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Landiolol infusion during general anesthesia does not prevent
postoperative atrial fibrillation in patients undergoing lung
resection
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Abstract

Objective We aimed to determine whether intraoperative

low-dose infusion of landiolol, an ultra-short-acting beta

blocker, can prevent postoperative atrial fibrillation

(POAF) after lung resection.

Methods A double-blind, randomized, controlled, prelim-

inary study was performed in university academic hospital,

single center. Fifty lung surgical patients were key-opened

before enrollment of the originally planned 100 patients,

who were randomized in a 1:1 ratio in each treatment arm.

Landiolol was infused with a dosage of 5 lg/kg/min during

general anesthesia in the landiolol group, which was

compared with the placebo control group with no landiolol.

Atrial fibrillation (AF)-free survival curves were generated

by means of Kaplan–Meier estimates and differences in

survival were compared with the use of the log-rank test.

We examined independent predictors of POAF by the

multivariate logistic regression analysis using the periop-

erative parameters detected with the univariate analysis.

Results The AF events were recorded for 7 days with

Holter monitor in 5 of 25 patients in the landiolol group

and 4 of 25 patients in the control group. Kaplan–Meier

analysis showed that the landiolol group could not avoid

the incidence of POAF in comparison with the placebo

saline group (P = 0.806). The multivariate logistic

regression analysis for prevalence of POAF identified only

one statistically significant predictor: interleukin-6 (IL-6)

sampled at 6 h after end of surgery.

Conclusions We failed to demonstrate that low-dose

infusion of landiolol during general anesthesia could pre-

vent the incidence of AF after lung resection. Only IL-6

sampled at 6 h after end of surgery significantly predicted

POAF among pulmonary surgical patients.

Keywords Atrial fibrillation � Lung surgery � Prevention �
Landiolol � Beta blocker

Introduction

Atrial fibrillation (AF) is a common complication after

lung surgery; its incidence has been reported to range from

8 to 42 % [1]. Some studies have found AF to be benign

and transient, although it is associated with a prolonged

length of hospitalization and high-related costs [2–5].

Other studies have related it to significantly increased

morbidity and mortality [6–9]. Moreover, it is reported that

AF after pulmonary lobectomy predicts poorer long-term

outcomes in 5-year survivors [10].

In patients undergoing coronary artery bypass graft

(CABG) surgery, postoperative AF (POAF) has also been

reported to be relevant to long-term outcome, with its

incidence between 18.5 and 28.5 % [11–13]. Although the

American College of Chest Physicians (ACCP) guidelines

recommend that strong consideration should be given to

the prophylactic administration of Vaughan–Williams class

II beta-blocking drugs as a means of lowering the incidence

of new-onset post-cardiac surgery AF [14], no preventive

protocol has been validated against POAF after lung sur-

gery. In Japan, the ultra-short-acting beta-blocker landiolol

hydrochloride is commercially available for treatment
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against perioperative supraventricular tachycardia, includ-

ing AF or atrial flutter. To date, some investigations

demonstrated that preemptive administration of landiolol

could prevent POAF among CABG surgical patients

[15–22].

The aim of this pilot study was to determine whether

intraoperative low-dose infusion of landiolol hydrochloride

can prevent POAF after lung resection. Simultaneously, we

explored perioperative predictors associated with POAF

among lung surgical patients.

Methods

Patient population

We obtained regulatory approval for this study from the

ethics committee of our university hospital. Before any

study-related procedure, each patient gave written

informed consent to participate, and patients were free to

withdraw from the study at any time. Adult female or male

patients could be enrolled if they were between 20 and

90 years old, classified as the American Society of Anes-

thesiologists physical status I or II, and scheduled to

undergo elective segmentectomy, lobectomy, or pneu-

monectomy of the lung under general anesthesia with

thoracic epidural analgesia.

Exclusion criteria included patient refusal, inability to

communicate in Japanese, contraindications to epidural

anesthesia, recent history or evidence of acute myocardial

infarction, and supraventricular arrhythmia (under treat-

ment or requiring treatment). Other reasons for exclusion

were second- or third-degree atrioventricular block, severe

heart failure graded as the New York Heart Association

classification III or IV, the evaluation of left ventricular

ejection fraction of 35 % or lower, prohibition from

administration of beta-blocker, hypotension at

90/60 mmHg or lower, or bradycardia at 50 beats/min or

slower.

Drug and study design

Landiolol hydrochloride, purchased from Ono, Inc. (Osaka,

Japan), is an injectable ultra-short-acting beta-receptor

antagonist. Its half-life of blood concentration is 4 min in

humans with intravenous administration [23]. Landiolol

hydrochloride has a much higher cardioselectivity (be-

ta1/beta2 = 255) than esmolol hydrochloride (beta1/be-

ta2 = 33), so it seems to have a little effect on the

respiratory system [24].

We conducted a randomized, double-blinded controlled

preliminary study. After obtaining written consent, the

patients were randomized via sealed non-transparent

envelope to receive either landiolol or saline placebo from

a computer-generated randomization table. We inserted

epidural catheters between the Th3-4 and Th6-7 inter-

space and, after enough oxygenation, induced the patients

with intravenous fentanyl (1–2 lg/kg), propofol (2 mg/

kg), and vecuronium (0.1 mg/kg), or rocuronium

(0.6–0.9 mg/kg). In advance, an investigator otherwise not

involved in the study prepared the solutions-containing

landiolol or saline placebo. Simultaneously with the start

of pre-oxygenation, the study solution prepared by an

outsider was intravenously started at a rate of 5 lg/kg/
min. Using bag-mask ventilation, we intubated the

patient‘s trachea with double lumen endotracheal tube

afterward connected to ventilator. Ventilation was con-

trolled mechanically to maintain the partial pressure of

expiratory carbon dioxide between 30 and 35 mmHg as

measured by capnography. The radial artery was cannu-

lated for invasive blood pressure monitor and frequent

blood sampling similar to our practical manner in thoracic

surgery. General anesthesia was maintained with inhaled

sevoflurane, intermittent intravenous non-depolarizing

muscle relaxant, and thoracic epidural analgesia with

lidocaine or ropivacaine. The anesthesiologists, thoracic

surgeons, and intensivists in charge of the patient were

blinded throughout the perioperative period as to whether

the clear solution was landiolol or physiologic saline. The

study drug was continued until the end of general anes-

thesia. Criteria for cessation of the study drug included

intractable bradycardia at 50 beats/min or slower,

intractable hypotension at 90/60 mmHg or lower, second-

or third-degree atrioventricular block, symptomatic heart

failure with audible S3, S4 moist rales over a third of the

total lung field, dosing of some medication affecting heart

rate (except for atropine, ephedrine and digitalis), opera-

tion of electrical or pharmacological defibrillation, and

decision of a doctor in charge of the patient. After sur-

gery, thoracic epidural analgesia was maintained with

0.2 % ropivacaine at a rate of 3–8 mL/h with or without

7–37 lg/h Fentanyl for 1–4 days after surgery, using

portable disposable infuser in the same way as our clin-

ical practice.

Efficacy evaluation

The primary outcome measure for efficacy was the total

incidence of AF occurring during the 7 days after surgery.

Five electrodes were put on each patient’s chest just after

surgery, and electrocardiographic events were closely

watched 24 h per day for 7 days by Holter monitor. The

incidence of AF was picked up with onset time and dura-

tion from each set of 7-day Holter records. All 24-h elec-

trocardiographic recordings were reviewed and edited

manually. We first noted any completely sporadic rate
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count that continued for more than 30 s, and we employed

detailed records for diagnosis of AF. AF was diagnosed

according to the advice of a cardiologist.

Secondary assessments to evaluate predictive factors

for POAF in patients undergoing lung resection included

those described in Table 1 as well as plasma concen-

tration of interleukin-6 (IL-6), serum magnesium (Mg),

serum calcium (Ca), C-reactive protein (CRP), and

N-terminal pro-brain natriuretic peptide (NT Pro-BNP)

by blood sampling, and three fractions of catecholamines

(adrenaline, noradrenaline, and dopamine) by sampling

from stored urine for 24 h at selected time points

throughout this study. After centrifuging the blood

samples, we separated the plasma and stored it at

-80 �C until it was analyzed.

IL-6 was measured by a commercially available assay

[Quantikine human IL-6 (high sensitivity), R&D Systems,

Minneapolis, Minnesota]. The minimum detectable dose

(MDD) of IL-6 ranged from 0.016 to 0.110 pg/mL. The

mean MDD was 0.039 pg/mL.

Sample size

The sample size for this study was based on the previous

manuscript data, showing that perioperative landiolol

infusion could decrease the incidence of POAF among the

patients undergoing thoracic surgery [15]. At 80 % power,

using a two-sided significance level of 5 %, log-rank test

for Kaplan–Meier method showed that 99 patients were

required, and randomized in a 1:1 ratio in each treatment

arm. We, therefore, needed 100 participants at least. As a

preliminary study, we decided to enforce key open when

half of the needed population (50 patients) had been

enrolled and completed the study course. The analysis was

Table 1 Demographic data and

preoperative examinations of

patients undergoing lung

surgery

Group NS (N = 25) Group L (N = 25) P value

Demographic data

Age (year-old) 66.9 ± 8.9 67.4 ± 8.7 0.848

Gender (M/F) 17/8 14/11 0.382

Laterality (R/L) 11/14 15/10 0.258

Height (cm) 159.1 ± 10.1 159.2 ± 9.0 0.987

Weight (kg) 57.6 ± 10.9 58.8 ± 10.3 0.687

Procedure (VATS/no) 16/9 20/5 0.208

Pathology (Malignant/no) 22/3 22/3 1.000

Resected extent (S/L/P) 9/15/1 6/19/0 0.355

ND group (0/1/2/3) 5/3/15/2 5/5/14/1 0.833

Preoperative 12-lead electrocardiogram

P voltage (II) (lV) 93.8 ± 40.2 109.2 ± 49.2 0.232

P duration (ms) 131.8 ± 12.2 134.4 ± 17.1 0.545

PR interval (ms) 166.2 ± 24.1 168.6 ± 27.9 0.742

Preoperative transthoracic echocardiogram

i-LAD (mm/m2) 23.6 ± 4.2 (N = 24) 23.9 ± 3.4 (N = 25) 0.729

i-LVEDD (mm/m2) 29.4 ± 4.1 (N = 24) 29.5 ± 3.1 (N = 24) 0.969

LVEF (%) 64.0 ± 7.2 (N = 24) 63.5 ± 5.4 (N = 24) 0.821

E/A 0.871 ± 0.217 (N = 23) 0.852 ± 0.246 (N = 23) 0.781

DT (ms) 237.9 ± 72.0 (N = 20) 252.6 ± 62.8 (N = 19) 0.501

TR-PG (mmHg) 20.7 ± 4.3 (N = 16) 19.2 ± 3.7 (N = 18) 0.262

Preoperative spirogram

%VC (%) 105.6 ± 23.5 108.3 ± 17.0 0.644

i-FEV1 (mL/m2) 1.40 ± 0.29 1.35 ± 0.30 0.533

FEV1 % (%) 70.9 ± 12.6 72.3 ± 9.3 0.660

Data are given as mean ± standard deviation or number

NS normal saline, L landiolol, VATS video-assisted thoracic surgery, S segmentectomy, L lobectomy,

P pneumonectomy, ND node dissection, i-LAD indexed left atrial dimension, i-LVEDD indexed left ven-

tricular end-diastolic dimension, LVEF left ventricular ejection fraction, E/A peak early diastolic mitral

flow velocity to peak mitral flow velocity at atrial contraction, DT deceleration time of the early diastolic

mitral flow wave form, TR-PG pressure gradient at tricuspid regurgitation, %VC % vital capacity, i-FEV1

indexed forced expiratory volume in 1 s, FEV1 % % forced expiratory volume in 1 s
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by intention-to-treat and involved all patients who were

randomly assigned.

Data analysis and statistical methods

Continuous data are expressed as the mean ± standard

deviation (SD) and categorical data as counts or percent-

ages. We analyzed continuous variables using the Student

t test or the Mann–Whitney non-parametric test when

appropriate, and we evaluated categorical variables using

the Chi-square test. Atrial fibrillation-free survival curves

were generated by means of Kaplan–Meier estimates, and

differences in survival were compared with the use of the

log-rank test. Independent predictors of POAF were

examined by the multivariate logistic regression analysis

using the perioperative parameters detected with the uni-

variate analysis.

We considered P values of less than 0.05 to be signifi-

cant. Statistical analyses were performed using JMP�

version 10.0.2. (SAS Institute, Inc., Cary, NC).

Results

Patient recruitment commenced in September 2009. To

investigate the futility of this study, we enforced key open

as a preliminary study when half of the needed population

(50 cases) had been enrolled and completed the study

course, because the prior study was examined in the pop-

ulation undergoing CABG surgery. That was concluded in

November 2010. The 50 patients, all ASA physical status I

or II, were randomly assigned to the two infusion groups.

No refusals to participate were received after randomiza-

tion, and all patients completed the study requirements. We

recorded no event of AF during general anesthesia.

We completed Holter electrocardiographic monitoring

of all 50 eligible patients. The cumulative total duration of

Holter monitoring for all patients was 345 days, 0 h,

56 min, and 47 s.

Patient background and findings of preoperative 12-lead

electrocardiogram, transthoracic echocardiogram, and

spirogram were similar between the groups (Table 1).

Holter records revealed comparable average, and maxi-

mum and minimum heart rate values between the groups

on postoperative days 0 through 6.

The events of AF were recorded in 5 (20 %) of 25

patients in the landiolol group and 4 (16 %) of 25 patients

in the control group. Cumulative total durations of AF

during the 7 postoperative days were 3382 min in the

control group and 7713 min in the landiolol group.

Kaplan–Meier analysis showed that patients who were

continuously infused with low-dose landiolol during

general anesthesia could not avoid the incidence of POAF

in comparison with the placebo saline group (Fig. 1).

Assuming that the incidence rate of POAF in the control

group was as much as investigated in these 50 series and

that no more AF would occur in the landiolol group in

another attempt, we expected no significant difference in

all 100 cases that we intended to examine with the Chi-

square test (P = 0.372). Hence, we abandoned further

investigation, because of the statistical futility.

Regarding the secondary endpoint, the plasma concen-

tration of IL-6 sampled at the end of surgery was only

significantly lower in the landiolol group, not the control

group (Fig. 2). However, the plasma concentration of IL-6

at other points, serum Mg, Ca, CRP, NT Pro-BNP, and

fractions of adrenaline, noradrenaline, and dopamine in

stored urine for 24 h at all points were similar between the

groups.

We entered 53 covariates into a univariate logistic

regression analysis to identify independent predictors of

POAF. The analysis identified five statistically significant

covariates. Next, we performed the multivariate logistic

regression analysis for prevalence of POAF with these five

predictors. Finally, we determined that only one predictor

(IL-6 sampled at 6 h after end of surgery) was statistically

significant (Table 2).

Throughout this series, we experienced no major

adverse event or mortality.

Discussion

The result of this double-blind randomized controlled

preliminary study fails to demonstrate that the incidence of

POAF after lung resection can be prevented by continuous

administration of low-dose landiolol infusion during gen-

eral anesthesia. The previous studies revealed that pro-

phylactic landiolol administration significantly lowered the

incidence of AF after CABG, which tended to occur in the

same period as after pulmonary resection but to have a

higher incidence rate (25.0–37.8 % in the control group)

[15–21] compared with that in this trial. In addition, the

population who undergo CABG would more frequently

need many more inotropic agents during and/or after sur-

gery than those who undergo lung resection. Certainly,

postoperative administration of inotropes and vasopressors

would raise the incidence of AF after cardiac surgery [25].

Takahashi et al. [26] demonstrated that landiolol has an

antiarrhythmic effect on epinephrine-induced ventricular

arrhythmias in halothane-anesthetized dogs. Consequently,

among cardiac surgical patients, landiolol minimizes the

unpleasant effect of inotropes in the environment with

exposure to some exogenous or endogenous
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catecholamines, and can act effectively against AF.

Therefore, it could significantly suppress the AF rate after

cardiac surgery.

On reconsidering the matter in the population under-

going lung resection, Okita et al. [27] reported that a 5-lg/
kg/min infusion of landiolol during surgery could decrease

the incidence rate of AF after lung resection. However,

their retrospective trial was not blinded and each electro-

cardiographic monitor was turned off on the first postop-

erative day. Afterward, the detection of dysrhythmia

(including AF) exclusively depended on patient complaint

of symptoms, such as palpitation or chest discomfort, at

which time an electrocardiogram was recorded to deter-

mine what happened. In our investigation, AF sustained for

Fig. 1 Evade rate of postoperative atrial fibrillation. Four in control normal saline group (25 patients) and five in landiolol group (25 patients)

had postoperative atrial fibrillation during 7 days after surgery. P = 0.806 (log-rank test). NS normal saline, L landiolol

0

50

100

150

200

250

300

350

Baseline Resected End of op 6hours post-op POD 1 POD 4

NS

L

P=0.0024

Fig. 2 Plasma concentration of

interleukin-6 at before operation

(baseline), just after resection

(resected), end of operation (end

of op), 6 h after end of

operation (6 h post-op), and

postoperative day 1 and 4 in

control normal saline group and

landiolol group, respectively.

An asterisk indicates statistical

significance (P\ 0.05). NS

normal saline, L landiolol, POD

postoperative day
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only 30 s was picked up by close 24-h electrocardiographic

monitoring. Such short-term AF might not be detected by

their method.

In regard to the dose of landiolol infusion, it is com-

parable to or higher than one of the previous trials aimed at

CABG patients [15–21]. Therefore, the dose (5 lg/kg/min)

could bear comparison with other prior investigations as a

preventive administration.

AF could be caused by multiple factors (e.g., hyper-

activity of the autonomic nerve system, myocardial ische-

mia, inflammatory reaction, atrial fibrosis, and abnormal

electrolyte level). It is very interesting that only the IL-6

sampled just after the operation in this study was signifi-

cantly lower in the landiolol group than in the control

group, although we examined to find out how the landiolol

would act.

Landiolol has higher selectivity to beta-1 receptors than

esmolol and takes effect very quickly, with a 4-min half-

life in the blood. The significant decrease of IL-6 just after

the surgical procedure in our results could be accounted for

by this very short-acting characteristic of landiolol. Fur-

thermore, continuous administration of landiolol during

general anesthesia could not significantly affect average,

minimum, or maximum heart rates measured by Holter

monitor on each postoperative day for 1 week after sur-

gery. This could also account for the very short duration of

action of landiolol.

Prior manuscripts documented that various predictors

were associated with POAF after thoracic surgery. In our

randomized controlled trial, we addressed some perioper-

ative factors and performed the logistic regression analysis

with these factors. At last, our logistic regression method

revealed that only IL-6 sampled 6 h after surgery was

associated significantly with the incidence of POAF. In

light of the significant difference mentioned earlier of IL-6

just after surgery between the landiolol group and the

control group, prolongation of the dosing duration should

be considered, since landiolol infusion over additional

hours might reduce significantly the IL-6 sampled 6 h after

surgery.

Between our trial and the other studies that demon-

strated the efficacy of landiolol as the prophylaxis for

POAF, one of the definite major disparities is the surgical

procedure used on the subjects; another possible disparity

is the duration of landiolol administration. Sezai et al. [17]

started the administration of landiolol at the time of central

anastomosis during CABG and discontinued after 48 h. In

another investigation [19], they started landiolol infusion

intravenously from the completion of central anastomosis

of CABG and continued for 3 days, together with oral or

gavage administration of bisoprolol, from the day after

surgery. In these studies, they showed that beta-antago-

nists, including landiolol infusion, were useful to prevent

POAF. We demonstrated that a 5-lg/kg/min infusion of

landiolol just during general anesthesia could not prevent

AF after pulmonary resection. From this point of view, it is

debatable whether intraoperative landiolol infusion is

really indispensable. Otherwise, it might be suggested that

the administration of beta blocker just after surgery can

inhibit POAF.

This study had several limitations. First, the study

population was small. More subjects are needed to docu-

ment that intraoperative small-dose landiolol infusion is

useless as prevention for POAF. However, we had no

choice, but to terminate the trial, because of statistical

futility.

Second, we did not arrange the study group of postop-

eratively long-term infusion of landiolol. The administra-

tion of landiolol was restricted only when vigilant

monitoring was available. This means that, ideally, the

patient under the administration of landiolol should have

occupied an intensive-care bed or high-care bed for several

days. Researchers should also investigate a dosing duration

long enough to prevent POAF by comparing three groups

of different dosing durations of landiolol infusion. We were

forced to end our study to make effective use of medical

resources.

We must avoid useless administration in consideration

of effective economical availability. Then, it is worthwhile

to conduct trials, regarding the prevention of POAF by

low-dose landiolol infusion administered after surgery or

by only perioral dosing of beta-antagonists after lung sur-

gery. At any rate, the subject requires further study.

Conclusions

We failed to demonstrate that low-dose infusion of landi-

olol during general anesthesia could prevent the incidence

of AF after lung resection. Only IL-6 sampled at 6 h after

surgery significantly predicted POAF among pulmonary

surgical patients.

Table 2 Multivariate logistic regression analysis of predictors for

postoperative atrial fibrillation

P value Odds ratio

P-wave voltage (II) 0.064 0.975

Interleukin-6 (6 h after end of operation) 0.028* 1.016

C-reactive protein (POD 1) 0.283 1.197

Urine volume/day (before surgery) 0.650 1.000

Dopamine (stored urine on POD 0) 0.153 1.004

POD postoperative day

* indicates statistical significance (P\ 0.05).
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