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Review Article

INTRODUCTION
Heart failure is a complex clinical syndrome that is characterized by the 
inefficiency of the heart muscle to pump or fill with the blood. This like  
other syndromes has become a major killer of mankind. Our body  
requires a continuous supply of blood to meet the body’s needs.1 However,  
the heart is not able to keep its workload in the heart failure condition. 
This clinical syndrome is mostly seen in the people of age 65 or more 
and is related to the mortality and morbidity.2 The problem arises most 
often in the left ventricle because it is the left ventricle that acts as main 
pumping chamber and pumps the oxygenated blood all over the body. 
This generally becomes the reason of its impairment than any other  
chambers of the heart, and this failure in which the left ventricle functions  
get impaired is called as left-sided heart failure or left ventricular heart 
failure. To evaluate pumping function of the left ventricle, ejection fraction  
is the most common parameter that is measured.3 Ejection fraction is 
measured in percentage and refers to the percentage of the blood that 
leaves the ventricle each time the heart contracts. Ejection fraction is 
conventionally measured for the left ventricles and this is the reason  
why in most cases, Ejection Fraction commonly refers to Left Ventricular  
Ejection Fraction (LVEF).3,4 LV (Left Ventricle) ejection fraction of more 
than 50 % is considered as normal. The heart failure on the premise 
of ejection fraction is divided into two types namely heart failure with 
reduced ejection fraction and the heart failure with preserved ejection  
fraction. In both the types, stroke volume is affected and gets reduced. 

In patients suffering from heart failure with reduced ejection fraction 
(systolic dysfunction), contractility of left ventricles of heart gets affected 
while in the heart failure with preserved ejection (diastolic dysfunction), 
the stiffness of the left ventricular muscles takes place that affects the 
relaxing property of left ventricles. About 60 % of patients suffer from the 
systolic dysfunction that occurs as a result of end-stage coronary artery 
disease.5

Nebivolol, being a third generation beta-blocker, selectively antagonizes 
the beta-1 receptors present on the heart.6 It is very highly selective beta-1  
antagonist known to date and is unique in its mechanism of action 
that makes it apart from rest of the members of its class like carvedilol,  
bisoprolol, etc. Nebivolol apart from protecting the heart from long-term  
effects of catecholamines activates the beta-3 receptors present on the 
endothelial cells and myocardial cells, and by activating these receptors;  
it mediates the production of nitric oxide from the L-arginine-nitric  
oxide pathway. The major actions are produced via the nitric oxide which 
itself is a wonderful molecule.6,7 This molecule exerts some outstanding 
effects by reducing the hypertrophy, cardiac remodeling, decreasing the 
total peripheral resistance and preload, etc. The clinical studies demonstrate 
beneficial effects in systolic heart failure suggesting increased ejection  
fraction and improved New York Heart Association (NYHA) class. The 
NYHA classification of heart failure is given in Table 1.
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the basis of which nebivolol can be definitely considered for its inclusion 
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of drug therapy.
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The adverse effects profile found in the clinical trials suggest the good 
tolerability and patient safety assurance.8 Nebivolol has been proved that  
it reduces the all-cause mortality, and morbidity in clinical trials but  
currently, Nebivolol is not a United States Food and Drugs Administration  
(US FDA) approved drug for the treatment of heart failure and despite 
exhibiting excellent therapeutic effects in heart failure found in most of 
the clinical studies, most important reason for its lack of acceptance by 
the US FDA is the bias in the trial study named “Study of the Effects of 
Nebivolol Intervention on Outcomes and Re-hospitalization in Seniors” 
(SENIORS) trial (the only trial that included the elder patients) 9 and  
another important reason is that despite being a proven drug for its  
efficacy in systolic dysfunction, trials related to the effect of nebivolol in 
diastolic dysfunction are less.10,11 The main objective of this review is to 
encompass and provide clinical insights of all the features of nebivolol 
that are sufficient to anticipate that nebivolol would surely be a drug that 
will be used in parallel with other standard therapies if more clinical data 
become available in the future.

MATERIALS AND METHODS
A literature search was conducted on the PubMed database with the help 
of keywords: “Heart Failure”, “Nebivolol” and “Beta-blocker”. The search 
was customized by applying the filter so as to get only clinical studies 
(research articles) and review articles. The result showed a total number 
of 176 articles and articles which were complying and having relevance 
to the objective of this review were studied. Furthermore, the help of 2 
websites namely “Medscape” and “Cleveland Clinic” was taken that were 
worth the source of information and helped to accomplish this review.

CLINICAL PHARMACODYNAMICS OF 
NEBIVOLOL
Dynamic Roles of Nitric Oxide and Nebivolol as its Potentiator
The blood vessels have an inner lining of endothelial cells that acts as 
a barrier between the smooth muscle and the circulating blood. These  
endothelial cells are important for maintaining the vascular tone,  
preventing the platelets aggregation, and inhibiting the proliferation of 
vascular smooth muscle cells.12 These all functions are mediated by a 
potent vasodilator molecule which is produced by the endothelial cells. 
This molecule is nothing but the Nitric Oxide (NO).13 The nitric oxide  
is produced by the endothelial cell via the L-arginine-nitric oxide pathway.  
The substrate for its production is L-arginine which is an amino acid.  
This synthesis is catalyzed by an enzyme known as nitric oxide synthase.14  
There are three isoforms of this enzyme namely endothelial nitric oxide 

synthase (found in the cardiomyocytes and endothelial cells), neuronal 
nitric oxide synthase (found in the brain), and inducible nitric oxide 
synthase (found in macrophages). In this pathway, nitric oxide synthase 
cleaves the nitrogen from the guanidino group of arginine and subse-
quently form citrulline and NO. 
This reaction needs the cofactors like tetrahydrobiopterin, FAD (Flavin 
Adenine Dinucleotide), NADPH (Nicotinamide Adenine Dinucleotide 
Phosphate), and FMN (Flavin Mononucleotide).15 There are sufficient  
findings to confirm the fact that Nebivolol by NO potentiation causes  
vasodilation. Example of one such study is that when intra-arterial infusion  
of Nebivolol was given, it caused vasodilatation and increased blood flow 
in the forearm which was not seen with atenolol and the vasorelaxant 
effect of nitric-oxide was antagonized by L-nitro-monomethyl arginine 
(L-NMMA), which is an inhibitor of NO synthase, indicates that nitric 
oxide is responsible for vasodilatation.16

Nebivolol has agonistic property at beta-3 receptors which are present  
on the endothelium. When nebivolol agonizes the beta-3 receptor, a  
conformational change in the receptor takes place which causes the  
alpha sub-unit of Gs (G-Stimulatory) protein to acquire Guanosine  
Triphosphate (GTP) in place of Guanosine Diphosphate (GDP). The 
GTP bound alpha subunit then separates from the βγ diamer part of Gs 
protein and activates the adenylyl cyclase (AC) enzyme. The adenylyl 
cyclase enzyme converts the Adenosine Triphosphate (ATP) into cyclic 
Adenosine Monophosphate (cAMP). This cAMP in turn activates the 
Protein Kinase A (PKA). This kinase phosphorylates and modifies the 
function of many enzymes like nitric-oxide synthase. 
The production of nitric oxide by the NO synthase present in the endo-
thelium is enhanced.14,16 Moreover, in a study by Gauthier et al. it was 
found that beta-3 adrenoreceptors are also present and functional in the 
heart and were responsible for the unexpected negative inotropic effects  
of epinephrine, norepinephrine, and was important in the pathophysiology  
of heart diseases and indeed, beta-3 receptors found to be important in 
the pathophysiology of different cardiovascular diseases including heart 
failure.17 The effects of nebivolol actions on the heart are mediated via  
beta-3 receptors to release nitric oxide. Nebivolol confers the cardio  
protective effects that have proven to be beneficial for the treatment of 
heart failure.18

A useful attribute of NO is anti-atherogenic activity and hence, it prevents 
the coronary artery disease. The coronary artery disease can further 
lead to the deprivation of oxygen supply to the myocardial cell, thus, the 
death of the myocardial cell.
 Nitric-oxide plays a very significant role in improving the efficiency of 
the left ventricle by decreasing the total peripheral resistance, which is 
not seen with many other traditional blockers like metoprolol and atenolol.  
Prevention of platelet aggregation (another useful attribute of NO),  
which is a central factor in the pathogenesis of unstable angina, can  
further lead to the obstruction of coronary arteries which can eventually 
lead to infarcts in the myocardium 19 and thus loss of contractility (loss  
of myocardial cells), and heart failure. In chronic heart failure, due to  
different factors like increased preload (end-diastolic volume); ventricular  
hypertrophy (increase in the LV mass) and cardiac remodeling occurs as 
a chronic compensatory mechanism. 
Cardiac remodeling or ventricular remodeling refers to a broader term 
indicating changes in both the extracellular matrix and the cardiomyo-
cytes.20 This remodeling involves changes in the shape, size, and function  
of heart that can ultimately result in further destruction of systolic and 
ventricular function, thus causing myocardial injury and premature death.
It has been found in the studies that nitric oxide is an important regulator  
of ventricular hypertrophy and cardiac remodeling. Nitric oxide by  
activating the guanylate cyclase increases the level of cyclic GMP 

Table 1: NYHA Classification showing classes and its description based 
on limitations on the physical activity of patients.

NEW YORK HEART ASSOCIATION CLASSIFICATION (NYHA) OF HEART 
FAILURE

NYHA CLASS DESCRIPTION

Class I No limitation on physical activity. Ordinary physical 
activity does not cause palpitation, shortness of breath 

(dyspnea), and fatigue.

Class II Only slight restrictions on physical activity. Ordinary 
activity causes palpitation, mild shortness of breath, and 

fatigue

Class III Marked limitation on physical activity and symptoms like 
palpitation, dyspnea, and fatigue appear even at less than 

ordinary physical activity.

Class IV Severe limitations on physical activity. Symptoms appear 
even at rest and discomfort takes place with any physical 

activity.
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inhibited via beta-1 antagonistic property and nitric oxide potentiating 
activity of nebivolol.22,26

The nebivolol is a highly selective beta-1 antagonist that antagonizes the 
beta-1 receptors present on the heart along with its nitric oxide induced-
vasodilatory effect on the blood vessels. Due to these two properties, 
nebivolol exerts its pharmacological action. The immediate hemody-
namic effects of nebivolol are reduced contractility, ejection fraction, and 
heart rate but these parameters gradually improve with the time and after  
few months, contractility, and ejection fraction get improved. These  
improved hemodynamic effects appear due to the decrease in the preload  
(end-diastolic volume), total peripheral resistance, and the decrease in 
the sympathetic activity which leads to cardiac remodeling.27 
The decrease in the preload enhances the effectiveness of the myocardial 
fiber shortening during systole and the decrease in the afterload increases 
the efficacy of ventricles to pump the blood.
This is solely due to its unique nitric oxide-potentiating effect that causes 
vasodilatation. With nebivolol, these effects are maintained for long-term  
and hence, cardiovascular hospital admission and all-cause mortality are 
reduced.19-22,27

CLINICAL STUDIES RELATED TO NEBIVOLOL 
THERAPY IN HEART FAILURE
Nebivolol therapy in Systolic dysfunction
In different clinical studies, it was found that nebivolol improves the left 
ventricular function if taken as a long-term therapy. In one such study 
aimed at the influence of nebivolol on left ventricular function of the 
patients with the chronic heart failure, which was a placebo-controlled,  
double-blind, and randomized trial involving 12 patients with the ejection  
fraction of 13-39%, they found that nebivolol was very well tolerated and 
improved the NYHA stage in four patients. 
Heart rate decreased and the maximal exercise duration and performance  
were found to be stable. Ejection fraction got enhanced, from (29.8 ± 
10.66% to 41.2 ± 10.53%); p (calculated probability) = 0.007 whereas 
placebo did not improve the ejection fraction. The left ventricular end  
systolic volume was found to be decreased, from (56.5 ± 9.40 ml to  
50.2 ± 9.43 ml) in the nebivolol group (p≤0.02). This result was found 
after 3 months of nebivolol therapy (doses were 2.5 mg and 5 mg, n=6) 
or placebo (n=6).28 In many comparative studies with the nebivolol and 
other beta-blockers like carvedilol, it has been found that nebivolol does  
improve the LV systolic function and hence improve the Ejection fraction.
Karkabackak et al. compared the effects of carvedilol and nebivolol on 
LV systolic functions in patients with non-ischemic HF. In this study, a 
total number of 61 symptomatic non-ischemic heart failure patients with  
low ejection fraction (EF≤40%) were taken. The patients were randomized  
to carvedilol and nebivolol. The patients were evaluated echocardio-
graphically at baseline and 3 to 6 months after the target dose. After 6 
months, it was found that Ejection fraction got increased, from (34 ± 5%  
to 36 ± 5%); p<0.01. LV diameter was reduced along with decreased 
Isovolumic Contraction Time (IVCT) and Isovolumic Relaxation Time 
(IVRT). Ejection time was found to be prolonged with nebivolol. IVCT, 
IVRT, and LV diameter are the parameters for finding the LV systolic 
functions.29 
In another comparative study by Lombardo et al. the effects of nebivolol 
and carvedilol on the LV function in the patients suffering from HF were 
assessed. In this study, 70 patients with reduced Ejection fraction (≤40%) 
were randomly assigned carvedilol or nebivolol for 6 months. After 6  
months of treatment with the carvedilol and nebivolol, patients were  
assessed clinically and by the hematological (particularly, N-terminal 
pro-brain natri-uretic peptide) and biochemical investigation. 

(cGMP), and cGMP through protein kinase G inhibits the signaling 
networks of diverse pro-hypertrophic pathways that lead to ventricular 
hypertrophy. 
In a study conducted by Wollert et al. it was found that transient release 
of nitric oxide exerts very beneficial effects in the remodeling process by 
decreasing the cavity dilation, hypertrophy, and mortality.21,22 All these  
findings demonstrate the anti-hypertrophic property of nitric oxide  
potentiated by nebivolol which is of utmost importance in the treatment 
of heart failure. 
A study by Aragon et al. states that nebivolol is very effective in protecting  
against the myocardial ischemia-reperfusion injury by activating the 
neuronal and endothelial nitric oxide synthase and thus increasing the 
nitric oxide bioavailability.23 Another study by Wink et al. has demon-
strated that nitric oxide modulates the cellular as well as physiological 
processes, protects from cell death, and reduces the oxidative injury 
moderated by alkyl-hydro peroxides, hydrogen peroxides, and xanthine  
oxidases.24 These studies are sufficient to present concrete shreds of  
evidence that nebivolol by potentiating and increasing the bioavailability 
of nitric oxide exerts beneficial effects in heart failure.
Another condition, hypertension, is associated with abnormal nitric  
oxide production and bioavailability. In many chronic hypertensive  
patients, endothelial dysfunction (which causes less synthesis of NO), 
has been noted. In chronic hypertensive conditions, the heart has to  
work harder to push the blood. So, in order to cope up with this situation, 
the heart becomes stiffer and thicker, which tends to cause it less able to 
pump effectively. 
This eventually leads to heart failure. Nebivolol by mediating the  
L-arginine-NO pathway helps to increase the synthesis of nitric oxide 
and also works as a prophylactic factor. So, nebivolol by mediating the  
pathway of formation of nitric oxide increases its bioavailability and  
exerts magnificent effects.25  

Neuro-hormonal activation and actions of Nebivolol
Most of the patients with heart failure suffer from dysfunction or the 
impairment of left ventricles, that is manifested as a reduction in the 
stroke volume and hence the cardiac output. This leads to the activation 
of compensatory mechanisms to overcome low cardiac output. Neuro-
hormonal compensation is one of the early mechanism by which heart 
tries to maintain the blood supply to the body. It includes the activation 
of the sympathetic nervous system and rennin-angiotensin-aldosterone 
system (RAAS). The sympathetic nervous system gets activated by high 
and low-pressure baroreceptors as an early compensatory mechanism in 
order to maintain and augment cardiac output. 
The epinephrine and nor-epinephrine increases the ionotrophy (force 
of contraction), chronograph (rate of contraction) and atrio-ventricular  
node conduction.26 Moreover, nor-epinephrine activates the beta-1  
receptors present on the juxtaglomerular cells, which releases renin. Renin  
is responsible for the activation of RAAS. The consequences of these two 
activated systems will be finally increased preload, afterload, and vaso-
constriction. Although, this neuro-hormonal compensatory mechanism 
acts as a good support for the heart under the normal physiological 
conditions but chronic activation exerts deleterious effects on the heart. 
Chronic RAAS activation leads to fibrosis, myocardial cell apoptosis, and 
cardiac remodeling, and endothelial dysfunction. 
If ventricles are chronically stressed by increased preload, it leads to 
structural changes in the heart, which is left ventricular hypertrophy 
(LVH). It is the thickening and the enlargement of the left ventricle in 
response to increased preload. This enlarged ventricular muscle loses 
elasticity with time and eventually undergoes a phase of cardiac remod-
eling that leads to the premature death. The catecholamines, increased 
preload, act as hypertrophic factors for heart, and these factors can be 
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(6 MWTD) after 6 months. Nebivolol was not found to improve the  
6 MWTD efficiently (from 420 ± 143 to 428 ± 141 m) and with placebo 
(from 412 ± 123 to 446 ± 119 m). The nebivolol was not found improve 
the exercise capacity in this study. The Quality of Life improvement by  
using Minnesota Living with Heart Failure and NYHA class were  
improved to the same extent in both the groups.36 Currently, there are 
a lot more clinical studies and data are required to verify the fact that  
nebivolol can improve and boost the diastolic function in parallel to  
systolic function.

CLINICAL PHARMACOKINETICS
Following the oral administration of a standard 5 mg, nebivolol is  
absorbed fast and reaches the peak plasma concentration within 1.5-4 hr. 
The plasma protein binding is specifically with albumin, approximately 
98%. The food has minimal effect on the drug absorption, so less regard 
is given to meals while administering orally.37 It is metabolized in the  
liver primarily by hydroxylation which is a type of oxidation reaction 
besides oxidative deamination, N or O-dealkylation, oxygenation at N,  
C or S atoms, etc. This hydroxylation produces active and inactive  
metabolites.38

The important monooxygenase that carries the oxidation reaction that is 
hydroxylation is cytochrome (CY) P450 isoenzyme 2D6. It is the genetic  
polymorphism of CYP2D6 that makes the individual ‘poor’ metabolizer  
or the ‘extensive’ metabolizer. The poor metabolizer has very good oral 
bioavailability (98%) while the extensive metabolizers have an oral  
bioavailability of 12%. In poor metabolizers, the main pathway for  
metabolizing the nebivolol is the glucuronidation, alicyclic monooxidation  
following the glucuronidation and N-dealkylation. In the extensive  
metabolizers, mainly hydroxylation in combination with N-dealkylation,  
alicyclic monooxidation and glucuronidation following the aromatic  
hydroxylation, and glucuronic acid conjugation of unchanged nebivolol 
are the major metabolic pathways. So, it is substantial to take CYP2D6 
inducer or inhibitor into consideration while giving the nebivolol. For  
example, CYP2D6 inhibitor fluoxetine increased the peak plasma  
concentration of the nebivolol three times as compared to the normal 
peak plasma concentration. 
The half-life of nebivolol is more in poor metabolizer and vice versa that 
is approximately 10 h in extensive metabolizers and 30-50 hr in poor 
metabolizer was reported.37,39 It was found while reviewing the articles 
that clinical response and safety profiles in both types of metabolizers 
are same.
So, dose adjustment in case of poor metabolizers is not needed. The  
average volume of distribution of nebivolol is 10 L/Kg and patient weight 
seems to have no effect on the volume of distribution. The major route  
of excretion is through urine and feces.37 It is excreted mostly as  
metabolites; there is <0.5% of the unchanged drug that is excreted.  
Articles pertaining to the pharmacology of nebivolol reported that poor 
metabolizers excrete about 67 % of nebivolol metabolites in urine and 
about 13 % in feces. The data of extensive metabolizers was 38 % in urine 
and 44 % in feces.40 

ADVERSE EFFECTS AND TOLERABILITY
Treatment with the nebivolol is usually for the long time duration. In 
many clinical studies, it has been found that nebivolol is well tolerated  
and safe. However, there are some different adverse effects that are  
attributable to the nebivolol, but the most common adverse drug reactions  
reported are nausea, headache, bradycardia, fatigue, abdominal pain, 
chest pain, peripheral edema, dizziness, insomnia, dyspnea, and rash.  
Less incident adverse drug effects include asthenia, hypercholesterolemia,  
and paresthesia. Some of the adverse effects like bradycardia arise due 

Besides, ECG (Electrocardiogram), 6-minute walk test (6 MWT), and 
ventilatory functions were also analyzed. They found that in case of 
nebivolol, Ejection fraction was improved from (34% ± 7% to 38% ± 10%).  
The end systolic volume was also found to be reduced from (72 ± 35mL 
to 66 ± 32mL).  A small reduction in the mean NYHA functional class 
from the baseline was found to be from (2.3 ± 0.4 to 2.2 ± 0.5). There was 
an increase in walking distance in both the groups. 6-minute walk test 
showed an increase in the walking distance in both of the carvedilol and 
nebivolol, no significant variations were seen in case of hematological  
findings and respiratory functions with both the carvedilol and nebivolol. 
So, nebivolol was found to be as effective as carvedilol in the study.30 
In the SENIOR (study of the effects of nebivolol intervention on outcomes 
and re-hospitalization in the seniors) trial, that was meant to assess the  
effects of nebivolol on the mortality and cardiovascular hospital admis-
sion in the elderly patients with the heart failure and who were ≥70 years. 
The study included 2128 patients who had a history of heart failure (got  
hospitalized for the heart failure in the previous year or had the known  
ejection fraction of ≤35%). Nebivolol was given to a total of 1067  
(initially from 1.25mg and titrated up to 10 mg once daily) patients 
whereas placebo was given to 1061 patients. The primary endpoint was 
a composite of all-cause mortality or cardiovascular hospital admission. 
The death occurred in a total of 169 (15.8%) on nebivolol therapy and 192 
(18.1%) on placebo (HR= 0.88, 95% CI 0.71-1.08; P=0.21), where HR is 
Hazard ratio, CI is Confidence Interval, and P is Calculated Probability. 
The conclusion drawn was nebivolol is an effective and well-tolerated 
drug for the treatment of heart failure in elderly. This was the study that 
involved the elder which contrasts with other studies in this aspect.9,31 
In another study by Karabacak et al. nebivolol was found to reduce the 
oxidative stress like that of carvedilol in the patients with non-ischemic 
heart failure.32 
There are so many other studies besides these studies that have proven 
the beneficial effects of nebivolol in heart failure with systolic dysfunction.  
It is noteworthy that nebivolol and carvedilol both possess vasodilatory 
effects. However, the mechanism of action of carvedilol presents higher 
blocking affinity for beta-2 receptors than beta-1 receptor on the heart. 
This may lead to the consequences or the side effects due to beta-2 receptor  
blockade which proves the superiority of nebivolol.

Nebivolol therapy in Diastolic dysfunction
Most of the clinical trials have been found to be associated with the  
effects of nebivolol in the patients with reduced ejection fraction or the 
heart failure with systolic dysfunction and not with the patients of heart 
failure with preserved ejection fraction or the diastolic dysfunction. 
However, there are some few numbers of studies that have demonstrated  
both positive and negative results in heart failure with diastolic dysfunction.  
In a study, nebivolol (5 mg) was found to decrease the Pre-Ejection Period  
(PEP) and Pre-Ejection Period/ Left Ventricular Ejection Time (PEP/
LVET) ratio while a traditional blocker, metoprolol, was not found to 
decrease these parameters.
By decreasing PEP and PEP/LVET ratio, nebivolol showed higher diastolic 
peak filling rates or improved relaxation in diastolic dysfunction. This 
was a study which showed positive effects in diastolic dysfunction.33-35

Another important contradicting study that showed less significant  
effects is the ELANDD (Effects of the long-term administration of 
nebivolol on the clinical symptoms, exercise capacity, and left ventricular  
function of patients with diastolic dysfunction). In this study, 116 subjects  
with diastolic heart failure or with preserved ejection fraction, who 
were in the NYHA functional class II-III, whom left ventricular ejection 
fraction was >45% and who showed echo-doppler signs of LV diastolic  
dysfunction, were randomized to placebo or nebivolol treatment for  
6 months. The primary end point was change in 6 min walk test distance  
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FUTURE PROSPECTS WITH NEBIVOLOL
The drug is approved for the treatment of hypertension and heart failure 
in Europe. At present, nebivolol is not a US Food and Drugs Administra-
tion (FDA) approved drug for the treatment of heart failure although it 
has been approved for the treatment of hypertension by the FDA.7 An 
FDA advisory panel voted unanimously not to recommend approval of 
nebivolol for the treatment of chronic heart failure. 
The most important reason for this was the weak showing of nebivolol, 
unmet clinical findings in the SENIOR trial which could not convince  
FDA. In fact, the SENIOR trial was the only trial that included the  
patients who were ≥70 years of age and result of the trial also showed 
benefiting for patients with heart failure.
The epidemiological data of heart failure state that heart failure is associ-
ated with morbidity, mortality, and profound health expenditures in the 
age of 65 or more. So, the primary endpoint of the trial was a composite 
of all-cause mortality and reduced cardiovascular hospitalization after 3 
months of treatment with nebivolol.
There were potential selection and time bias on the basis of which 
nebivolol could not get the approval from the FDA. The selection bias 
was homogeneity in the race that means the trial mostly included the 
white people. There were differences in the population prevalence, and  
the treatment effects on the basis of race which were found in other  
previous studies and lastly, the other selection bias in the study was the 
inclusion of lower-risk population of heart failure or the “healthiest of  
the elderly” which limited and affected the trial’s ability to show the  
mortality differences between the placebo and nebivolol group. The 
time duration of 3 months was a potential source of time bias. So,  
Cardiovascular and Renal Drugs Advisory Committee advised increasing  
the duration of 3 months to 1 year to enlarge the number of mortality 
endpoints.43 The FDA approved drug for the treatment of heart failure is  
metoprolol, bisoprolol, and carvedilol. One can expect more trials related  
to the nebivolol in the elderly and expect that in the future, nebivolol will 
surely get the approval from the FDA.

CONCLUSION
Nebivolol is a kind of drug having highest selectivity for the beta-1  
receptors than any other beta-blocker. It is being used for the treatment 
of heart failure as well as hypertension in European countries but till date 
due to the absence of satisfactory clinical findings, it has not got approval 
from US FDA. When it comes to pharmacological actions, then it is no  
less than any other US FDA approved drug like carvedilol. It has  
wonderful nitric oxide potentiating action by activating the beta-3  
receptors. Nitric oxide has excellent effects on the heart as well as vascular  
system, for instance, nebivolol protects against myocardial ischemia-
reperfusion injury, vasodilatation and many more. The most deleterious  
compensatory mechanisms like cardiac remodeling found in case of  
heart failure are abated by nitric oxide which can be fatal. Nitric oxide  
reduces the oxidative injury moderated by alkyl-hydro peroxides, hydrogen 
peroxides, and xanthine oxidases. Nebivolol is extensively metabolized 
in the liver by the CYPD26 and there are individual variations in the 
activity of CYP2D6 that makes the person extensive or poor metabolizer.  
The adverse effects that are related to nebivolol are not serious and  
possess good tolerability and safety. With nebivolol, one can be assured 
to be benefited and if not, then, at least no serious adverse effect and this 
is the quality of nebivolol which other approved beta blockers do not 
confer, in other words, benefits are more and risks are less.
Overall, whatever the clinical data that have been found for nebivolol are 
favorable and we can expect with certainty that if more numbers of clinical  
trials data are available, nebivolol will get the approval and it will be no 

to an increase in the dose and is certified from the pharmacology of the  
drug. So, overall, tolerability and patient safety are ensured with nebivolol.41 

DRUG-DRUG INTERACTIONS
When it comes to interactions, then special caution must be taken when  
given with CYP2D6 inhibitors like fluoxetine, quinidine or with the  
CYP2D6 inducers like ethanol, phenytoin, etc. Drug interactions with 
the nebivolol found in different studies with some commonly administered 
drugs are given below:
Fluoxetine: It is very important to evaluate the drug interactions with  
this commonly prescribed anti-depressant due to its potent CYP2D6  
inhibiting nature. In the study by Lindamood et al. it was found that when 
nebivolol 10 mg once daily was co-administered with fluoxetine 20 mg 
once daily, the plasma concentration of nebivolol got increased. Steady 
state level of fluoxetine decreased the apparent clearance of nebivolol.  
This led to the increased value of Cmax and AUC0-∞, which were 2.3 fold 
and 6 fold more than when it was not co-administered with nebivolol.
Furosemide: No significant changes in the pharmacokinetic parameters 
were noted when it was co-administered in a single dose of 40 mg with  
nebivolol in a single dose of 10 mg. The Css, AUCτ, and CL/F (apparent  
clearance) of D- nebivolol or L-nebivolol were not changed by furosemide.  
No change in t1/2 of nebivolol in poor metabolizers and Cmax in extensive 
metabolizers was found.
Nebivolol was also not found to affect the pharmacokinetic parameters  
of furosemide, Cmax, AUClast, AUC0-∞, and CL/F of furosemide were  
unchanged. The same kinds of observations were noted with hydrochlo-
rothiazide and spironolactone.
Losartan: No clinically significant interactions were noted in poor and 
extensive metabolizers of nebivolol (10 mg once daily) when given with  
losartan 50 mg once daily. No safety risk was noted when given concomi-
tantly with nebivolol. The Cmax, AUClast, and AUC0-∞ of losartan were only 
slightly reduced by nebivolol.
Digoxin: For the determination of potential interactions with digoxin,  
13 healthy subjects in which there were 12 extensive metabolizers and  
1 metabolizer, were evaluated in a trial. The doses of digoxin and nebivolol  
were 0.25 mg once daily and 10 mg once daily. No significant pharma-
cokinetic parameter changes in digoxin were found. The ratio of Cmax 
of digoxin (without nebivolol) to Cmax when given concomitantly with 
nebivolol, was 1.07. Only 6 subjects experienced adverse effects that too 
were mild in severity.
Ramipril: 15 subjects involving three poor metabolizers and 12 extensive 
metabolizers of the age 19-69 years were evaluated to find the interac-
tions with nebivolol. In this, the dose of ramipril and nebivolol was 5 mg  
once daily and 10 mg once daily. No significant changes in pharmacokinetic  
parameters were observed. Furthermore, no treatment differences were 
noted when ramipril was co-administered with nebivolol or alone.  
58 adverse drug reactions were noted in a total of 10 subjects, among 
which fatigue and headache were most common. No serious adverse 
drug reactions were noted.
Cimetidine and Ranitidine: A randomized placebo-controlled cross-over  
study was conducted on 12 healthy volunteers to find out the effects of 
H2 receptor antagonist on the pharmacokinetics and pharmacodynamics  
of nebivolol. Each subject was given the placebo, cimetidine (400 mg two 
times a day), and ranitidine (150 mg two times a day). It was found that  
ranitidine had no significant effect on the pharmacokinetics of nebivolol  
and cimetidine increased the Cmax of nebivolol by 21-23%. No clinically  
significant changes in the pharmacodynamics of the nebivolol were 
found.8,42
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