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Introduction

It is well known that tracheal extubation and emergence 
from anesthesia induce abrupt changes in hemodynam-
ics and humoral responses [1]. Many reports have 
documented that tracheal extubation causes transient 
increases in blood pressure and heart rate (HR), lasting 
from 5 to 15 min [1–3]. These hemodynamic changes 
during emergence from anesthesia may cause danger-
ous increases in myocardial oxygen demand in patients 
with coronary artery disease and in patients who have 
undergone neurosurgical procedures [2,3].

Several pharmacological agents have been evaluated 
to attenuate the physiological changes associated with 
tracheal extubation and the emergence period [1,4–6]. 
Of these agents, beta-blockers, such as labetalol, 
esmolol, and landiolol, are some of the most effective 
drugs for preventing these physiological changes. In 
contrast to esmolol [2–6,7–9], there have been very few 
reports regarding the effects of landiolol on the hemo-
dynamic changes associated with emergence from anes-
thesia and extubation [10–13].

Prys Roberts et al. [14] reported that in both treated 
and untreated hypertensive patients, emergence from 
anesthesia followed by tracheal extubation was associ-
ated with signifi cant increases in HR and arterial pres-
sure compared to normotensive patients. Thus, it is 
reasonable to expect that hypertensive patients may 
exhibit an exaggerated hypertensive response to awak-
ening and tracheal extubation compared to that seen in 
normotensive patients.

For the past 20 to 30 years, the number of elderly 
patients undergoing surgery has been steadily rising 
throughout the world [15]. It is important for anesthe-
siologists to manage hemodynamic stability during 
anesthetic emergence and tracheal extubation in elderly 
patients. We hypothesized that the short-acting beta-1 
blocker, landiolol, would have differential effects on 
hemodynamics during emergence from anesthesia and 
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tracheal extubation in elderly patients with and without 
hypertension.

The purpose of this study was to examine the effects 
of the short-acting beta-1 blocker, landiolol, on hemo-
dynamics during the emergence period in elderly 
patients with and without hypertension.

Patients and methods

This study was approved by the Ethics Committee of 
our institute, and written informed consent was obtained 
from all patients. Elderly patients were defi ned as those 
above 70 years of age. Patients who were American 
Society of Anesthesiology (ASA) physical status 3, 4, 
or 5 or had an atrioventricular conduction block greater 
than fi rst degree or a history of drug allergy were 
excluded from the study. Additional exclusion criteria 
were: history of asthma, bronchospasm, chronic obstruc-
tive pulmonary disease, coronary artery disease, HR 
less than 50 beats·min−1, and systolic blood pressure less 
than 80 mmHg 1 min before the administration of 
landiolol.

Control patients were defi ned as normotensive indi-
viduals who had never been diagnosed as being hyper-
tensive on medical examinations. Patients with 
hypertension were defi ned as those taking oral antihy-
pertensive medication at the fi rst hospital arrival. In 
addition, all hypertensive patients selected were con-
trolled hypertensives with normal blood pressure levels 
(systolic blood pressure below 139 mmHg), as a result 
of treatment with antihypertensive drugs, at the time of 
hospital admission. Patients with uncontrolled hyper-
tension were excluded from this study due to the possi-
bility that these patients would require additional 
antihypertensive drugs during the emergence and extu-
bation periods, which could possibly confound the 
results. Patients with uncontrolled hypertension were 
defi ned as those with elevated blood pressure levels 
(systolic blood pressure above 160 mmHg) despite 
treatment with antihypertensive drugs at the time of 
hospital admission [16]. None of the hypertensive 
patients were receiving beta-blockers.

For all the hypertensive patients, antihypertensive 
drug therapy was administered on the morning of 
surgery.

Study protocol

Thirty-one hypertensive and 32 normotensive elderly 
patients scheduled for orthopedic or gynecological 
surgery were randomly divided into two groups: a 
control (placebo group) and a landiolol infusion group, 
group selection being determined by a random number 
table.

A three-lead electrocardiography monitor was 
attached to all patients (Nihon Koden, Tokyo, Japan). 
Anesthesia was induced with 2 mg·kg−1 of propofol and 
0.6 mg·kg−1 of rocuronium, followed by endotracheal 
intubation. Muscular relaxation was achieved by inter-
mittent administration of rocuronium. In all the patients, 
the lungs were ventilated with 40% oxygen and 60 % 
N2O with continuous monitoring of end-tidal carbon 
dioxide (PetCO2; Nihon Koden,). Anesthesia was 
maintained with remifentanyl, 0.2–0.5 μg·kg−1·min−1, 
and 0.5%–1.0% sevofl urane in 40% oxygen and 60% 
N2O.

Bispectral index monitoring (A-2000; ASPECT 
Medical Systems, Natic, MA, USA) was used to assess 
the anesthetic depth in each group. Target BIS levels 
were from 45 to 50. After the induction of anesthesia, 
the administration of anesthetic agents, remifentanil, 
and sevofl urane, was adjusted to maintain BIS levels 
from 45 to 50 in all patients during the study period.

Immediately after the end of the surgery, administra-
tion of all anesthetics, including sedative agents, was 
discontinued. All patients were then ventilated with 
100% oxygen for emergence from anesthesia, and 
depending on the group, either a landiolol infusion or 
normal saline infusion was started. All persons present 
during the study were blinded to the identity of the 
infusion being administered (drugs were given using 
foil-covered cylinders and lines). One vial of landiolol 
(50 mg) was dissolved in 20 ml of saline.

In the landiolol-group patients, the landiolol infusion 
was administered at the rate of 0.125 mg·kg−1·min−1 for 
1 min and then decreased to 0.04 mg·kg−1·min−1 until 
extubation. Control group patients received an equiva-
lent volume of normal saline. Details of the study pro-
tocol are shown in Fig. 1. When spontaneous breathing 
was observed after surgery, 0.03–0.04 mg·kg−1 of neo-
stigmine and 0.01–0.02 mg·kg−1 of atropine sulfate were 
given over a 1-min period. After the patients could 
breathe spontaneously and open their eyes on command, 
extubation was performed.

Heart rate and blood pressure were recorded every 
minute from before the administration of landiolol/
saline infusion up to discontinuation of the infusion, and 
every 5 min subsequently, to 30 min after termination 
of the infusion.

All patients received patient-controlled analgesia 
with an intravenous infusion of fentanyl from the end 
of the surgery. Twenty micrograms of fentanyl per hour 
was given to each patient, and a rescue dose of 10 μg of 
fentanyl was prepared when necessary.

Statistical analysis

Data were analyzed at a later time by an individual who 
was also blinded to the treatment regimens. Before the 
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start of this study protocol, we calculated sample sizes. 
Based on a previous study [13], we hypothesized that 
HR in the landiolol group would decrease by 15 
beats·min−1 compared with that in control patients. We 
determined that 15 members in each group would be 
required to provide 80% power to detect a 20% differ-
ence between the landiolol and control groups.

All data are expressed as means ± SD. Following 
the confi rmation of equal variance among the groups 
by the Bartlett test, changes in mean values of HR, 
systolic blood pressure, and mean blood pressure (base-
line and between groups) were compared using one-
way factorial measure or two-way repeated-measures 
analysis of variance (ANOVA). When the F value was 
signifi cant, the Bonferroni method was used for mul-
tiple comparisons. Demographic data of the four 
groups were analyzed by one-way repeated-measures 
ANOVA. All calculations were performed on a Macin-

tosh computer with SPSS (SPSS, Chicago, IL, USA) 
and StatView 5.0 software (Abacus Concepts, Berke-
ley, CA, USA).

Results

Table 1 shows the demographic data of the four groups. 
There were no signifi cant differences in age, height, 
weight, anesthetic time, surgical time, blood loss, urine 
output, reversal dosage of muscle relaxant, or opiate 
dosage during anesthesia between the four groups. In 
addition, landiolol infusion time, defi ned as the dura-
tion from the start of administration of landiolol to the 
discontinuation of landiolol, was almost identical 
between groups.

Figures 2 and 3 show the time courses of changes in 
systolic blood pressure and HR in the four groups. Sys-
tolic blood pressure in the hypertensive control group 
increased during emergence and tracheal extubation. 
Landiolol infusion partially prevented the increase in 
systolic blood pressure associated with emergence from 
anesthesia in the elderly patients with hypertension. 
Systolic blood pressure in the elderly normotensive 
control-group patients increased slightly during emer-
gence and tracheal extubation. No increase in systolic 
blood pressure in the elderly patients without hyperten-
sion was observed in the landiolol group throughout the 
study period.

Heart rate in the control-group patients with hyper-
tension increased during emergence and tracheal extu-
bation. Landiolol infusion in the elderly patients with 
hypertension prevented this increase in HR. Heart rate 
in the control-group patients without hypertension 

< Study protocol >

Termination of administration of all 
anesthetic agents and start of 
landiolol infusion

Infusion strategy: 0.125 mg·kg·min–1 loading dose for 1 min followed by 0.04 mg·kg·min–1 

Continuous infusion of landiolol

Tracheal extubation

Stop of landiolol infusion 

administration  of muscle 
relaxant reversal agents

Fig. 1. Schematic diagram of the study protocol

Table 1. Demographic data of the four groups

No-hypertension group Hypertension group

Control Landiolol group Control Landiolol group P value

Number of patients 16 16 15 16
Age (years) 76 ± 5 73 ± 3 75 ± 4 74 ± 4 0.17
Height (cm) 154 ± 6 155 ± 9 155 ± 8 153 ± 7 0.91
Weight (kg) 53 ± 7 55 ± 12 55 ± 8 54 ± 11 0.92
Anesthetic time (min) 223 ± 89 207 ± 101 246 ± 109 218 ± 123 0.77
Operation time (min) 162 ± 82 154 ± 106 185 ± 109 160 ± 113 0.84
Blood loss (ml) 213 ± 182 360 ± 703 322 ± 543 422 ± 590 0.73
Urine output (ml) 273 ± 133 230 ± 207 309 ± 293 345 ± 348 0.63
Landiolol infusion time (min) 21 ± 3 22 ± 4 21 ± 3 21 ± 2 0.83
Reversal dosage
 Atropine sulfate (mg) 0.87 ± 0.22 0.90 ± 0.20 1.00 ± 0.01 0.93 ± 0.17 0.23
 Neostigmine (mg) 1.6 ± 0.4 1.7 ± 0.4 1.8 ± 0.2 1.7 ± 0.3 0.34
Opiate dosage
 Remifentanil (mg) 1.7 ± 1.0 1.5 ± 0.8 1.7 ± 0.8 1.9 ± 1.5 0.67

Data are expressed as means ± SD
Landiolol infusion time was defi ned as the time interval from the start of administration of landiolol to the discontinuation of landiolol
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increased during emergence and tracheal extubation, 
while landiolol infusion in the normotensive patients 
decreased the HR during emergence and tracheal extu-
bation. The HR in normotensive patients with landiolol 
was greatly decreased at 10 min after the administration 
of landiolol infusion (from 44 to 68 beats·min−1, three 
patients had an HR below 50 beats·min−1 at this point). 
None of the patients in the other three groups had an 
HR below 50 beats·min−1 at any time point.

Discussion

The present study shows that the administration of 
landiolol can prevent the increase in HR in elderly 
patients with hypertension during emergence from 
anesthesia. However, the administration of landiolol 
decreases the HR in elderly patients without hyperten-
sion during emergence from anesthesia.

Many reports have documented that transient hemo-
dynamic changes are induced during tracheal extuba-
tion and emergence from anesthesia, and these changes 
may sometimes cause dangerous increases in myocar-
dial oxygen demand in patients with coronary artery 
disease [1, 17, 18]. Coriat et al. [17] showed that patients 
with coronary artery disease experienced signifi cant 
decreases in ejection fraction (from 55 ± 7% to 45 ± 7%) 
after extubation. Wellwood et al. [18] reported that 
patients with a cardiac index of less than 3.0 l·min−1 
demonstrated an ischemic response to the stress of post-
operative tracheal extubation after myocardial revascu-
larization. These reports imply that it is important to 
attenuate the physiological changes associated with tra-
cheal extubation and emergence from anesthesia.

Among the several pharmacological agents available, 
beta-blockers are some of the most effective drugs for 
preventing the hemodynamic changes associated with 
recovery from anesthesia and surgery [1]. Dyson et al. 
[9] examined the effects of three doses of esmolol (1.0, 
1.5, and 2.0 mg·kg−1) given as a bolus 2 min after the 
reversal of neuromuscular blockade with isofl urane 
anesthesia, and found that all doses of esmolol attenu-
ated increases in HR, although 1.0 mg·kg−1 was in-
suffi cient to control increases in blood pressure and 
2.0 mg·kg−1 of esmolol produced signifi cant decreases in 
systolic blood pressure. Kurian et al. [2] examined the 
effects of an infusion of esmolol on the incidence of 
myocardial ischemia during tracheal extubation follow-
ing coronary artery surgery, and showed that, although 
the use of esmolol reduced the incidence of myocardial 
ischemia (12/37 in the control group, 3/31 in the esmolol 
group; P = 0.05), adverse effects, such as bradycardia or 
hypotension, were often observed in the esmolol group 
as compared to control patients. They decided to termi-
nate their study early because of these adverse events 
and diffi culties with patient recruitment.

In contrast to esmolol, few studies have examined the 
effects of landiolol on hemodynamics during extubation 
and emergence from anesthesia and surgery. Nonaka et 
al. [10] examined the effects of the administration of 
0.125 mg·kg−1·min−1 of landiolol for 1 min on hemody-
namic changes after the injection of neostigmine-atro-
pine, and observed that the maximum increase in HR 
was 29.6 ± 12.3 beats·min−1 in the control group, whereas 
it was 14.1 ± 11.9 beats·min−1 in the landiolol group. 
Minamizono et al. [11] and Ohata et al. [12] observed 
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Fig. 2. Time course of changes in systolic blood pressure (BP) 
in the four groups. *P < 0.05 compared with time point 1; #P 
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the same results. Shirasaka et al. [13] examined the 
effects of the continuous administration of different 
doses of landiolol on the cardiovascular response during 
tracheal extubation, and found that landiolol could 
prevent increases in HR and blood pressure in patients 
without hypertension. The present study is the fi rst of 
its kind to compare the effects of landiolol on hemody-
namic changes in elderly patients with and without 
hypertension during the emergence period. Landiolol 
exhibits a predominant chronotropic effect, rather than 
an inotropic effect, and thus causes neither excessive 
hypotension nor cardiac decompression [7]. The fi nd-
ings of our study concur with previous reports regarding 
the attenuation only of increases in HR by landiolol.

Reports by Prys Roberts et al. [14] and Stone et al. 
[19] imply that it is of special clinical importance to 
maintain hemodynamic stability in patients with hyper-
tension during emergence from anesthesia. Sugiura et 
al. [20] showed that in hypertensive patients, 0.2 mg·kg−1 
landiolol was necessary to suppress tachycardia after 
intubation, whereas 0.1 mg·kg−1 was effective in normo-
tensive patients. This demonstrates that a larger dose of 
landiolol is required to prevent hemodynamic changes 
in hypertensive patients compared with normotensive 
patients. In contrast, Shirasaka et al. [13] showed that 
landiolol could prevent the increases in both HR 
and blood pressure in patients without hypertension, 
although a lower dose was required for preventing 
tachycardia as compared to preventing elevations in 
blood pressure in these patients. Slogoff and Keats [21] 
have shown that perioperative myocardial ischemia is 
signifi cantly related to episodes of tachycardia, but not 
to episodes of hypertension. It thus appears reasonable 
that it is of greater clinical importance to avoid tachy-
cardia during emergence from anesthesia, rather than 
preventing hypertension.

We observed that the HR in only the normotensive 
patients fell below 50 beats·min−1. Although we did not 
measure cardiac output in our patients, elderly normo-
tensive patients may be at risk of developing bradycar-
dia-induced low cardiac output. Our study indicates that 
beta-blocker therapy during emergence from anesthe-
sia should be used with caution in elderly nonhyperten-
sive patients, due to the risk of severe bradycardia.

Study limitations

Different doses of muscle relaxant reversal agents may 
have different effects on hemodynamic variables [22,23], 
This confounding factor, however, may not have signifi -
cantly affected our results, as no signifi cant differences 
in doses of muscle relaxant reversal agents were 
observed between groups in this study.

In this study, we excluded patients with uncontrolled 
hypertension. It is, however, possible that more highly 

exacerbated hemodynamic changes may be observed in 
patients with uncontrolled hypertension.

In conclusion, the present study showed that, 
in elderly patients with hypertension, landiolol can 
prevent the increase in HR but not the increase in 
blood pressure during emergence from anesthesia. In 
contrast, in elderly patients without hypertension, 
landiolol decreases the HR during emergence from 
anesthesia.
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