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Landiolol is an injectable ultrashort acting beta-blocker with high beta1 selectivity
indicated for heart rate control of atrial fibrillation in the emergency and critical
care setting. Accordingly, landiolol is associated with a significantly reduced risk of
arterial hypotension and negative inotropic effects. Based on this particular profile
along with the clinical experience in Japan for more than a decade landiolol repre-
sents a promising agent for the management of elevated heart rate and atrial fibril-
lation in intensive care patients even with catecholamine requirements. This article
provides a review and perspective of landiolol for heart rate control in intensive
care patients based on the current literature.

Atrial fibrillation (Afib) is a common complication in inten-
sive care units (ICU) and associated with increased
mortality rates as well as prolonged ICU and hospital length
of stay.1–3 The incidence of Afib in critically ill patients
managed in mixed ICUs can be as high as 30% with new-
onset Afib usually ranging between 4.5% and 15%.1,2

Notably, patients with sepsis are particularly prone to
develop Afib with recent data providing incidences of new-
onset Afib even ranging from 23% to 40%.4–10

Risk factors for developing Afib during ICU stay include
age older than 65years, arterial hypertension, left atrial
dilatation and diastolic dysfunction, systemic inflammatory
response syndrome, and sepsis. In addition, hypovolaemia,
electrolyte disorders, increased serum C-reactive protein
levels, and vasopressor treatment are common risk factors
observed in intensive care patients.1,11

Short-term complications include an increased risk of
weaning failure in mechanically ventilated patients.12 For

septic patients developing new-onset Afib during ICU stay,
long-term complications such as a greater 5 years of risk of
hospitalization for heart failure13 and increased mortality
rates14 have been described.

Current guidelines for the treatment of Afib recommend
to first identify and treat the cause, such as correcting
hypovolaemia or electrolyte imbalances, before initiating
any medical treatment with antiarrhythmic drugs. If medi-
cal heart rate control is required, intensivists can rely
on similar compounds as used for the treatment of post-
operative Afib.

Of note, guidelines for the treatment of Afib have been
recently updated.15 While administration of beta-blockers
or calcium blockers is recommended with due diligence in
patients with hypotension or heart failure, digitalis or amio-
darone were recommended in patients with Afib and con-
comitant heart failure or in the setting of hypotension.
Notably, the new guidelines propose a distinct algorithm for
heart rate control depending on the left ventricular ejec-
tion function (LVEF) of the patient: If LVEF is >40%, calcium
channel blockers or beta-blockers may be initiated for heart
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rate control. In case of a compromised left ventricular ejec-
tion function (LVEF< 40%); however, clinicians may initiate
beta-blockers at the lowest possible dose to achieve heart
rate control. Amiodarone is currently reserved only if car-
diac function is severely depressed (LVEF< 25%).15

Intensive care unit patients frequently suffer from car-
diac dysfunction. Due to their long half-life and potential
hypotensive effects, beta-blockers may be difficult to dose
and to titrate in these patients. Landiolol is a new highly
beta1 selective ultra-short acting beta-blocker (b1/b2
selectivity¼ 255:1 and a half-life of 4min) with minimal
negative inotropic and hypotensive effects. It has been
available in Europe for 1 year, but has already been
used successfully in intensive care in Japan for over
10years.16–20 The Japanese Circulation Society recom-
mends landiolol, along with carvedilol or bisoprolol, as first
line treatment (Class I-B) for heart rate control of Afib in
the absence of an accessory pathway for patients with
heart failure.20 Landiolol has also been used safely for Afib
in patients with cardiac dysfunction.21–25

The following studies describe the successful use of landio-
lol in different patient cohorts andwith different therapeutic
regimes. Yoshida et al.16 reported successful heart rate con-
trol with landiolol in 80 ICU patients. Landiolol was used pri-
marily for Afib and arrhythmia (68%) in medical patients and
for heart rate control to prevent ischaemia (71%) in post-
operative patients. Landiolol significantly reduced heart rate
from 1056 23 b.p.m. to 836 8 b.p.m. (P< 0.001) without
impairing arterial blood pressure. Decreases in heart rate
were similar in patients under catecholamine treatment
(1026 23 b.p.m. decreased to 846 9 b.p.m.) and in patients
without catecholamine treatment (1146 20 b.p.m.
decreased to 856 7 b.p.m.). Notably, 47% of post-surgical
patients and 50% of medical intensive care patients con-
verted to sinus rhythm during treatment with landiolol. The
authors used a titrated, continuous infusion with a median
dose of 5mcg/kg/min over 2days without any loading doses.
During landiolol therapy, no adverse effects such as severe
left ventricular dysfunction, severe hypotension, severe bra-
dycardia, bronchospasm, deterioration of diabetes mellitus,
or deteriorating peripheral vascular disease were reported.
In one-third of the patients, transition to chronic oral beta-
blocker treatment was required and achieved without
complications such as rebound tachycardia.

Sasaki et al.17 retrospectively studied 95 critical ill
patients from a multidisciplinary ICU, who were treated
with low-dose landiolol (mean 3.26 1.9mcg/kg/min) for
an average duration of 416 50h. Heart rate was signifi-
cantly decreased within 1h and still sustained after 6 h.
There was minimal impact on arterial blood pressure (less
than 10% decrease) and 26 patients (51%) converted to
sinus rhythmwithin 2276 399min.

In addition to heart rate control for Afib, landiolol has
been used as complement to analgosedation to reduce the
risk of ischaemia17 due to short-term haemodynamic stress
caused by interventions in ICU patients such as intubation
or bronchoscopy.18 However, this indication should be con-
sidered with extreme caution only after careful exclusion
of any compensatory cause for sinus tachycardia such as
bleeding, anaemia, pain, anxiety, fever, and other factors
influencing haemodynamic changes. Furthermore, close

haemodynamic monitoring is mandatory during intrave-
nous beta-blocker administration.19

A particular cohort of patients who benefit from heart
rate control with landiolol is septic patients developing
Afib.20,26–28 Of note, this indication is different from the
currently discussed heart rate control in septic shock
patients with sinus tachycardia despite fluid resuscitation
as originally described by Morelli and colleagues. Okajima
et al.20 retrospectively compared severe sepsis patients
treated with landiolol vs. patients receiving standard of
care (calcium blockers, disopyramid, or amiodarone).
Baseline characteristics were mostly comparable between
study groups (e.g. age, underlying disease, organ dysfunc-
tion status, and severity). Notably, heart rate was higher
and systolic arterial pressure was lower in the landiolol
group at baseline. After 1 h treatment with a continuous
infusion of 6.16 4.7mcg/kg/min, landiolol was able to sig-
nificantly reduce HR from 1456 14 to 1196 28 b.p.m.
without reducing arterial pressure. In addition, heart rate
was better controlled in landiolol vs. standard of care, and
the conversion to sinus rhythm already occurred in 10/39
patients after 1 h. Conversion rate increased to 55% after
8 h and reached 70% after 24h, whereas it was only 18%
and 34%, respectively, for standard of care at these time
points. Heart rate was continuously decreased and well
controlled over 24h, with doses slightly decreasing from
5.56 4.1mcg/kg/min at 8h to 4.26 4.3mcg/kg/min at
24h. The total infusion duration was 80.76 78.5h. Neither
a relevant change of arterial blood pressure nor significant
bradycardia were observed during the treatment period.

These findings are consistent with the results of another
Japanese team26 who treated 29 septic patients with land-
iolol infusion for 48h. Except lower severity scores
(APACHE-II score of 196 7 vs. 22.86 5.4) the patients were
comparable to the ones of the formerly discussed study.
Heart rate was decreased from 1256 22 to 926 12 b.p.m.
within 12h and maintained below 100 b.p.m. for the next
36h. Heart rate control (<95 b.p.m.) was achieved in 69%
of patients within 12h and most of arrhythmia disorders
were no longer present at this time point (73% of Afib and
100% ventricular tachycardia disappeared).

The initial infusion dose was on average 4.16 3.1mcg/
kg/min and continued at 3.76 2.5mcg/kg/min for 24h, to
be slightly decreased to 3.36 2.6mcg/kg/min at 48h to
maintain heart rate target below 95 b.p.m. while avoiding
systolic blood pressure to drop below 90mmHg. In addition,
heart rate was controlled without significant effects on
mean arterial blood pressure, central venous pressure, oxy-
gen saturation (SpO2), and PaO2/FiO2 (arterial oxygen par-
tial pressure to fractional inspired oxygen ratio). Of note, a
decrease in systolic blood pressure (<90mmHg) was
observed in some patients during landiolol treatment (0.28
events per person-day). However, only few cases were
attributed to landiolol. No bradycardias were recorded.

In summary, these studies suggest that low dose landiolol
(<10mcg/kg/min) is able to safely control heart rate with
minimal impact on blood pressure and cardiac index in
patients with severe sepsis developing new-onset Afib. The
relevance of this finding is emphasized by a large retro-
spective cohort study29 that compared the four classes of
therapeutic agents. It recommended beta-blocker,
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calcium-blocker, digoxin, and amiodarone for heart rate
control. In septic patients, beta-blockers were associated
with a better outcome, even after matching sub-groups
using propensity score analyses.29

The current literature not only supports the necessity to
reintroduce chronic beta-blocker in ICU patients before
discharge but also to restart beta-blocker medication
much earlier during ICU stay or even to continue it during
critical illness.30,31 Administrating a negatively inotropic
drug in haemodynamically impaired patients with sepsis-
induced myocardial dysfunction is a challenge as it risks a
fall in cardiac output and arterial blood pressure. Longer-
acting beta-blockers are considered difficult to manipulate
and for patients treated with vasopressors needing heart
rate control, beta-blockade is often not used. However, a
recent retrospective analysis in patients with severe sepsis
or septic shock found that discontinuing chronic beta-
blocker medication during the acute phase (2 days before
until 3 days after diagnosis of sepsis) was associated
with worse outcome. In addition, continuing pre-existing
beta-blocker therapy was an independent predictor of
improved survival.30

Notably, our team32and others33 have demonstrated
that beta-blockers can be combined with norepinephrine
without clinical relevant negative impact on cardiac out-
put or haemodynamics, if patients are selected carefully
and beta-blocker therapy can be closely titrated.34,32

Accordingly, the short-acting beta-blocker landiolol repre-
sents a welcome option for controlling heart rate in severe
sepsis patients with Afib.

A different indication for heart rate control in septic
shock patients is currently under investigation.35,36 There
is increasing evidence that in fluid resuscitated patients
with persisting sinus tachycardia, beta-blocker treatment
attenuates myocardial dysfunction by optimizing cardiac
filling and arterial-heart coupling,37 reducing catechol-
amine requirements, and subsequent catecholamine
induced cardiac apoptosis38 as well as reducing inflamma-
tion and restoring vascular reactivity.39,40

Landiolol has been shown to share similar benefits as
esmolol in animal model of sepsis, by modulating inflam-
mation and improving survival. Hagiwara et al. demon-
strated that animals treated with landiolol expressed
lower levels of High-mobility group box 1, a key mediator
of systemic inflammation, both in plasma and lung. In addi-
tion, landiolol was associated with significantly lower dis-
ease severity scores, less lung histopathology injuries, and
lower cardiac dysfunction.41

The potential protective effect of landiolol has been
confirmed in different models of sepsis, using 3 h of LPS
(lipopolysaccharides) infusion and exploring other organ
dysfunction: When infused along with LPS, landiolol
decreased or even normalized markers of inflammation
such as tumour necrosis factor alpha (TNF-a) and
endothelin-1, in the heart,42 the kidney,43 and the liver.44

Furthermore, markers of renal (neutrophil gelatinase-asso-
ciated lipocalin and blood urea nitrogen)43 and liver dys-
function (alanine aminotransferase and aspartate
aminotransferase) were reduced.44

Using the same model of LPS infusion over 3 h, another
team was able to show that landiolol attenuated and

sometimes even prevented acute lung injury by normaliz-
ing the altered levels of pulmonary endothelin-1 and
endothelin-A receptors. In addition, landiolol induced sig-
nificant down-regulation of endothelin-B receptors in lung
tissues. However, no effect was observed on inflammatory
mediators such as TNF-a or interleukin-6 in both plasma
and lung tissues.45

In conclusion, due to its high beta-1 selectivity with an
ultra-short half-life and minimal impact on arterial blood
pressure landiolol has a very promising pharmacologic pro-
file for the use in critical ill patients, even if they require
haemodynamic support. Landiolol has been used safely for
heart rate control in ICU patients with new onset-Afib
including severe sepsis in Japan. Notably, landiolol therapy
resulted in a conversion to sinus rhythm in 50–75% of the
patients. These promising results require verification in
populations outside of Japan. In addition, potential bene-
fits of landiolol such as attenuation of inflammation and
improving outcomes in septic shock patients without Afib
need to be confirmed in future trials.
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