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Beta-blockers are a potential option to manage peri-operative atrial fibrillation.
Landiolol is a new ultra-short beta-blocker with a half-life of only 4 minutes and
very high beta-1 selectivity which has been used for treatment and prevention of
atrial fibrillation in pulmonary surgery and gastro-intestinal surgery. Due to its lim-
ited negative inotropic effect and high beta-1 selectivity landiolol allows for control
of heart rate with minimal impact on blood pressure. Landiolol is well tolerated by
the respiratory system. Additional benefits are related to the regulation of the
inflammatory response and blunting of the adrenergic pathway. There is a limited
number of trials with total of 61 patients undergoing lung resection or oesophagec-
tomy who developed post-operative atrial fibrillation and were treated with landio-
lol. The experience with landiolol for prevention is more documented than landiolol
application for treatment of post-operative atrial fibrillation. There are 9 compara-
tive studies with a total of 450 patients administered landiolol for prevention of
post-operative atrial fibrillation. The use of low dosage (5-10mcg/kg/min) is usually
sufficient to rapidly control heart rate which is associated with earlier and higher
rate of conversion to sinus rhythm as compared to the controls. The excellent toler-
ance of landiolol at lower dosage (3-5mcg/kg/min) allows to initiate prophylactic
use during surgery and postoperatively. Landiolol prophylaxis is associated with
reduced incidence of post-operative atrial fibrillation without triggering adverse
events related to a beta-blockade.

Introduction

Post-operative atrial fibrillation (POAF) is a frequent compli-
cation of cardiac surgery. Nevertheless, the atrial fibrillation
(AF) incidence following non-cardiac surgery such pulmonary
surgery or oesophagectomy is also high, ranging from 10% to
20%1–12 and up to 40% in some series.13,14 Although some

prevention strategies have enabled a reduction from 25% to
15%, AF remains a frequent complication.15,16

Some risk factors are similar to those identified for car-
diac surgery, like age,male gender, sympathovagal instabil-
ity, and oxidative and inflammation stress. The cardiac-
related risk factors include ischaemic heart disease,2 left
systolic dysfunction, increased left atrial volume and atrial
dysfunction2,3 or high brain natriuretic peptide (BNP).4,14

Other risks aremore specific to pulmonary and oesophageal
surgery and include gastric dilatation,5 extent of surgical
resection,4 preoperative chemotherapy,2 the chronic
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obstructive pulmonary disease (COPD), and poor pulmo-
nary function.15 The lower preoperative fluctuation of
heart rate in response to various stimuli is considered as a
risk factor too, similarly to observed lower heart rate vari-
ability in the critically ill.6,7

Right atrial volume overload and stretch accompanying
increased pulmonary venous pressure or a vessel dissection
following pulmonary resection are also believed to
induce AF.17

Post-operative atrial fibrillation may be transient and
uncomplicated;2 however, as for the cardiac surgery, it is
associated with post-operative complications, longer hos-
pital stay, higher morbidity, and increased long-term mor-
tality.8–10

Beta-blockers are a potential option to manage POAF,
both for prevention and treatment. In addition, patients
under chronic beta-blockade who undergo major opera-
tions such as thoracotomy, lung resection, or oesophagec-
tomy represent a challenge for prolonged impairment of
oral intake of their medications in the post-operative
period. A history of beta-blocker therapy conveys a risk
of arrhythmia when the medication is interrupted in the
critically ill.18,19 Unreliable oral intake in the periopera-
tive period may induce a beta-blockade withdrawal
syndrome which is a risk factor for AF.20 Therefore, intra-
venous administration is preferable to oral route, and
the strategy to manage POAF should consider a chronic
beta-blockade.

Landiolol is a new ultra-short beta-blocker with a half-
life of only 4min and a high beta-1 selectivity which has
been used for treatment and prevention of AF in pulmonary
surgery17,21–27 and gastro-intestinal surgery.28–32

Landiolol has also been shown to be well tolerated perio-
peratively and in intensive care units in patients with air-
way hyper-reactivity.33

Patients undergoing pulmonary resection accompanied
by POAF are frequently affectedwith respiratory complica-
tions such as pneumonia and acute respiratory failure.
Hence, good tolerance and minimal impact of landiolol on
respiratory function make it an ideal therapy of tachycar-
dia in patients undergoing thoracotomy and requiring post-
operative ventilatory support.21

Experience with landiolol for prevention of AF in non-
cardiac surgery is more documented than landiolol applica-
tion for treatment of POAF. There are only limited
trials21,22,28,29 with total of 61 patients undergoing lung re-
section or oesophagectomy who developed POAF and were
treated with landiolol to control heart rate. Conversely,
there are nine comparative studies22–27,30–32 with a total
of 450 patients treated with landiolol for prevention
of POAF.

Landiolol use to control heart rate in
patients with post-operative atrial
fibrillation

In two retrospective trials, landiolol was compared to
standard of care with matching patient status and
comorbidities between the groups of patients. Heart
rate decrease was significantly lower, and the time to
restore sinus rhythm was shorter in landiolol group
compared to the controls (see Table 1). The effect on
blood pressure was minimal and the overall tolerance was
good with a trend for less adverse events in the landiolol

Table 1 Comparative studies for treatment of post-operative atrial fibrillation

Type of surgery Lung surgery (Nojiri et al.21)

Number of patients Landiolol n515 Control n515

Rate of conversion to SR at 2 h 8/15 (53%) at 2 h 3/15 (20%)
at 12 h 11/15 (73%) at 12 h 8/15 (53%)

Time to convert to SR 8.1 6 11.0 h 23.0 6 26.0 h,

Landiolol dose used Ten patients at 5 mcg/kg/min 0.25 mg digoxin
Five patients at 10 mcg/kg/min þ5 mg verapamil on day 1

Adverse events Pneumonia (n¼ 1) Pneumonia (n¼ 4)
hypotension (n¼ 2)
acute respiratory distress syndrome (n¼ 1)

Type of surgery Oesophagectomy (Niwa et al.28)

Number of patients Landiolol n58 Control n513

Rate of conversion to SR at 2 h 5/8 (62.5%) at 2 h 1/13 (7.7%)
at 12 h 8/8 (100%) at 12 h 7/13 (53.8%)

Time to convert to SR 3.6 6 6.6 h 23.3 6 5.2 h

Landiolol dose used 6.5 6 3.4 mcg/kg/min Digoxin (n¼ 11)
subsequently increased to Verapamil (n¼ 6)
7.7 6 4.4 mcg/kg/min Disopyramide (n¼ 3)

Adverse events AF recurrence (n¼ 1) AF recurrence (n¼ 3)
SBP<90 mmHg/HR<50 b.p.m. (n¼ 1)

aA single digoxin dose of 0.25mg may have been too low as compared to usual dose that allow titration up to two times 0.5mg per day.
SR, sinus rhythm.
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group. In both studies, landiolol was well tolerated with
comparable incidence of adverse events in the study and
control groups.

A similar efficacy and good tolerance was revealed in
two additional series of patients treated with landiolol.
Control of heart rate was effective in 85%29 and 92%22 of
patients. This was associated with a cardioversion to sinus
rhythm in 56% (14/25)29 and 77% (10/13).22

The landiolol dosages used in these series of patients
were higher, applying loading dose of 60mcg/kg/min fol-
lowed by infusion of 10mcg/kg/min titrated upwards to
40mcg/kg/min22,29

This regimen was further adjusted starting with decreas-
ing loading dose of 60–20mcg/kg/min followed by infusion
of 1–5mcg/kg/min, 21 which was close to the dosage used
in comparative studies.21,28

Some patients (13/25) necessitated infusion longer than
24h with no adverse events related to the circulatory or re-
spiratory system.22

The blood pressure was reduced on average by 10%.22,29

Mori et al.29 identified two cases with decrease in systolic
blood pressure below 80mmHg, and two cases showing a
30% decrease which resolved without requiring discontinu-
ation of landiolol nor support with catecholamines.

There was no report of bronchospasm or serious adverse
events such as ischaemia or congestive heart failure when
using landiolol in this population.21,22,28,29

Landiolol use to prevent post-operative
atrial fibrillation

Landiolol has also been successfully used to control heart
rate during surgery and post-operatively for preventing the
occurrence of POAF.

Landiolol was well tolerated with minimal haemody-
namic impact. In the larger randomized controlled trial
(RCT) by Ojima et al.,32 landiolol reduced heart rate and
induced a drop of blood pressure on the 1st post-operative

day (POD1) which normalized on POD2. One study reported
a low incidence of hypotension (3%) which resolved quickly
upon reducing dose.24 In general, most studies reported no
bradycardia and no hypotension17,24,30,31 or respiratory
symptoms26 with no need to decrease dose or stop the
infusion.

Overall, low dose (from 2 to 5mcg/kg/min) of landiolol
infused during surgery17,23,24,26–31 or immediately after sur-
gery25,32 consistently reduced significantly incidence of
POAF by three-fold on average.

Nevertheless, there are yet few prospective RCTavail-
able in non-cardiac surgery. Figure 1 shows that non-
randomized comparative trials demonstrate a similar
trend towards reduction of POAF incidence with landio-
lol. Some RCT are associated with too low incidence of
POAF and thus underpowered to show a significant differ-
ence.30 This low incidence may be also due to less com-
plex surgical procedures.30 On the other hand, other case
series reported high incidence probably due to recruiting
elderly population which is associated with a higher risk
of POAF (mean age of included patients developing POAF
was 82 years).17

Interestingly, one RCT reported a lower rate of non-
haemodynamic complications in the group treated with
landiolol in addition to prevent POAF.32 In this study,
landiolol was found to decrease complications related to
oesophagectomy (>Grade II morbidity) with a rate of
40% (20/50) vs. 60% (30/50) in the control group. The
relation between POAF and other complications related
to oesophagectomy was previously shown by the same
team who identified a rate of other complications of
63.2% in the group of patients associated with POAF
while the patient free of POAF displayed only 16.0% of
complications.

Ojima et al.32 have shown that sinus tachycardia with a
rate above 100 b.p.m. on POD1 was the most significant
risk factor for POAF. Their patients, undergoing complex
procedures and benefitting from the early mobilization
at POD1 and POD2 displayed more frequently sinus

Figure 1 Meta-analysis of comparative trials.
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tachycardia and were prone to develop POAF. In this set-
ting, landiolol was used as the first line therapy for control-
ling andmanage POAF.5

Perspectives

In addition to heart rate control and blunting adrenergic
stress, landiolol has been shown to regulate production of
cytokines, and other inflammatory regulators that may
also contribute to prevention of POAF and reduction of the
post-operative complications.29 The suppression of inflam-
matory systemic response could be beneficial for patients
with post-operative complications accompanied by the
arrhythmia.29

In non-cardiac surgery, landiolol infusion was associ-
ated with lower IL-6 levels. This effect may be related to
the time course of landiolol infusion. Indeed, when land-
iolol infusion was limited to intraoperative period, plama
levels of IL-6 were different at the end of surgery; how-
ever, this difference disappeared in the post-operative
period.27

This significant difference at end of surgery was also ob-
served in another study with infusion covering intraopera-
tive period and continued until the next morning, but with
no difference in IL-6 levels at POD1 and POD2.31

Conversely, when landiolol infusion was started on POD1,
IL-6 levels were significantly lower when measured on
POD3 and POD5, but not at POD1.

Other cytokines (IL-10, IL-8, TNF-alpha)32 or inflamma-
tory markers like CRP which are increased post-operatively
were not significantly different between landiolol and con-
trol group.26,27,31

Conclusion

In conclusion, landiolol is a promising drug to manage POAF
in non-cardiac surgery with a profile that allow for control
of heart rate with minimal impact on blood pressure.
Landiolol has limited negative inotropic effect and is well
tolerated by the respiratory system. Additional benefits re-
lated to the regulation of inflammatory response and
blunting of the adrenergic pathway probably contribute to
the decreased incidence of POAF.

The use of low dosage (5–10mcg/kg/min) is usually suffi-
cient to rapidly control heart rate which is associated with
earlier and higher rate of conversion to sinus rhythm as
compared to the controls.

The excellent tolerance of landiolol at lower dosage
(3–5mcg/kg/min) allows to initiate prophylactic use during
surgery and post-operatively. Landiolol prophylaxis is asso-
ciated with reduced incidence of POAF without triggering
adverse events related to a beta-blockade. Optimized infu-
sion scheme with continuing landiolol infusion in the post-
operative period seems to be associated with better
response, while infusion limited to the intraoperative pe-
riodmay not be sufficient.27

Conflict of interest: Supported by the educational grant of
Amomed Co.
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