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Abstract: Beta-blockers include a large spectrum of drugs with various specific characteristics, and a well-known cardioprotective
efficacy. They are recommended in heart failure, hypertension and arrhythmia. Their use in chronic hemodialysis patients is still
controversial, mainly because of the lack of specific randomized clinical trials. Large observational studies and two important clinical
trials have reported almost unanimously their efficacy in chronic hemodialysis patients, which seems to be related to their levels of
dialyzability and cardioselectivity. A recent meta-analysis suggested that high dialyzable beta-blockers are correlated to a reduced risk
of all-cause mortality and cardiovascular complications compared with low dialyzable beta-blockers. Despite their benefits, beta-
blockers may have adverse effects, such as intradialytic hypotension with low dialyzability beta-blockers or the risk of sub-therapeutic
plasma concentration of high dialyzable ones during dialysis sessions. Both cases are linked to adverse cardiovascular events.
A solution for both high and low dialyzable drugs could be their administration after dialysis sessions. Futhermore, the bulk of
existing literature seems to favor cardioselective beta-blockers with moderate-to-high dialyzability as the ideal agents in dialysis
patients, but further, larger studies are needed. This review aims to analyze beta-blockers’ characteristics, indications and evidence-
based role in chronic hemodialysis patients.
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Introduction

Chronic hemodialysis patients are at high risk of cardiovascular morbidity and mortality." In fact, the prevalence of mortality
is 1020 fold higher in these patients than in the general population and three times higher than in other risk groups,”* and
cardiovascular diseases are responsible for 25% of hospitalizations and 50% of deaths in chronic hemodialysis.* This is
mainly due to the fact that end stage kidney disease (ESKD) patients are characterized by a complex pathophysiology that
involves renin-angiotensin-aldosterone system (RAAS) and sympathetic nervous system overactivation, leading to hyperten-
sion or its worsening.”,® Furthermore, hemodialysis sessions may cause sudden and frequent fluctuations in hemodynamics,
heart rate and electrolytes balance, which may also exacerbate cardiovascular events.’

Prevention and treatment of cardiovascular complications are the biggest challenges that practitioners are confronted
with in order to improve hemodialysis patients’ survival:® therefore, the choice of the appropriate anti-hypertensive or
anti-arrhythmic drug is fundamental. Beta-blockers have cardioprotective effects that are well described in the general
population, whereas evidence of their advantages in dialysis patients is still limited.”'® This review analyses beta-
blockers’ characteristics, indications and evidence-based role in chronic hemodialysis patients.

Methods

In order to perform this review it was useful to consult relevant publications on various aspects of the topic, using the
following keywords: Beta blockers, Pharmacology of beta blockers, Beta blockers in hypertension, Beta blockers in
CKD, Beta blockers in dialysis.
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Data research was conducted in databases such as PubMed, ResearchGate, Scopus and Google Scholar.

Beta-Blockers: Definition, Classification, Use and Adverse Effects in the

General Population
Beta-blockers are beta-adrenergic blocking agents and their effect is mainly recognized in controlling the activation of
the “fight-or-flight” stress response.

Their targets are the adrenergic receptors that are physiologically targeted by the catecholamines (such as epinephrine and
noradrenaline). These drugs are also called beta-adrenergic antagonists. They prevent catecholamines from binding to the
target receptor and therefore oppose their physiological effects. Some receptors are more sensitive to noradrenaline while
others are more sensitive to epinephrine. Beta-blockers attach to these same receptor sites and block them, reducing the
number of the receptors that are available for activation. Thus, leading to the decrease of the catecholamines’ effects.'!

Adrenergic Receptors (a and B)

Adrenergic receptors are classified into two groups, alpha receptors and beta receptors, with 9 subtypes in total.'*'?
Many cell types have adrenergic receptors, but they are mainly present in smooth muscle and cardiac muscle. Increased
cAMP has an effect that differs between smooth and cardiac muscle. In fact, high levels of cAMP promote smooth
muscle relaxation while they increase contractility in cardiac muscle.'*

Beta Receptors
Beta receptors can be classified into three main subtypes, 1, B2 and 3 receptors, with different effects depending on
their location.

- B1 receptors can be found in myocardial cells and the kidney. The effects of these receptors on the heart are due to
a positive chronotropic effect (increased heart rate), positive dromotropic effect (increased conduction speed), positive
ionotropic effect (increased contractility); whereas in the kidney, Pl receptors increase renin secretion and cause
hypertension.'”

- B2 receptors have an inhibitory effect on smooth muscle cells, causing their relaxation.'®
- B3 receptors are localized in the fat tissue and their activation increases lipolysis.'’

Beta-Blockers Classification

There are several types of beta-blockers, with similar activities but each one of them has its own distinctive character-
istics and pharmacokinetic/pharmacodynamic properties that have been extensively studied.'® They are classified as
first, second and third generation beta-blockers.

- First generation beta-blockers are nonselective active principles that have effect both on f1 and B2 adrenergic
receptors. In this category, there are propranolol (the first developed beta-blocker), nadolol, pindolol and timolol.

- Second generation beta-blockers (cardioselective) act by blocking the 1 receptor only. These receptors are localized
mainly in the cardiac tissue. These are atenolol, bisoprolol, acebutolol, metoprolol and esmolol.

- Third generation beta-blockers are Bl selective, but they also have vasodilatory properties, making these medica-
tions more effective. Moreover, they can be characterized by the interaction with other adrenergic receptors (such as al
receptors) so they have a mixed antagonism. This is the case of carvedilol and labetalol. Other third generation drugs,
such as nebivolol, also have a vasodilatory effect by stimulating nitric oxide release."®

Some beta-blockers have an intrinsic sympathomimetic action (ISA), e.g. acebutolol, pindolol, labetalol. This means
that although they are beta-blockers, these drugs have also a modest stimulation effect on B2 receptors. They have less
effect on decreasing heart activity, but they also promote vasodilatation in order to avoid a peripheral resistance increase.

This is particularly useful in chronic kidney disease patients."'
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Beta-Blockers Use
Beta-blockers are used to prevent or treat several cardiovascular diseases, such as angina, heart failure, atrial fibrillation,
arrhythmias, heart attacks and hypertension, thyrotoxicosis and RAAS blocker, but they can also be used for migraine,
tremors, anxiety and glaucoma.

These drugs can have various uses, due to the fact that their receptors are spread throughout the whole body. It is
important to note that different beta-blockers have different indications. In hypertension, they are not the first-line

treatment, but rather an add-on treatment.’

Adverse Effects and Contraindications of Beta-Blockers
The main side effects of beta-blockers are nausea and diarrhea, fatigue, hypotension, bradycardia and heart block
especially in the elderly, shortness of breath, bronchospasm and sexual dysfunction.>!

Beta-blockers should be carefully used in diabetic patients, because they interact with glucose metabolism and could
mask signs of hypoglycemia. If prescribed in a diabetic patient, it is mandatory to check blood glucose continuously. It
is important to note that adverse effects such as bronchospasm, peripheral vasoconstriction, impairment of glucose and
lipid metabolism are associated with the use of P2-adrenergic receptor antagonist activity. Consequently, these are
considered as contraindications to the use of nonselective beta-blockers.?'

Beta-Blockers Use in Hemodialysis Patients

The use of beta-blockers in hemodialysis patients is largely based on the extrapolation of their efficacy in the general
population.?” This is the consequence of the lack of consistent strong data on the benefits of beta-blockers in dialysis
patients, due to their exclusion from clinical trials because of the risk of adverse effects, such as fluid overload,
intradialytic muscle cramps, hypotension and hyperkalemia.?*** Nevertheless, comorbidities (hypertension, atrial fibril-
lation, coronary artery disease and heart failure) in these patients justify the use of beta-blockers in many cases.”” In fact,
although the extension of clinical trials proven benefits of beta-blockers from the general population to dialysis patients
may seem reasonable, their use cannot be considered evidence-based.

Besides, there are a number of observational studies that aim to determine beta-blockers’ therapeutic efficacy in
dialysis patients and claim their cardiovascular protective effect. These studies focus on the main cardiovascular
complications of hemodialysis, such as hypertension, heart failure and atrial fibrillation. In Taiwan, a large cohort
study of 4435 long-term hemodialysis patients compared beta-blocker (carvedilol, bisoprolol and metoprolol) users with
nonusers and reported improved survival among patients with heart failure receiving beta-blockers.”® Another important
study that had enrolled 11,142 hemodialysis patients within the US Renal Data System (USRDS), showed that the use of
beta-blockers to treat hypertension in hemodialysis patients was associated with a remarkable reduction in mortality.
What is more, a large-scale retrospective study that had included more than 100,000 hemodialysis patients in Taiwan,
showed the efficacy of beta-blockers in the primary prevention of atrial fibrillation.?”

Some observational studies discussed the possible efficacy of beta-blockers on myocardial infarction in the setting of
hemodialysis. A cohort study of 1025 chronic hemodialysis patients with acute myocardial infarction proved that beta-
blocker administration at hospital admission was associated with a lower 30-day mortality.”® Two other observational
studies have shown an association between beta-blockers use and the reduction of sudden cardiac death among
hemodialysis patients.?*>

However, a Canadian cohort study compared mortality and cardiovascular morbidity rates among dialysis patients
taking either a beta-blocker, a calcium channel blocker or a statin and found no evidence of a favorable outcome related
to beta-blockers use.”’

The contradictory results of different observational studies underline the necessity of clinical trials to analyze the real
impact of these drugs in dialysis patients.

Table 1 summarizes the results of three randomized controlled trials (RCTs) that have studied beta-blockers in
hemodialysis patients.*>
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Table | Summary of Three Randomized Controlled Trials (RCTs) That Have Studied Beta-Blockers in Hemodialysis Patients

Study Country | Dialysis Age, Dialysis Comorbidities B-blockers | Control | Concomitant | Follow Outcomes
Patients (n) | Years, | Duration RAAS Up
Mean (Months) Inhibition, % (Months)
Cice, 2003, 1996-1998 Italy 114 55.0 83.7 Heart failure Carvedilol Placebo 100 24 All-cause mortality
Cardiovascular mortality
Cardiovascular events
Hospitalizations
Agarwal, 2014, 2005-20133 U.Ss. 200 52.7 49.2 Hypertension, Left Atenolol Lisinopril | 71.5 12 Cardiovascular mortality
ventricular Cardiovascular events
Hypertrophy, Hospitalization
Diabetes, Coronary
disease
Roberts, 2016, 201 1-2012% Australia, 49 58.6 3to 36 Diabetes, Coronary Carvedilol Placebo 36.7 12 All-cause mortality
New disease, Hypertension Cardiovascular events
Zealand
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Cice et al*® performed a double-blind, randomized trial focusing on dialysis patients with heart failure. They
compared carvedilol versus placebo in 114 dialysis patients and found that it had reduced left ventricular volume and
improved patients’ functional status. They also observed that after a two-year follow-up, the included patients who
received carvedilol had lower mortality and hospital admissions than the patients under placebo.

Agarwal et al’* studied a population of dialysis patients with hypertension and left-ventricular hypertrophy, in an
open-label randomized controlled trial, in which they compared atenolol and lisinopril in 200 hemodialysis patients. This
study showed greater blood pressure reduction with atenolol compared with lisinopril, but was interrupted earlier because
of serious complications in the lisinopril group. In addition, this study included a majority of black patients.
Consequently, it was not possible to generalize its results to hemodialysis patients.

Roberts et al’> performed a multicenter pilot randomized controlled trial, but failed to compare carvedilol with
placebo as they could not recruit the planned sample size. The goal was to randomize 150 patients, but they only
managed to get a population of 49 patients, due to a high dropout rate and several complications. This trial proves the
extreme difficulty of recruiting a large number of dialysis patients to obtain evidence-proved answers regarding beta-
blockers use in dialysis, despite the need for larger clinical trials.

Another clinical trial has been published recently.*® It is an open-label, single center randomized control trial that
enrolled 46 hemodialysis patients with hypertension. The participants were randomized to receive either amlodipine or
bisoprolol. Then two parameters were checked: the left ventricular hypertrophy index (LVMI), and the asymmetric
dimethylarginine (ADMA), a marker of cardiovascular disease whose elevation results in NO synthesis inhibition,
endothelial function impairment and atherosclerosis promotion. The outcome in patients with amlodipine-based therapy
was marked by a significant reduction in ADMA and LVMI and therefore an important reduction in cardiovascular
disease in the included patients. Thus, this study suggests the use of amlodipine as the first line antihypertensive agent,
instead of beta-blockers. However, larger multicenter clinical trials are required for stronger results.

Beta-Blockers Specificities in Hemodialysis: Dialyzability and

Cardioselectivity

There are several studies on the effectiveness of beta-blockers that have similar activities but each type of beta-blocker
has its distinctive characteristics, intradialytic kinetics and side effects. This is why, compared with other drugs, selecting
the appropriate beta-blocker might seem difficult.

Two major properties that differ among agents are dialyzability and cardioselectivity. Observational studies that have
tried to investigate the association between dialyzability or cardioselectivity of beta-blockers and hemodialysis outcome,
obtained conflicting results.

Dialyzability is a parameter that reflects drug removal efficiency from the circulation during the dialysis session, with
the subsequent possible loss of effectiveness. The dialyzability of a drug depends on several factors, including its water
solubility: hydrophilic beta-blockers are removed to a greater extent during dialysis than the lipophilic ones. The
explanation is that the latter are present in plasma in a small amount, because they easily pass the lipid bilayer and
are distributed in different tissues. Consequentially, in turn, the lipid-soluble ones have a greater tendency to cross the
blood-brain barrier, with more potential adverse effects.>’

Atenolol and metoprolol are considered highly dialyzable, while propranolol and carvedilol clearances remain
lower.*® The classification of bisoprolol is still debated. A study of Weir et al on 3294 hemodialysis patients treated
with a highly dialyzable beta-blocker (metoprolol/atenolol/acebutolol) and 3294 with a low dialyzable beta-blocker
(mainly bisoprolol) showed a higher mortality and arrhythmia risk in the highly dialyzable beta-blockers group at six
months of therapy initiation.*® This study did not take into consideration the effects of carvedilol, but Wu et al compared
15,699 hemodialysis patients treated with a moderate or highly dialyzable beta-blocker (atenolol, acebutolol, metoprolol
or bisoprolol) and 20,094 hemodialysis patients treated with a poorly dialyzable beta-blocker (betaxolol, carvedilol or
propranolol) and found that the first group had lower mortality and cardiovascular complication risks.>® A large retro-
spective study by Shireman et al compared hemodialysis patients under cardioselective beta-blockers (atenolol and
metoprolol) with those using non-cardioselective beta-blockers (carvedilol and labetalol) and found a lower mortality rate
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in cardioselective beta-blocker users.*” This seems in contradiction with the overall results of carvedilol in patients with
heart failure reported by previous studies.*? Finally, Assimon et al compared 17,506 hemodialysis patients treated with
metoprolol (highly dialyzable/cardioselective) with 9558 hemodialysis patients initiated on carvedilol (poorly dialyzable/
non-cardioselective) and found that the carvedilol group had a higher cardiovascular and all-cause mortality risk. The
authors also found that the carvedilol group had higher rates of intradialytic hypotension and hypothesized that this may
provide an explanation for the increased mortality risk observed with carvedilol.*'

A recent meta-analysis, based on the prospective cohort studies mentioned earlier, compared all-cause mortality and
cardiovascular outcomes between highly dialyzable and low dialyzable beta-blockers. In fact, Tella et al underwent
a systematic review of the literature suggesting that the two classes have similar mortality events but the highly
dialyzable ones have fewer cardiovascular outcomes.*” It is interesting to note how the only study in favor of low
dialyzability beta-blockers classified bisoprolol as poorly dialyzable, on the basis of earlier pharmacokinetics studies.** In
sharp contrast, recently Tieu et al showed that bisoprolol is characterized by a substantial dialytic clearance.* Therefore,
considering the fact that in Weir et al’s analysis the majority of patients of the low-dialyzability group were treated with
bisoprolol, Tella et al performed a sensitivity analysis, considering the misclassification of bisoprolol as a poorly
dialyzable beta-blocker. Accordingly, the new conclusion of their meta-analysis claimed that highly dialyzable beta-
blockers were linked with 13% reduced risk of all-cause mortality and adverse cardiovascular events.***?

Besides dialyzability other factors, such as cardioselectivity should be considered while interpreting the results of the
above-mentioned studies. In fact, the high dialyzability beta blockers mainly used in these studies are cardioselective
(metoprolol and atenolol), while the chosen low-dialyzability beta-blockers are mainly non-cardioselective (labetalol,
carvedilol or propranolol). Consequently, other pharmacologic characteristics of beta-blockers could influence the results
and be partially responsible for the observed benefits of highly dialyzable beta-blockers.

Beta-Blockers Concerns and Adverse Effects in Dialysis

Beta-blockers used in hemodialysis may present various complications, the most common being Intradialytic hypotension
(IDH). This adverse effect has a higher occurrence in elderly patients with multiple comorbidities.*” It occurs in up to 20% or
more of dialysis sessions and can result in significant morbidity secondary to end-organ hypoperfusion, which is caused by
a drop in absolute blood volume (ABV) due to an excessive ultrafiltration (UF) rate, not compensated by a vascular refilling
volume from interstitial to intravascular compartment. It is possible that the use of beta-blockers may affect compensatory
responses to ABV drop and contribute to IDH development.***” Recently a retrospective study®® has investigated this
hypothesis, thanks to a new measurement technology to calculate ABV and vascular refilling volume.*’ The study aimed to
analyze how beta-blockers modify vascular refilling volume during hemodialysis sessions, focusing on carvedilol, character-
ized by being non-cardioselective, poorly dialyzable and consequently more involved in intradialytic hemodynamics than
other beta-blockers. The results showed that the use of carvedilol in dialysis patients led to a higher risk of IDH if administered
before the hemodialysis session, so it could be suggested to prescribe this drug after the hemodialysis session. These findings
could explained by the action of beta-blockers, as these drugs reduce cardiac output and vasoconstriction, leading to an
increase in hydrostatic pressure in the capillary bed that may inhibit refilling.>® Also, Assimon et al reported the higher
incidence of IDH in patients using carvedilol compared with patients under metoprolol. Therefore, poorly dialyzable beta-
blockers, that are not efficiently removed during dialysis, have a long action in patients who experience rapid changes in
hemodynamics and therefore are linked to hypotension and cardiovascular events.*'

On the contrary, highly dialyzable beta-blockers such as atenolol are easily removed during dialysis, diminishing
blood pressure effects over the course of dialysis. This leads to their rapid decline and sub-therapeutic plasma
concentrations in the interdialytic interval. In the general population, a sudden discontinuation of beta-blockers has
been linked to hypertension, tachycardia and adverse cardiovascular events.”' Accordingly, it can be hypothesized that
highly dialyzable beta-blockers may be linked to similar adverse effects, with a higher risk of cardiovascular events and
all-cause mortality. For this reason, the authors of one study claimed that it could be beneficial to take these drugs after
the dialysis session in order to achieve a longer effect and improve patient outcomes.”” In fact, although sudden changes
in highly dialyzable beta-blockers concentrations may be a predisposing factor for cardiovascular events, it is noteworthy

to mention that it rarely occurs when these drugs are taken after dialysis, as shown in the HDPAL trial.**
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Furthermore, in addition to hypotension and bradycardia, non-cardioselective beta-blockers such as carvedilol and propranolol
have been suggested to induce hyperkalemia in patients with ESKD and in those who use mineralocorticoid receptor

antagonists.”*>

Conclusion
Despite the limited evidence, cardioprotective and overall survival benefits with beta-blockers use in dialysis patients is
suggested by several authors, but there are still controversial opinions about the specific beta-blockers to choose in order
to guarantee the best outcome.

The bulk of existing literature suggests that cardioselective beta-blockers with moderate-to-high dialyzability (such as
atenolol, bisoprolol and metoprolol) could be the ideal agents in hemodialysis patients.

Nevertheless, further and larger randomized clinical trials are needed to produce stronger evidence about these drugs.

Disclosure
The authors report no conflicts of interest in this work.
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