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Abstract 
The efficacy of landiolol hydrochloride, an ultrashort-acting β-blocker with high β1 selectivity, has 
been confirmed in patients undergoing cardiac surgery in Japan, but there have been few reports 
about its use for patients having lung resection. We investigated the safety of continuous infusion 
of landiolol in patients undergoing lung resection. Between May 2008 and May 2011, 200 patients 
scheduled for lung resection were enrolled. Patients who underwent surgery before the introduction 
of landiolol in February 2010 were studied retrospectively (Group C) and were compared with 
those who received landiolol along with surgery (Group L). During the 48-hour study period, the 
incidence of arrhythmias, changes in heart rate and blood pressure, and occurrence of adverse 
reactions were examined. The white blood cell count and C-reactive protein level were measured 
before and after surgery to assess the anti-inflammatory effect. The heart rate was significantly 
lower in Group L throughout the study period. No patient in Group L developed hypotension re- 
quiring discontinuation of landiolol therapy, and no respiratory symptoms (including asthma or 
hypoxemia) were observed. White blood cell and C-reactive protein were significantly increased 
after surgery in both groups, and there were no between-group differences. Arrhythmic events 
occurred in 1.1% (1/99) and 9.2% (7/76) of Group L and Group C, respectively. One patient in 
Group C developed ventricular tachycardia. Landiolol can be administered safely during the 
perioperative period in patients undergoing lung resection. 
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1. Introduction 
Postoperative arrhythmias induced by direct or indirect stimulation can be a problem after thoracic surgery. The 
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reported incidence of postoperative arrhythmia in patients having lung resection ranges from 16% to 85% [1] [2]. 
Atrial fibrillation (AF) occurs in 11% - 16% of cardiac surgery patients and it may prolong the duration of 
treatment and/or increase the incidence of cardiac events even over the long term [3]. In addition, several studies 
have investigated the incidence of AF in noncardiac surgery. Park et al. [4] reported that AF occurs in 12% and 
16% of patients after video-assisted thoracic surgery (VATS) and thoracotomy, respectively. Based on these re-
sults and of various other studies, the American College of Cardiology/American Heart Association (ACC/AHA) 
guidelines recommend prophylaxis with amiodarone and β-blockers to prevent AF [5]. The efficacy of these 
drugs has recently been demonstrated in randomized clinical trials [6]. However, the conventional parenteral 
β-blockers have limited β1-selectivity and therefore decrease cardiac output due to their β2 effect, as well as 
causing bronchoconstriction, which often limits their prophylactic use. 

Landiolol hydrochloride is an ultrashort-acting β-blocker with high β1 selectivity (β1:β2 affinity = 251:1) [7]. 
It rarely causes hypotension due to a decrease in cardiac output, and is relatively safe in patients with respiratory 
disease. The efficacy of landiolol has already been confirmed in patients undergoing cardiac surgery in Japan, 
but there have been few reports about its use for patients having lung resection [8]. 

In this study, continuous infusion of landiolol was started in patients with lung cancer at the induction of gen-
eral anesthesia. Based on anesthesia records, the incidence of adverse reactions and changes in vital signs were 
assessed to determine the safety of landiolol administration. As a secondary objective, the efficacy of this drug 
was investigated by recording the occurrence of postoperative arrhythmic events. We also investigated changes 
in the white blood cell (WBC) count and C-reactive protein (CRP) level because landiolol has been suggested to 
exert an anti-inflammatory effect as one mechanism by which it prevents arrhythmia [1]. 

2. Materials and Methods 
2.1. Patients 
Patients who underwent surgery before the introduction of landiolol in February 2010 were studied retrospec-
tively (Group C) and were compared with those who received landiolol along with surgery (Group L). Exclusion 
criteria were high-risk patients with an American Society of Anesthesiologists Physical Status (ASA-PS) score ≥ 
4, patients with severe respiratory disease, and patients who received preoperative anti-arrhythmic drugs or 
β-blockers. 

2.2. Study Procedures 
The standard of care at our hospital requires patient transfer to the intensive care unit (ICU) after respiratory 
surgery. These patients generally leave the ICU one day after surgery. 

Vital signs were evaluated upon admission to the operating room, and then an epidural catheter was inserted 
into patients for whom epidural anesthesia was possible. Landiolol infusion was started at a rate of 5 µg/kg/min 
immediately before induction of general anesthesia and it was continued until just before patients were dis-
charged from the intensive care unit. Heart rate and blood pressure were measured before and after induction of 
general anesthesia, at the time of incision, at the beginning and end of differential lung ventilation, after com-
pleting surgery, at the time of leaving the operating room, and 24 and 48 hours after the start of infusion. If se-
vere bradycardia and/or hypotension occurred during landiolol infusion, appropriate measures were taken along 
with the cessation of administration. Arrhythmia was defined as the occurrence of two or more successive pre-
mature ventricular contractions (PVC) and/or the occurrence of AF as evidenced by the electrocardiographic 
monitor, and the time of onset recorded. Anti-arrhythmic drugs were used when required. For WBC and CRP, 
comparison was performed between the day before and the day after surgery. 

This study was approved by the Tokai University Hospital Ethics Committee. All patients who received lan-
diolol therapy provided written informed consent. 

2.3. Statistical Analysis  
The baseline characteristics of the patients were compared using Fisher’s exact test and the Mann-Whitney U 
test. The operating time, anesthetic time, and thoracotomy time were compared using the t-test. For heart rate 
and blood pressure, comparison between before and after general anesthesia was performed with the paired t-test, 
while between-group comparisons were analyzed using the t-test. Fisher’s exact test was employed to compare 
the incidence of arrhythmia. 
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3. Results 
One patient in Group L and 20 patients in Group C were excluded because of incomplete data. Four patients 
from Group C were also excluded because surgery was postponed. The remaining 176 patients (99 in Group L 
and 76 in Group C) were analyzed for this study. The two groups showed no significant differences of baseline 
characteristics or the ASA-PS classification. VATS was performed more frequently in Group L than in Group C, 
but the difference was not significant. The operating time, anesthetic time, and duration of unilateral ventilation 
did not differ between the two groups (Table 1).  

In Group L, a significant decrease in heart rate was observed from the induction of anesthesia until the end of 
surgery (Figure 1). In Group C, however, a significant decrease in heart rate was only noted at the end of sur-
gery. Heart rate increased after the completion of surgery and the difference from the rate before the induction of 
anesthesia decreased in both groups. Between-group comparison revealed that heart rate was significantly lower 
in group L throughout the entire observation period.  

Systolic blood pressure decreased in both groups after the induction of anesthesia. In Group L, systolic blood 
pressure was lower than in Group C at the post-induction measurement and on leaving the operating room 
(Figure 2). Diastolic blood pressure was lower in Group L after induction of anesthesia, after the finish of sur-
gery, on leaving the operating theater, and 24 and 48 hours later (Figure 3). Heart rate and systolic/diastolic 
blood pressure were lower in Group L throughout the entire study period, but cessation of landiolol infusion was 
not required in any patient. 

With regard to arrhythmias, successive PVC were detected in one patient (1.1%) from Group L, but AF did 
not occur in this group. In contrast, ventricular tachycardia (VT), AF, and PVC respectively occurred in 1, 2, 
and 4 patients from Group C (9.2% in total) (Table 2). The total number of arrhythmic events was significantly 
lower in Group L (p = 0.02). The only arrhythmic event (successive PVC) in Group L occurred at 12 hours. The 
two patients who developed AF in Group C were in their 70s and it was detected immediately after admission to 
the intensive care unit. VT occurred at 14 hours and subsided spontaneously. No respiratory symptoms, includ-
ing asthma and hypoxemia were observed in Group L.  

WBC increased significantly in both Group L and Group C, but there was no significant difference between 
the two groups (p = 0.990). CRP also increased significantly in both groups, without a significant between- 
group difference (p = 0.101) (Table 3). 

 
Table 1. Baseline characteristics of the two groups.                                                            

 
Group L Group C 

Test 
n % n % 

Sex  
Men 65 65.7 53 69.7 

0.627a 
Women 34 34.3 23 30.3 

Age  
<40 4 4.0 2 2.6 

0.119b 

40 - 49 2 2.0 6 7.9 

50 - 59 13 13.1 13 17.1 

60 - 69 41 41.4 18 23.7 
70 - 79 36 36.4 34 44.7 
≥80 3 3.0 3 3.9 

Surgical procedure  
VATS 71 71.7 51 67.1 

0.505a 
Thoracotomy 27 27.3 25 32.9 

ASA class  
1 41 41.4 29 38.2 

0.614b 2 44 44.4 32 42.1 
3 14 14.1 15 19.7 

aFisher’s exact test; bMann-Whitney U test; VATS: video-assisted thoracoscopic surgery; ASA: American Society of Anesthesiologists. 
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Figure 1. Changes in heart rate from immediatelybefore induction of general anesthesia until 48 hours later. Com-
parison between before induction of general anesthesia and each time point by the paired t-test: *p < 0.05, **p < 
0.01, ***p < 0.001. Between-group difference at each time by the t-test: +p < 0.05, ++p < 0.01, +++p < 0.001.            

 

 
Figure 2. Changes insystolic blood pressure from immediatelybefore induction of general anesthesia until 48 hours 
later. Comparison between before induction of general anesthesia and each time point by the paired t-test: ***p < 
0.001. Between-group difference at each time by the t-test: ++p < 0.01, +++p < 0.001.                            
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Figure 3. Changes in diastolic blood pressure from immediatelybefore induction of general anesthesia until 48 hour-
slater. Comparison between before induction of general anesthesia and each time point by the paired t-test: ***p < 
0.001. Between-group difference at each time by the t-test: +p < 0.05, ++p < 0.01,+++p < 0.001.                    

 
Table 2. Incidence of arrhythmia.                                                                     

 Group L (n = 99) Group C (n = 76) 

PVC 1 4 

AF 0 2 

VT 0 1 

Total 1 7* 

PVC: premature ventricular contractions; AF: atrial fibrillation; VT: ventricular tachycardia. *Fisher’s exact test, p = 0.02. Only successive 
PVCs were included. 
 
Table 3. Changes in WBC and CRP from before to 24 hours after surgery.                                    

 Group L Group C  ANOVA 

 Mean SD Paired t-test Mean SD Paired 
t-test t-test Between-group 

difference Inter-action 

WBC  

Pre-op 6105 1818 - 6009 1568 - 0.714 
0.990 0.540 24 hours 

post-op 9196 2643 <0.001 9299 2310 <0.001 0.788 

CRP  

Pre-op 0.22 0.39 - 0.19 0.37 - 0.531 
0.101 0.108 24 hours 

post-op 10.22 6.33 <0.001 8.62 6.53 <0.001 0.104 

WBC: white blood cell; CRP: C-reactive protein; SD: standard deviation; ANOVA: analysis of variance. Before versus 24 hours after sur-
gery; p < 0.001 by the t-test. 
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4. Discussion 
Previous studies have shown that oral β-blocker therapy can prevent AF after lung resection [9] [10], but these 
studies also revealed a decline in blood pressure due to low β-1 selectivity. Landiolol is a highly adjustable 
β-blocker because it is administered intravenously and has a very short half-life of about four minutes. Nakano 
et al. [11] also reported that continuous landiolol infusion is safe during open-heart surgery. In fact, none of the 
patients in Group L experienced severe hypotension or bradycardia that required discontinuation of landiolol 
therapy. In addition, this drug could be administered safely in combination with intraoperative remifentanil in 
the present study. 

The appropriate dosage as well as the timing of initiation and duration of landiolol therapy have not yet been 
established. Based on the findings of the current study, perioperative administration of landiolol should accom-
pany the patient explanation and consent form for a potential blood pressure treatment as well as for treatment 
not covered by insurance. Nevertheless, early introduction appears to be more effective as a decrease in heart 
rate could be translated into a decrease in the workload of the heart, with the markers for myocardial damage 
being significantly lower in landiolol-treated patients as reported by Sezai et al. [12]. Okita et al. [8] adminis-
tered landiolol (5 µg/kg/min) from the induction of anesthesia until completion of surgery and found that the in-
cidence of postoperative AF was 5.2%, which was significantly lower than in patients who did not receive this 
drug. Under general anesthesia, tachycardia is more likely to occur, especially during intubation and/or extuba-
tion. In the present study, we started landiolol therapy immediately before the induction of general anesthesia 
because an inflammatory response was expected when the surgical procedures were carried out. As a result, the 
heart rate was significantly lower in Group L throughout the study. It is noteworthy that the heart rate decreased 
in Group L after induction of general anesthesia, while it increased in the control group. This indicates that 
stress due to intubation and/or surgical procedures was lower in Group L. The finding that the heart rate was 
significantly lower in Group L even after landiolol infusion was ceased suggests that early introduction of this 
drug alleviated stress on the heart. This study employed landiolol infusion at 5 µg/kg/min, but reports on cardi-
ovascular surgery indicate that it exerts a significant effect when infused at only 2 µg/kg/min [9] [13]. As a sig-
nificant reduction in cardiac output during landiolol infusion has been reported in patients with a low cardiac 
output (ejection fraction < 50%) [14], patients with an ASA-PS score of 4 or higher were excluded from the 
present study. Further studies need to be undertaken to determine the optimum infusion rate. 

In many previous studies, the incidence of arrhythmia was assessed purely from the occurrence of AF, which 
accounts for 11% to 16% of the total. In this study, AF occurred in 0% and 2.6% of Group L and Group C, re-
spectively, which is far below the levels reported so far. This may have been because patients were only fol-
lowed up for 48 hours postoperatively despite the fact that arrhythmic events including AF can often occur 70 
hours after surgery, as reported by Shiroya et al. [7]. Cardinale et al. [15] also reported that the peak of AF onset 
was on the second postoperative day. Further studies with a sufficient observation period are warranted to verify 
our findings. 

Okita et al. [8] identified age and the operating time as risk factors for postoperative AF. They also reported 
that AF was especially more frequent when the operating time was longer than six hours. In the present study, 
operating time was 119.97 ± 56.07 min and 121.97 ± 51.60 min in Group L and Group C, respectively, and such 
relatively short operating times might have contributed to our favorable results. 

The less invasive procedures that were predominantly performed in our series may be another explanation. 
That is, about 70% of our patients underwent endoscopic surgery, which does not need a large incision, so their 
postoperative pain could be well controlled. Pain stimulates the sympathetic nervous system and this leads to 
catecholamine secretion. It is believed that catecholamine affects β1 receptors of the heart and thereby increases 
heart rate, which may lead to the onset of AF. Thus, it seems reasonable to speculate that good control of pain 
might have contributed to the fewer number of AF cases in the population of the present study. There are how-
ever conflicting reports about the reduction in postsurgical complications due to VATS [16] [17] [18], as well as 
other reports about reduction of postoperative AF thanks to thoracic epidural anesthesia in the setting of cardi-
ovascular surgery. Further research on these issues is needed, and such studies may benefit by incorporating 
preoperative atrial natriuretic peptide and B-type natriuretic peptide, which Nojiri et al. [19] reported could be a 
predictive factor for the occurrence of postoperative AF. 

Regardless, infusion of landiolol seemed to be beneficial, taking into account the fact that arrhythmias, in-
cluding ventricular tachycardia and AF, were significantly more frequent in Group C. Our favorable results may 
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also have been due to the short operating time, which enabled us to use a relatively small volume of fluid and 
less anesthetic. Furthermore, postoperative pain was probably alleviated by a minimally invasive approach in the 
70% of surgical procedures performed with endoscopic techniques. Nevertheless, the significantly higher inci-
dence of arrhythmic events in Group C versus Groups L supports the usefulness of landiolol. As the general 
population ages, especially in developed countries, patients become older as well. This means that the anesthetic 
risk may be higher in the future, so that preventive medicine will be of the utmost importance.  

We could not identify an anti-inflammatory effect of landiolol based on measurement of WBC and CRP. Se-
zai et al. [1] studied multiple parameters, including cytokines, and concluded that the anti-inflammatory effect 
of landiolol contributed to a lower incidence of postoperative AF. In the present study, WBC and CRP were sig-
nificantly elevated after surgery in both groups, indicating that the operations caused inflammation to a similar 
extent. However, further investigations employing more parameters should be considered to elucidate the an-
ti-inflammatory effect of landiolol. 

The limitations of the present study included its single-center, retrospective design and the relatively short 
observation period. Further prospective studies need to be undertaken with an observation period of at least 70 
hours so as to verify our findings. In addition, the sample size was relatively small in the current study. Future 
studies with a larger cohort of patients would provide more conclusive results in terms of the effectiveness of 
landiolol treatment on the incidence of AF. 

5. Conclusion 
We evaluated the safety of perioperative landiolol infusion in patients undergoing lung resection. Our study in-
dicates that landiolol can be administered safely by continuous infusion for 24 hours starting immediately after 
the induction of general anesthesia, without adverse reactions requiring specific treatment or treatment cessation. 
Further studies are warranted to clarify the optimum infusion rate, as well as the efficacy aspects of the drug, in-
cluding anti-inflammatory effects. 
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