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Tachyarrhythmias are common complications of critically ill patients treated on
intensive care units. Landiolol is an ultra-short acting beta-blocker with a very high
beta1-selectivity. Therefore, landiolol effectively reduces heart rate with only minimal
negative effects on blood pressure and inotropy. This article describes two cases of
successful treatment of supraventricular and ventricular tachycardias with landiolol

Introduction

Tachyarrhythmias are common complications of both
surgical intensive care unit (ICU) patients after noncar-
diac’ and cardiac? surgery and medical critically ill
patients.®>* Atrial fibrillation represents the most
common arrhythmia affecting between 5.3% and 19.2%
of all ICU patients.? In particular, patients with sepsis
are at increased risk to develop atrial fibrillation with
rates of new onset atrial fibrillation between 23% to
40%.% The incidence of ventricular tachycardias (VTs)
has rapidly declined since the broad adoption of acute
revascularization in patients with myocardial infarction
and occurred in 2.2% of all ICU patients in a multicentre
cohort study published in 2008.“ Importantly, it has been
shown that critically ill patients with both supraventricu-
lar and ventricular arrhythmias have an increased mor-
tality risk.* Whereas rapid termination is the treatment
goal for VTs, heart rate control has priority in critically
ill patients with supra-VTs as it has been shown that
sole rhythm control is of limited efficacy.”® Compared
to other beta-blockers, landiolol is ultra-short acting
with a high beta1-selectivity, translating to well control-
lable negative chronotropic effects with only marginal

*Corresponding author: Tel: +43 1 40400 46140, Fax: +43 1 40400
42160, Email: walter.speidl@meduniwien.ac.at

effects on blood pressure and myocardial contractility'°
(Table 1).

In particular, landiolol could be used in vasopressor de-
pendent patients without significant effects on blood
pressure or dose of norepinephrine or vasopressin.'
The following two cases describe one patient with uro-
sepsis that developed new onset tachycardic atrial fibril-
lation and one patient with electrical storm refractory to
class Ill antiarrhythmic drugs.

Case 1—an immunosuppressed patient with
urosepsis and new onset atrial fibrillation

The patient was a 62-year-old male with a complex
medical history. He underwent double-lung transplant-
ation because of stage 4 chronic obstructive pulmonary
disease 8 years before and had been treated for ur-
othelial carcinoma by transurethral resection of the
bladder tumour 16 months before. He had stage 5
chronic kidney disease treated by intermittent haemo-
dialysis. In addition, he had a history of bilateral pul-
monary embolism 1 month after his bladder surgery
treated with ultrasound-accelerated thrombolysis
and suffered from a second pulmonary embolism with
cardiac arrest and successful resuscitation 12 months
later.
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Table 1 Pharmacokinetics of B-blockers.'"'?

Landiolol Esmolol Metoprolol Bisoprolol
Onset of action 1 min 1-2 min 20 min 1-2h
Half-life 2-4 min 9 min 3-4h 9-12h
Efficacy (B1:B2 affinity ratio) 255 33 2.3 13.5
Elimination Pseudocholinesterase Plasma esterases Hepatic 95% Hepatic 50%, renal 50%
Liver carboxyesterase Renal 5%
Mode of administration i.V. i.Vv. p.o./i.v. p.o.

i.v., intravenous; p.o., per os.

The patient who was under treatment with tacrolimus
and phenprocoumon presented at the emergency de-
partment because of nausea and hypotension. On ar-
rival, his blood pressure was 75/45 mmHg, and his
heart rate was 120/min. His Glasgow Coma Scale score
was normal with 15. Electrocardiogram (ECG) showed
sinus tachycardia with a heart rate of 115/min. His
body temperature was 38.2°C. Arterial blood gas test-
ing revealed a metabolic acidosis (pH 7.09, base excess
—17), and his serum lactate was 2.5 mmol/L. He had
acute-on-chronic renal failure with serum creatinine of
13.9 mg/dL (his last creatinine assessment 4 weeks earl-
ier was 2.6 mg/dL), blood urea nitrogen (BUN) was
148 mg/dL and serum potassium was 6.7 mmol/L. He
was only minimally respiratory compromised requiring
4 L of nasal oxygen insufflation, and bedside echocardi-
ography showed normal right and left ventricular (LV)
function. Haemoglobin (14.2 g/dL) and platelet count
(255 G/L) were normal, but his white blood cell count
was increased with 27.2 G/L. C-reactive protein
(CRP) was markedly elevated with 20.1 mg/dL. His ur-
ine testing strip was highly positive. Therefore, the pa-
tient was diagnosed with septic shock because of
urosepsis. 30 mL/kg crystalloid solution was adminis-
tered intravenously, and norepinephrine (0.12pug/kg/
min) was started. Potassium could be normalized by so-
dium bicarbonate and glucose/insulin infusion, and a
therapy with intravenous ampicillin-sulbactam was
started. Thereafter the patient was transferred to the
ICU.

At admission, mean arterial blood pressure (MAP) was
74 mmHg, the heart rate was 95 beats/min and his oxy-
gen saturation was 98%. His Sequential Organ Failure
Assessment score was 10, and simplified acute physiology
score (SAPS) Il predicted an ICU mortality of 42%. After
administration of a total amount of 3000 mL of crystal-
loids, norepinephrine could be reduced 0.06 pg/kg/
min, lactate decreased to 0.8 mmol/l and the previously
anuric patient started to produce 670 mL of urine within
the next 12 h. At this time, the patient developed tachy-
cardic atrial fibrillation with a rate between 120 and
140 beats/min (Figure 1A). To maintain a MAP >
65 mmHg, norepinephrine had to be increased to again.
Continuous landiolol infusion was started with a rate of
2.5 pg/kg/min and was increased to 15 pg/kg/min in
three steps without any effects on MAP. Five hours later,
the patient converted to sinus rhythm (Figure 1B), and

his MAP increased to 100 mmHg which led to a cessation
of norepinephrine (see Figure 2 for detailed course).

Blood culture showed the growth of methicillin-
resistant Staphylococcus aureus, and antibiotic therapy
was switched to intravenous linezolid. The patient re-
mained in sinus rhythm throughout his further stay at
the ICU; however, some hours later, low-dose norepin-
ephrine was started again. Finally, norepinephrine and
landiolol were tapered within the next 48 h. The patient
produced 2000 mL urine per day, and serum creatinine
went down to 5.8 mg/dl. He was transferred to the med-
ical ward for further therapy.

Case 2—a patient with nonischaemic
cardiomyopathy and electrical storm
resistant to amiodarone

We report on a 71-year-old male patient suffering from
advanced nonischaemic cardiomyopathy with severely
reduced LV function who was admitted to a local hospital
by emergency medical services for recurrent VTs. The
rhythm disorders were of sudden onset, and the patient’s

implanted cardiac resynchronization therapy-
defibrillator (CRT-D) responded by multiple therapy
attempts.

Besides the cardiomyopathy, the patient suffers from
chronic kidney disease stage 3b and has a history of
transcatheter mitral valve repair (MitraClip) in 2016 as
well as total atrioventricular node ablation due to highly
symptomatic permanent atrial fibrillation following vari-
ous ineffective prior treatment attempts. The patient
underwent evaluation for heart transplantation in the
past but refused active listing because of personal rea-
sons. Furthermore, catheter ablation of premature ven-
tricular complexes was performed approximately 2
weeks prior to the current event after which oral amio-
darone therapy was initiated.

After admission to the local hospital, intravenous ad-
ministration of amiodarone (in total 600 mg) was given
as a first response. In addition, mild hypokalaemia of ini-
tially 3.5 mmol/L was substituted and the lower rate lim-
it of the pacemaker was increased to 100 beats per
minute. As no rhythmological stabilization could be
achieved despite these measures, mild sedative therapy
using midazolam was initiated, and the patient was
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Figure 1

it

Electrocardiograms (25 mm/s) of the patient with septic shock caused by urosepsis. The patient developed tachycardic atrial fibrillation with a

rate of up to 140/min (A). Five hours after the initiation of continous landiolol infusion, the patient converted to sinus rhythm with a reduction of heart rate

to 95/min (B).

transferred to our tertiary centre in the later afternoon
to undergo VT ablation scheduled for the next day.

On arrival at our ICU, the patient appeared conscious
and alert (Glasgow Coma Scale score of 15). MAP was
72 mmHg, and the ECG showed a ventricularly inhibited
(VVI)-paced rhythm of 100 beats per minute. Peripheral
oxygen saturation was 99% under insufflation of 3 L of
oxygen, with a slightly increased respiratory rate about
20/min. Arterial blood gas analysis revealed a mild re-
spiratory alkalosis with hypocapnia (pH 7.5, pCO,
27.6 mmHg, pO, 120 mmHg). Lactate (1.4 mmol/L) and
electrolytes (potassium 4.9 mmol/L, sodium 137 mmol/
L, magnesium 1 mmol/L) were within their normal
ranges at the time of admission. Blood laboratory

examination revealed a mildly impaired renal function
(creatinine 1.43 mg/dL, BUN 29.8 mg/dL) and showed
no signs of  infection (CRP 0.21 mg/dL).
Echocardiography showed a severely dilated LV (LV end-
diastolic volume 290 mL, LV end-diastolic diameter
74.2 mm) with a highly reduced LV ejection fraction of
~10% (Figure 3A, Movie 1A and B).

Interrogation of the CRT-D system revealed a total of
23 VT events in the prior 24 h. Unfortunately, most VT
episodes were unresponsive to anti-tachycardic pacing
and thus deteriorated to ventricular fibrillation, which
were successfully terminated by internal defibrillation.
In addition to the continuous infusion of amiodarone
(45 mg/h), the patient received an initial bolus of
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Figure 2 Detailed clinical course of the first 24 h after intensive care unit admission of the patient with urosepsis. During continuous norepinephrine
treatment, the patient developed tachycardic atrial fibrillation which resulted in hypotension requiring an increase in norepinephrine dose. Addition
and up titration of continuous landiolol infusion had no effects on mean arterial pressure, while heart rate was decreased und ultimately lead to conversion

to sinus rhythm after 5 h of treatment.

400 mg magnesium chloride, and a continuous infusion of
landiolol with a dose of 7 pg/kg/min was started, taking
into account the severely reduced LV function. As a re-
sult, rhythmological stabilization with a reduction of
VT events could be achieved, with only two more VT
events (Figure 3B) occurring in the following 14 h until
the ablation procedure (see Figure 4 for detailed
course). Remarkably, MAP did not significantly decrease
upon landiolol treatment.

On the next morning, the patient was intubated, and the
ablation was performed under general anaesthesia.
Continuous antiarrhythmic medication was paused, and
the pacing rate was reduced to 70 b.p.m. After trans-septal
puncture, LV access was guided by transesophageal echo-
cardiography due to the history of MitraClip. Bipolar volt-
age mapping of the severely enlarged LV was performed.
Based on that mapping information, extensive ablation
was conducted. During the procedure, the patient’s condi-
tion worsened as he became increasingly haemodynamical-
ly compromised in the context of sustained VTs making
repetitive external electrical cardioversions necessary.
Subsequently, continuous intravenous norepinephrine in-
fusion (0.2 pg/kg/min) was started, and volume substitu-
tion therapy was initiated. Blood gas analyses revealed a
maximum lactate of 4.5 mmol/L at that time. As no further
sustained VTs could be induced at that time, ablation pro-
cedure was discontinued due to the progressing haemo-
dynamically unstable situation. After the procedure,
landiolol remained paused, and amiodaron was switched
to oral therapy.

After the patient was retransferred to the ICU, admin-
istration of low dose levosimendan (0.05 pg/kg/min for
24 h) was initiated in context of increasing oliguria and
rising transaminases as signs of hypoxic hepatopathy. In
the further course, lactate values were decreasing
back to normal, and diuresis increased to 100 mL/h. As
no further VTs occurred, sedation was weaned, and nor-
epinephrine therapy could be stopped. The patient was
extubated the following day. After an observational per-
iod of 24 h, a low-dose oral beta-blocker therapy (biso-
prolol 1.25mg once daily) was initiated, and the
patient was transferred to a cardiac intermediate care
ward for further therapy.

Discussion

In this report, we present two critically ill patients with
tachyarrhythmias who were successfully treated with a
continuous intravenous administration of landiolol.
Landiolol is a ultra-short acting beta-blocker with an
elimination half-life of approximately 3—4 min. These
characteristics render landiolol a substance that can be
controlled easily if adverse effects like hypotension or
bradycardia occur. Importantly, due to its high
beta1-selectivity, only little effects on blood pressure
and myocardial contractility occur.™

Sepsis, in particular septic shock, is associated with a
strong activation of the sympathetic nervous system.'
Patients with septic shock require endogenous catecho-
lamines to maintain adequate blood pressure which
may induce the development of supraventricular ta-
chyarrhythmias like atrial fibrillation and atrial flutter
in these patients. The onset of such sepsis-induced atrial
fibrillation has been associated with strongly increased
mortality rates.'> Therefore, cardio-selective beta-
blockers may be a logic treatment option to control heart
rate in these patients, without affecting inotropy and
blood pressure, a concept currently tested in clinical
trials.'® Importantly, Morelli et al."” have demonstrated
that beta-blocker treatment is feasible and safe in pa-
tients with septic shock in sinus rhythm. A recent study
retrospectively analyzed 61 septic patients that devel-
oped supraventricular tachyarrhythmias. Out of these,
39 patients were treated with landiolol.'® Similar to our
case, landiolol treatment resulted in a significant de-
crease of heart rate with only minimal effects on blood
pressure, while unfortunately no data on vasopressor
treatment were reported. Interestingly, the study re-
ported a conversion rate to sinus rhythm of 25.6% within
24 h compared to no conversion in patients without land-
iolol. The J-Land 3S open label randomized controlled trial
randomized 151 septic patients suffering from tachyar-
rhythmia (HR > 100/min) requiring catecholamine ther-
apy to continuous landiolol infusion or conventional
therapy.'® Patients randomized to landiolol achieved
rate control more often, and therapy was well tolerated
with few side effects. A recent systematic review and
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Figure 3 Apical four-chamber view of the severely dilated left ventricle of the patient with advanced nonischaemic cardiomyopathy and a left ventricu-
lar ejection fraction of ~10% (A). Electrocardiogram (25 mm/s) of the ventricular tachycardia with a rate of 145/min (B).

meta-analysis evaluating both esmolol and landiolol in the
treatment of tachycardia in sepsis?® concluded that such
therapy was associated with lower 28-day mortality and
beneficial haemodynamics. The available (low quality)
evidence thus supports this paradigm shift in critical
care towards cautious beta-blockade treatment in sepsis
and septic shock when complicated by tachyarrhythmias.

Besides amiodarone, beta-blocker treatment is re-
commended as first-line therapy in patients with elec-
trical storm.?'2® However, due to the negative
inotropic effects, intravenous beta-blocker treatment
could result in further cardiac decompensation or devel-
opment of cardiogenic shock in patients with severely

depressed LV function. A prospective study examined
the effect of landiolol in 42 patients with electrical
storm. Three of these patients were catecholamine de-
pendent, and the LV ejection fraction was 20-70%.
Addition of landiolol to class Il anti-arrhythmic drugs re-
sulted in a rhythmological stabilization in 79% of patients
without significant effects on blood pressure. The J-Land
study randomized patients with LV dysfunction (LV ejec-
tion fraction 25-50%) and tachycardic atrial fibrillation or
flutter to landiolol or digoxin.?* Cautious dosing of land-
iolol in the range of 1-10 pg/kg/min was associated with
a low number of adverse events. Our patient showed a
severely depressed LV function of ~10%, and treatment
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Movie 1 Apical four-chamber view (A) and apical three-chamber view (B) of the patient with advanced nonischaemic cardiomyopathy.

IcU begin
admission ablation
MAP (mmHg) & A A 7 i A
A A
4 s A & A
14:00 00:00 11:00

Figure 4 Detailed clinical course of the patient with advanced nonischaemic cardiomyopathy and electrical storm. The patient received 23 implantable
cardioverter-defibrillator shocks before he was transferred to our centre. Detailed timing of shocks by cardiac resynchronization therapy-defibrillator in-
terrogation was only available for shock number 8 and later shocks because of limited memory capacity of the device. After addition of landiolol to amio-
darone treatment, a rhythmological stabilization with a reduction of ventricular tachycardia events could be achieved. Of note, despite a left ventricular
ejection fraction of ~10%, landiolol treatment did not result in a significant reduction of mean arterial pressure. Red dots and numbers denote implantable

cardioverter-defibrillator shocks.

with landiolol was not associated with a significant de-
crease of blood pressure but resulted in a cessation of
the electrical storm and was a feasible bridging therapy
to ablation. The ultra-short half-life of landiolol offers
additional safety in case of (perceived) negative inotrop-
ic effects as observed in our case highlighting a patient
with end-stage heart failure.

In conclusion, we present two critically ill patients to
demonstrate that a cardioselective, ultra-short acting
beta-blocker is feasible in the treatment of haemo-
dynamic unstable patients without adverse effects on
blood pressure.
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