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Abstract

Background: To study the pharmacokinetic and -dynamic behavior of landiolol in the presence of dobutamine in
healthy subjects of European ancestry.

Methods: We conducted a single-center, prospective randomized study in 16 healthy subjects each receiving an infusion
of dobutamine sufficient to increase heart rate by 30 bpm followed by a 60min infusion of 10 μg/kg/min landiolol.

Results: Dobutamine-induced increases in heart rate were stable for at least 20min before a 60min landiolol- infusion
was started. The dobutamine effects were rapidly antagonized by landiolol within 16min. A further slight decrease in
heart rate during 20–60min of the landiolol infusion occurred as well. Upon termination of landiolol infusion, heart rate
and blood pressure recovered rapidly in response to the persisting dobutamine infusion but did not return to the
maximum values before landiolol infusion. The pharmacokinetic parameters of landiolol in presence of dobutamine
showed a short half-life (3.5min) and a low distribution volume (0.3 l/kg). No serious adverse events were observed.

Conclusion: Landiolol can antagonize the dobutamine-induced increases in heart rate and blood pressure in a fast way.
A rapid bradycardic effect until steady-state plasma levels is followed by a slow heart rate reduction. The latter can be
attributed to an early desensitization to dobutamine. Consequently, after termination of landiolol, the heart rate did not
achieve maximum pre-landiolol values. The pharmacokinetics of landiolol during dobutamine infusion are similar when
compared to short- and long-term data in Caucasian subjects. Landiolol in the given dose can thus serve as an antagonist
of dobutamine-induced cardiac effects.

Trial registration: Registration number 2010–023311-34 at the EU Clinical Trials Register, registration date 2010-12-21.
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Background
β-adrenoceptor antagonists are effective regulators of
heart rate (HR) and sinus rhythm in postoperative atrial
fibrillation and flutter [1–3]. Landiolol is an ultrashort-
acting intravenous (i.v.) β1-adrenoceptor antagonist with
high cardioselectivity (β1/β2 ratio 255) and low toxicity
[4, 5]. Landiolol inhibits the positive chronotropic effects

of catecholamines on the heart, where β1-receptors are
predominantly located. Like other β-blockers, landiolol
is thought to reduce the sympathetic drive, resulting in
HR reduction, decrease in spontaneous firing of ectopic
pacemakers, as well as decelerating the electrical con-
duction of the atrioventricular node and prolongating its
refractory period; thereby exerting antiarrhythmic and
anti-ischemic effects [6–9]. In contrast to esmolol, land-
iolol neither blocks Na, Ca and K channels nor decreases
plasma renin levels and thus exerts less effect on left
ventricular function and blood pressure [10–13]. In
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clinical trials, landiolol reduced HR within 1–6 min of
administration to patients with tachyarrhythmia during
or after surgery, as well as in non-perioperative settings
[8, 9, 14–37]. The effect was short-lived after bolus ad-
ministration, but was sustained during continuous ad-
ministration of the drug, disappearing quickly (within 5
to 30min) after completion of administration [5, 8–10,
14–37]. Therefore, landiolol can be considered a highly
adjustable and easily titratable β1-blocker.
Dobutamine is an intravenous β-adrenoceptor agonist

(predominantly β1) with an inotropic effect. This sym-
pathomimetic drug is commonly used as a cardiac
stimulant in the treatment of heart failure and cardio-
genic shock. It is also used in cardiac stress testing to
help identify coronary artery disease, as an alternative to
physical exercise in patients who cannot perform routine
workout in a satisfactory manner [38]. Because of its
short half-life (2 min), dobutamine is administered as a
continuous intravenous infusion. The co-administration
of dobutamine with β-blockers has been described dur-
ing stress testing as an intervention to speed up termin-
ation of the tachycardic effect [39] as well as to enhance
the accuracy of the procedure [40]. Concomitant admin-
istration has also been described to reduce exaggerated
tachycardic effects of dobutamine [41].
Our prospective cross-over study in healthy Caucasian

volunteers focused on the investigation of the pharmaco-
dynamic characteristics of a permanent infusion of land-
iolol or esmolol during dobutamine challenge. The aim
of this paper is to describe for the first time the pharmaco-
dynamic and -kinetic behavior of landiolol during dobuta-
mine challenge as a main part of the study; the results
obtained with esmolol will be presented separately.

Methods
Materials
Landiolol hydrochloride (Onoact® 50 mg lyophilized
powder, Ono Pharmaceutical Co., Ltd., Osaka, Japan)
was reconstituted to a final concentration of 12 mg/ml
with isotonic saline (B. Braun AG, Melsungen, Germany)
prior to use. Dobutamine (ADMEDA 250 solution for
infusion, 50 ml; concentration: 5 mg/ml, Admeda Arz-
neimittel GmbH, Nienwohld, Germany) was diluted to 1
mg/ml with sterile isotonic saline prior to use.

Study population
Sixteen healthy volunteers (as assessed by medical his-
tory, physical examination, electrocardiogram (ECG),
2D-echocardiography, hematology, coagulation, clinical
chemistry, serology, urinalysis and testing for drug abuse
at screening) of European ancestry were recruited for
the study. Inclusion criteria were an age of 18–45 years
(inclusive), a body-mass index of 18.5–30.0 kg/m2 (inclu-
sive), non-smoking, ex-smoking (complete stop of smoking

for at least 3 months) or mild smoking (9 cigarettes or
less per day). Exclusion criteria were, among others, a
history or presence of clinically relevant cardiovascular,
renal, hepatic, ophthalmic, pulmonary, neurological,
metabolic, hematological, gastrointestinal, endocrine,
immunological, psychiatric or skin diseases, hypersensi-
tivity to landiolol, esmolol, dobutamine or related
drugs, as well as pregnancy and/or breast-feeding. Indi-
viduals with inappropriate vascular anatomy (small,
badly visible or invisible veins) were not eligible for the
study.

Study conduct
Our prospective, double-blinded, randomized, two-
period, two-treatment crossover study aimed at compar-
ing the short-term pharmacokinetics, pharmacodynam-
ics and tolerability of landiolol with that of esmolol in
the continuous presence of the adrenergic stimulant do-
butamine in healthy volunteers, was conducted between
March and December 2011 at the Center for Pharmacol-
ogy and Analysis (CEPHA s.r.o.), Plzeň, Czech Republic.
Participants were assigned to one of two treatment se-
quences (landiolol/esmolol or esmolol/landiolol) using a
predefined 1:1 randomization scheme. The duration of
Periods 1 and 2 was 2 days each, with confinement from
at least 11 h before until at least 8 hours after the end of
study drug administration and a washout phase of 2 days
minimum between periods. The end-of-study examin-
ation was performed within 72 h after the end of
infusion.
Three indwelling catheters were placed into the cubital

veins of each subject in each period. One catheter was
used for dobutamine infusion and the other at the same
arm for study drug infusion. Blood sampling was per-
formed from the third catheter on the arm contralateral
to the study drug administration site. Drug administra-
tion and sampling sites were switched between periods.
Study subjects were required to be in bed rest and su-
pine position for safety reasons from the start of dobuta-
mine infusion until 2 hours after the end of study drug
administration.
Dobutamine infusion was initiated at 10 μg/kg/min for

10 min and incremented by 5 μg/kg/min every 10 min
until the targeted HR increase of at least 30 beats per
minute (bpm) above baseline or a maximum dose of
30 μg/kg/min were reached. Once the target HR was
established, dobutamine administration was continued at
an unchanged rate for another 20 min before landiolol
(dose: 10 μg/kg/min) was administered for 60 min. Do-
butamine infusion was continued at an unchanged rate
during and after β-blocker infusion until the HR had
returned to a maximum value or to the value before β-
blocker infusion or until 60 min after the end of the β-
blocker infusion whichever occurred first.
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Pharmacodynamic measurements
Blood pressure and heart rate measurements were
undertaken in short intervals to study the specific effects
of the drug infusions. Specifically, the ECG was moni-
tored continuously from 10min before initiation of do-
butamine infusion until at least 120 min after the end of
β-blocker infusion. ECG parameters (PQ, QRS, QT)
were checked throughout at regular intervals. Blood
pressure (measured by the cuff method on the arm used
for blood sampling) and HR (from the signal of the bed-
side ECG monitor) were watched closely, and scheduled
recordings of systolic and diastolic blood pressure (SBP
and DBP, resp.) values were taken at the start of dobuta-
mine infusion, at 2, 4, 6, and 10min of each dobutamine
dose, at 2, 4, 6, 10, 15 and 20min of the maintenance
dobutamine dose, and at the start (0) of and at 4, 8, 16,
28, 44, and 60 min during study drug infusion. Further
recordings were taken 4, 8, 16, 28, 44, 60, 75, 90, 105,
and 120 min after discontinuation of β-blocker adminis-
tration. HR values were recorded at the time points for
blood sampling and at 15 min intervals thereafter until
120 min after discontinuation of β-blocker infusion.
Blood samples were collected at time 0 (before the infu-
sion start), and at 2, 4, 6, 8, 12, 16, 20, 28, 36, 44, 60
(end of infusion), 62, 64, 66, 68, 72, 76, 80, 88, 96, 104,
120 min and at 3, 5, 7, and 9 h after the start of the
infusion.

Assessment of tolerability and safety
Local tolerability was assessed at the start and at the end
of β-blocker infusion, and 2 h after the end of infusion
as described earlier [42]. For the assessment of safety
and tolerability, clinically relevant abnormalities in phys-
ical examination, vital signs, ECG, laboratory parameters,
as well as local tolerability results and adverse events
were assessed or recorded.

Analytical procedure
Concentrations of landiolol and its metabolites (LM1,
LM2) in supernatants of ethanol-precipitated whole
blood were quantitated using a validated HPLC-MS/MS
method as described earlier [42]. The lower and upper
limits of quantitation with this method are 10 ng/ml and
550 ng/ml, resp., for landiolol and LM2, and 50 ng/ml
and 2800 ng/ml, resp., for LM1. Intermediate precision
(RSD) across the range of quantitation was < 5, < 7 and <
6% for landiolol, LM1 and LM2, resp. Accuracy across
the range of quantitation was between 99.6 and 102.1%,
95.7 and 99.3%, and 98.0 and 99.2% for landiolol, LM1
and LM2, resp. Stability of ethanol-precipitated whole
blood samples has been shown for 23 h at bench-top
temperature, and for 38 weeks when stored at <− 70 °C.
Analytes in processed samples are stable for 168 h under
auto-sampler conditions (5 °C).

Pharmacokinetic analysis
Standard pharmacokinetic parameters for landiolol and
its metabolites were estimated using non-compartmental
methods with the validated software package Phoe-
nixTM WinNonlin® (version 6.1, Pharsight Corp., St.
Louis, MO, USA).

Pharmacodynamic analysis
Time courses of the pharmacodynamic variables were
evaluated in terms of absolute values and changes from
baseline on an individual basis and by using descriptive
statistics for each data point.

Statistical analysis
Statistical analyses were performed using the software
package SAS (version 9.2, SAS Institute Inc., Cary, NC,
USA). Segmental analysis with linear least-square regres-
sion was performed with the R package ‘segmented’ to
compare the two parts of the curve in Fig. 3a. Linear
least-square regression analysis in Fig. 3b was performed
in MS Excel.

Results
Study population
The baseline demographic characteristics of the study
population are presented in Table 1.

Maintenance dobutamine dose
The mean administration rate of dobutamine was
15.3 μg/kg/min.

Pharmacokinetics
The pharmacokinetics (PK) of landiolol and its metabo-
lites LM1 and LM2 in the continuous presence of dobu-
tamine was evaluated during and until 2 h after infusion
for 60 min. The time courses of the concentrations of
the analytes in venous blood are shown in Fig. 1. Landio-
lol concentrations increased fast after a lag phase of

Table 1 Baseline demographics of the study population (n = 16)

Demographic variable

Gender, n (%)

Female 8 (50)

Male 8 (50)

Age, yr (mean ± SD) 33.1 ± 8.2

Weight, kg (mean ± SD) 75.9 ± 8.3

Height, cm (mean ± SD) 176.9 ± 7.0

BMI, kg · m− 2 (mean ± SD) 24.2 ± 1.7

Smoking habits, n (%)

Non-smoker 12 (75)

Smoker 4 (25)

SD Standard deviation
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about 4 min due to the necessary circulation time.
Steady state was reached after 4 half-lives, i.e., after 16
min. No significantly different changes in the concentra-
tions of landiolol were observed thereafter until the end
of infusion. The concentration of landiolol declined fast
after the termination of the infusion. Concentrations of
LM1 started to rise with a lag time necessary to over-
come the detection limit. LM1 then increased continu-
ously until a few minutes after the end of infusion when
convertible landiolol was still present in the blood.
Thereafter LM1 followed a slow decay. The first non-
zero concentration values of LM2, which is formed from
LM1, were recorded at 44 min after the start of infusion.
LM1 reached the highest concentration (Cmax) of the
three analytes (LM1: 740 ng · ml-1, landiolol: 190 ng ·
ml-1 and LM2: 30 ng · ml-1; all values medians).
The pharmacokinetic parameters of landiolol and its

metabolites were analyzed using compartmental and
noncompartmental methods. The results obtained by
noncompartmental analysis gave the best fit and are
summarized in Table 2. The maximum concentration of
landiolol in blood (190 ng · ml− 1, geometric mean) was
observed at a median tmax of 36 min. The terminal elim-
ination half-life of landiolol was 3.5 min. Both metabo-
lites, which are known to be pharmacologically inactive
[37], showed a substantially longer half-life than the par-
ent compound (98 and 220min, resp.). Exposure (based
on both Cmax and AUC0-∞) was highest to LM1,
followed by the parent drug landiolol and LM2. LM2

concentrations, being formed from LM1, still increased
when landiolol had disappeared from the bloodstream.

Pharmacodynamics
Values of HR and blood pressure (both SBP and DBP) at
each time point after initiation of landiolol infusion (on
top of continuous dobutamine stimulation) are pre-
sented in Table 3 (absolute values) and Fig. 2 (changes
from baseline). The dobutamine-induced HR increase
was (+ 42 [28, 76] bpm). Shortly after initiation of land-
iolol infusion, HR started to decrease, and this decrease
continued for the whole administration period, with two
clearly distinguishable phases. The maximum HR reduc-
tion brought about by landiolol at 10 μg/kg/min was −
40 bpm and thus numerically very close to the
dobutamine-induced increase. The initial phase of this
reduction was quite steep (− 32 bpm within 16min,
which corresponds to 4 times the half-life of landiolol).
The second phase was much shallower (− 8 bpm) and
lasted for more than 40 min until the end of landiolol
infusion.
Figure 3 shows the HR effects using a segmental re-

gression analysis versus time (a) and landiolol concentra-
tion in blood (b). The HR time course suggests a distinct
separation of two phases which were significantly differ-
ent when compared statistically using segmental analysis
(Fig. 3a). The relationship between blood concentrations
of landiolol and HR reduction (Fig. 3b) is different. Re-
gression analysis shows a reasonable linear fit between

Fig. 1 Time courses of the concentrations of landiolol and its metabolites LM1 and LM2 in whole blood when administered for 60 min on top of
continuous dobutamine infusion in healthy volunteers (n = 16). Median values are shown. Solid line and diamonds: landiolol; broken line and
squares: LM1; dotted line and triangles: LM2
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20 and 160 ng/ml, i.e., when steady state plasma concen-
tration was achieved at 80 bpm. Thereafter, below 80
bpm (that is, between 20 and 60 min), the linear fit be-
tween blood concentrations of landiolol and HR gets lost
with R2 being 0.35 (Fig. 3b) and a slope approaching in-
finity which indicates the contribution of effects with
markedly different time constants.
The recovery from the bradycardic effect after termin-

ation of landiolol infusion occurred very fast, and the
maximum was achieved after 28 min (Fig. 2a). This is in
line with the rapid decrease of landiolol concentrations
in blood due to its half-life of 3.5 min (Fig. 1, Table 2). It
is evident from Fig. 2a that HR recovery was incomplete
since the post-infusion maximum value was 105 bpm, as
opposed to 112.5 bpm at the initiation of landiolol ad-
ministration. After dobutamine discontinuation, a fast
recovery to values below 80 bpm occurred within 15
min; but HR values were still above baseline (72.5 bpm
vs 65 bpm) even at the end of the observation period.
The changes in SBP values from the start of dobuta-

mine infusion until two hours after the end of landiolol
infusion showed a similar pattern to the changes in HR.
DBP was only slightly elevated by dobutamine and
slightly decreased by landiolol (Fig. 2b). It is interesting
to note that blood pressure values returned to levels
below baseline shortly after discontinuation of dobuta-
mine administration, as opposed to HR that remained
above baseline until the end of the observation period.

Safety and tolerability
A total of 26 adverse events (AEs) occurred in 8 subjects;
9 (35%) of these being cardiac disorders (palpitations, ven-
tricular extrasystoles and ventricular tachycardia), 9 (35%)
being nervous system disorders (headache, paresthesia), 3
(15%) being gastrointestinal disorders (nausea, vomiting)
and 3 (15%) being general disorders (pressure sensation,
feeling hot). 62% of these reactions occurred during the
initial dobutamine infusion, and 38% during dobutamine
and concomitant landiolol infusion. Two cases of moder-
ate headache of which one was already present in the
dobutamine phase were considered related to landiolol.
Two non-zero local tolerability scores (mild tenderness at
the beginning and at the end of landiolol infusion, resp.)
were observed in 1 out of 16 subjects.

Discussion
Pharmacodynamics
After initiation of landiolol infusion, the dobutamine-
induced HR decreased continuously over the infusion
period of one hour, with a substantial part of the phar-
macodynamic effect (− 32 bpm) observed already in the
early phase (until 16 min) even if landiolol was not ad-
ministered as a bolus. A rapid onset of the HR-reducing
effect had been also seen in the absence of dobutamine
in a comparative study versus esmolol [42]. A further
slow decrease of HR (− 8 bpm) was observed after 16
min despite the fact that concentrations of landiolol in

Table 2 PK parameters (non-compartmental analysis) of landiolol and its metabolites during 60 min infusion on top of continuous
dobutamine infusion in healthy volunteers of European ancestry (n = 16)

Parameter Statistic Landiolol LM1 LM2

Cmax (ng · ml− 1) geo mean (SD) 188 (1.20) 738 (1.16) 30 (1.30)

[95% CI] [170, 208] [681, 799] [26, 35]

tmax (min) median 36 64 100

[range] [12, 60] [60, 72] [90, 180]

AUC0-t (ng · hr. · ml−1) geo mean (SD) 160 (1.18) 1710 (1.34) 82 (1.93)

[95% CI] [147, 175] [1460, 2000] [58, 117]

AUC0-∞ (ng · hr. · ml−1) geo mean (SD) 162 (1.17) 1920 (1.26) 203 (1.58)

[95% CI] [148, 176] [1700, 2180] [143, 289]

t1/2 (min) geo mean (SD) 3.5 (1.15) 98 (1.25) 220 (1.87)

[95% CI] [3.2, 3.7] [87, 110] [130, 350]

λz (min−1) geo mean (SD) 0.20 (1.15) 0.0071 (1.25) 0.0032 (1.87)

[95% CI] [0.19, 0.22] [0.0063, 0.0080] [0.0020, 0.0052]

CL (ml · kg−1 · min−1) geo mean (SD) 62 (1.17) 5.2 (1.26) 49.2 (1.58)

[95% CI] [57, 67] [4.58, 5.9] [34.6, 69.8]

VD (ml · kg−1) geo mean (SD) 309 (1.28) 733 (1.15) 15,300 (1.41)

[95% CI] [271, 352] [679, 791] [11,800, 20,000]

Cmax Maximum blood concentration, tmax Time until maximum blood concentration, AUC0-t Area under the blood concentration-time curve from start of
administration to the last measurable concentration estimate, AUC0-∞ Area under the blood concentration-time curve from start of administration to infinity, λz
Terminal elimination rate constant, t1/2 Elimination half-life during the terminal phase, CL Total body clearance, VD Volume of distribution, SD Standard deviation,
95% CI 95% confidence interval
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blood did not change during this steady-state phase. Re-
gression analysis addressing the correlation between HR
and administration time clearly differentiated two brady-
cardic processes. This was supported by regression ana-
lysis between HR and concentrations of landiolol in
blood (Fig. 3b). Interestingly a small dobutamine-
induced heart rate elevation (5 bpm) remained during
landiolol infusion. This phenomenon was seen before
(41) and can be explained by a β2-mediated stimulation
of the sinus node which cannot be antagonized by a
highly selective β1-receptor antagonist.
Previous investigations with long-term landiolol infu-

sions had shown stable HR and blood concentrations
between 16 and 60min and thereafter [42]. Similarly, it

has been reported previously that dobutamine concen-
trations in blood are also quite stable during a 60 min
infusion [43]. One might speculate that landiolol may
have reduced the concentrations of dobutamine in blood
in the later phase. This is however unlikely since both
agents have comparable half-lives (2–4 min) and are me-
tabolized differently as landiolol is cleaved by blood and
tissue esterases [44], whereas dobutamine is inactivated
in tissues and liver [45]. On the contrary, one would
rather expect that a reduction of liver perfusion due to
landiolol-induced β1-antagonism would reduce the
elimination of dobutamine and consequently increase
its effect through elevation of the blood concentrations.
A dobutamine-induced elevation of landiolol blood

Table 3 Time courses of heart rate, systolic and diastolic blood pressure during and after infusion of landiolol for 60 min on top of
continuous dobutamine infusion in healthy volunteers of European ancestry (n = 16)

Time (min) HR [IQR] (bpm) SBP [IQR] (mmHg) DBP [IQR] (mmHg)

baseline 65.5 [59.3, 72.5] 107.0 [100.0, 112.3] 72.0 [68.0, 75.5]

-10 101.0 [91.8, 113.0] 137.5 [125.8, 152.8] 76.0 [71.8, 80.5]

-5 107.5 [100.8, 117.1] 133.0 [126.3, 150.1] 77.0 [72.8, 83.0]

0 112.0 [100.5, 120.8] 134.0 [123.0, 145.5] 75.0 [69.8, 85.0]

2 112.5 [102.4, 117.5] – –

4 103.5 [97.8, 109.8] 139.5 [124.8, 151.3] 77.0 [68.8, 85.0]

6 92.5 [88.0, 99.5] – –

8 85.5 [79.1, 91.0] 126.0 [121.5, 137.3] 77.0 [72.0, 82.5]

12 83 [79.4, 87.3] – –

16 79.8 [72.0, 84.3] 122.5 [114.5, 135.0] 74.5 [70.0, 79.8]

20 79.3 [76.5, 82.0] – –

28 77.5 [72.3, 78.3] 121.5 [111.0, 129.8] 74.0 [65.5, 79.3]

36 75.5 [71.5, 82.3] – –

44 73.0 [70.0, 78.3] 119.0 [110.8, 124.3] 71.0 [65.5, 75.3]

60 71.0 [69.0, 74.3] 121.5 [112.0, 124.3] 73.5 [66.0, 79.8]

62 75.0 [70.9, 81.8] – –

64 75.5 [68.8, 79.3] 118.0 [114.8, 124.3] 74.0 [62.8, 79.5]

66 75.8 [69.8, 87.5] – –

68 78.5 [70.0, 86.9] 122.5 [114.5, 134.5] 68.5 [63.8, 76.0]

72 85.0 [77.5, 90.0] – –

76 91.0 [76.8, 98.5] 128.3 [121.3, 135.5] 70.3 [64.5, 79.3]

80 89.5 [82.8, 104.6] – –

88 105.0 [94.8, 111.6] 122.8 [117.3, 143.0] 72.0 [69.6, 79.8]

96 86.5 [75.5, 99.5] – –

104 78.0 [71.0, 84.0] 109.5 [101.8, 116.5] 73.0 [63.5, 77.3]

120 80.8 [70.0, 82.0] 106.5 [99.8, 114.3] 69.5 [62.8, 74.3]

135 74.5 [65.0, 81.8] 104.5 [96.3, 109.3] 66.5 [61.5, 74.0]

150 71.5 [65.5, 81.0] 106.0 [95.0, 112.0] 67.0 [62.5, 75.0]

165 75.0 [66.3, 82.9] 105.0 [97.5, 109.3] 66.5 [62.8, 74.3]

180 72.5 [65.5, 82.8] 102.0 [98.0, 112.3] 67.5 [62.5, 73.0]

IQR Interquartile range
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Fig. 2 Time courses of changes from baseline for heart rate (a) and systolic and diastolic blood pressure (b) during and after infusion of landiolol
for 60 min on top of continuous dobutamine infusion in healthy volunteers (n = 16). Median values are shown
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concentrations through competing elimination mecha-
nisms would be an alternative explanation. However,
different elimination pathways, independency of liver
status in the elimination of landiolol [46, 47] and, as a
direct evidence, constant landiolol concentrations in
blood from minute 16 onwards speak against such an
interaction.
We assume that the later phase of HR reduction is

thus not induced by landiolol but rather reflecting the

desensitization of the dobutamine effects in the back-
ground. This assumption is supported by the findings in
the recovery phase. Shortly after the end of landiolol in-
fusion, HR started to increase again but did not reach
pre-landiolol values despite continued dobutamine infu-
sion. The maximum HR (achieved after 28 min) was
more than 10 bpm lower than the maximum pre-
landiolol value. This, in line with the slow HR reduction
during the second landiolol infusion phase, can thus be

Fig. 3 Regression analyses of heart rate versus duration of landiolol infusion (a) and heart rate versus concentrations of landiolol in venous
blood (b)
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explained as consequence of a dobutamine-induced down-
regulation of the β1-receptor function, a desensitization
phenomenon already described experimentally and clinic-
ally in previous investigations [48–51].
The changes in SBP and - to a lesser extent - DBP

over the observation period were similar to the effect on
HR (Table 3, Fig. 2b). Interestingly, SBP and DBP were
below the baseline values after dobutamine discontinu-
ation which supports the explanation above and further
suggests a possible α-receptor downregulation (DBP) dur-
ing dobutamine infusion. The persistently increased HR
after dobutamine infusion can thus be explained by a re-
flex increase of the sympathetic drive to counteract the
persistent blood pressure decrease due to desensitization.
Comparison of the hemodynamic results in the

present study with those obtained in an earlier study
[42] reveals an interesting differential effect. In the study
conducted under resting conditions, landiolol-induced
SBP reduction was less pronounced than the effect on
HR. In the present study the effects on SBP and HR
were similar, indicating that landiolol is able to com-
pletely antagonize the effect of a β1-adrenergic stimulus
on the cardiovascular system, a characteristic that may
turn out beneficial for the early termination of cardio-
vascular effects after dobutamine stress testing.
Antagonism of dobutamine-induced tachycardia has

been described for esmolol, another short-acting β-
blocker using bolus application [39, 52]. The dose of
10 μg/kg/min landiolol used in the present study pro-
duced blood concentrations which correspond to the
ones achieved with landiolol bolus doses of 0.1 mg · kg− 1

[53]. As this dose induced an onset of the bradycardic
effect within 1 min, it can be assumed that bolus applica-
tion can reduce the time to maximum HR reduction
from the 16 min observed in the current study to few
minutes when a rapid termination of the tachycardic do-
butamine effect after stress testing is warranted.

Pharmacokinetics
The pharmacokinetic results on landiolol and its inactive
metabolites were similar to what has been described be-
fore in Asian and Caucasian subjects [5, 16, 37, 42, 53].
Specifically, the lack of a substantial change in the phar-
macokinetic parameters of landiolol during dobutamine
infusion confirms that changes in liver perfusion do not
affect (and specifically do not speed up) the elimination
of landiolol. The absence of an impact of the liver-status
and -perfusion on the half-life of landiolol was described
previously [46, 47] as was the absence of gender effects
([37], unpublished data of [54]).

Safety and tolerability
As non-selective and β-blockers with low β1-selectivity
may cause coronary spasms after dobutamine stress

echocardiography [52], a β-blocker with increased se-
lectivity like landiolol (β1/β2 ratio = 255) may have a
lower likelihood to expose dobutamine α-receptor ef-
fects through blockade of vasodilating β2-receptors. In
line with this, no serious adverse events were ob-
served in our study. 16/26 adverse events occurred
before administration of landiolol and were likely re-
lated to dobutamine. Landiolol showed very good
local and systemic tolerability and an excellent safety
profile, although it has to be kept in mind that this
was a small group of healthy individuals. Nevertheless,
this result is essentially in line with the safety profile
reported from earlier studies in Asian or Caucasian
subjects [5–9, 15, 19, 23, 37, 42, 53, 54].

Conclusion
When dobutamine at a mean dose of 15 μg/kg/min is
used to increase HR and SBP, the short-acting β-blocker
landiolol at 10 μg/kg/min can almost completely antagonize
these effects within 16min. Thereafter, these variables fur-
ther decrease slowly over 40min, which, in the presence of
a constant landiolol concentration in the blood, likely re-
flects an early desensitization to dobutamine effects. The
reduced agonistic effect of dobutamine is also observed
after discontinuation of landiolol infusion, as both the max-
imum HR and SBP effects were not reached anymore.
Dobutamine does not alter the pharmacokinetic parameters
of landiolol and its metabolites. Landiolol infusion during
dobutamine challenge is tolerated well with a low incidence
of adverse events.
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