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Abstract

Background: Heart rate (HR) reduction is a cornerstone in heart failure (HF) therapy to improve
patient outcomes. The aim of this study is to evaluate short term effect of ivabradine on NT-Pro
BNP and neopterin in heart failure patients and assess the association between HR and these

biomarkers.

Methods: A double blinded, parallel interventional study including sixty patients randomly
allocated into ivabradine (5 mg twice daily) or non-ivabradine group (n=30, each) for 3 months.
Lipid profile and kidney functions were performed and blood samples for NT-Pro BNP and

neopterin were analysed at baseline and after 3 months of intervention in both groups.

Results: There was a significant improvement in NYHA class in ivabradine group (p < 0.001).
Ejection fraction was improved in both groups after intervention (p < 0.001), with a greater
improvement in ivabradine group (p=0.026). Heart rate was reduced in both groups (p < 0.001)
with greater reduction in ivabradine group (p < 0.001). NT-Pro BNP and neopterin levels
significantly decreased in ivabradine group (p < 0.001). Significant positive correlation was found
between HR and biomarkers levels after intervention (NT-Pro BNP: p < 0.001, neopterin:
p=0.002).

Conclusion: Ivabradine therapy reduced levels of both biomarkers which correlated well with HR.

Biomarkers levels might provide a tool for assessing ivabradine effectiveness in HF.



1. Introduction

Congestive heart failure (CHF) is a complex clinical syndrome that can result from any functional
or structural cardiac disorder that impairs the ventricles ability to fill with or eject blood ¢4,
According to European Society of Cardiology (ESC) guidelines, pharmacological therapy for HF
includes the use of angiotensin converting enzyme inhibitors (ACEIs) or angiotensin receptor
blocker/neprilysin inhibitor (ARNI) in addition to beta-blockers, mineralocorticoid antagonist
(MRA) and dapagliflozin/empagliflozin as first line therapy to reduce hospitalization and
mortality. In case of intolerance to ACEIs or ARNI, angiotensin receptor blockers (ARBS) are the
alternative choice. Loop diuretics are used only to improve signs and symptoms of congestion with
no effect on morbidity or mortality. Other agents include, digoxin, hydralazine-isosorbide dinitrate

(H-ISDN), and ivabradine ©:©),

Ivabradine is an If current inhibitor. The selective and specific inhibition of the cardiac pacemaker
Ir current controls the spontaneous diastolic depolarization in the sinus node and regulates HR.
Ivabradine is indicated in CHF NYHA 11 -- IV class with systolic dysfunction, in patients in sinus
rhythm and whose HR is >70 bpm, in combination with standard therapy including Beta-Blocker

therapy or when Beta-blocker therapy is contraindicated or not tolerated 8,

To assess the efficacy of ivabradine therapy, HR was measured at definite intervals. Cardiac
biomarkers have been related to the morbidity and mortality in HF patients. Example of those
biomarkers are N-terminal-pro hormone BNP (NT-Pro BNP) and neopterin. It has been
demonstrated that both levels of NT-Pro BNP and neopterin are elevated in patients with HF

NYHA class 2-4 -1 Moreover, traditional therapies of HF demonstrated their ability to decrease



those biomarkers as a part of their role to improve the patient’s condition. Thus, the use of both
biomarkers is promising to assess efficacy of drugs used in the management of CHF (12-14.16.17),

The aim of this study is to assess the efficacy of ivabradine therapy in patients with CHF using the
cardiac biomarkers NT-Pro BNP and neopterin. . Also, to assess the correlation between those

biomarkers in CHF patients.



2. Review of literature

2.1 Definition and classification:

Congestive heart failure (CHF) is a complicated clinical condition that affects the ability of the
heart ventricles to fill up or pump enough blood to meet requirements of the body ?%. The
incidence of HF increases with age reaching a peak in those older than 65 years ¢, CHF can be
classified based on mechanism of dysfunction into either systolic or diastolic HF ®). In systolic
HF, the ventricles are unable to contract fully to pump enough blood to meet body requirements
of oxygen and nutrients and thus, ejection fraction (EF) is reduced i.e. heart failure with reduced
ejection fraction (HFrEF) ®). While in diastolic HF, ventricles can’t fill adequately probably due
to stiffening or hypertrophy that prevent their expansion, yet they have enough power to pump the
blood to the rest of the body thus, EF is preserved i.e. Heart failure with preserved ejection fraction

(HFpEF) ©.

There are a variety of causes of HF, hypertension, ischemic heart disease (IHD) and diabetes seem
to be the most common ones among patients with HF®-318)_ Other causes of HF might include:
cardiomyopathies, valvular heart disease, atrial fibrillation (AF), chronic kidney disease (CKD),

obstructive pulmonary disease (COPD), thyroid dysfunction and anaemia :-38),

2.2 Pathophysiology of heart failure:

The mechanism underlying the development of HF is not fully understood. A number of variables
are responsible for the final consequences seen in HF patients ¢ Cardiac output (CO) which is
the volume of blood pumped per minute is determined by both stroke volume and HR, Stroke
volume being volume of blood pumped per beat while HR is the number of beats per minute ¢19.,
Stroke volume is further determined by 3 variables: preload, afterload and contractility. Preload is

the resistance the heart must pump against while afterload is the volume of blood returning to the



