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Abstract: Landiolol is an ultra-short-acting, selective ß1- adrenergic receptor blocker that was originally 

approved by Japan for the treatment of intraoperative tachyarrhythmias. It has gained attention for its use in 

the management of tachyarrhythmias and perioperative tachycardia, especially atrial fibrillation for both 

cardiac and non-cardiac surgeries. It can be the ideal agent for heart rate control due to its high β1-selectivity, 

the potent negative chronotropic effect, a limited negative inotropic potential, and an ultrashort elimination 

half-life (around 4 min); moreover, it may have a potential therapeutic effect for sepsis and pediatric patients. 

Landiolol seems to be superior to other short-acting and selective beta-blockers such as esmolol. This review 

aims to provide a comprehensive overview of landiolol, a new ultra-short-acting ß1 selective antagonist, 

including its pharmacology, clinical applications, efficacy, safety profile, and future directions in research and 

clinical data. 

Keywords: landiolol; atrial fibrillation; beta-blockers; perioperative tachyarrhythmias;  

cardiac surgery; arrhythmias 

 

1. Introduction 

Tachyarrhythmias, the most frequent one being atrial fibrillation (AF), may bring significant 

risks to patients, especially those with underlying cardiovascular conditions. While various ß-

blockers options exist, the need for a rapid and effective intervention has led to the development of 

ultra-short-acting ß-blocker such as landiolol. This review will explore the pharmacological 

properties, clinical applications, potential benefits, challenges, and perspectives of landiolol in the 

management of tachyarrhythmias.  

Atrial fibrillation, whose mechanism consists of a concept using Coumel’s Triangle that requires 

a trigger for initiation, a catalyst agent, and an arrhythmogenic substrate for the perpetuation and 
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maintenance of the trigger, increases heart rate (HR), oxygen consumption and implicates the loss of 

atrial systole, which will bring a poorer prognosis for frail patients, such as perioperative patients. 

This required the study and development of a ß -blocker such as landiolol, which has been primarily 

studied and utilized in the management of tachyarrhythmias, not only AF but also atrial flutter (AFL), 

because of its rapid onset and offset of action. In this way, it is the perfect candidate for acute 

situations, where immediate HR control is required [1,2].  

Several clinical studies have demonstrated the efficacy of landiolol in controlling HR in patients 

with tachyarrhythmias. Its rapid onset of action and short half-life allow for precise titration to control 

HR control without the risk of prolonged ß-blockade. Landiolol has shown favorable safety and 

tolerability profiles, with minimal negative inotropic effects, making it suitable for patients with 

compromised cardiac function. Compared with esmolol, another intravenous ß-blocker, the high β1 

selectivity (β1/β2 ratio of 255:1) of landiolol allows it to bring a more rapid HR decrease, avoiding in 

the same time, the decreases in mean arterial blood pressure (BP). That is the reason, landiolol has 

been also found useful in left ventricular dysfunction patients and fatal arrhythmia requiring 

emergency treatment [3]. 

A meta-analysis showed landiolol is effective in the prevention of AF after cardiac surgery 

(especially coronary artery bypass grafting) and without increasing the risk of major complications. 

Also, this ß-blocker can manage postoperative atrial fibrillation (POAF) in non-cardiac surgeries, 

such as esophagectomy. Ojima et al., showed that administration of landiolol 3 μg/kg/ min from the 

first postoperative day in patients who had an esophagectomy, may reduce the incidence of POAF 

(landiolol: 30% vs placebo: 10%, p=0.012), postoperative complications (landiolol: 40% vs placebo: 

60%, p=0.046) and even the reduction of IL-6 cytokine, which is a promotor for inflammation [4]. 

Regarding percutaneous coronary intervention, another study showed that using 3 μg/kg/min 

may be an independent predictor of an ST-segment resolution and may prevent Killip class grade 

progression without important cardiac complications, such as severe bradycardia, hypotension, or 

atrioventricular block [5,6]. 

In septic patients, it is known that tachycardia is associated with a poor outcome and the use of 

catecholamine vasopressor may increase cardiac adverse events; that is why a β-adrenergic blocker 

could significantly decrease mortality, by preserving HR and heart load. Landiolol can be the ideal 

solution in this case, especially for its ability to decrease serum levels of TNF-α and IL-6 in rat models, 

according to Seki et al. [7,8]. 

Landiolol may be also used to control HR in pediatric patients with non-arrhythmic sinus 

tachycardia, heart failure, and pulmonary hypertension. According to Schroeder et al., landiolol 

administration is well tolerated and safe in pediatric patients, being able to achieve a quick HR 

control; it is associated with an improvement of ventricular dysfunction and pulmonary hypertension 

severity in critically ill infants [9]. 

2. Overview of Pharmacodynamics and Pharmacokinetics in Comparison with Other ß-Blockers 

Landiolol hydrochloride is an ultra-short-acting ß1-adrenergic receptor blocker with a rapid 

onset and offset of action. It exerts its effects by competitively blocking ß1-adrenergic receptors, 

leading to a reduction in HR, myocardial contractility, and conduction velocity. It specifically targets 

the beta-1 adrenergic receptors, which are predominantly found in the myocardium, in this way 

competing with endogenous catecholamines (epinephrine and norepinephrine). Following the 

blockade of ß-adrenergic receptors, several intracellular molecules and signaling pathways are 

affected (as shown in Figure 1): 

1. G protein-coupled receptor signaling: ß-1 adrenergic receptors are G protein-coupled receptors, 

meaning that their activation leads to the activation of intracellular signaling pathways through G 

proteins. When catecholamines (e.g., epinephrine and norepinephrine) bind to ß -1 receptors, they 

activate stimulatory G proteins, leading to the production of cyclic adenosine monophosphate 

(cAMP) from adenosine triphosphate by the enzyme adenylyl cyclase. 

2. cAMP production: Cyclic AMP, a second messenger, plays a central role in mediating the effects 

of ß -adrenergic receptor activation. Increased levels of cAMP lead to the activation of protein kinase 
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A (PKA), a key enzyme involved in regulating cellular function. PKA phosphorylates a variety of 

target proteins, leading to changes in cellular function and gene expression, one of the major 

intracellular effects of ß-1 receptor activation being the regulation of intracellular calcium levels in 

cardiac myocytes. Activation of ß-1 receptors leads to an increase in intracellular calcium levels 

through several mechanisms, including enhanced calcium release from the sarcoplasmic reticulum 

and increased calcium entry through L-type calcium channels in the cell membrane. The increase in 

intracellular calcium levels and the subsequent activation of PKA through the ryanodine receptor 2, 

sarcoplasmic/endoplasmic reticulum calcium ATPase 2 and phospholamban lead to enhanced 

contractility and increased HR in cardiac myocytes [10].  

 

Figure 1. The mechanism of action for Landiolol. This image wase created with Biorender.com 

(accessed on 11 February 2024). ß –ADR: ß adrenergic receptor; Ina: sodium current; IKs: slow delayed 

rectifier potassium current; If: funny current; INaK: sodium-potassium pump current; PKA: protein 

kinase A; cAMP: cyclic adenosine monophosphate; SERCA2: sarcoplasmic/endoplasmic reticulum 

calcium ATPase 2; RyR2: ryanodine receptor 2; PLB: phospholamban; ATP: adenosine triphosphate; 

AC: adenylyl cyclase.  

When ß-blockers like landiolol block ß-1 receptors, they interfere with all of these intracellular 

signaling pathways. Specifically, the inhibition of ß-1 adrenergic receptors leads to reduced cAMP 

production, decreased activation of PKA, and altered calcium handling in cardiac myocytes, which 

will create (detailed in Table 1)[11]:  

• A negative bathmotropic effect (by blocking INa channels responsible for the rapid 

depolarization phase of the cardiac action potential). 

• A negative dromotropic effect (it decreases the speed of impulse conduction through the 

atrioventricular node by blocking especially IKs channels). 

• A negative chronotropic effect (blocking the ß-1 receptors in the sinoatrial node and 

modulating the activity of various ion channels, including If- funny current).  
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Table 1. The impact of beta-blockers upon If, IKs, INa, and INaK channels. 

Current 

channel 
If  IKs INa INaK 

Role 
A mixed cation 

current is carried by 

both Na+ and K+. It is 

mainly involved in 

the pacemaker 

activity of the 

sinoatrial node, 

contributing to the 

diastolic 

depolarization and 

spontaneous firing of 

action potentials. 

 A delayed rectifier 

potassium current 

plays a role in 

repolarizing the 

cardiac action 

potential. It 

contributes to the 

plateau phase of the 

action potential in 

cardiac myocytes. 

The fast inward 

sodium current is 

responsible for the 

rapid depolarization 

phase of the cardiac 

action potential. It 

plays a critical role in 

initiating and 

propagating action 

potentials in cardiac 

myocytes. 

The sodium-

potassium pump 

(Na+/K+-ATPase) 

plays a crucial role in 

maintaining the 

resting membrane 

potential of cardiac 

myocytes by actively 

transporting 3 atoms 

of sodium out of the 

cell and 2 atoms of 

potassium into the 

cell. 

     

The 

influence of 

landiolol1 
Indirect- by blocking 

ß-1 receptors, 

landiolol reduces the 

stimulatory effects of 

endogenous 

catecholamines, 

leading to a decrease 

in If activity and a 

subsequent decrease 

in heart rate. 

May have minor 

effects on IKs, 

primarily through 

downstream 

signaling pathways 

influenced by the 

blockade of ß-1 

adrenergic receptors. 

Indirect- by blocking 

ß-1 receptors, 

landiolol reduces the 

stimulatory effects of 

catecholamines on 

INa, leading to a 

decrease in the rate of 

rise of the action 

potential and a 

reduction in 

myocardial 

excitability. 

 Not well-

documented, its 

effects on 

intracellular calcium 

levels and ion 

handling in cardiac 

myocytes, mediated 

through ß-1 receptor 

blockade, may 

indirectly influence 

the activity of the 

sodium-potassium 

pump. 

     

     
1availabe for all beta-blockers. If: funny current; IKs: slow delayed rectifier potassium current; INa: sodium 

current; INaK: sodium-potassium pump current. 

• A negative inotropic effect: due to its blockade of the ß-1 receptors in the myocardium and in this 

way blocking the release of calcium, necessary for cardiomyocyte contraction. 

• An antiarrhythmic effect: due to its suppression of triggered activity and prolongation of 

refractory period by blocking IKs channels. In this way, it may help prevent the re-entry of 

electrical impulses that can lead to certain types of arrhythmias such as AF, AFL, atrioventricular 

re-entry tachycardia, or atrioventricular nodal reentry tachycardia [12]. 

Compared to other ß-blockers, landiolol has a unique pharmacokinetic profile, characterized by 

its short half-life of approximately 4 minutes, which allows for rapid titration and termination of its 

effects. It distinguishes it from other ß-blockers in terms of pharmacodynamics and pharmacokinetics 

(detailed in Table 2). 

Table 2. An overview of Landiolol in comparison with other beta-blockers. 

 Property Landiolo

l[13] 

Esmolol[1

3] 

Metoprolo

l[14] 

Nebivolo

l[15] 

Bisoprolo

l[15] 

Atenolol[

16] 

Carvedilo

l[17] 

Propranolo

l[18] 

Drug class Ultra-

short-

acting 

Short-

acting 

selective 

Selective   

ß -1 

blocker 

Highly 

cardio 

selective ß 

Highly 

cardio-

Cardio 

selective ß 

-1 blocker 

Non-

selective ß 

blocker 

Non-

selective ß 

blocker 
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selective 

ß-1 

blocker 

ß-1 

blocker 

-1 blocker 

with 

vasodilat

or 

properties 

selective ß 

-1 blocker 

with 

alpha-1 

blocking 

activity 

Half-life Very 

short 

(about 4 

minutes) 

Very short 

(about 9 

minutes) 

3-7 hours 10-12 

hours 

10-12 

hours 

 

6-7 hours 

7-10 

hours 

 

4-6 hours 

Pharmacokin

etics 

Rapid 

onset and   

offset of 

action 

Rapid 

onset and 

offset of 

action 

Rapidly 

and 

completely 

absorbed 

Absorbed   

rapidly 

and 

extensivel

y 

metaboliz

ed 

Slowly 

and 

completel

y 

absorbed 

Absorbed 

slowly 

but   

almost 

completel

y 

Extensive l 

y 

metaboliz

ed 

Rapidly 

and 

completely 

absorbed 

Pharmacodyn

amics 
Selective 

 

ß1-

blocker, 

short-

acting 

Selective 

 

ß1-

blocker, 

short-

acting 

Selective 

 

ß1-blocker, 

long-

acting 

ß1-

blocker 

with 

vasodilat

or   effects 

Selective 

 

ß1-

blocker, 

long-

acting 

Selective 

 

ß1-

blocker, 

long-

acting 

Non-

selective 

ß-

blocker 

with 

ß1-

blockade  

Non-

selective 

ß-blocker, 

membrane-

stabilizing 

activity 

Cardio 

selectivity 

Highly Highly Highly Highly 

with 

vasodilat

or 

properties 

Highly Highly Non-

selective 

Non-

selective 

Dose Range 
1-40 

μg/kg/mi

n 

50-300 

μg/kg/min 

25-200 

mg/day 

2.5-10 

mg/day 

2.5-10 

mg/day 

25-100 

mg/day 

6.25-25 

mg/day 

20-320 

mg/day 

Vasodilator 

effects 

Minimal Minimal Minimal Significan

t 

Minimal Minimal Strong Minimal 

Indications Rapid 

heart rate 

control in 

critical 

care 

settings 

Acute 

heart rate   

control, 

intraopera

tive and 

postopera

tive 

tachycardi

a 

Hypertens

ion, 

angina, 

heart 

failure, 

post-

myocardia

l infarction 

Hyperten

sion, 

angina, 

heart 

failure 

Hyperten

sion, 

angina, 

heart 

failure 

Hyperten

sion, 

angina, 

arrhythmi

as 

Hypertens

ion, 

angina, 

heart 

failure 

Hypertensi

on, angina, 

arrhythmia

s 

Adverse 

effects 

Rarely 

Hypotens

ion, 

bradycar

dia, 

Hypotensi

on, 

bradycard

ia, 

bronchosp

asm 

Hypotensi

on, 

bradycardi

a, fatigue, 

dizziness 

Hypotens

ion, 

bradycard

ia, 

fatigue, 

dizziness,  

headache 

Hypotensi

on, 

bradycard

ia, fatigue, 

dizziness 

Hypotens

ion, 

bradycard

ia, 

fatigue, 

dizziness 

Hypotensi

on, 

bradycard

ia, fatigue, 

dizziness, 

heart 

block 

Hypotensi

on, 

bradycardi

a, fatigue, 

dizziness, 

bronchosp

asm 
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Contraindicat

ion 

Severe 

bradycar

dia, heart 

block 

Heart 

block, 

severe 

bradycard

ia, heart 

failure, 

asthma 

Bradycardi

a, heart 

block, 

heart 

failure, 

hypotensio

n 

Severe 

bradycard

ia, heart 

block, 

hepatic 

impairme

nt 

Heart 

block, 

severe 

bradycard

ia, heart 

failure, 

asthma 

Bradycar 

dia, heart 

block, 

heart 

failure, 

asthma 

Asthma, 

heart 

block, 

severe 

bradycard 

ia 

Asthma, 

heart 

block, 

bradycardi

a 

Regarding pharmacodynamics, it is more cardio-selective than many other ß-blockers, having a 

greater affinity for ß-1 adrenergic receptors relative to ß-2 receptors. This selectivity may result in a 

decreased risk of bronchoconstriction in patients with asthma or chronic obstructive pulmonary 

disease compared to non-selective ß-blockers. Then, it has rapid onset and short duration of action 

making it suitable for rapid titration and discontinuation as needed. This is in contrast to other ß-

blockers, which often have longer half-lives and durations of action. 

Regarding pharmacokinetics, landiolol undergoes rapid metabolism by esterase in the tissues 

rather than by the liver, leading to its short half-life (about 4 minutes). This rapid metabolism allows 

for quick clearance from the body, making it suitable for use in situations where rapid titration or 

discontinuation is necessary. It is primarily eliminated renally, and its rapid clearance contributes to 

its short duration of action. Other ß-blockers, such as metoprolol and propranolol, are predominantly 

eliminated through hepatic metabolism and have longer half-lives. Moreover, due to its rapid 

metabolism, landiolol has limited penetration into tissues and organs, which may contribute to its 

shorter duration of action and decreased potential for systemic side effects compared to other ß-

blockers [13]. 

Recent studies showed also the anti-ischemic, anti-inflammatory, antioxidant, and 

cardioprotective effects of landiolol: PASCAL, PLATON, and BABYLON trials sustained 

significantly decreased levels of biomarkers for both inflammation, such as interleukin-6 and -8, high-

sensitive C-reactive protein and for myocardial ischemia, such as creatine kinase isoenzyme MB, 

troponin-I and human heart fatty acid binding protein [19–21]. 

Another study claims the ability to attenuate acute lung injury and cardiac dysfunction in a rat 

model of endotoxin-induced sepsis. Co-treatment with landiolol protected against acute lung injury 

and cardiac dysfunction in a rat model of lipopolysaccharide-induced systemic inflammation. The 

treatment was associated with a significant reduction in serum levels of the inflammation mediator 

high-mobility group and histological lung damage [22]. 

Landiolol stands out from other ß-blockers due to its rapid onset, short duration of action, 

cardioselectivity, rapid metabolism, and renal elimination. These unique pharmacodynamics and 

pharmacokinetic properties make it a valuable option in certain clinical scenarios, such as for the 

management of acute tachyarrhythmias or perioperative tachycardia such as POAF, but it seems that 

other properties such as anti-ischemic, anti-inflammatory, and antioxidant effects make it also useful 

in other situations (sepsis, pediatric patients). 

3. The Use of Landiolol in Clinical Practice 

Landiolol, with a half-life of 3-4 minutes, is a β1 blocker characterized as an ultra-short-acting 

agent. It has received approval in Japan for addressing sinus tachycardia, AFL, and AF. In terms of 

cardioselectivity, landiolol hydrochloride demonstrates a high degree (β1/β2=255) in comparison to 

esmolol (β1/β2 = 33) or propranolol (β1/β2 = 0.68). For the reasons mentioned earlier, landiolol could 

be an appealing substitute for long-acting β-blockers in both the perioperative environment and 

among critically ill patients [13]. 

3.1. Postoperative Atrial Fibrillation Prevention and Treatment in Cardiac Surgery 

Atrial fibrillation is among the most common complications following heart surgery, with an 

estimated incidence ranging from 16% to 85% [21]. This potentially life-threatening complication is 

linked to heightened risks of adverse neurological events, congestive heart failure, perioperative 
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heart failure, myocardial infarction, prolonged length of hospitalization, and higher hospital costs 

[23]. It poses challenges in the postoperative period and has an impact on the long-term mortality of 

patients [21]. Sympathetic activation or an exaggerated response to adrenergic stimulation serves as 

a significant trigger for POAF [23]. β-blockers play a crucial role in both preventing and treating 

postoperative AF [23]. In this regard, the European Society of Cardiology, in conjunction with the 

American Heart Association, the American College of Cardiology, and the American College of Chest 

Physicians, advocates employing β-blockers to prevent AF in patients undergoing cardiac surgery 

[24,25]. 

One meta-analysis that incorporated thirty-three studies and encompassed a total of 4698 

participants who underwent cardiac surgery, examined the impact of β-blockers on POAF. These 

results indicated a noteworthy reduction in POAF within the group that received β-blockers (16.3%) 

compared to the placebo group (31.7%) (OR 0.33; 95% CI 0.26 to 0.43; I2 = 55%) [26]. Moreover, in 

another recent systematic review involving 688 patients, it was revealed that administering β-

blockers before elective cardiac surgery resulted in a notable reduction in the risk of POAF. 

Additionally, this preoperative intervention had an impact on the risk of stroke and all-cause 

mortality [27]. 

Recent research indicates that the intravenous administration of an ultra-short-acting β-blocker, 

like landiolol, is associated with a reduced likelihood of developing AF following cardiac surgery. 

The PASCAL study was undertaken to assess the effectiveness of intravenous landiolol 

treatment in preventing POAF. The study comprised 140 patients undergoing coronary artery bypass 

grafting. Within the landiolol group, AF occurred in 7 patients (5%), whereas in the placebo group, 

the incidence of AF was observed in 24 patients (34.3%) [20]. Furthermore, the group treated with 

landiolol exhibited a decrease in inflammatory and ischemic parameters. It can be concluded that the 

inhibition of sympathetic hypertonia by landiolol led to a reduction in the incidence rate of AF [20]. 

The PELTA study, conducted from 2010 to 2014, involved 150 consecutive patients aged over 70 

who underwent cardiovascular surgery for valvular, ischemic heart disease, and aortic disease. These 

patients were divided into three groups: Group 1 (landiolol at 1 μg/kg/min), Group 2 (landiolol at 2 

μg/kg/min), and the control group (no landiolol). Landiolol hydrochloride was administered 

intravenously for a period of 4 days postoperatively. Continuous electrocardiography monitoring 

took place throughout the study, and cardiologists subsequently assessed whether AF occurred 

postoperatively. AF was observed in 24.4% of patients in the control group, 18.2% of patients in 

Group 1, and 11.1% of patients in Group 2. The conducted statistical analysis revealed a clear 

correlation between the incidence of POAF and the dosage of landiolol. This suggests that a higher 

dose of landiolol might be more efficacious in preventing the occurrence of AF following cardiac 

surgery [28]. 

Studies assessing the effectiveness of landiolol in preventing AF after cardiovascular surgery 

have been conducted across various patient profiles. One such study, the PLATON study, involved 

60 patients with a preoperative left ventricular ejection fraction of less than 35% [19]. Among these 

patients, AF occurred in 10% of those treated with landiolol, as opposed to 40% in those without 

landiolol (p = 0.002). Additionally, the study group exhibited lower levels of brain natriuretic peptide 

and ischemic biomarkers, along with a shorter duration of hospitalization. The study concludes that 

utilizing a low dose (1 mcg/kg/min) of landiolol is both safe and beneficial for patients with left 

ventricular dysfunction. This approach proves effective in preventing episodes of AF that may occur 

after cardiac surgery [19]. 

A meta-analysis conducted by Hao et al. affirms the positive impact of landiolol in preventing 

AF in patients undergoing cardiac surgery. Furthermore, the analysis notes favorable effects in terms 

of fewer adverse events associated with landiolol use. Additionally, the administration of landiolol 

to prevent AF after cardiac surgery was found to reduce mortality in comparison to using landiolol 

for treating AF after cardiac surgery [29]. 

When compared to other active substances, landiolol was found to be more effective and safer 

for administration in patients with POAF. A study conducted in Japan investigated the effects of 

landiolol compared to diltiazem in patients who developed AF after heart surgery. Out of a total of 
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335 patients, 71 experienced AF. The conversion to sinus rhythm (SR) occurred in 54.3% of patients 

treated with intravenous landiolol, in contrast to 30.6% of patients treated with diltiazem. 

Furthermore, hypotension and bradycardia, as side effects, were less common in the group of patients 

receiving landiolol [30]. 

In all the above studies, landiolol was well tolerated, with minimal adverse effects, and a low 

incidence of hypotension, bradycardia, or respiratory symptoms, which did not require stopping 

treatment or lowering the dose. Thus, landiolol proved to be a β-blocker with a well-established 

safety profile [31]. 

3.2. Postoperative Atrial Fibrillation Prevention and Treatment in Non-Cardiac Surgery 

The reasons behind AF occurrence after thoracic or gastrointestinal surgery remain uncertain, 

but potential contributors may involve the combined impact of heightened vagal tone, hypoxemia, 

pulmonary hypertension, atrial inflammation, and right heart dilation. Risk factors for POAF 

encompass factors related to both the patient and the surgical procedure itself, with AF carrying the 

potential to give rise to additional severe complications [4,32]. 

Individuals undergoing lung resection and experiencing AF also face additional challenges 

related to pulmonary complications, such as acute respiratory failure or pneumonia. These 

complications contribute to an elevated risk of both mortality and morbidity [33]. Additionally, POAF 

extends the duration of hospitalization, accompanied by an associated rise in costs [32]. There is a 

limited number of studies assessing the efficacy of landiolol in preventing [4,34–37] and treating 

[32,33,38,39] AF following non-cardiac surgery. 

Due to its very short action time and significant cardioselectivity, with minimal action on alpha 

receptors, landiolol can be used in patients with respiratory diseases [40]. Considering these factors, 

Nakano et al. explored the utility and effectiveness of using landiolol in cases of AF following 

pulmonary resection. The continuous intravenous infusion of landiolol resulted in a reduction of HR 

in these individuals from 135 ± 24 bpm to 85 ± 19 bpm (p<0.0001), with 56% of patients experiencing 

a conversion to SR [32] (Table 3). 

Table 3. Studies that used landiolol for the treatment of post-operatory atrial fibrillation in non-

cardiac surgery. 

Study 

name 

Type of 

surgery 

Number of 

patients 
Design study Outcomes 

Nojiri et 

al.[33] 
Lung surgery 30 

Study group (n=15) – landiolol 5 

mcg/kg/min or 10 mcg/kg/min 

Control group (n=15) – 0.25 mg digoxin  

and 5 mg verapamil 

Rate of conversion 

to SR: 

Study group: 

at 2 h: 8/15 (53%) 

at 12 h 11/15 (73%) 

Control group: 

at 2 h: 3/15 (20%) 

at 12 h 8/15 (53%) 

Time of 

conversion to SR: 

Study group: 8.1± 

11.0 h 

Control group: 23.0 

± 26.0 h 

 

Niwa et 

al.[39] 
Esophagectomy 24 

Study group (n=11) – landiolol 6.5 ± 3.4 

mcg/kg/min, increased to  

7.7 ± 4.4 mcg/kg/min 

Control group (n=13) – digoxin  

and calcium channel blockers. 

Rate of conversion 

to SR: 

Study group:  

at 2 h 5/8 (62.5%) 

at 12 h 8/8 (100%) 
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Control group: 

at 2 h: at 2 h 1/13 

(7.7%) 

at 12 h 7/13 (53.8%) 

Time of 

conversion to SR: 

Study group: 3.6 6 

±6.6 h 

Control group: 23.3 

± 5.2 h 

Mori et 

al.[38] 
Esophagectomy 74 

Study group (n=13) – landiolol 0.01 

mg/kg/min increased to 0.04 mg/kg/min 

Rate of conversion 

to SR: 10/13 (77%) 

Nakano et 

al.[32] 

Pulmonary 

resection 
25 

Study group (n=25) - landiolol 5–10 

mcg/kg/min or o 1–5 mcg/kg/min 

Rate of conversion 

to SR:   14/25 

(56%) – at 1 h 4/14 

(28.6%) and at 12 h 

5/14 (35.7%) 

HR control: from 

135 ± 24 bpm to 85 

± 19 bpm 

SR: sinus rhythm; HR: heart rate. 

In another study, the effectiveness of landiolol treatment was assessed in comparison to the 

standard approach for managing AF following pulmonary resection. The study revealed a significant 

reduction in HR within the landiolol-treated group compared to the control group. Additionally, the 

time taken for the restoration of SR was significantly shorter in the landiolol-treated group. 

Furthermore, there were no statistically significant differences in BP between the two groups, and no 

need for discontinuation of treatment due to adverse effects was observed [33]. 

Two other studies exploring the impact of landiolol hydrochloride on treating AF after thoracic 

surgery have yielded consistent findings. Landiolol has demonstrated superiority over traditional 

therapy in effectively managing HR and facilitating the restoration of SR [38,39]. 

Landiolol has also been used successfully to prevent the onset of AF after non-cardiac surgery. 

In a double-blind, randomized trial involving 100 cancer patients undergoing esophageal surgery, 

landiolol was administered for the prevention of AF. In patients receiving landiolol for prophylaxis, 

AF occurred in 5 (10%), whereas in the control group, 15 patients (30%) experienced AF. Moreover, 

in the landiolol group, HR was significantly lower than in the placebo group [41]. Comparable 

outcomes were noted in patients undergoing lung resection. Administering a low dose of landiolol 

at 5 mcg/kg/min before the induction of general anesthesia and maintaining it until discharge from 

the intensive care unit led to a notable reduction in HR. Notably, in this study, the initiation of AF 

was entirely prevented, with no patients in this group experiencing this tachyarrhythmia [34]. 

Okita et al. conducted a study comparing a group that received landiolol before lung resection 

surgery to a control group without AF prophylaxis. The incidence of AF after landiolol prophylaxis 

was 5.2%, while the control group had a higher percentage at 14.2%. Risk factors linked to AF 

occurrence included older age, ischemic heart failure, longer surgery duration, and lymph node 

removal. Importantly, the administration of landiolol did not lead to a significant reduction in BP or 

marked bradycardia [37]. 

3.3. Treatment of Atrial Fibrillation in Patients with Cardiac Dysfunction 

Heart failure (HF) and AF frequently coexist, contributing to the deterioration of cardiac 

function and jeopardizing hemodynamic stability. Acute HF results from the loss of atrial contraction, 

a rapid ventricular contraction rate, left ventricular underfilling, and increased left atrial 

pressures[42]. The prevalence of AF in patients with acute HF ranges from 25% to 40%. Its presence 
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exacerbates symptoms, resulting in adverse outcomes, prolonged hospital stays, and increased 

mortality [42]. 

To address the necessity for HR control, the guidelines for HF recommend β-blocker treatment 

for patients with reduced ejection fraction (EF) or mild reduced EF [43]. Landiolol has been shown to 

be an interesting option in patients with cardiac dysfunction and AF [42]. The Japanese Circulation 

Society advocates for the use of landiolol, along with bisoprolol or carvedilol, as the primary 

treatment for controlling HR in AF (Class IB), for patients with HF, particularly in cases without an 

accessory pathway [44,45]. 

In a prospective, multicenter study comparing landiolol to digoxin (J-Land study), it was 

observed that a dosage ranging from 1-10 mcg/kg/min of landiolol proved more effective in patients 

with AF or AFL and an EF of 25-50% compared to digoxin. In nearly half of the patients, a decrease 

in HR exceeding 20% and achieving an HR below 110 bpm were accomplished within 2 hours 

following the administration of landiolol. In contrast, the digoxin group exhibited this therapeutic 

success in only 13.9% of patients [46]. 

A recent study conducted retrospectively across multiple medical centers, examined 39 patients 

with HF with left ventricle ejection fraction (LVEF) between 34 ± 16% and rapid AF, AFL, or atrial 

tachycardia. Intravenous landiolol led to a significant reduction in HR by approximately 40% from 

the initial level in 29 individuals and 9 of them experienced spontaneous termination of AF after 

receiving landiolol. In these patients, a higher initial LVEF was identified as a positive indicator of 

the effectiveness and safety of landiolol [47]. 

In a prospective study involving 101 patients experiencing acute decompensated heart failure 

classified as NYHA class IV, with an ejection fraction below 40%, associated AF, the use of landiolol 

was associated with a reduced risk of cardiac death, deterioration of renal function, and extended 

hospital stays. A better prognosis among these patients was correlated with lower left ventricular 

volume and high mean BP [48]. 

A recent study investigated the effectiveness of combining landiolol treatment with milrinone 

in nine patients experiencing acute decompensated heart failure with an ejection fraction ranging 

from 28% to 8%, with a “wet and cold” phenotype and rapid AF. Positive outcomes were noted with 

low doses of landiolol, which not only lowered HR by 11% without affecting systolic BP but also led 

to a reduction in pulmonary capillary wedge pressure and an increase in stroke volume index. 

However, higher doses of 3 mcg/kg/min landiolol in conjunction with milrinone were linked to 

decreased BP, stroke volume index, and cardiac index [49]. 

3.4. Treatment of Sepsis-Related Atrial Fibrillation 

Cardiovascular abnormalities occurring in sepsis may be due to changes in circulating volume, 

venous tone, and tachycardia, all of which can lead to impaired cardiac function and changes in HR 

[50]. Sepsis can trigger tachyarrhythmias like AF due to heightened sympathetic system activity and 

elevated inflammatory cytokine levels. Once AF sets in, the prognosis for patients becomes even more 

uncertain [51]. An improved prognosis is associated with reducing the ventricular rate to less than 95 

beats per minute within 24 hours of occurrence in a patient with sepsis [50]. Several studies in the 

literature have highlighted the effectiveness of using the β-blocker treatment landiolol in patients 

experiencing AF during episodes of sepsis. 

A study involving 61 septic patients admitted to the intensive care unit (ICU) with AF/AFL (39 

receiving landiolol and 22 not receiving landiolol) revealed notable differences between the two 

study groups. With an initial dose of 6.3 ± 3.3 g/kg/min, the HR significantly decreased in the landiolol 

group during the first hour from 145 ± 14 bpm to 119 ± 28 bpm, with no occurrence of hypotension 

or severe bradycardia. Conversely, there were no changes in HR observed in the control group. In 

the landiolol group, 25.6% of patients converted to SR, while none in the control group returned to 

SR [44]. The study concludes that, in patients experiencing sepsis and AF/AFL, the administration of 

a low dose of landiolol can effectively decrease HR and facilitate the conversion to SR. This 

intervention maintains a good safety profile, avoiding the induction of hypotension or reduction in 

cardiac output [44]. 
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In another recent multicenter, randomized study, a total of 151 patients admitted to the intensive 

care unit for sepsis and subsequently developing AF or AFL during hospitalization were included. 

Landiolol significantly lowered the HR in 55% of patients to a range of 60-94/min within 24 hours 

and considerably lowered the likelihood of a recurrence of arrhythmia. Additionally, among patients 

in whom the HR was successfully reduced, the 28-day mortality was lower (9% vs. 24%) [50]. 

The beneficial effects of β-blockers stem from their pleiotropic action, leading to the modulation 

of inflammation, protection of cardiomyocytes, and enhanced organ function[52]. 

4. Challenges and Perspectives 

In clinical trials currently documented in the literature, the use of landiolol was found to be safe 

and well-tolerated. The most frequently reported side effects after landiolol treatment are 

hypotension and bradycardia [53]. 

In clinical trials, the prevalence of hypotension in the landiolol group (n = 948), active 

comparator, no landiolol, and placebo cohorts was 8.5%, 8.5%, 5.7%, and 2.1%, respectively. The 

frequency of bradycardia was 2.1%, 2.5%, 2.4%, and 0%. In uncontrolled trials, hypotension and 

bradycardia manifested in 8.6% and 0.5% of 581 recipients of landiolol. Nevertheless, in post-

marketing investigations (n = 1257), the frequency of hypotension was comparably lower (0.8%), with 

bradycardia documented in 0.7% of patients. All instances of hypotension and bradycardia either 

ameliorated or resolved spontaneously without any intervention or within minutes after 

discontinuation of landiolol, with or without additional treatment [53]. 

Some studies have reported noteworthy adverse effects. For instance, in a patient experiencing 

substantial active bleeding, severe hypotension after landiolol treatment led to shock. 

Discontinuation of landiolol was necessary to improve the patient’s condition. Additional significant 

complications post-landiolol treatment have been documented, particularly in elderly patients or 

those with other cardiovascular pathologies, such as cardiac arrest and complete atrioventricular 

block [53]. The primary drawbacks of this β-blocker lie in its negative inotropic and chronotropic 

properties, which stem from reduced sympathetic activity. These properties may lead to a 

deceleration of atrioventricular activity [13]. 

In some cases, landiolol treatment has been responsible for worsening heart failure, or the 

development of pneumonia [54]. Several alterations in laboratory parameters, including elevated 

ALT, AST, and bilirubin, have been noted in patients treated with landiolol. However, these changes 

did not exhibit significant clinical manifestations and were subsequently resolved [46,53]. Other 

adverse effects reported in the literature are shown in Table 4. 

Table 4. Adverse effects reported with landiolol treatment. 

Hypotension [19,28,47,48,55,56] Dyspnea [55] 

Bradycardia [48,55,57]  Asthma [46] 

Aggravation of cardiac failure [48,50,55] Hypokalemia [54] 

Ventricular tachycardia [55] Hypoglycemia [54] 

Complete atrioventricular block [48,53] Hepatic enzyme increased [53,54] 

Cardiorespiratory arrest [50,55] Gamma-glutamyl transferase [54] 

Cardiogenic shock [53,55] Blood uric acid increased [54] 

Embolic stroke [46] Blood alkaline phosphatase increased [54] 

Pneumonia [33,55] Increased serum creatinine [48,56] 

Respiratory failure [33,55] Vomiting and nausea [46] 

AF can arise from multiple factors, including associated comorbidities, surgical trauma, 

ischemia, and reperfusion during surgery, as well as electrical and pressure changes at the atrial level. 

However, compelling evidence suggests that inflammation and oxidative stress play significant roles 

in the development of AF [58]. Landiolol showed a protective effect on lipopolysaccharide (LPS)-

induced systemic inflammation model in an animal study, being associated with a decrease of high 

mobility group box-1 protein (HMGB-1) and decreasing interleukin-6 (IL-6) levels and inhibiting 
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tumor necrosis factor-alpha (TNF-alpha) levels [58,59]. The animal model demonstrated that 

landiolol’s anti-inflammatory effect extends to the inhibition of the inflammatory and vasoconstrictor 

peptide endothelin (ET) 1 [60]. These data emphasize the anti-inflammatory effects of landiolol, 

through which it helps prevent AF. However, evidence is limited, so further studies are needed to 

investigate this effect. 

5. Conclusion 

Landiolol, a new ultra-short-acting ß1 selective antagonist, shows promise in various clinical 

scenarios, ranging from cardiac and non-cardiac surgeries to preventing and treating AF, in the 

presence of heart failure or sepsis. While its ultra-short-acting nature provides advantages in specific 

settings, careful consideration of potential adverse effects is crucial. Further research is needed to 

explore its anti-inflammatory effects and fully understand its role in preventing AF. Despite 

challenges, landiolol presents itself as a valuable tool in managing specific cardiac conditions in 

clinical practice. 
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