40 20* 26
Hypertension (%) 78 92 91 89
Diabetes mellitus (%) 40 17 45 41

Atrial fibrillation (%) Excluded 5 42 38

SBP, mmHg 140 (128-154) 135 (£18) 129 (118-138) 129 (£15)
BMI, Kg/m?® 28 (25-31) 29 (+4) 33 (28-38) 30 (x6)
Diuretic (%) LD Excluded 54 89 87
eGFR, ml/min/1.73m? 72 (62-85) 79 (£19) 61 (49-77) 62 (+£20)
NT-proBNP, pg/mL 214 (137-356) 158 (83-299) 900 (557-1920)** | 1041 (450-1950)
LVEF, % 63 (58-67) 67 (8) 58 (53-64) 53 (¥8)

Legend: CAD/MI, coronary artery disease or myocardial infarction if *; SBP, systolic
blood pressure; eGFR, estimated glomerular filtration rate; LVEF, left ventricular
ejection fraction. Only patients from “the Americas” are described for TOPCAT.
**Present for 257 patients who required a NT-proBNP level >360 pg/mL to enter the

trial.
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Figure 1. Simplified work-up and treatment approach for heart failure and associated
cardio-kidney-metabolic conditions

Suspected or confirmed HF CKD, albuminuria T2D, obesity, MAFLD

Work-up@-s mo re-assessment

Assess tolerability and clinical response e.g., NPs, glycated hemoglobin, albuminuria, body weight

Legend: HF, heart failure; MAFLD, metabolically associated fatty liver disease; CKD,
chronic kidney disease; NP, natriuretic peptides. *Spironolactone or eplerenone can
be used for the treatment of heart failure.
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