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INTRODUCTION

Heart failure has evolved from a vaguely understood condition in antiquity to a clinical
entity defined by rigorous criteria, accompanied by well-documented pathology and modern
therapeutic approaches. Advances in pathophysiology, pharmacotherapy, and medical
devices have contributed to reducing mortality and hospitalizations, yet challenges persist,
particularly in predicting post-discharge risk. [1]

The importance of biomarkers, especially NT-proBNP, as tools for risk stratification,
has been emphasized in numerous recent studies. This thesis aims to thoroughly analyze the
role of NT-proBNP values, in correlation with the ejection fraction (LVEF), in predicting

early and 2-year post-discharge mortality in the context of acute and chronic heart failure.

2]

PART I - CURRENT STATE OF KNOWLEDGE
CHAPTER I - PROBLEM FRAMEWORK

Heart failure is a major public health issue, with high prevalence and significant
mortality, despite therapeutic advancements. Longitudinal analyses and clinical trials
highlight a decrease in 90-day post-admission mortality rates, but the risk remains
considerable in the subsequent months. Factors such as advanced age, male sex,
comorbidities, and biological parameters contribute to a reserved prognosis. [3] [4]

Patient-specific characteristics (age, sex, race, obesity) significantly influence the
course of HF,necessitating a personalized approach. The modern classification of HF based
on ejection fraction has enabled better therapeutic orientation, yet gaps persist—especially

among patients with preserved LVEF. [4][5]

CHAPTER II: HEART ANATOMY

I1.1. Embryology basics
The cardiovascular system is the first functional apparatus to develop during
embryogenesis, becoming active as early as day 21-22 of intrauterine life. The heart derives

from the cardiogenic mesoderm, which initially forms a horseshoe-shaped field surrounded



by myoblasts. Through vasculogenesis, this field transforms into a primitive heart tube that
connects to intra- and extraembryonic vascular networks. By cephalocaudal folding and

rotation, the early cardiac structure is formed. [6][7]

I1.2. Heart position in the thoracic cavity and anatomical relations

The heart is located in the middle mediastinum, posterior to the sternum, with two-
thirds positioned to the left of the midline. The base of the heart lies at the level of the third
rib, while the apex is at the level of the fifth—sixth ribs. Key anatomical relations include:
anterior — sternum and pleura; posterior — esophagus and aorta; superior — trachea and aortic

arch; inferior — diaphragm; lateral — lungs and phrenic nerves. [8]

I1.3. External configuration

The heart resembles a truncated cone and has four surfaces: sternocostal,
diaphragmatic, pulmonary, and posterior, as well as a base, apex, and borders. The anterior
surface is dominated by the right ventricle and is outlined by the anterior interventricular
groove. The diaphragmatic surface primarily includes the left ventricle. The coronary sulcus
separates the atria from the ventricles, and the interatrial sulcus delineates the two atria. The

heart is covered by the pericardium (fibrous and serous). [8]

I1.4. Internal configuration

The heart has four chambers: two atria and two ventricles.

Right atrium: receives venous blood via the superior and inferior vena cava; contains
the fossa ovalis and Eustachian valve; communicates with the right ventricle through the
tricuspid valve.

Right ventricle: pumps blood to the lungs via the pulmonary trunk; it is
compartmentalized into inflow, trabeculated, and outflow regions.

Left atrium: receives oxygenated blood through the four pulmonary veins;
communicates with the left ventricle via the mitral valve.

Left ventricle: the main systemic ejection chamber, with thick walls and a conical

shape; extends to the apex of the heart. [§]

I1.5. Heart valves

The heart has four valves:



e Tricuspid valve (right atrium—right ventricle): three cusps, prevents backflow;

e Mitral valve (left atrium—left ventricle): two cusps, controlled by papillary muscles;

e Aortic valve (left ventricle—aorta): three semilunar cusps with sinuses from which
the coronary arteries arise;

e Pulmonary valve (right ventricle—pulmonary artery): three semilunar cusps that form

pulmonary sinuses. [9]

I1.6. Fibrous skeleton of the heart

The fibrous skeleton is composed of atrioventricular rings, valvular rings,
membranous septa, and supportive structures such as the tendon of Todaro and the fibrous
trigones. It provides mechanical support, anchors the valves, electrically insulates the atria

from the ventricles, and ensures structural stabilization. [10]

I1.7. Coronary vascularization

The right coronary artery supplies 25% of the myocardium, following a path along the
coronary and posterior interventricular sulci. The left coronary artery supplies 75% of the
myocardium, with main branches including the anterior interventricular artery (known as the
"sudden death artery") and the circumflex artery.

The cardiac veins form a dominant superficial system and a deeper venous network.

The coronary sinus is the primary venous collector, draining blood into the right

atrium. Small/minimal cardiac veins complete the deep myocardial drainage. [8]

I1.8. Lymphatic circulation of the heart

The lymphatic system comprises subendocardial, myocardial, and subepicardial
networks. Drainage is conducted through two main collectors: the right (toward mediastinal
lymph nodes) and the left (toward tracheobronchial lymph nodes). Lymph from the atria and

ventricles is collected in a differentiated manner, predominantly toward the left territory. [8]

I1.9. Innervation of the heart
Heart innervation is twofold:
Extrinsic — autonomic: sympathetic fibers (from the sympathetic trunk) and

parasympathetic fibers (from the vagus nerves), which form the cardiac plexus;



Intrinsic — conduction system: the sinoatrial node, atrioventricular node, bundle of His,

and Purkinje network. This system coordinates the myocardial rhythm and contraction. [11]

I1.10. Cardiopulmonary circulation

It consists of two components:

* Right (pulmonary) circulation: deoxygenated blood from the venae cavae — right
atrium — right ventricle— pulmonary arteries — lungs;

» Left (systemic) circulation: oxygenated blood from the pulmonary veins — left
atrium — left ventricle — aorta — tissues.

Proper functioning of this circulation requires both the structural integrity of the heart

and the patency of the blood vessels. [12][13]

CHAPTER I1I: HEART FAILURE - GENERAL CONSIDERATIONS

I11.1. Definition

Heart failure (HF) is a complex clinical syndrome caused by the heart's inability to
maintain a cardiac output sufficient to meet the metabolic demands of the body. It is
characterized by typical signs and symptoms such as dyspnea, fatigue, and edema, along
with objective evidence of structural or functional cardiac dysfunction. Current definitions
incorporate international standards, as outlined in the “Universal Definition and
Classification of Heart Failure” (2021) consensus, which proposes a unified terminology and

diagnosis correlated with the underlying disease. [14][15]

I11.2. Terminology
HF can be classified as:
- Acute: sudden onset or decompensation of a chronic form;
- Chronic: progressive course with persistent symptoms;
- Left- or right-sided: depending on the affected ventricle;
- Systolic or diastolic: depending on whether contraction or ventricular relaxation is

impaired. [16]

II1.3. Classification

Two major systems are used:



e NYHA classification: four classes based on exercise tolerance.
e ACC/AHA classification: stages A—D, from risk to advanced forms.
An updated classification uses LVEF (left ventricular ejection fraction):
o Less than 40%: Heart failure with reduced left ventricular ejection fraction ;
o 40-49%: Heart Failure with mildly reduced LVEF
o 2>50%: HF with preserved LVEF .
Heart failure can also be categorized based on predominant symptoms, such as left-

sided heart failure which is associated with pulmonary congestion. [17][18]

I11.4. Epidemiology

HF affects over 64 million people worldwide and is considered an “epidemic” in the
context of an aging population. The estimated prevalence is 1-2% in developed countries,
but reaches 11.8% among those >65 years old, according to screening studies. In low-income
countries, the lack of precise data makes estimates difficult. HF remains frequently

underdiagnosed. [16]

I1L5. Etiology

The etiology of heart failure (HF) is diverse, significantly influencing prognosis and
therapeutic management:

 Predisposing causes: advanced age, male sex, obesity, smoking, proteinuria;

* Determining causes: structural heart diseases (hypertension, valvular diseases,
cardiomyopathies, ischemic heart disease), metabolic or endocrine disorders;

* Precipitating causes: infections, arrhythmias, anemia, hyperthyroidism, etc. [19]

I11.6. Pathophysiology
Systolic function is influenced by four major factors:
o Preload — ventricular filling;
o Afterload — peripheral vascular resistance;
o Heart rate — affects filling time;
o Contractility — impaired by ischemia, hypoxia, etc.
Compensatory mechanisms include:
e Frank-Starling mechanism;

e Activation of the sympathetic nervous system and RAAS;



e Cardiac remodeling, which initially helps maintain function but later contributes to

disease progression. [20]

CHAPTER 1V: ACUTE HEART FAILURE

IV.1. Definition

Acute heart failure (AHF) is a clinical syndrome characterized by a rapid onset or
recent worsening of symptoms in chronic heart failure, requiring urgent therapeutic
intervention. It may present as an acute decompensation of chronic HF or as a first episode

(de novo), with unpredictable progression and increased risk of mortality. [21]

IV.2. Pathogenic mechanisms

Acute heart failure involves multiple pathophysiological mechanisms:

Volume overload is the most frequent cause of decompensation in chronic heart
failure and results from activation of neurohormonal systems (RAAS, sympathetic system,
and vasopressin), leading to water and salt retention. Hemodynamic congestion precedes
overt clinical manifestations.

Volume redistribution, an essential mechanism in acute pulmonary edema, occurs
through sudden systemic vasoconstriction, rapidly shifting plasma volume toward the
pulmonary circulation.

In severe cases, acute myocardial mass loss may lead to cardiogenic shock, observed
in 4-12% of patients, mainly in the context of extensive acute coronary syndromes.

Other mechanisms include impaired ventricular filling, caused by tachyarrhythmias,
pericardial effusion, or restrictive cardiomyopathies, leading to reduced preload and

myocardial contractility. [21][22]

Chapter IV.3. Classification
Specialty literature identifies four major clinical forms of acute heart failure:
o Decompensated chronic heart failure, the most common form (60-70%), occurring
in patients with previously known cardiac dysfunction.
o Acute pulmonary edema (APE), characterized by the rapid accumulation of alveolar
fluid and acute respiratory failure; it affects approximately 13.2% of hospitalized

patients.



o Cardiogenic shock, a severe syndrome marked by inadequate cardiac output, tissue
hypoperfusion, and a high risk of multiorgan failure, diagnosed clinically and
supported by metabolic biomarkers.

o Isolated right heart failure, defined by elevated pressure in the right ventricle and
right atrium, systemic congestion, and impaired left ventricular filling due to

ventricular interdependence. [22] [23]

Chapter 1V .4. Diagnostic evaluation

According to current guidelines, the evaluation of patients suspected of acute heart
failure must begin at the first medical contact and continue throughout the initial assessment.
The objectives include confirming the diagnosis, determining severity, identifying etiology,
and recognizing life-threatening factors. This involves integrating history taking, physical

examination, and paraclinical investigations into a coherent clinical reasoning process. [16]

Chapter IV.5. Clinical forms
Acute heart failure manifests in four distinct clinical forms:

1. Decompensated chronic heart failure: gradual onset, with left ventricular systolic
dysfunction, fluid and sodium retention, elevated end-diastolic pressure, low or
normal cardiac output (CO), normal or low blood pressure (BP), patients with moist
skin (warm or cold).

2. Acute pulmonary edema: sudden onset, associated with increased afterload and fluid
redistribution to the lungs, normal CO, normal or elevated BP, warm and moist skin.

3. Isolated right heart failure: primarily right ventricular (RV) impairment or pulmonary
hypertension (PH), variable onset, with systemic congestion, hypoperfusion, and
cold, moist skin.

4. Cardiogenic shock: severe pump dysfunction, systemic hypoperfusion, variable

onset, cold, moist skin, and a high risk of death. [22]

Chapter I1V.6. Management of Acute Heart Failure
The management of acute heart failure begins with a rapid assessment of
hemodynamic and respiratory status, as instability in these parameters requires immediate

intervention. Measuring vital signs is essential, and the presence of low systolic blood



pressure, abnormal respiratory rate, and the use of accessory respiratory muscles suggests a
poor prognosis. [16]

The most common clinical manifestations result from volume overload and fluid
redistribution, while low cardiac output with hypoperfusion is less frequently observed.
Dyspnea, in its multiple forms (on exertion, orthopnea, paroxysmal nocturnal dyspnea), is
the dominant symptom and reflects elevated ventricular filling pressures. NT-proBNP is
recommended by the ESC 2021 guidelines for differentiating AHF from other causes of
dyspnea and has demonstrated prognostic value in studies such as ADHERE and RELAX-
AHEF. [24][25]

Clinical examination may reveal tachycardia, irregular pulse, displaced apical
impulse, cardiac murmurs, rales, wheezing, and signs of systemic congestion in cases of
right-sided involvement: jugular venous distension, hepatomegaly, and peripheral edema. In
cases of hypoperfusion, signs include hypotension, cold and sweaty extremities, oliguria,
and confusion. A definitive diagnosis requires paraclinical confirmation, given the limited

sensitivity and specificity of clinical symptoms. [16]

Chapter IV.7. Paraclinical Investigations
The paraclinical evaluation of patients with acute heart failure (AHF) includes imaging
studies, electrocardiographic assessments, and laboratory tests.

Electrocardiogram (ECG) is essential for identifying possible causes (ACS,
arrhythmias) and for guiding treatment (anticoagulation in atrial fibrillation, pacing in
bradycardia). It is performed upon admission, during hospitalization, and at discharge.

Chest X-ray, performed at admission or during clinical evolution, may reveal
pulmonary congestion, cardiomegaly, pleural effusions, pneumonia, or pneumothorax.
However, in 20-30% of cases, it may appear normal.

Echocardiography is indicated in the presence of hemodynamic instability or
suspicion of acute structural impairment. It is especially useful in “de novo™ patients or those
with unknown cardiac status. The optimal timing for performing echocardiography is not yet
clearly defined in guidelines.

Laboratory tests are central to the assessment of AHF:

Natriuretic peptides (BNP, NT-proBNP) reflect elevated filling pressures and are

useful for both diagnosis and prognosis. Their levels must be interpreted in clinical context,



particularly in the presence of comorbidities. Studies have shown that discharge levels are
predictive of mortality and rehospitalization (e.g., PIONEER-HF). [26]

Serum troponin is useful in ruling out an acute coronary syndrome (ACS). However,
elevated levels can also occur in the absence of an acute ischemic event.

Serum creatinine assesses renal function and holds prognostic value. Renal
dysfunction affects NT-proBNP levels, complicating the biomarker's interpretation.

Electrolytes (Na, K, Cl), serum lactate, blood gases, and serum iron complete the
assessment of volume status, respiratory function, and metabolic state.

TSH, D-dimers, and procalcitonin are recommended when secondary causes are
suspected (thyroid dysfunction, pulmonary embolism, pneumonia).

Therefore, a detailed and clinically correlated paraclinical evaluation is essential for
establishing an accurate diagnosis and developing an effective therapeutic plan in acute heart

failure. [16][21]

Chapter IV.8. Management of Acute Heart Failure in the Emergency
Department

The management of acute heart failure (AHF) in the emergency department requires a
rapid and integrated approach, with the main objectives being the prompt establishment of
diagnosis, identification of precipitating factors, initiation of specific treatment, and
stabilization of the patient. [16]

In the pre-hospital phase, care focuses on non-invasive monitoring (pulse oximetry,
blood pressure, heart rate, respiratory rate, ECG), oxygen therapy, and the administration of
diuretics and vasodilators depending on the hemodynamic status. In some countries, portable
devices for NT-proBNP measurement are available, facilitating early diagnosis. [21]

The initial emergency assessment targets the severity of cardiopulmonary instability,
particularly the identification of cardiogenic shock or respiratory failure, both of which
require immediate intervention. Cardiogenic shock is defined as systolic blood pressure
(SBP) <90 mmHg for more than 30 minutes or the need for catecholamines, in the presence

of signs of hypoperfusion and pulmonary congestion. [16]

Chapter 1V.9. Therapeutic management in AHF
Oxygen therapy> Oxygen administration should be limited to hypoxemic

patients (SpO: < 90% or PaO. < 60 mmHg), as its unjustified use may induce



vasoconstriction and reduce cardiac output. In severe cases, intubation and mechanical
ventilation are required, based on clear criteria such as cardiopulmonary arrest, altered
mental status, or failure of non-invasive ventilation. [16]

Pharmacological Treatment

Diuretics represent the first-line therapy, especially loop diuretics (furosemide,
torsemide, bumetanide). The DOSE study showed that although the mode of administration
does not significantly influence outcomes, high doses may more rapidly improve symptoms
but with a greater risk of increased creatinine. Dosage should be adjusted based on clinical
response and renal function. Recent studies are exploring subcutaneous furosemide
administration for outpatient use. [27]

Vasodilators are useful in the “warm and wet” profile with SBP > 110 mmHg, reducing
both afterload and preload. The most commonly used are nitroglycerin and nitroprusside,
although there is a lack of strong evidence for long-term benefits.

Inotropic agents and vasopressors are indicated only in cases of severe hypotension
and hypoperfusion. Their use is associated with poor prognosis and should be reserved for
critical situations. Norepinephrine is preferred as a vasopressor in cardiogenic shock due to
its lower risk of arrhythmias. Dobutamine is recommended to improve myocardial
contractility. [23]

Opioids and sedatives are not routinely recommended. Morphine has been associated
with increased risks of mechanical ventilation and mortality, while benzodiazepines are
preferred for agitated patients or those with delirium. [16]

Heart Rate Control in Atrial Fibrillation (AF)

Approximately 35% of AHF patients present with AF, which worsens disease
progression. Treatment focuses on rate control through correction of triggering factors and
the use of digoxin, beta-blockers, amiodarone, or calcium channel blockers, depending on
LVEF and hemodynamic status. The therapeutic target is a HR < 110 bpm. In refractory
cases, cardioversion or atrioventricular node ablation may be considered. [16]

Thromboembolism Prophylaxis

For non-anticoagulated patients, low-molecular-weight heparin, fondaparinux, or

unfractionated heparin is recommended to prevent major thromboembolic events. [16]
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Chapter 1V.10 — Advanced Therapeutic Options in Acute Heart Failure
Advanced therapeutic options are reserved for patients with acute heart failure
(AHF) who present with low cardiac output and a “cold and wet” clinical profile, typically
seen in those with cardiogenic shock, severe hypotension, or organ dysfunction.
Management of these cases includes inotropic agents and mechanical circulatory support.

Mechanical circulatory support is indicated to maintain organ perfusion and reduce
intracardiac pressures, playing a role in decreasing wall stress and myocardial oxygen
demand. These devices—either temporary (intra-aortic balloon pump, Impella,
TandemHeart) or durable—can serve as a bridge to recovery, transplantation, or therapeutic
decision-making.

The intra-aortic balloon pump, although frequently used, is no longer routinely
recommended in acute myocardial infarction, as it does not impact mortality. Impella,
TandemHeart, and ECMO devices are increasingly used, despite the lack of strong evidence
for their efficacy. The total artificial heart represents a long-term alternative but is associated

with serious complications such as strokes, infections, and bleeding. [16][28]

Chapter 1V.11 — Discharge criteria for AHF patients
Careful evaluation of the patient’s condition prior to discharge is essential,
especially to rule out residual congestion. It is recommended to initiate chronic oral therapy
during hospitalization and to establish a maintenance dose of diuretics, along with the
potential implementation of an intervention plan (“rescue plan”) for early outpatient
decompensation. However, discharge preparation is marked by a high degree of subjectivity,

in the absence of rigorous scientific evidence to standardize the process. [16][29]

Chapter 1V.12 — Follow-up after discharge
The post-discharge period is critical in the evolution of patients with AHF with a
rehospitalization rate of approximately 25% within the first 30 days. It is recommended to
implement a personalized follow-up plan, including an early evaluation within 2-3 days (by
phone or via telemedicine), followed by an in-person reassessment within 7—14 days.
The purpose of these visits is to identify signs of recongestion, monitor adverse effects

of therapy, assess treatment adherence, and provide educational intervention. Studies have
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demonstrated that this approach reduces rehospitalizations and mortality, emphasizing the

importance of an effective transition from inpatient to outpatient care. [16][30]

CHAPTER V: CHRONIC HEART FAILURE

V.1. Definition

Chronic heart failure (CHF) is a clinical syndrome characterized by specific signs and
symptoms caused by structural and functional cardiac abnormalities, which lead to decreased
cardiac output and/or increased intracardiac pressures, either at rest or during exertion. This
dysfunction may initially remain asymptomatic, highlighting the importance of early
intervention on risk factors such as hypertension and diabetes mellitus to prevent progression

to symptomatic stages. [16]

V.2. Prevalence

CHF has a globally estimated prevalence of approximately 64 million cases, a figure
that is increasing due to population aging and improved survival following acute
cardiovascular events. In Romania, the estimated prevalence is 4.7% among individuals over
35 years of age, exceeding the European average, with approximately 45,000 new cases
annually.

Mortality remains high: one in three patients dies or is readmitted within the year
following hospitalization, and the in-hospital mortality rate is 7.4%. These figures emphasize

the need for a systematic approach to the diagnosis and treatment of CHF. [31][32]

V.3. Classification
CHEF is classified based on:
* Left ventricular ejection fraction (LVEF):
o <40% — CHF with reduced LVEEF;
o 40-49% — CHF with mildly reduced LVEF;
o 2>50% — CHF with preserved LVEF.
* Location of dysfunction and clinical manifestations:
e Right-sided: systemic congestion (edema, hepatomegaly);

e Left-sided: pulmonary congestion (dyspnea, orthopnea);
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e Congestive form: fluid retention and volume overload.
The classification has prognostic value and therapeutic guidance relevance,

particularly in correlating symptoms with the functional phenotype. [16][33]

V.4. Paraclinical Evaluation — Laboratory Tests

Essential cardiac biomarkers include:

* Natriuretic peptides (BNP, NT-proBNP): reflect myocardial wall stress and are used
for diagnosing and ruling out heart failure. Standard thresholds: NT-proBNP >125 pg/mL in
stable patients and >300 pg/mL in acute settings.

* Cardiac troponins (cTn): markers of myocardial injury with high prognostic value.

* Emerging biomarkers: sST2, IGFBP7, GDF-15, Galectin-3 — useful for prognosis
and risk stratification, though still under validation.

The integrated use of biomarkers provides a more accurate assessment of the

biological and functional status of patients with CHF. [34][35]

V.5. Paraclinical investigations — Imaging

* Echocardiography: first-line investigation, accessible, non-invasive, essential for
functional assessment.

* Cardiac MRI: gold standard for volumetric assessment and myocardial fibrosis
detection.

* Nuclear imaging (SPECT, PET): evaluates myocardial viability and ischemia.

* Cardiac CT: useful in patients with poor acoustic windows.

* Functional tests: CPET and 6MWT — used to assess functional capacity and
transplant candidacy.

* Coronary angiography: indicated for identifying ischemic cardiomyopathy and

guiding revascularization. [16][36][37]

V.6. Pharmacological treatment

ACE inhibitors are recognized as the reference treatment for blocking the renin-
angiotensin system, having proven effective in reducing mortality and the progression of
heart failure in patients with left ventricular systolic dysfunction. They also play a preventive

role after myocardial infarction and in other major cardiovascular diseases. [16]
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ARBs block AT1 receptors, preventing the harmful effects of angiotensin II. Clinical
trials have confirmed their hemodynamic and neurohormonal benefits. They are
recommended as an alternative to ACE inhibitors or ARNIs in HFrEF, according to ESC
2021 guidelines. [16]

Beta-blockers: Essential medications for reducing mortality and morbidity in HFrEF.
The CIBIS-1I, MERIT-HF, and COPERNICUS trials support the use of metoprolol,
bisoprolol, and carvedilol. Optimal dosing is critical for therapeutic efficacy. [38][39][40]

Mineralocorticoid receptor antagonists (MR As) are effective in HF, hypertension, and
post-myocardial infarction. MRAs require careful monitoring. New non-steroidal
antagonists, such as finerenone, show a superior safety profile compared to traditional
agents. [16]

Ivabradine lowers heart rate without affecting blood pressure, indicated in patients
with LVEF <35% and sinus rhythm >70 bpm. The SHIFT trial showed a reduction in
hospitalizations, with no significant effect on overall mortality.

Digitalis glycosides are used as second-line therapy in advanced HF or in atrial
fibrillation with uncontrolled heart rate. They require strict plasma level monitoring,
especially in the context of renal dysfunction.

Diuretics are the cornerstone of symptomatic treatment, particularly loop diuretics. An
individualized protocol and early response assessment are essential. In stable patients,
diuretic therapy may be reduced or withdrawn to allow neurohormonal blockade
optimization.

SGLT2 inhibitors: Dapagliflozin and empagliflozin are recommended in HFrEF
regardless of diabetes status, reducing cardiovascular mortality and hospitalizations.
Sotagliflozin has shown efficacy in recently hospitalized vulnerable forms. These agents
may also have potential benefits in HFpEF. [16]

Emerging therapies

Xanthine oxidase inhibitors (e.g., allopurinol), soluble guanylate cyclase (sGC)
stimulators, beta-3 adrenergic agonists (e.g., mirabegron), and molecular therapies (e.g.,
anti-miR132) are currently under investigation. Vericiguat has demonstrated efficacy in
reducing hospitalizations and cardiovascular mortality. Although promising, these therapies

require further validation. [16]
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V.7. Non-Pharmacological Treatment

Implantable cardioverter-defibrillators (ICDs) have proven effective in reducing
mortality in HFrEF, both for primary and secondary prevention. The DANISH trial
suggested lower efficacy in non-ischemic forms. Careful patient selection is required,
potentially guided by markers of myocardial fibrosis and scarring.

Cardiac resynchronization therapy (CRT) improves quality of life, reduces
hospitalizations, and decreases mortality. It is effective in patients with reduced LVEF, sinus
rhythm, and left bundle branch block. CRT remains underutilized, highlighting the need for
enhanced medical education and a multidisciplinary clinical approach. CRT also enables
further optimization of pharmacological therapy. [16]

Coronary artery bypass grafting (CABG) and ventricular reconstruction are
therapeutic options in ischemic HF. CABG has demonstrated a positive impact on prognosis.
Ventricular reconstruction aims to restore the physiological geometry of the ventricle.
Therapeutic decisions should be made by a multidisciplinary team, based on the individual

patient profile. [16]

Chapter V.8 — Patient Education in Self-Care

Patient education constitutes a fundamental component of heart failure (HF)
management, with the primary objective of supporting patients, their families, and caregivers
in acquiring the necessary skills for the effective self-management of the disease. This
includes adherence to treatment, lifestyle modifications, and early recognition of signs of
worsening.

Self-management involves monitoring body weight, reducing sodium intake, correct
administration of medications, as well as early identification of decompensation symptoms.
Education should be provided from the time of hospitalization and continued after discharge
through various means — direct discussions, written materials, or digital support. Patients
with advanced stages of HF require continuous monitoring.

Dietary recommendations include reducing sodium and fluid intake, particularly in
cases of fluid retention or severe hyponatremia. Physical activity is recommended for all
patients, regardless of LVEF.

Palliative care, often underutilized, is essential in the management of advanced HF. It
should be integrated early, in parallel with curative treatments, to alleviate the physical,

psychological, and social suffering of the patient and their family. [16]
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Chapter V.9 — Telemedicine

Telemedicine (TM) represents an innovative direction in the care of patients with heart
failure (HF). Beyond logistical advantages, TM encourages active patient involvement in
their own disease management through the use of wearable devices, sensors integrated into
ICDs or pacemakers, and synchronized or asynchronous digital platforms. These
technologies allow for continuous monitoring of essential parameters, including NT-
proBNP. [41]

The TIM-HF2 and GUIDE-HF studies have shown that TM, in combination with NT-
proBNP monitoring and rapid therapeutic interventions, can significantly reduce the rate of
rehospitalizations and improve prognosis in HF, especially in NYHA class II-III patients
with recent decompensations. [30][42]

The integration of artificial intelligence (Al) adds an additional level of efficiency,
enabling rapid analysis of complex data and proactive interventions through alert algorithms.
This system allows for an anticipatory, personalized, and efficient approach to care. [44]

According to the 2021 ESC guidelines, TM is recommended (class Ila) for high-risk
patients, especially those recently discharged. Monitoring NT-proBNP values can detect
preclinical changes that anticipate decompensation, allowing for early treatment adjustment.
[43]

In conclusion, TM is a vital component of modern HF care, with the potential to

significantly reduce hospitalizations and mortality, particularly in high-risk cohorts.

PART II - PERSONAL CONTRIBUTION

CHAPTER VI: STUDY MOTIVATION AND PERSONAL
CONTRIBUTIONS

HF represents a major public health issue, with continuously increasing incidence and
prevalence both in Romania and internationally.
The complexity of HF management requires an integrated, multidisciplinary approach,

which must include active collaboration between the general practitioner, cardiologist,
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emergency physician, and other related specialties. Effective communication among these
professionals is vital to tailoring treatment to the individual patient profile and preventing
acute decompensations.

This thesis bases its originality on the analysis of barriers to remote monitoring of HF
patients, emphasizing the importance of medical collaboration centered around a relevant
surrogate parameter: NT-proBNP. This biological marker, easy to quantify and report, could
become a key tool in functional assessment, treatment adjustment, and personalized care—
provided it is validated through clinical and statistical methods.

The main objective of the research is to identify effective strategies that contribute to
reducing the number of decompensation episodes, optimizing the use of medical resources,
and improving the patient's quality of life.

Personal Contributions Validated through Publications

The research activity resulted in three scientific articles:

Article 1 proposes a practical algorithm for the early diagnosis of heart failure (HF),
using NT-proBNP in primary care, adapted to resource-limited settings.

Article 2 demonstrates the predictive value of NT-proBNP at discharge, establishing a
threshold of 8,700 pg/mL correlated with 2-year mortality.

Article 3 supports the usefulness of NT-proBNP in the telemonitoring of elderly
patients (>80 years), aiming to reduce hospitalizations and enable early detection of
decompensations.

Added Value of the Research:

e asan accessible diagnostic and prognostic tool;
¢ in the context of integrated telemonitoring;
e and in the development of assessment models applicable within the Romanian

healthcare system, both in outpatient care and in family medicine.

CHAPTER VII: STUDY OBJECTIVES

The main goal of the study is to optimize the management strategies for patients with
heart failure (HF), both in the acute and chronic phases, with the ultimate aim of reducing
the number of hospitalizations, improving prognosis, and ensuring efficient use of medical

resources.
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The paper proposes a multidisciplinary approach, highlighting the potential benefits of
innovative solutions such as advanced monitoring and the use of surrogate biological
markers, particularly NT-proBNP.

Specific research objectives:

e Management strategies in decompensated HF:

e Analysis of current practices in hospitals and emergency departments;

e Optimization of patient transition from hospital to outpatient care and home through
collaboration between the family physician, cardiologist, and the multidisciplinary
team.

Monitoring risk factors and preventing recurrent decompensations:

e Analysis of risk factors involved in disease progression;

e Development of early intervention strategies to reduce readmissions and mortality.
Evaluation and validation of surrogate biomarkers — NT-proBNP:

¢ Identification of clinically and biologically relevant parameters for tracking disease
progression;

e Establishment of NT-proBNP threshold values to allow for early treatment
adjustment and prevention of patient deterioration.

Overall, this chapter underlines the critical role of predictive biomarkers, especially
NT-proBNP, in shaping a modern care model for patients with HF, capable of anticipating

clinical evolution and mortality risk.

Chapter VII.1: Research Hypotheses
This study aims to assess the prognostic value of the NT-proBNP biomarker in
heart failure (HF), considering its variability based on left ventricular ejection fraction
(LVEF) and other clinical and biological factors (age, hemoglobin, leukocyte count,
medication). Through a differentiated approach, the research seeks to determine the utility
of NT-proBNP both at hospital admission and at discharge in predicting mortality.

The formulated research questions are:

1.  Were there differences between patients with LVEF > 50% versus < 50% regarding

the use of NT-proBNP as a predictor of mortality?
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2. Is NT-proBNP value at discharge a valuable and independent predictor of post-

discharge mortality over a two-year period?

3. What is the optimal cut-off value for which the risk of mortality significantly

increases in patients with HF and LVEF < 50% over a two-year period?

4.  Which of the following variables (age, systolic blood pressure, presence/absence of
ACE inhibitor treatment at home, serum platelet level) are associated with an NT-
proBNP value above the previously determined threshold, and consequently with
an increased long-term mortality risk in patients with HF and reduced LVEF who

were hospitalized for a decompensation episode?

CHAPTER VIII - PATIENTS AND METHODS

Study design: Retrospective, observational, single-center study; Analysis period:
patients discharged after an episode of acute heart failure; Patients were grouped according
to: vital status at discharge, type of heart failure NT-proBNP values at admission/discharge.

Inclusion criteria:
o Patients diagnosed with acute heart failure, hospitalized and subsequently
discharged;
o Availability of NT-proBNP values at both admission and discharge;
o Auvailability of data regarding LVEF and biological parameters
Exclusion criteria:
e Missing NT-proBNP values at either time point;
e Inconclusive diagnoses of heart failure;
Methodology: Data were collected from medical records and clinical databases.
Statistical analyses included:
e Significance testing (p-value);
e Cox regression;

ROC analyses;

Multivariate models;

Calibration of values based on clinical factors and Internal validation of the

predictive model.
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CHAPTER IX - RESULTS AND DISCUSSION

IX.1. Sex distribution

The study included a total of 219 patients diagnosed with heart failure. The sex
distribution analysis revealed a slightly higher proportion of female patients, with 115
females (52.5%) compared to 104 male patients (47.5%). This distribution is consistent with
the specialized literature, which reports a slightly increased prevalence of heart failure

among elderly women.

IX.2. Distribution by type of death
Regarding the clinical outcomes of the patients, the following categories were
recorded:
e 142 patients (64.8%) survived during the follow-up period;
e 42 patients (19.2%) died after discharge;
e 35 patients (16%) died during hospitalization.
These results indicate a significant risk of early post-discharge mortality, as well as a
notable proportion of deaths during the acute hospitalization period, supporting the need for
continuous monitoring and sustained management interventions immediately after

discharge.

IX.3. Age distribution

The average age of the patients included in the study was 75.6 + 10.8 years, confirming
the predominantly geriatric-cardiac nature of the studied pathology. The minimum age was
36 years and the maximum was 99 years, reflecting considerable heterogeneity within the
sample.

This distribution is characteristic of chronic heart failure, a condition with high

prevalence among the elderly and a major impact on quality of life and survival in this age

group.

CHAPTER X: RESULTS AND DISCUSSION - HYPOTHESIS 1

Were there differences between patients with LVEF > 50% versus < 50% regarding
the use of NT-proBNP as a predictor of mortality?
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Section X.1. LVEF values at admission

Analysis of the dataset comprising 219 patients revealed that 103 of them (47%) had
a left ventricular ejection fraction (LVEF) > 50%, corresponding to the phenotype of heart
failure with preserved ejection fraction (HFpEF), while 116 patients (53%) presented with
LVEF < 50%, thus classified as having heart failure with reduced ejection fraction (HFrEF).

Conclusions: The results indicate a slightly higher prevalence of heart failure with
reduced ejection fraction in the analyzed cohort. This distribution supports the premise of
potential differences in biological and prognostic profiles between the two groups and
provides a valuable framework for exploring the predictive value of biological markers—

especially NT-proBNP—in relation to mortality, assessed separately in each subgroup.

Section X.2. NT-proBNP values at admission by vital status

The mean NT-proBNP values were significantly different among the groups: 8747.94
pg/mL in survivors, 14,399.00 pg/mL in patients who died during hospitalization, and
16,368.40 pg/mL in those who died after discharge. The Shapiro—Wilk and Kolmogorov—
Smirnov normality tests indicated a non-parametric distribution of NT-proBNP in all three
groups (p < 0.05), justifying the use of the median and interquartile range (IQR) as the
primary descriptive statistics.

Conclusions: NT-proBNP measured at admission proves to be a biomarker with
significant predictive value for post-discharge mortality. The markedly elevated levels
among patients who died later suggest that NT-proBNP could be used for early risk
stratification during the first days of hospitalization. The absence of a statistical difference
between the two deceased patient groups indicates that elevated NT-proBNP correlates with

poor prognosis, regardless of the exact timing of death.

Section X.3. NT-proBNP values at discharge by vital status

A descriptive analysis of the biomarker values was performed, followed by normality
tests and non-parametric comparisons between patient categories classified according to
their vital status post-discharge. The differences in values between groups were assessed
using the Mann—Whitney test. The results indicated a statistically significant difference
between patients who died after discharge and those who survived (U = 1653, p < 0.001).
These differences were reinforced by the analysis of mean ranks, showing a higher value for

deceased patients (121.68 vs. 82.72 for survivors).
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Conclusions: NT-proBNP at discharge is confirmed as a biological marker with
significant predictive value for the risk of post-hospitalization mortality. Patients with
elevated levels of this biomarker are at a higher risk of death after discharge compared to

those with lower values.

Section X.4. NT-proBNP at admission and its influence on in-hospital mortality

To evaluate the predictive capacity of NT-proBNP at admission, a ROC curve analysis
was performed. The AUC value was 0.585 (95% CI: 0.470-0.700), with a p-value that was
not statistically significant (p = 0.111). This result suggests that NT-proBNP measured at
admission does not have satisfactory predictive ability for anticipating in-hospital death in
the analyzed sample.

Conclusions: NT-proBNP at admission does not present significant predictive value
for in-hospital mortality in the studied population, according to the ROC analysis. This
finding highlights that, in the absence of other markers or additional clinical factors, NT-
proBNP measured at the time of hospital admission cannot be used as a stand-alone

prognostic tool for mortality during hospitalization.

Section X.5. NT-proBNP at admission and its influence on mortality in HF with
LVEF >50%

This subsection aims to determine the predictive capacity of NT-proBNP at admission
for estimating in-hospital mortality in the subgroup of patients with heart failure and
preserved left ventricular ejection fraction (LVEF >50%). The evaluation was carried out
using ROC curve analysis, the standard method for determining the sensitivity and
specificity of a biomarker.

Conclusions: The ROC curve analysis among patients with preserved LVEF does not
support NT-proBNP at admission as a predictive tool for in-hospital mortality. An AUC
below 0.5 and a lack of statistical significance (p = 0.729) indicate a weak predictive value,

limiting the usefulness of this biomarker for acute risk stratification in this subgroup.

Section X.6. NT-proBNP at admission and its influence on mortality in HF with
LVEF <50%
In contrast to patients with preserved LVEF, the analysis was extended to the subgroup

with reduced ejection fraction (LVEF <50%) to assess whether NT-proBNP at admission
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holds greater predictive value for in-hospital mortality. Through ROC curve analysis, an
AUC of 0.675 (95% CI: 0.539-0.810) was obtained, with a statistically significant p-value
of 0.016.

Conclusions: In the subgroup of patients with reduced ejection fraction, NT-proBNP
measured at admission demonstrates a modest but statistically significant predictive capacity

for in-hospital mortality (AUC = 0.675, p =0.016).

Section X.7. NT-proBNP at admission and its influence on post-discharge
mortality

The ROC curve generated for this subgroup showed an AUC of 0.699 (95% CI: 0.605—
0.794), with a p-value < 0.001, confirming a significant correlation between elevated NT-
proBNP levels at admission and the likelihood of post-discharge death.

Conclusions: NT-proBNP measured at admission proves to have significant
predictive value regarding post-discharge mortality (AUC = 0.699, p < 0.001). These
findings support its use not only in the acute phase of heart failure management but also as

a risk stratification marker in the medium term.

Section X.8. Analysis of NT-proBNP at admission and prediction of post-
discharge mortality in HF with LVEF >50%

The ROC curve analysis revealed an area under the curve (AUC) of 0.520, with a 95%
confidence interval ranging from 0.347 to 0.693 and a p-value of 0.821, indicating a lack of
statistical significance. These results reflect a very low predictive performance of NT-
proBNP at admission for estimating the risk of death after discharge in this subgroup.

Conclusions: The findings emphasize that NT-proBNP measured at admission cannot
be considered a reliable clinical marker for predicting post-discharge mortality in patients
with LVEF >50%. An AUC close to 0.5 and a p-value > 0.05 suggest a random, non-

informative predictive value.

Section X.9. Analysis of NT-proBNP at admission and prediction of post-
discharge mortality in HF with LVEF <50%
This subsection analyzed the performance of NT-proBNP measured at admission in

estimating the risk of post-discharge mortality in patients with heart failure and reduced
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ejection fraction (LVEF <50%). ROC curve analysis revealed an AUC of 0.766 (95% CI:
0.660-0.872), with a p-value of 0.001, indicating a very good predictive ability.
Conclusions: The results confirm the value of NT-proBNP at admission as a useful

tool for anticipating post-hospitalization mortality in patients with LVEF <50%.

Section X.10. Predictive ability of NT-proBNP values at discharge for post-
discharge mortality

In this context, NT-proBNP measured at discharge was analyzed for its predictive
capacity regarding subsequent mortality using the ROC curve. The results showed an area
under the ROC curve (AUROC) of 0.714 (95% CI: 0.624—0.805), indicating a good and
statistically significant predictive performance (p = 0.001).

Conclusions: The analysis confirms the value of NT-proBNP at discharge as a useful
predictive tool for estimating the risk of mortality after discharge. With an AUROC of 0.714,
this parameter provides relevant information regarding the effectiveness of therapy and the

degree of clinical stabilization achieved at discharge.

Section X.11. Analysis of NT-proBNP at discharge and prediction of post-
discharge mortality in HF patients with LVEF >50%

This section focused on the subgroup of patients with preserved left ventricular
ejection fraction (LVEF >50%), aiming to evaluate the ability of NT-proBNP at discharge
to predict the risk of post-discharge mortality. The resulting ROC curve showed an AUROC
of 0.558 (95% CI: 0.378-0.738), with no statistical significance (p = 0.52).

Conclusions: The ROC curve analysis in patients with heart failure and preserved
ejection fraction (LVEF >50%) demonstrated that NT-proBNP at discharge is not a valuable
predictor of post-discharge mortality. The low AUROC and lack of statistical significance

rule out its applicability as a risk stratification tool in this group.

Section X.12. Analysis of NT-proBNP at discharge and prediction of post-
discharge mortality in HF with LVEF <50%

This subsection investigated the predictive value of the NT-proBNP biomarker
measured at discharge, in relation to post-discharge mortality risk in patients with heart

failure and reduced left ventricular ejection fraction (LVEF <50%). The ROC curve method
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was used for this analysis, yielding an area under the curve (AUROC) of 0.758 (95% CI:
0.655-0.861), indicating good predictive capacity.

An optimal cut-off value of 8758 pg/mL was identified, with a sensitivity of 75.9%
and a specificity of 70.1%, suggesting that this threshold can be used to identify patients at
high risk of death after discharge.

Conclusions: The results clearly indicate that NT-proBNP at discharge is a valid
predictive tool for post-discharge mortality in patients with heart failure and reduced ejection
fraction (LVEF <50%). The statistically significant AUROC value of 0.758 reflects good
predictive accuracy for this biomarker. The cut-off value of 8758 pg/mL, identified through
ROC analysis, provides a robust clinical criterion useful for identifying patients requiring

closer monitoring and adjustment of therapeutic strategies following hospital discharge.

GENERAL CONCLUSION - HYPOTHESIS 1

NT-proBNP measured at discharge is superior to admission values as a predictive
marker of post-discharge mortality in heart failure with reduced ejection fraction (HFrEF).

In patients with preserved ejection fraction (LVEF > 50%), NT-proBNP does not
exhibit significant predictive value for mortality, either at admission or at discharge.

It is recommended to use NT-proBNP values measured at discharge for risk
stratification in HFrEF, with indicative thresholds of 11,000 pg/mL (at admission) and 8,700
pg/mL (at discharge).

CHAPTER XII - HYPOTHESIS 2

Is NT-proBNP at discharge a valuable and independent predictor of 2-year post-
discharge mortality?

This hypothesis investigates whether NT-proBNP measured at discharge has
significant prognostic value for 2-year mortality in patients with heart failure and reduced
ejection fraction (LVEF < 50%). The analyzed cohort included 97 patients, after excluding
those who died during hospitalization and those with preserved LVEF (= 50%).
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XII.1. NT-proBNP at discharge and prediction of 2-year mortality in patients
with LVEF <50%

The ROC curve analysis showed an AUROC of 0.758 (95% CI: 0.655-0.861, p =
0.001), with an optimal cut-off value of 8,758 pg/mL. Sensitivity was 75.9%, and specificity
was 70.1%.

The logit regression equation: log(odds) =-1.96 + 0.096 x NT-proBNP allows for the
individualized estimation of mortality risk.

Conclusion: NT-proBNP at discharge is a robust predictor of 2-year mortality,

demonstrating clinically relevant prognostic performance.

XIL.2. Correlation Analysis between NT-proBNP at Discharge and Post-
Discharge Mortality

Spearman's coefficient: r = 0.411, p < 0.001 (N = 97), indicates a moderate positive
correlation between NT-proBNP values at discharge and post-discharge mortality.

Conclusion: The result supports NT-proBNP as a clinically relevant predictive

biomarker.

XII.3. NT-proBNP at Discharge as an Independent Predictor of 2-Year Mortality
Analyses included correlations with clinical variables (age, hemoglobin, leukocytes).
The strongest correlation was observed between NT-proBNP and mortality (r =0.411).
Cox regression yielded a coefficient of 0.064, with p <0.001.
Conclusion: NT-proBNP shows the highest predictive power, independent of

other clinical factors.

XII.4-XII.6. Influence of Clinical Variables on the 2-Year Predictive
Performance of NT-proBNP
The influence of age, hemoglobin, and leukocyte count on NT-proBNP’s predictive
capacity for 2-year mortality was evaluated:
e Variations in the NT-proBNP regression coefficient remained below 20% in all
tested models;

e P-values for NT-proBNP remained statistically significant across all adjustments.
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Conclusion: None of the three clinical variables significantly affected the

predictive capacity of NT-proBNP, confirming its role as an independent prognostic factor.

XIIL.7. Cumulative Analysis — Calibration of Discharge NT-proBNP as an
Independent Predictor — Simultaneous Influence of Age, Hemoglobin, and Leukocyte
Count

The simultaneous inclusion of the three variables (age, hemoglobin, and leukocyte
count) in the Cox regression model resulted in only a 6.25% variation in the NT-proBNP
coefficient.

Conclusion: NT-proBNP consistently retains its predictive power, confirming its

role as an independent prognostic biomarker.

XII.8. Internal Validation of NT-proBNP at Discharge as a Predictor of 2-Year
Mortality

Validation on a separate cohort (n = 52) confirmed its robustness: AUROC =0.712, p
= 0.016. The difference compared to the original training cohort was not statistically
significant (p = 0.543).

Conclusion: These findings validate the consistency and reliability of NT-proBNP at

discharge as a predictive marker of 2-year mortality.

CHAPTER XIII - FINAL CONCLUSIONS - HYPOTHESIS 2

NT-proBNP at discharge is a valuable, independent, and validated predictor of 2-year
mortality in patients with LVEF < 50%. A cut-off value of 8758 pg/mL (AUROC = 0.758)
can effectively guide risk stratification and post-discharge management.

Correlations, Cox regressions, and subgroup analyses support the robustness and

clinical applicability of this biomarker in routine medical practice.

CHAPTER XIV - HYPOTHESIS 3

What is the optimal cut-off value at which mortality risk significantly increases

over two years in patients with heart failure and LVEF < 50%?
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The objective of this hypothesis was to identify the optimal cut-off value of NT-
proBNP at discharge that significantly predicts 2-year mortality risk in patients with heart
failure and reduced ejection fraction (LVEF < 50%).

The proposed threshold, previously established through ROC curve analysis, was 8700
pg/mL.

This cut-off value was validated using robust statistical methods, including Kaplan—

Meier survival analysis, logistic regression, and Cox proportional hazards regression.

XIV.1. Predictive value of the NT-proBNP discharge threshold

The analysis was conducted on a cohort of 97 patients with heart failure and left
ventricular ejection fraction (LVEF) < 50%, with a mean age of 74.7 years. The Kaplan—
Meier survival curve demonstrated significantly lower survival rates in patients with NT-
proBNP > 8700 pg/mL, confirmed by the Log-Rank, Breslow, and Tarone-Ware tests (p <
0.001).

Logistic regression indicated a 6.884-fold higher risk of death in patients with NT-
proBNP values above 8700 pg/mL (OR = 6.884, 95% CI: 2.546-18.618, p <0.001).

Cox regression, which accounts for time to event (death), confirmed the finding
with a hazard ratio (HR) of 4.625 (95% CI: 1.973-10.839, p < 0.001).

Conclusions: The threshold of 8700 pg/mL demonstrates robust predictive
significance in both logistic regression and survival analysis, supporting its clinical utility

for post-discharge risk stratification.

XIV.2. Internal validation of the NT-proBNP threshold > 8700 pg/mL

The threshold was tested on a separate validation cohort (n = 52), maintaining a
similar death/survivor ratio. In the training cohort, the AUROC was 0.723, with a sensitivity
of 75.9% and specificity of 68.7%. In the validation cohort, the AUROC was 0.719, with a
sensitivity of 68.8% and specificity of 69.4%. The Youden index of 0.445 suggests a good
diagnostic balance.

The Hanley & McNeil test showed that the difference between the ROC curves of
the two cohorts was not statistically significant (p = 0.9281), confirming the internal stability

of the threshold.

28



Conclusions: The 8700 pg/mL threshold was internally validated across two
independent cohorts, with comparable predictive performance, confirming its robustness and

reproducibility in clinical practice.

CHAPTER XV — PARTIAL CONCLUSIONS - HYPOTHESIS 3

The integrated analysis of all data confirms that the NT-proBNP discharge threshold
of 8700 pg/mL is a statistically and clinically validated predictor of 2-year mortality for
patients with heart failure and reduced ejection fraction (HFrEF, LVEF < 50%). Survival
differences are significant (Kaplan—Meier, p < 0.001), and the risk of death is 6.9 times
higher according to logistic regression and 4.6 times higher according to Cox regression.

The performance of this threshold is consistent (AUROC of 0.723 in the training
cohort and 0.719 in the validation cohort), with acceptable sensitivity and specificity, and a
Youden index > 0.4. The Hanley & McNeil test confirms the absence of statistically
significant differences between cohorts (p = 0.9281), supporting the broad applicability of
the 8700 pg/mL threshold.

CHAPTER XVI. RESULTS AND DISCUSSION - HYPOTHESIS 4
Which of the following variables (age, systolic blood pressure, presence/absence
of ACE inhibitor treatment at home, serum platelet levels) are associated with NT-
proBNP values above the previously determined threshold and, implicitly, with an
increased long-term mortality risk in patients with heart failure and reduced ejection

fraction (HFrEF) who were hospitalized for a decompensation episode?

XVI.1. Predictors of NT-proBNP at Discharge — Reduced LVEF
The univariate analysis revealed significant correlations between elevated NT-proBNP
values and several factors:
o Age(r=0.243,p=0.017)
e Systolic blood pressure (SBP) (r =-0.234, p = 0.022)
e Hemoglobin (r =-0.229, p = 0.025)
e Urea(r=0.239,p=0.019)
e Platelet count (r=0.214, p=0.037)
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Additionally, correlations were identified with home-administered treatments,
such as digoxin, calcium channel blockers, and centrally acting antihypertensives.

A particularly relevant observation concerns the administration of angiotensin-
converting enzyme inhibitors (ACE inhibitors) during hospitalization, which showed a
negative and significant correlation with NT-proBNP at discharge (r = —0.273, p = 0.007),
suggesting a potential protective effect.

Conclusions: This analysis identified several significant predictors of NT-
proBNP > 8700 pg/mL, among which the most important were: age, systolic blood pressure
(SBP), hemoglobin, platelet count, and the chronic use of medications such as digoxin,
calcium channel blockers, and ACE inhibitors (administered during hospitalization).

Among these, only the administration of ACE inhibitors maintained statistical

significance in subsequent analyses.

XVI.2. Univariate Analysis — Predictors of NT-proBNP at Discharge
To validate the associations identified previously, univariate logistic regression was
applied, with each variable being analyzed independently. The most relevant results were:
e Age: coefficient = 0.057 (p = 0.010), with an AUROC of 0.641;
e Systolic blood pressure (SBP): coefficient § =—0.015 (p = 0.039), AUROC = 0.636;
e Hemoglobin: p =-0.226 (p = 0.026), AUROC = 0.633;
e In-hospital ACE inhibitor (ACEI) administration:  =—1.216 (p = 0.009), AUROC =
0.631.
All these variables met the selection criteria for multivariate analysis: statistically
significant coefficient (p < 0.05), AUROC > 0.6, and acceptable calibration values in the

Hosmer—Lemeshow test.

XVI.3. Correlations Among NT-proBNP Predictors

Correlations among the predictors selected for the multivariate model were assessed
using Pearson correlation coefficients. The only statistically significant correlation was
identified between age and hemoglobin (r = —0.246, p = 0.015), but the low magnitude of
this coefficient indicates a weak association, suggesting no risk of multicollinearity.

Consequently, hemoglobin was automatically excluded from the final logistic model.
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Conclusions: All selected predictors — ACE inhibitor therapy, age, and systolic
blood pressure — were deemed eligible for inclusion in a robust multivariate logistic model,
aimed at identifying patients at risk of presenting NT-proBNP levels > 8700 pg/mL.

XVI1.4. Multivariate Analysis — Predictive Model for NT-proBNP

The final model was constructed using logistic regression and included three
independent predictors:

e Age (B coefficient =0.073, p = 0.004; OR = 1.076);

e Systolic arterial pressure (SAP) (B coefficient =—0.016, p = 0.051; OR = 0.984);

e In-hospital administration of ACE inhibitors (B coefficient = —1.406, p = 0.006; OR
=0.245).

The model explained 26.4% of the variation in NT-proBNP values (Nagelkerke R =
0.264) and demonstrated good calibration (Hosmer-Lemeshow test p =0.680). The Omnibus
test confirmed the overall significance of the model (p = 0.001).

Logistic regression equation: Loge (Odds of NT-proBNP > 8700) = —2.978 +
0.073 x Age —0.016 x SAP — 1.406 x ACEI

XVLS. Analysis of Systolic Arterial Pressure (SAP) According to NT-proBNP at
Discharge
The mean systolic arterial pressure (SAP) was significantly lower in patients with NT-
proBNP > 8700 pg/mL (133.3 mmHg) compared to those with values below this threshold
(146.9 mmHg). This difference was confirmed by the Mann—Whitney U test (p = 0.023),
supported by normality tests indicating a non-parametric distribution of the data.
Conclusions: Lower SAP at admission is significantly associated with elevated
NT-proBNP levels at discharge, suggesting a compromised hemodynamic profile and a

higher risk of unfavorable clinical outcomes.

XVI.6. Analysis of ACE Inhibitor Administration According to NT-proBNP at
Discharge

The administration of angiotensin-converting enzyme inhibitors (ACEIs) during
hospitalization was significantly more frequent in the group with NT-proBNP < 8700 pg/mL
(47.2%) compared to the group with NT-proBNP > 8700 pg/mL (20.9%). This difference
was confirmed by the Chi-square test (p = 0.008). This observation supports the protective

effect of ACEIs on residual cardiac function.
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Conclusions: ACEI therapy during hospitalization is associated with a lower risk of elevated
NT-proBNP levels at discharge, reinforcing its therapeutic role in the management of heart

failure.

CHAPTER XVII. PARTIAL CONCLUSIONS - HYPOTHESIS 4

The hypothesis that age, systolic blood pressure (SBP), and ACE inhibitor (ACEI)
administration influence NT-proBNP levels at discharge was confirmed through rigorous
statistical methods. The multivariate logistic regression model identified these three factors
as independent predictors, with clinical relevance and statistical significance, explaining
nearly one-third of the biomarker’s variability.

This association underscores the importance of carefully assessing these
parameters at hospital admission, as they can anticipate the severity of post-discharge

evolution in patients with heart failure and reduced ejection fraction (HFrEF).

GENERAL CONCLUSIONS

The present research aimed to validate the predictive value of NT-proBNP levels at
discharge in relation to 2-year mortality among patients with heart failure with reduced
ejection fraction (HFrEF; LVEF < 50%). Based on the four formulated hypotheses, the
conclusions are clearly delineated and rigorously support the clinical relevance of this

biomarker.

Is NT-proBNP at discharge a valuable and independent predictor of post-
discharge mortality over a two-year period?

Yes, the results unequivocally confirm the predictive value of NT-proBNP at
discharge. The ROC curve indicated good discriminative capacity (AUROC = 0.758, p <
0.001), and the optimal threshold of 8700 pg/mL demonstrated a sensitivity of 75.9% and a
specificity of 70.1%. Furthermore, both logistic regression and Cox regression analyses
revealed 6.9-fold and 4.6-fold increased mortality risks, respectively, in patients with NT-
proBNP values above this threshold.

The Spearman correlation (r = 0.411, p < 0.001) reinforced this relationship,

supporting the role of NT-proBNP as a significant prognostic marker.
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Is NT-proBNP at discharge an independent marker, unaffected by age,
hemoglobin, or leukocyte count?

Correlation analyses (Pearson and Spearman) indicated a weak association between
NT-proBNP and age (r = 0.205), hemoglobin (r =-0.199), and no association with leukocyte
count (r = —0.009). In Cox regression models adjusted for these variables, NT-proBNP
retained statistical significance, and its coefficient varied by less than 20%, demonstrating

its independence and robustness as a prognostic marker.

What is the optimal cut-off value at which the risk of mortality significantly
increases in patients with HFrEF?

The cut-off value of 8700 pg/mL, determined via ROC analysis, was validated on two
independent cohorts (training and validation), yielding AUROC values of 0.723 and 0.719,
respectively. The difference between the ROC curves was not statistically significant (p =
0.928). Kaplan—Meier survival analysis demonstrated significant survival differences
between patients above and below this threshold.

Additionally, logistic and Cox regression confirmed the increased risk of mortality

associated with NT-proBNP levels > 8700 pg/mL.

Which of the following variables (age, SBP, ACEI treatment, platelet count) are
associated with NT-proBNP > 8700 pg/mL and increased long-term mortality risk?

Multivariate logistic regression identified three independent predictors: age, systolic
blood pressure (SBP) at admission, and ACE inhibitor (ACEI) administration during
hospitalization. Age was positively associated with elevated NT-proBNP (B = 0.073), SBP
showed an inverse relationship (B = —0.016), and ACEI administration had a protective
effect (B =-1.406).

The final model explained 26.4% of NT-proBNP variability (Nagelkerke R* = (0.264),
was statistically significant (p =0.001), and well-calibrated (Hosmer—Lemeshow p = 0.680).
Additional results (Mann—Whitney and Chi-square tests) supported these findings, showing
significantly lower SBP and less frequent ACEI use among patients with elevated NT-
proBNP.

In conclusion, the findings validate the clinical utility of NT-proBNP at discharge as a
robust, independent, and reproducible marker for predicting mortality in patients with heart

failure and reduced ejection fraction. The cut-off value of 8700 pg/mL is well-supported by
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statistical and clinical data, and its integration into medical practice may significantly

improve risk stratification and post-discharge therapeutic management.

CHAPTER XIX - FUTURE THERAPEUTIC STRATEGIES IN
PATIENTS WITH HEART FAILURE AND REDUCED EJECTION
FRACTION

1. NT-proBNP as a Prognostic Marker

NT-proBNP levels at discharge, with the threshold of 8700 pg/mL, represent a
robust tool for predicting 2-year mortality and may guide enhanced monitoring and
individualized therapeutic adjustments.

2. Age and Systolic Blood Pressure in Risk Models

Advanced age and low SBP at admission are associated with elevated NT-

proBNP levels, justifying their inclusion in clinical risk stratification algorithms.
3. Protective Effect of ACE Inhibitors (ACEIs)

The administration of ACEIs during hospitalization is inversely correlated with
NT-proBNP > 8700 pg/mL, supporting the early initiation and post-discharge
continuation of this treatment.

4. Validation of the 8700 pg/mL Threshold

The proposed threshold was confirmed as stable and reproducible in internal
validation analyses, suggesting its potential inclusion in clinical practice guidelines
following external validation.

5. Multivariate Risk Model

Integrating NT-proBNP with clinical and biological variables (age, SBP,
hemoglobin, urea, ACEI therapy) may enhance the accuracy of mortality prediction
and help standardize post-discharge management.

6. Future Clinical Trials

Prospective studies are recommended to evaluate treatment personalization
based on NT-proBNP levels and to support the development of digital decision-
support tools.

7. Dynamic Monitoring and Titration
Analyzing short- and long-term variations in NT-proBNP may guide optimal

therapy adjustments and reduce the incidence of hospital readmissions and mortality.
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8. Aurtificial Intelligence and Predictive Modeling
Predictive models based on NT-proBNP and other clinical parameters could
allow for more accurate risk stratification and personalized therapeutic approaches.
9. Integrated Biomarkers and Imaging
Correlating NT-proBNP with inflammatory biomarkers and echocardiographic
data may enhance the precision of risk assessment for decompensation.
10. Home-Based Monitoring
Portable devices for NT-proBNP measurement could enable early interventions,
with potential positive impact on both prognosis and patient quality of life.
11. Extension to Pediatric Populations
Further studies are warranted to validate the role of NT-proBNP in pediatric
populations, particularly in outpatient settings, involving a multidisciplinary team for

early detection and tailored intervention.

CHAPTER XX - FINAL CONCLUSIONS

This thesis provides a relevant and clinically applicable contribution to the field of
HFrEF, by validating the prognostic value of NT-proBNP at hospital discharge for predicting
two-year mortality. The element of originality lies in the establishment of a clearly defined
decision threshold of 8,700 pg/mL, supported by robust statistical analyses (ROC curves,
regression models, and clinico-biological correlations), enabling its practical use for post-
discharge risk stratification.

The study also stands out through its integrative approach, in which NT-proBNP is
assessed alongside clinical variables (age, systolic blood pressure), biological markers
(hemoglobin, urea), and therapeutic factors (ACE inhibitor administration), generating a
realistic and clinically useful predictive model for identifying patients with poor prognosis.

Moreover, the proposed directions—its applicability in primary care, remote
monitoring, and the extension of research to pediatric populations—highlight the innovative
and multidisciplinary character of the study.

Through its conclusions, this work supports a modern and personalized vision in the
management of HFrEF, and lays the foundation for the development of standardized clinical

protocols focused on the integration of biomarkers into therapeutic decision-making.
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