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Landiolol is an intravenous ultra-short acting beta-blocker which has been used in
Japan for many years to prevent and/or to treat post-operative atrial fibrillation fol-
lowing cardiac surgery. The drug is now available in Europe. This article is a system-
atic review of literature regarding the use of landiolol in that specific surgical
setting.

Introduction

Post-operative atrial fibrillation (POAF) is a frequent com-
plication of cardiac surgery, with recent studies still show-
ing high incidence, ranging from 30%1,2 up to 50%.3,4 Time
course and incidence of POAF differs with type of surgery.
Post-operative atrial fibrillation following cardiac surgery
has higher incidence and a peak occurring on Day 2 while in
non-cardiac surgery, POAF incidence usually ranges from
10% to 20% and peak appears earlier on post-operative
Day 1.5,6 Patient displaying POAF aremore likely to develop
complications and are associated with prolonged intensive
care unit (ICU) stay, higher mortality, and increased hospi-
talization cost.7,8 Risk factors include age, history of
arrhythmia, complexity and duration of surgery, cardiac
hypertrophy or larger left atrial volume, bleeding, electro-
lyte abnormalities, and impaired renal function.3,9,10

Management of new-onset atrial fibrillation following car-
diac surgery represent a challenge, as patients present
often haemodynamic instability and increased susceptibility

to adverse haemodynamic side effects in response to rate
and rhythm-restoring medications, including beta-
blockers.11 Beta-blockers have potentially many roles in
the management of POAF. First, Guidelines recommend
that chronic treatment with beta-blocker should not be
discontinued as withdrawal increase risk of POAF. Second,
Guidelines propose oral beta-blockers, among other strat-
egy, to prevent POAF. Finally, beta-blockers represent an
option of choice for acute rate control in patients with
POAF and elevated heart rate (HR).12

Landiolol is an ultra-short acting beta-blocker with high
beta1-selectivity. Landiolol profile, with marked negative
chronotropic effect, weaker negative inotropic effects and
less hypotensive effect, compares favourably to esmolol
for controlling HR in patient with cardiac dysfunction or fol-
lowing cardiac surgery.13 Landiolol has been available for
years in Japan where it has been extensively used in POAF
following cardiac surgery. Landiolol is also recommended
with Japanese AF Guidelines.14 Landiolol has been recently
approved and is now available in Europe.

We reviewed and analysed the studies already identified
by the four published meta-analysis covering landiolol for
prevention of atrial fibrillation, and completed the
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literature search with an additional MEDLINE search with
the term, ‘landiolol’, ‘surgery’, ‘post-operative’, and
‘atrial fibrillation’ which led to the identification of five
additional studies using landiolol for treatment of Afib,
after eliminating studies with non-cardiac surgery, paedi-
atric population, patients cases, and studies including sinus
tachycardia or other supra ventricular tachyarrhythmia
(SVT). This review focuses on POAF. Additional data on
intraoperative SVTcan be found in the review by Plosker.13

Landiolol for treatment of post-operative
atrial fibrillation post-cardiac surgery

There are limited published data available regarding the
use of landiolol to treat POAF in cardiac surgery. Only one
randomized controlled trial (RCT) comparing landiolol to
diltiazem,15 and two retrospective studies16,17 provide
comparative data (Table 1). In the RCT,15 patients treated
with landiolol showed higher response to HR control and
faster return to sinus rhythm. However, the rate of conver-
sion to sinus rhythm was not different from control group.
These results are consistent with the observations provided
by the two retrospective studies16,17 and in line with results
from controlled studies in non-cardiac surgery (see article
by Balik et al.18 from this supplement). Landiolol tolerance
was better than diltiazem, displaying less hypotension, and
less bradycardia.15 In the first retrospective study,17 land-
iolol tolerance was comparable to standard of care, with
similar rate of hypotension and less bradycardia compared
to amiodarone. In the second one,16 no patient required
discontinuation of infusion due to hypotension and no crit-
ical adverse event was observed in either group. Control of

HR was rapidly obtained with a reduction of <20% of HR
which was observed in 97% of patients with using landiolol
doses lower than 10mcg/kg/min.15,16 This was confirmed
by another study using similar to slightly higher doses
(7.56 7.6mcg/kg/min) which showed 89% of patients con-
trolled with minimally impact on blood pressure.19

The first experiences conducted in Europe with patients
treated in our institution in Germany (Universitätsklinikum
Schleswig-Holstein) and Austria (Institut für Anästhesiologie
und Intensivmedizin II) confirm the effects of landiolol,
which were published from Japan. The potency of landiolol
is high with doses lower than 10mcg/kg/min resulting in
marked HR decrease. The dose response observed in
Caucasian is similar to Japanese patients, in line with what
was observed in Caucasian healthy volunteers or Caucasian
Afib patients treated in emergency setting, although higher
dose were used in this settings.20

Landiolol has beneficial effects on HR control and a high
cardioversion rate in cardiac surgical patients with new
onset SVT. Remarkable is the cardioversion effect in
patients with severe diastolic dysfunction, e.g. after aortic
valve replacement because of aortic stenosis.15 In these
patients, the loss of sinus rhythm comes along with a severe
compromise in left ventricular filling and decrease in
stroke volume. Especially in these haemodynamic compro-
mised patients landiolol, using in our institution (Institut
für Anästhesiologie und Intensivmedizin II) similar doses to
doses used in Japan, shows promising first results in resto-
ration of sinus rhythm. Thus, when landiolol is used for rate
control strategy of POAF, it is associated with rapid and
high response rate together with faster conversion to sinus
rhythmwhen compared to control group.15–17

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

References Methodology Landiolol % of
conversion (AF/n)

Control % of
conversion (AF/n)

Dose of drugs used to control
heart rate

Type of surgery

Sakamoto
et al.15

Prospective
randomized
trial

At 8 h: 54% (19/35) At 8 h: 31% (11/36) Landiolol 0.5–2 mcg/kg/min
to a maximum rate of
40 lg/kg/min or

CABG (35%), VR
(35%), CABG þ VR
(13%), other car-
diac surgery (18%)

At 16 h: 60% (21/35) At 16 h: 47% (17/36)

Diltiazem 0.25 mg/kg over
2 minþ infusion 3 mg/h
titrated to a maximum of
15 mg/h

At 24 h: 74% (21/35) At 24 h: 61% (22/36)

Nishi et al.16 Retrospective
comparative
study

Time to return to
SR: 10.96 10 h

Time to return to
SR: 15.46 29.4 h

Landiolol 1.66 1.0 mcg/kg/
min up to 3, 16 5.9 mcg/
kg/min or AA class I or class
III and calcium blockers
(doses not described)
[Note: 57% of landiolol
patients converting add also
calcium blockers and or
Class I–III AA]

CABG on-pump
(80%)

CABG off-pump
(20%)

At 24 h: 74% (51/69) At 24 h: 57% (37/65)

Shibata
et al.17

Retrospective
comparative
study

At 24 h: 56% (18/32) At 24 h: 43% (18/32) Landiolol: loading dose of
30 mcg/kg/min 0.7 up to
2.5 mcg/kg/min or

CABG (38%), VR
(42%), CABGþVR
(14.5%), vascular
surgery (5.5%)Amiodarone 150 mg/

30 minþ infusion of
25–50 mg/h

CABG, coronary artery bypass graft; VR, valve replacement; Combined, CABGþVR.
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Recent update in AF guidelines recommend that beta-
blockers or calcium blockers in patients with no cardiac
dysfunction (left ventricular ejection fraction (LVEF)
> 40%) as first line for rate control. For patients displaying
LVEF< 40%, clinicians should only consider beta-blockers,
starting with low dose, with possibility for adding digoxin.
Amiodarone is now recommended as second line, for
patients displaying more severe cardiac dysfunction.
Landiolol potency and fast on–off profile, associated with is
less negative inotropic profile may represent an option of
choice tomanage patients’ post-cardiac surgery as alterna-
tive to amiodarone.

Landiolol for prevention of post-operative
atrial fibrillation

Landiolol for preventing POAF in cardiac surgery has been
extensively studied in RCTs which have been analysed in
fourmeta-analyses (Table 2).21–24

All of these four meta-analyses retrieve similar results,
with Landiolol consistently reducing the incidence of POAF,
without increasing the risk of major complications. In RCTs,
landiolol was found to reduce POAF incidence on average
by 2.8-fold25–32 (Table 3). Similar efficacy of was retrieved
in five comparative retrospective studies33–37 totalizing
373 patients which consistently reported a lower incidence
of POAF in groups treated with landiolol, with a reduction
of more than two-folds, as compared to standard of care.
Landiolol was generally started at low dose (2-5mcg/kg/
min), except in one study that used a starting dose of
10mcg/kg/min, and continued for at least 2 days following

procedure. Landiolol was initiated at induction of anaes-
thesia in one case,29 at the cardiopulmonary bypass25,28,31

or after procedure25,32 and at ICU admission in three
occasions.25,27,30 There are no studies comparing these dif-
ferent scheme of administration and meta-analyses did not
conduct subanalyses to evaluate the optimal approach.

Discussion and perspectives

Beta-blockers are well-identified drugs to prevent POAF
and are recommended by the guidelines.5,12 However,
beta-blockers when administered orally preoperatively
must be continued as withdrawal of beta-blockers is a risk
factor potentially triggering POAF.12 Bioavailability of oral
beta-blockers has been found to be decreased post-cardiac
surgery and intravenous route may be a valuable option to
warrant effective beta-blockade.38

Esmolol was once considered to be used for preventing
POAF but early trials failed to show benefit with reducing
POAF incidence while incidence of secondary effect such
hypotension were increased.39 Similar poor tolerance and
high incidence of adverse effects was also retrieved when
using esmolol for ischaemia prevention, rendering esmolol
unsuitable for prophylaxis.40,41 The landiolol ultra-short
pharmacokinetic profile and high beta1-selectivity provide
rapid HR control while minimally impacting blood pres-
sure.13 Unlike esmolol, for which early negative results pre-
cluded from conducting any further trial, landiolol
benefits, and absence of complication was replicated by
many trials, including one in patient with LVEF< 35%31 and
confirmed by meta-analysis results.21–24 The low incidence

Table 2 Comparison of published meta-analyses of landiolol in cardiac surgery

References Number of trials included
(n patients)

Efficacy outcome of
landiolol

Safety outcome of
landiolol

Comments

Sakamoto
et al.21

Six trials (560 patients):
(L¼ 302/C¼ 258)

Reduce incidence of POAF
vs. control OR¼ 0.26,
95% CI 0.17–0.40

Only two adverse events
associated with landiolol
(2/302, 0.7%)

Included all RCT before
2014

One hypotension
One exacerbation of
asthma

Liu et al.22 Seven trials (543 patients):
(L¼ 269/C¼ 274)

Decrease risk of POAF vs.
control RR¼ 0.33; 95%
CI: 0.23–0.48;
P< 0.00001

Not associated with an
increased risk of major
complications RR¼ 0.79;
95% CI: 0.43–1.45;
P¼ 0.45

Included two retrospective
comparative trial
(Fujiwara and Nakanishi)

One RCT (Ogawa not iden-
tified/included)

Li et al.23 Seven trials (807 patients):
(L¼ 441/C¼ 366)

Reduction of POAF vs.
control RR¼ 0.41; 95% CI
0.32–0.52; P< 0.001

No difference in incidence
of major complications
vs. placebo RR¼ 0.77;
95% CI 0.34–1.72;
P¼ 0.52

Same RCTas Sakamoto
et al. and three addi-
tional abstracts

Tamura
et al.24

Six trials (534 patients):
(L¼ 268/C¼ 266)

Reduction of POAF vs.
control OR¼ 0.27;
95% CI 0.18–0.42;
P< 0.001

No difference in:
In-hospital mortality 0.7
vs. 3.0%; OR, 0.45; 95%
CI 0.07–2.74; P¼ 0.39

Complications 4.5 vs. 9.7%;
OR, 0.45; 95% CI, 0.16–
1.23; P¼ 0.12

Same RCTas Sakamoto
et al. except

Nagaoka et al.30 excluded
(not vs. placebo)

Sezai et al.31 added

95% CI, 95% confidence interval; OR, odds ratio; RR, risk ratio.
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of POAF observed with landiolol in Japanese studies sug-
gests that additional tight HR control and beta-blockade in
the post-operative period, may help to reduce further
POAF. Indeed, recent meta-analyses have shown that beta-
blocker prophylaxis can reduce POAF incidence from 30%
down to 20%.42,43 Strategy including landiolol may enable
to cut POAF incidence further down, as shown by RCTs.
The last meta-analysis43 identified landiolol/bisoprolol
combination28 as being the most effective for reducing
incidence of POAF. The optimal strategy seems to initiate
oral beta-blocker pre-operatively and start landiolol intra-
operatively or in the ICU. One retrospective study44 showed
that preoperative oral beta-blockade associated with land-
iolol is superior to landiolol started alone post-operatively.
On the other hand, transition to oral beta-blocker may be
necessary if landiolol infusion is stopped early, with patient
discharged from ICU. Sezai et al.25 already identified that
57% of POAF appeared after the 48h landiolol infusion was
completed. Similar results were observed by Yoshioka
et al.45 who have shown that landiolol followed by carvedi-
lol was superior to landiolol alone (limited to 2 days post-
surgery) with five patients developing POAF on Days 3–4 in
the landiolol group, while only two patients did in the land-
iolol/carvedilol group. Several mechanisms of action, such
as anti-ischaemic, anti-inflammatory, anti-oxidant effects,
in addition to sympatho-inhibition, seem to support landio-
lol benefits in cardiac surgery. Studies exploring such
markers25,28,31 reported lower troponin-I, creatinine kinase
isoenzyme Muscle-Brain (CK-MB), and brain natriuretic
peptide (BNP) levels, lower plasma interleukin 6 (IL-6),
interleukin 8 (IL-8) levels post-operatively, lower level of
Asymmetric DiMethylArginine (ADMA) and pentraxin-3, and
stabilization of C reactive protein (CRP) at Day 3 when
comparedwith placebo.

Conclusion

When used in cardiac surgery, landiolol provide a rapid
decrease of HR with minimal impact on blood pressure,
associated with faster conversion of sinus rhythm when
compared to control. Landiolol, initiated at low doses dur-
ing surgery or in the ICU, has been shown to decrease inci-
dence POAF without increasing complications usually seen
with beta-blockers use. Landiolol profile makes it ideal to
provide tight HR control and beta-blockade during the
post-operative period, and easy to transition on oral beta-
blockers before discharging from ICU.
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