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Introduction

The incidence of atrial fibrillation (AF) ranges from 
8% to 42%.1,2) AF is one of the most common forms of 
arrhythmia3,4) with a high occurrence rate, and low rate 
of successful treatment, following cardiothoracic sur-
gery. Despite AF being a transient symptom in most 
cases, it can lead to occasional serious outcomes, such as 
thromboembolic events and hemodynamic deterioration, 
which can result in death.5) Postoperative atrial fibrilla-
tion (POAF) may also result in extended hospital stays 
and endanger public health and well-being.1,6,7) 
 Therefore, to prevent the occurrence of POAF has been a 
universal concern.

Objective: The purpose of this article was to assess the benefit of perioperative 
 administration of the intravenous beta-blocker landiolol hydrochloride in preventing 
atrial fibrillation (AF) after cardiothoracic surgery.
Methods: We performed a systematic search in PubMed, Web of Science, CNKI, and OVID 
to identify randomized controlled trials (RCTs) and cohorts up to January 2021. Data 
regarding postoperative atrial fibrillation (POAF) and safety outcomes were extracted. 
Odds ratios (ORs) with 95% confidence intervals (CIs) were determined using the Mantel–
Haenszel method. Meanwhile, subgroup analyses were conducted according to surgery type 
including lung cancer surgery, esophageal cancer surgery, and cardiac surgery.
Results: Seventeen eligible articles involving 1349 patients within 13 RCTs and four 
cohorts were included in our meta-analysis. Compared with control group, landiolol 
administration was associated with a significant reduction of the occurrence of AF after 
cardiothoracic surgery (OR = 0.32, 95% CI 0.23–0.43, P <0.00001). In addition, the results 
demonstrated that perioperative administration of landiolol hydrochloride minimized the 
occurrence of postoperative complications (OR = 0.48, 95% CI 0.33–0.70, P = 0.0002). 
Funnel plots indicated no obvious publication bias.
Conclusions: Considering this analysis, landiolol was effective in the prevention of AF after 
cardiothoracic surgery and did not increase the risk of major postoperative complications.
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The main therapy for POAF is antiarrhythmic 
 medications, including digoxin,8) calcium channel 
 blockers,9,10) and β-blockers.11,12) Although calcium 
channel antagonists are effective against AF, they are 
often associated with adverse side effects like brady-
cardia.13) β-blockers were also reported to successfully 
prevented POAF after cardiac surgery through anti- 
ischemic, anti-inflammatory, and sympatholytic 
effects,14) but they often cause hypotension due to their 
cardio-depressant effect.13,15,16) Currently, esmolol, a 
β-blocker, is the most commonly used drug to prevent 
AF in patients undergoing cardiovascular surgery. 
However, its effect was unknown in pulmonary surgery 
and esophageal surgery. Landiolol, a newly developed 
drug, is a new compound obtained based on the chemi-
cal structure of esmolol and is reported to be able to 
successfully prevent the occurrence of POAF success-
fully.17) Landiolol is an ultrashort acting β- adrenoceptor 
antagonist with a high selection of β1-blocker18) and 
has a weaker negative inotropic effect among intrave-
nous β1-blockers,19) and many researchers showed that 
its blood concentration half-life was 4 min in humans 
with intravenous administration.20) Therefore, landiolol 
may avoid postoperative hypotension.21) The acting 
mechanism of landiolol is β-blockers first selectively 
interact with beta adrenergic receptors and thereby 
antagonize the excitatory effects of neurotransmitters 
and catecholamines on beta receptors. Regarding the 
selectivity of β1-blockers, landiolol hydrochloride has 
a much higher cardio-selectivity (β1/β2 = 255) than 
esmolol hydrochloride (β1/β2 = 33); therefore, it might 
have a few effects on the respiratory system.22,23) How-
ever, landiolol’s efficacy in patients undergoing cardio-
thoracic surgery including lung cancer surgery, 
esophageal cancer surgery, and cardiac surgery has yet 
to be confirmed.

Previous research has focused on the efficacy of 
landiolol in preventing POAF; however, no convinced 
consensus has been reached for small sample, limited 
outcomes, and inevitable heterogeneity. Therefore, a 
comprehensive systematic review and meta-analysis 
is required to provide more accurate evidence with 
enlarged sample sizes. This systematic review and 
meta-analysis aims to identify the effects of landiolol 
on preventing POAF following cardiothoracic 
surgery and occurrence of AF, complications, 
length of hospital stay, and mortality compared with 
placebo.

Materials and Methods

This systematic review was conducted according to 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analysis.24)

Literature research
We performed a systematic search in widely acknowl-

edged authenticated databases including PubMed, 
CNKI, Web of Science, and OVID using the following 
terms: “landiolol” OR “ONO 1101” OR “ONO 11-01” 
OR “landiolol hydrochloride” OR “onoact”. All avail-
able studies were published up to January 2021. The lan-
guage was restricted to English. Any discordance was 
resolved by discussion and consensus.

Inclusion criteria and exclusion criteria
Studies were carefully selected according to the criteria 

as follows: a) the designs had to be the randomized con-
trolled trials (RCTs) or cohort studies; b) studies had to be 
relevant with cardiac surgery, lung cancer surgery or 
esophagus cancer surgery; c) the full text had to be acces-
sible; d) published English studies; and e) the articles 
reported outcomes including the occurrence of AF, com-
plications, length of hospital stay, and mortality rates.

The exclusion criteria were as follows: a) review, case 
report, single sample experiments, comments and edito-
rials; b) studies with no human subjects; and c) published 
studies in which data could not be extracted or those hav-
ing wrong data.

Data extraction and quality assessments
The parameters that indicate the efficacy and safety of 

landiolol in preventing AF were extracted by two experi-
enced investigators independently with a standard extraction 
table. The information of the essays was extracted from 
basic information such as the title, first author’s name, 
 publication year, nationality, department, ethnicity, study 
design, age and gender of the samples (in both the landiolol 
group and the control group), enrolled year, and compari-
son of correlated outcomes (primary outcomes like the 
occurrence of AF and secondary outcomes such as compli-
cations, length of hospital stay, and mortality rates).

The Cochrane risk-of-bias tool was applied to assess 
the quality of the included studies. We carefully read 
each included article based on the evaluation tools and 
evaluated the quality of each article subjectively by 
selecting a value of “high”, “low”, or “unclear” risk of 
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bias to the following categories: a) random sequence 
generation, b) allocation concealment, c) blinding of 
participants and personnel, d) blinding of outcome 
assessment, e) incomplete outcome data, f) selective 
reporting, and g) other bias. If discrepancies were met, 
we resolved them via consensus.

Statistical analysis
Data analysis was performed on Review Manager 5.3. 

We applied I2 tests to assess heterogeneity for each over-
all analysis, and when P-value was >0.10 and I2 <50%, it 
suggested acceptable heterogeneity. If heterogeneity 
existed, the random-effects model was used to calculate 
pooled values. Otherwise, we used the fixed-effect 
model. We applied odds ratios (ORs) for dichotomous 
variables and mean differences for continuous variables 
with their 95% confidence intervals (CIs), and statistical 

significances were set as P <0.05. When the units of con-
tinuous variables were inconsistent, we used a standard-
ized mean difference method. Funnel plots for log OR 
were created to estimate publication bias and other types 
of bias. The Begg and Mazumdar rank correlation test 
was used to test the symmetry of the funnel plots.

Subgroup analysis
Subgroup analyses were conducted according to sur-

gery type, including lung cancer surgery, esophageal 
cancer surgery, and cardiac surgery.

Results

The literature selection and screening processes are 
shown in Fig. 1. A total of 349 potential relevant articles 
were searched in PubMed, Embase, CNKI, OVID, and 
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Fig. 1  Flow diagram of search strategy according to PRISMA guidelines (2009). PRISMA: Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis 
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Web of Science in January 2021. After duplicates were 
removed, 326 articles were left. We then reviewed the 
titles and abstracts. In all, 297 unrelated articles were 
excluded. Then, we read the full text of the remaining 
articles; 17 articles were eligible based on our inclusion 
and exclusion criteria.

Description of studies
The basic characteristics of the 17 eligible articles are 

summarized in Table 1. In total, 13 RCTs and four 
cohorts studied were included in this meta-analysis. Ten 
articles studied the prognosis of landiolol hydrochloride 
infusion for the prevention of POAF in patients undergo-
ing cardiac surgery,15,25–33) four articles focused on the 
esophageal surgery,34–37) and three articles were studies 
on patients undergoing lung surgery.20,38,39) A total of 
1349 patients were included, and each study included 
15–230 patients ranging in age from 62 to 83. AF that 
occurs within a week after surgery is defined as POAF. 
In those 17 included studies, the landiolol was infused 
with a dosage of 3 or 5 μg/kg/min during general anes-
thesia in the landiolol group and the placebo was infused 
in the control group for 24–72 h after the induction of 
anesthesia. Regarding the data in all 17 articles, the pri-
mary outcome was the overall incidence of AF occurring 
during the first week after surgery.

Quality of studies
Standard quality evaluation of the 17 included stud-

ies was assessed by the Cochrane risk-of-bias tool. 
Three articles were at a relatively higher risk of bias. 
The details of the quality in each study are shown in 
Fig. 2.

The outcome results

Incidence of AF occurring during the 7 days after 
 cardiothoracic surgery

In total, 17 articles with 1349 patients reported the 
effectiveness of landiolol hydrochloride in preventing 
AF after cardiothoracic surgery. The overall incidence of 
AF was 11% (66/598) in the landiolol group and 25% 
(188/751) in the control group. Our results showed that 
landiolol administration was associated with a signifi-
cant reduction of the occurrence of AF after cardiotho-
racic surgery (OR = 0.32, 95% CI 0.23–0.43, P <0.00001; 
Fig. 3), especially in esophageal surgery and cardiac sur-
gery patients (OR = 0.38, 95% CI 0.18–0.78, P = 0.008 
and OR = 0.27, 95% CI 0.18–0.40, P <0.00001, 

respectively). The heterogeneity among these 17 studies 
was low (I2 = 0%), which indicated a reliable result.

Lung cancer
Three articles reported the effectiveness of landiolol 

hydrochloride in preventing POAF after lung resection 
with the initial dose of landiolol as 5 μg/kg/min during 
general anesthesia. The incidence of AF within the first 
week after surgery was 7.6% (9/117) in the landiolol 
group, which was much lower than that in the control 
group (13.6% [36/264]) (OR = 0.50, 95% CI 0.22–1.12, 
P = 0.09). The forest plot of all the three studies is shown 
in Fig. 3.

Esophageal cancer
The efficacy of landiolol in preventing POAF after 

esophageal cancer surgery was reported in four articles. 
Compared with the control group, the incidence of AF in 
the landiolol group was reduced by 11.5%. The pooled 
analysis showed that compared with the control group, 
landiolol could significantly reduce the incidence of AF 
within the first postoperative week (OR = 0.38, 95% CI 
0.18–0.78, P = 0.008). The forest plot of all the four 
studies is shown in Fig. 3.

Cardiac surgery
In the analysis of 10 related studies, the occurring of 

POAF was 13% (45/345) in the landiolol group and 
35.5% (124/349) in the control group (OR = 0.27, 95% 
CI 0.18–0.40, P <0.00001). The forest plot of all the 10 
studies is shown in Fig. 3. Compared with the control 
group, the occurrence of POAF in the landiolol group 
was significantly lower, indicating a potential effective-
ness of landiolol in preventing POAF.

Incidence of complications after cardiothoracic surgery
In total, 10 articles with 752 patients reported the 

effectiveness of landiolol hydrochloride in preventing 
complications after cardiothoracic surgery. The inci-
dence of complications in the landiolol group was lower 
than that in the control group by 11% (61/379, 101/373). 
The result indicated that perioperative administration of 
landiolol hydrochloride would minimize the occurrence 
of postoperative complications (OR = 0.48, 95% CI 
0.33–0.70, P = 0.0002; Fig. 4).

There were no obvious differences between the groups 
regarding blood pressure before and after using landio-
lol. In both groups after medication, the heart rate was 
reduced immediately but more predominantly in the 
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Fig. 2  Risk of bias in the included studies. The Cochrane Collaboration tool was used to assess the risk of bias. The authors’ judgments 
were used to assign the risk of bias for each included study. Green: low risk of bias, red: high risk of bias, and yellow: unclear risk 
of bias. 
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landiolol group. In addition, the plasma concentration of 
interleukin-6 (IL-6) sampled at the end of surgery was 
significantly lower in the landiolol group.

Hospital stay and mortality
In total, five articles reported the association 

between perioperative administration of landiolol 
hydrochloride and length of hospital stay. Results 
showed that there were no significant differences in 
length of hospital stay in both group of patients under-
going cardiothoracic surgery (OR = -0.61, 95% CI 
-1.96–0.73, P = 0.37; Fig. 5).

Three articles reported that the perioperative adminis-
tration of landiolol hydrochloride would reduce the mor-
tality significantly in patients after cardiothoracic surgery 
(OR = 0.32, 95% CI 0.06–1.63, P = 0.17; Fig. 6).

Risk of bias across studies
The funnel plot of our study indicated the absence of 

obvious publication bias (Fig. 7).

Discussion

In our study, we focused on the efficacy and safety of 
landiolol in the prevention of AF after cardiothoracic 
surgery. Until now, only a fewer relevant RCTs have 
focused on the efficacy of landiolol in the prevention of 
POAF in cardiothoracic surgery, though none had 
attempted a meta-analysis. We are the first team to give a 
meta-analysis on this field. According to 17 associated 
studies, our analysis indicated that landiolol might be 
effective in the prevention of AF after cardiothoracic sur-
gery without increasing the risk of major postoperative 

Fig. 3  Forest plot for the incidence of AF occurring during the 7 days after cardiothoracic surgery. AF: atrial fibrillation; CI: confidence 
interval; M–H: Mantel-Haenszel 
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Fig. 4 Forest plot for the incidence of complications after cardiothoracic surgery. CI: confidence interval; M–H: Mantel-Haenszel 

Fig. 5 Forest plot for hospital stay after cardiothoracic surgery. CI: confidence interval; SD: standard deviation 

Fig. 6 Forest plot for mortality after cardiothoracic surgery. CI: confidence interval; M–H: Mantel-Haenszel 
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complications. Additionally, the plasma concentration of 
IL-6 sampled at the end of surgery was significantly 
lower in the landiolol group. Excessive production of 
IL-6 can damage the cytokine system and promote myo-
cardial injury, and it is also a predictor of subsequent 
serious clinical complications.40,41) This suggests that 
landiolol can reduce the incidence of AF as well as rele-
vant complications after cardiothoracic surgery.

To our knowledge, AF is one of the most common 
arrhythmias, and it is reported that multiple factors are 
associated with the occurring of AF after surgery. For 
instance elevation in atrial pressure from postoperative 
impaired ventricular function, tracheal intubation, 
advanced age, oxidative stress, ischemic damage, 
sequential combined sympathetic and vagal activation,42) 
right ventricular overload, systemic inflammatory 
responses,43) smoking pneumonectomy, postoperative 
acid-base imbalance, electrolyte imbalance, complica-
tions (pleural atelectasis, liquid pneumothorax), postop-
erative analgesia, and so on were all significantly 
associated with postoperative arrhythmia.44) Landiolol 
may reduce the occurrence of AF after cardiothoracic 
surgery by attenuating some of these factors.

In Japan, researchers have found that three β-blockers 
(landiolol, esmolol, and propranolol) are all available for 
intravenous injection for the treatment of POAF. Landi-
olol is an ultra-short-acting β1-selective blocker with a 
higher selectivity (β1/β2: landiolol 277, esmolol 20, pro-
pranolol 0.6)22,45); besides, landiolol has a shorter plasma 
half-life (4 min) compared with esmolol and propranolol 
(esmolol 9 min, propranolol 2 h).45) These may suggest 
that cacoethic respiratory effects will rarely develop with 

landiolol, which makes it more suitable for the treatment 
of POAF after cardiothoracic surgery.

Aoyama et al.’s20) study reported that they couldn’t give 
a conclusion on whether using landiolol could prevent 
POAF after lung resection. Compared with the other 
researches that indicated the efficacy and safety of landio-
lol as the prophylaxis for POAF after lung resection, one 
definite major disparity was the surgical approach. Other 
possible disparities were the duration and dosage of landi-
olol administration. Nojiri et al.’s46) study reported that 
landiolol had a rapid effect with safe administration in 
patients who developed AF after lung resection. In 
 Aoyama et al.’s study, the duration of landiolol adminis-
tration was 24 h from the start of the operation during gen-
eral anesthesia, but in Nojiri et al.’s study, the duration of 
landiolol administration was 48 h from the same starting 
point. This may suggest that a longer duration of landiolol 
administration might affect the efficacy and safety of 
landiolol in the prevention of AF after surgery.

In the course of our study, we also discovered an inter-
esting phenomenon: smoking might have correlation 
with the occurrence of POAF. We searched other rele-
vant literature to analyze the relationship between smok-
ing and POAF and found that smokers were more likely 
to encounter postoperative arrhythmia.47) Since smoking 
results in both the dysfunction of small airways and lung 
ventilation, it can further induce chronic obstructive pul-
monary disease and subsequent cardiovascular lesions. 
Moreover, certain molecules in tobacco can trigger myo-
cardial anoxia, coronary artery spasms, and variations in 
blood viscosity, such as nicotine, nitric oxide, and oxyni-
tride. Smoking can also change blood composition, 
interfering the process of lipid metabolism and enhanc-
ing precipitation of cholesterol substances.48) Further-
more, it initiates the peroxidation of lipids, accelerating 
the progress of arterial sclerosis. These are all significant 
risk factors that could explain the high susceptibility of 
postoperative arrhythmia among smoking individuals.

In addition, we found that in the all included articles in 
our study, the surgical procedures of the included patients 
were not the same. Some patients performed video- 
assisted thoracic surgery (VATS), while the remaining 
patients underwent conventional open surgery. In these 
studies, the authors did not record the details of incidence 
of POAF in patients who received VATS versus those who 
underwent conventional open surgery in either the landio-
lol group or the control group. Many studies believe that 
the occurrence of POAF is closely related to the surgical 
approach. If we could study in different surgical methods 

Fig. 7  The funnel plot of ORs of 17 included studies on the 
x-axis against the standard error of log OR of each study 
on the y-axis. OR: odds ratio; SE: standard error 
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the incidence of POAF after cardiothoracic surgery in the 
landiolol group and the control group, we would get a bet-
ter understanding of not only the role and efficacy of 
landiolol in the prevention of POAF but also in which type 
of surgeries landiolol is more effective.

A previous meta-analysis21,49–51) simply reports the 
effect of landiolol in preventing POAF after cardiac sur-
gery. The included studies all conclude that landiolol is 
effective in preventing POAF after cardiac surgery and 
could be well tolerated. However, their research had cer-
tain limitations due to the small number of included arti-
cles and single research indicators. In this meta-analysis, 
we made a subgroup analysis and combined the whole 
cardiothoracic surgery including cardiac, lung, and esoph-
agus surgery to discover the efficacy of landiolol in the 
whole of cardiothoracic surgery. These results may prove 
beneficial to patients undergoing cardiothoracic surgery.

Limitations

There are several limitations to this study. First, we 
performed a combined meta-analysis of RCTs and 
cohort studies, which might weaken the strength of the 
overall results. Then, up to now, there have been few 
studies about the landiolol in the prevention and treat-
ment of AF after esophageal and lung surgery. Due to the 
small number of included RCTs, the quality of our 
research might be affected to a certain extent.

Although our research had limitations, the signifi-
cance of our research is also important. We have compre-
hensively analyzed the data of all the published articles, 
and we used statistical software to analyze the data in a 
comprehensive way to give more reliable results.

Conclusion

In conclusion, this meta-analysis demonstrated that 
landiolol effectively prevented the incidence of AF after 
cardiothoracic surgery without increasing the risk of 
major postoperative complications. Nevertheless, due to 
the potential bias and confounding in the included stud-
ies, the results should be elucidated cautiously. More 
high-quality studies comparing landiolol with placebo 
would be worthwhile.
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