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Introduction 
Tachyarrhythmia and tachycardia have been shown to be 

associated with prolonged hospitalization, higher complication rates, 
and increased mortality [1-3]. Beta-blockers constitute an essential 
part in the therapeutic control of heart rate, heart rhythm and in 
heart failure therapy. However, treatment with beta-adrenoreceptor 
antagonists may be delayed or withheld in catecholamine-dependent 
patients with reduced cardiac contractility due to concerns regarding 
negative inotropic and hypotensive side effects [4,5]. With landiolol and 
esmolol, two ultra-short acting, highly selective beta-1 adrenoreceptor 
antagonists are available. Compared to other beta-adrenoreceptor 
antagonists, landiolol and esmolol are characterized by a rapid onset 
of action, short half-life of 3-5 min and 10 min, respectively, and high 
cardioselectivity [6]. The latter results in low impairment of cardiac 
contractility and arterial blood pressure [7]. In Japan, landiolol has 
been clinically approved for over ten years, while approval was granted 
for most European countries only in 2016 [8-12]. 

Constrictive pericarditis (CP) is an unusual form of diastolic heart 
failure with primarily preserved systolic function [13]. The prevalence 
of CP is not known conclusively but is observed in 0.2-0.4% of 
patients who have undergone cardiac surgery or have had pericardial 
inflammation, and the aetiology of the disease is very variable. The most 
common is viral and idiopathic pericarditis, followed by postoperative 
pericarditis after cardiac surgery and mediastinal radiotherapy [13]. A 
reduced ejection fraction after pericardectomy is also described [14,15].

The American College of Cardiology/American Heart Association 
guidelines recommend the perioperative use of beta-blockers in 
patients with a positive cardiac stress test result as a predictor of 
subsequent development of angina pectoris or even the occurrence of 
a major cardiac event. It is recommended to start beta-blocker therapy 
weeks before surgery for protection against major cardiac events [16]. 
Nevertheless, beta-blockers are often started intraoperatively for the 
treatment of newly occurring tachyarrhythmia and tachycardia [11]. 
As a beta-adrenoreceptor antagonist, esmolol may be best suitable for 
patients without reduced cardiac contractility, with high selectivity 
and short half-life. However, patients with reduced cardiac output may 
experience hypotension under esmolol due to its negative inotropic 
effect [7]. Here, landiolol presents an interesting alternative due to the 
increased beta-1 selectivity [6,12]. In contrast to esmolol, landiolol 
appears to be free of renin effects and does not exhibit undesirable 
membrane effects due to its lower lipophilicity [17,18]. 

We describe the first case of a hemodynamically vulnerable patient 
after pericardectomy where both ultra-short beta blockers, esmolol and 

landiolol, were used to treat sinus tachycardia. Esmolol and landiolol 
elicited an equipotent negative chronotropic effect, however, landiolol 
had a lesser negative inotropic effect than esmolol.

Case Report
A male patient (52 years, 56 kg bodyweight) presented with intra- 

and postoperative sinus tachycardia of 120 bpm after undergoing 
pericardiectomy for chronic idiopathic constrictive pericarditis with 
recurrent right ventricular failure. After induction of anaesthesia, low 
dose levosimendan was administered continuously (2.5 mg over 8 h) to 
improve lusitropy, to increase right ventricular inotropy, and to reduce 
the perioperative need for other inotropic agents [19]. Pericardectomy 
was successfully performed without cardiopulmonary bypass, and 
during surgery, a mean arterial pressure >65 mmHg was maintained 
by maximum rates of epinephrine at 0.2 mg·h-1 (0.06 µg·kg-1·min-1), 
norepinephrine at 0.8 mg·h-1 (0.24 µg·kg-1·min-1), and vasopressin at 1 
IE·h-1 (add 0.016 IU statt IE (International Units statt Internationale 
Einheiten)·min-1). Postoperatively, the patient was transferred to the 
ICU with epinephrine at 0.1 mg·h-1 (0.03 µg·kg-1·min-1), norepinephrine 
at 0.7 mg-1·h-1 (0.20 µg·kg-1·min-1), vasopressin at 1 IE·h-1 (add 0.016 
IE·min-1) and a sinus tachycardia of 120 bpm.

Transesophageal echocardiography showed no sign of restricted 
right or left ventricular function (LV ejection fraction 40%). 
Normovolemia was achieved by administration of balanced crystalloid 
volume under echocardiographic monitoring, which allowed for 
reduction of vasopressors to norephinephrine at 0.4 mg·h-1 (0.12 
µg·kg-1·min-1) and vasopressin at 0.5 IE·h-1 (add 0.008 IE·min-1). 
Despite the discontinuation of epinephrine, extubation, restitution 
of normovolemia and sufficient analgesia, tachycardia persisted (115 
bpm). Hemodynamic parameters were monitored with continuous 
pulse contour cardiac output (PiCCO) analyses.

Landiolol was administered at 24 mg·h-1 (7.14 µg·kg-1·min-1) at a 
cardiac index (CI) of 3.4 L·min-1·m-2, which reduced the heart to 97 
bpm and lowered CI to 3.0 L·min-1·m-2 (Figure 1). After heart rate 
control was achieved, landiolol was reduced to 12 mg·h-1 (3.57 µg·kg-

1·min-1) with a consecutive increase of CI to 3.3 L·min-1·m-2 at a heart 
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rate of 93 bpm. Landiolol therapy was terminated after 16 h. Within 
2 hours, the patient relapsed into sinus tachycardia up to 108 bpm. 
Since CI measurements were within reference range and for economic 
considerations, not landiolol but esmolol treatment was started at a rate 
of 100 mg·h-1 (1.78 mg·kg-1·h-1 = 30 µg·kg-1·min-1). We observed a rapid 
decrease in CI from 3.3 L·min-1·m-2 to 2.3 L·min-1·m-2, while the heart 
rate showed a similar decrease compared to landiolol treatment, from 
108 to 89 bpm. After reduction of esmolol to 50 mg·h-1 (0.89 mg·kg-1·h-1 
= 15 µg·kg-1·min-1), CI increased from 2.3 L·min-1·m-2 to 3.4 L·min-1·m-2 
(Figure 1).

Despite the increase in CI with the reduced dosage of esmolol, this 
lower dosage did not result in the same decrease of heart frequency 
(102 bmp), compared to the higher dose of esmolol (32 µg·kg-1·min-1, 
100 mg·h-1) or landiolol at both concentrations of 12 mg·h-1 (3.57 µg·kg-

1·min-1) and 24 mg·h-1 (7.14 µg·kg-1·min-1) (Figure 1). 

Relevant changes in mean arterial pressure (MAP) or the need 
of higher vasopressors were not detected at any time. Similarly, no 
considerable changes in central venous pressure (CVP) were observed. 
Due to the lack of validity in extubated patients, stroke volume variance 
(SVV) was not included in our analyses. Since tachycardia reoccurred 
after discontinuation of esmolol, landiolol therapy was reassumed at 
18 mg·h-1 (5.36 µg·kg-1·min-1). Compared to esmolol, we observed no 
relevant decline in CI, but a decrease in heart rate to 95 bpm (Figure 1). 
After a cumulative dosage of 1200 mg landiolol, bisoprolol was started 
48 hours after surgery at 1.25 mg·d-1 and increased to 2.5 mg·d-1 after 
72 hours, when the patient was transferred to a standard ward with a 
heart rate of 86 bpm.

Discussion
Measurement of CI under the influence of the two ultra-short beta-

blockers landiolol and esmolol within the same patient allowed for the 
observation of the lack of negative inotropy of landiolol compared to 
esmolol. With comparable effects on heart frequency, hemodynamic 
parameters improved under landiolol but worsened during esmolol 
administration (Figure 1).

Beta-adrenoreceptor antagonists are an established therapeutic 
option for frequency control of atrial fibrillation and tachycardia [11]. 
However, they are rarely used in cases of concomitant restricted left 
ventricular ejection fraction and catecholamine requirement, due to 
their negative inotropic and hypotonic effects [20]. A further deficit 

is the long half-life of most beta-blockers and the associated poor 
adjustability of therapy, especially in critically ill patients. Until 2016, 
amiodaron was the gold standard for patients with supraventricular 
arrhythmia, but amiodaron is not indicated for the treatment of sinus 
tachycardia. However, with the 2020 published guidelines of the 
European Society of Cardiology for treatment of atrial fibrillation, the 
therapy recommendation has changed. Beta-blocker administration 
now is recommended in patients with impaired cardiac ejection fraction 
[5]. The mechanism of lower negative inotropic and chronotropic effects 
of landiolol are thus of high interest. The reasons why landiolol shows 
hemodynamic advantages over esmolol in tachycardic patients may 
be explained by several of its properties. First, landiolol is more beta-
1 selective than esmolol, causing less beta-2 receptor blockade, which 
plays an important role in heart failure [6,7,21]. Second, since esmolol 
is more lipophilic than landiolol, it penetrates the cell membrane [4]. 
This triggers an undesirable effect on sodium, calcium, and potassium 
channels, reducing action potential duration and calcium influx and 
thus, inotropy [7,22].

Because esmolol, unlike landiolol, also induces a greater reduction 
in blood pressure through its renin action, it may be suggested that reflex 
tachycardia reduces the heart rate-lowering effect of esmolol [18]. The 
Japanese guidelines include landiolol for the treatment of atrial fibrillation, 
together with carvedilol and bisoprolol, as first-line therapy for heart rate 
control in patients with heart failure and reduced cardiac output [5,23]. 

Landiolol at a low dosage (1-10 µg·kg-1·min-1) is usually sufficient 
to rapidly control heart rate, which is associated with an earlier and 
higher rate of conversion to sinus rhythm and faster control of heart 
rate compared to other beta-blockers. The potent chronotropic effect of 
landiolol could be highlighted by the fact that a successive reduction of 
the dosage did not result in massive heart rate elevations. This approach 
to the appropriate dosage depending on the clinical parameters is 
essential and helpful also to reduce pharmacological side effects and to 
establish a positive pharmacoeconomic balance [24].

For patients after myocardial infarction, atrial ablation or acute 
heart failure with or without impaired left ventricular ejection fraction, 
landiolol at 1-10 µg·kg-1·min-1 is recommended [5,23]. The tolerance 
of landiolol at a lower dosage (3-5 µg·kg-1·min-1) may allow to initiate 
prophylactic use during surgery and postoperatively. Recently, low 
dose landiolol has been shown to be beneficial in patients with sinus 
tachycardia who received catecholamine support after cardiovascular 
interventions. Similar to the presented case, a safe reduction of heart 
rate with simultaneous improvement of haemodynamic parameters 
could be achieved [25].

This case report suggests that low-dose landiolol (<8 µg·kg-1·min-1) 
represents a safe option to control heart rate in catecholamine-
dependent patients after cardiac surgery without a clinically relevant 
negative impact on CI. In this direct comparison of landiolol and 
esmolol, landiolol was associated with a lower negative inotropic 
effect compared to esmolol. To our knowledge, this is the first direct 
comparison of the effects of landiolol and esmolol on heart rate and 
CI in the same patient. Thus, based on its superselectivity, landiolol 
may be more beneficial than esmolol for treatment or prophylaxis of 
postoperative tachycardia and arrhythmia [26].

Summary
Tachyarrhythmia and tachycardia are associated with increased 

complication rates, prolonged hospitalization, and higher mortality. 
However, treatment with beta-adrenoreceptor antagonists, first line drug 
for rate control, may be delayed or withheld in catecholamine-dependent 

Figure 1. Effect of landiolol or esmolol on inotropy. Landiolol (black bar) or esmolol (grey 
bar) were administered at indicated concentrations, and cardiac index (CI), heart rate (HR), 
mean arterial pressure (MAP) and central venous pressure (CVP) were monitored over time 
upon ICU admission
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patients with reduced cardiac contractility due to concerns regarding 
negative inotropic and hypotensive side effects. Here, we describe the 
case of a 52-year-old male patient with idiopathic constrictive pericarditis 
undergoing pericardyectomy. Landiolol and esmolol were administered 
postoperatively to control sinus tachycardia. Hemodynamic effects of 
these two ultra-short acting beta-blockers showed striking differences with 
regard to cardiac output alterations. Landiolol was associated with a lower 
negative inotropic effect compared to esmolol. To our knowledge, this is the 
first comparison of the two ultra-short acting beta-blockers esmolol and 
landiolol in a clinically setting in a human.
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