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Introduction

In recent years, electroconvulsive therapy (ECT) has
assumed an increasingly important role in the treatment
of severe and medication-resistant depression and
mania, as well as in the treatment of schizophrenic
patients [1].

However, ECT is frequently associated with acute
hyperdynamic responses: transient tachycardia and hy-
pertension. The magnitude of hemodynamic responses
to ECT appears to be independent of the duration of
the motor and electro encephalogram (EEG) seizure
activity [2]. The hemodynamic response to ECT can
produce myocardial ischemia and even infarction [3], as
well as transient neurologic ischemic deficits, intracere-
bral hemorrhage, and cortical blindness [4,5]. Because
of the possible cardiovascular morbidity associated with
ECT, various drugs have been administered in an effort
to minimize the acute hemodynamic changes [6]. Rec-
ommended pretreatment regimens to block the ECT-
induced hyperdynamic response include trimethaphan
[7], nitroprusside [8], alfentanil [9], clonidine [10],
propranolol [11], labetalol [12], esmolol [13–15], nicar-
dipine [16], and remifentanil [17].

Landiolol is a newly developed highly cardioselective
beta-blocker. This agent is approximately nine times
more potent in beta-blocking activity in vivo and eight
times more cardioselective in vitro than esmolol [18].
The cardiodepressant effect of landiolol is less than that
of esmolol [19,20]. Recently, a bolus injection of
landiolol (0.1mg·kg−1, IV) was reported to be useful for
attenuating the acute hemodynamic responses without
reducing seizure duration during ECT [21]. However,
comparison of the effects of different bolus doses and
their effects during ECT have not been thoroughly
investigated.

We hypothesized that landiolol would attenuate the
transient hyperdynamic response to ECT in a dose-
dependent fashion without interfering with the seizure
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activity. Therefore, we designed a prospective, random-
ized, double-blinded, placebo-controlled, crossover
study to assess the effects of two different bolus doses of
landiolol (versus saline) on the acute hemodynamic
response and the duration of motor seizure activity in
patients undergoing a series of ECT treatments.

Patients and methods

After gaining approval from the Research Ethics Board
of the Showa University School of Medicine (Tokyo,
Japan), we obtained informed consent from 14 patients
undergoing ECT treatments for major depressive or
psychiatric disorders. All treatments were performed in
the operating room at the Showa University Northern
Yokohama Hospital (Yokohama, Japan). Patients with
clinically significant cardiovascular, respiratory, renal,
or hepatic disease, or with hypotension, bradycardia,
arrhythmia, second- or third-degree atrioventricular
block, or hypertension, as well as those using beta-
adrenergic blockers or other antihypertensive drugs
were excluded from the study. All patients received
ECT two times a week given during a 2-week period.

All patients received their usual chronic psychothera-
peutic medications (such as antidepressants) in the
morning before each ECT session, and no premedica-
tion was given. Each patient received one of two differ-
ent doses of landiolol (0.1 mg·kg−1 or 0.2mg·kg−1) or a
placebo (saline) before the induction of anesthesia,
according to a randomized, double-blinded, crossover
study design. Noninvasive systolic blood pressure (SBP)
and mean arterial blood pressure (MAP), three-lead
electrocardiogram (ECG), instantaneous heart rate
(HR), and oxygen saturation values were recorded
before landiolol or saline administration as baseline
values. Then, all patients were preoxygenated.

A 10-ml syringe containing an equivalent volume of
either saline or landiolol (0.1 mg·kg−1 or 0.2mg·kg−1) was
prepared in advance by a researcher not involved in the
data collection. Landiolol (or placebo) was adminis-
tered at time zero by hand-held bolus, over 5 s, 1 min
before the induction of anesthesia and exactly 3 min
before ECT. Subsequently, unconsciousness was in-
duced with propofol 1.0mg·kg−1 IV. On loss of respon-
siveness to verbal commands, a blood pressure cuff
was inflated on the left leg to isolate the circulation, so
that the duration of motor seizure activity could be
measured. Succinylcholine 0.6 mg·kg−1 IV was then ad-
ministered for muscle relaxation. The patients were
ventilated using a face mask with 100% oxygen. Three
minutes after the administration of landiolol or saline,
an electrical stimulus was delivered via bitemporal elec-
trodes, using a Sakai CS-1 apparatus (Sakai Medical
Instruments, Tokyo, Japan) at 110 V setting for 5 s.

Motor seizure duration was evaluated, using a one-
channel EEG and the tourniquet technique, as the time
from the ECT stimulus to the cessation of tonic-clonic
motor activity in the isolated leg. If the patient mani-
fested a sustained increase in SBP (>190 mmHg, lasting
>2min) after the electrical stimulus, rescue bolus doses
of nicardipine (1 mg) were administered. All variables
were continuously recorded until 15 min after ECT.

Multiple comparisons were made by using one-way
analysis of variance, followed by the Scheffe test. Com-
parisons for repeated measures were made by using
linear mixed effect models, followed by least squares
means. Statistical analysis was performed using SAS
software, version 8.02 (SAS Institute, Cary, NC, USA).
Probability values of less than 0.05 were required to
reject the null hypothesis. We reported values as means
± SD in the Tables and as means ± SE in the Figures.

Results

Fourteen patients, with 84 treatments, were initially
enrolled. Three patients with 18 treatments (placebo, n
= 6, landiolol 0.1mg·kg−1; n = 6, landiolol 0.2 mg·kg−1; n =
6) were excluded from the statistical analysis because
they received nicardipine in all of their ECT events due
to hypertension after ECT. Finally, 66 treatments in the
11 remaining patients (3 men and 8 women) were evalu-
ated. All of the finally evaluated patients had a diagno-
sis of major depression. Their mean age (±SD) was
66 ± 7 years (range, 50–76 years), and mean body
weight was 45 ± 6kg (range, 35–54 kg). There were no
significant differences in baseline SBP, MAP, or HR
among the three groups. HR decreased significantly
after 0.2 mg·kg−1 landiolol compared with that in
the placebo group (Table 1). Pretreatment with
landiolol 0.1mg·kg−1 or 0.2mg·kg−1 was found to blunt
significantly the increase in HR in comparison to that in
the placebo group (Fig. 1). In the placebo group, all HR
values after ECT were significantly higher than the
baseline value. In the landiolol 0.1 mg·kg−1 group, HR
values were significantly higher than the baseline value
until 2 min after ECT. In the landiolol 0.2mg·kg−1 group,
however, HR values after ECT did not change
significantly compared with the baseline value (Fig. 1).
In all groups, SBP values were significantly higher than
the baseline value until 4 min after ECT. The SBP val-
ues in the 0.2mg·kg−1 landiolol group were significantly
lower than those in the placebo group until 2min after
ECT, whereas there were no significant differences be-
tween the two landiolol groups (Fig. 2). Pretreatment
with landiolol 0.1 mg·kg−1 or 0.2mg·kg−1 was found to
blunt significantly the increase in the rate-pressure
product (RPP) in comparison to that in the placebo
group (Fig. 3). In the placebo group, all RPP values
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after ECT were significantly higher than the baseline
value. In the landiolol 0.1mg·kg−1 group, RPP values
were significantly higher than the baseline value until
3min after ECT. In the landiolol 0.2mg·kg−1 group,
however, RPP values after ECT did not change signifi-
cantly compared with the baseline value (Fig. 3). The
duration of the motor seizure was significantly shorter
with 0.2mg·kg−1 landiolol compared with that in the
placebo group (Table 2). There were no adverse events
that could be attributed to landiolol.

Discussion

The results of this study indicate that landiolol, a novel
beta-adrenergic blocker, given as an 0.1 or 0.2mg·kg−1

IV bolus as pretreatment significantly attenuates the
cardiovascular response to ECT. The results also
showed a significant decrease in motor seizure duration
with the landiolol 0.2mg·kg−1 bolus, compared with the
duration in the placebo group.

Table 1. Hemodynamic values at baseline and immediately before (pre-ECT) electro-
convulsive therapy (ECT) in the three groups

Placebo Landiolol groups

Variable Normal saline (n = 22) 0.1 mg·kg−1 (n = 22) 0.2 mg·kg−1 (n = 22)

Baseline values
SBP (mmHg) 122 ± 19 122 ± 22 123 ± 20
MAP (mmHg) 84 ± 9 89 ± 16 87 ± 13
HR (bpm) 69 ± 18 70 ± 18 72 ± 20

Pre-ECT values
SBP (mmHg) 122 ± 23 121 ± 20 114 ± 20
MAP (mmHg) 86 ± 11 88 ± 14 83 ± 14
HR (bpm) 75 ± 17 68 ± 16 64 ± 15*

*P < 0.05 versus placebo group
Values are means ± SD and numbers of treatments (n)
SBP, systolic blood pressure; MAP, mean arterial pressure; HR, heart rate

Fig. 1. Heart rate (HR) percent change every minute during
electroconvulsive therapy (ECT). Values are means ± SE for
the placebo, 0.1 mg·kg−1 landiolol, and 0.2 mg·kg−1 landiolol
groups. *P < 0.05 versus 0.1 mg·kg−1 landiolol group. # P < 0.05
versus 0.2mg·kg−1 landiolol group; § P < 0.05 between the two
landiolol groups; † P <  0.05 versus baseline values. Dotted line,
baseline

Fig. 2. Systolic blood pressure (SBP) change every minute
during electroconvulsive therapy (ECT). Values are means ±
SE. For P values, see Fig. 1. legend

Fig. 3. Rate pressure product (RPP) percent change every
minute during electroconvulsive therapy (ECT). Values are
means ± SE. For P values, see Fig. 1. legend
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Landiolol is created by altering the chemical
structure of esmolol, an other ultrashort acting beta-
adrenergic blocker, to produce a greater degree of
cardioselectivity and more potency [18]. Landiolol is
approximately nine times more potent on a weight basis
in beta-blocking activity in vivo than esmolol [18].
Landiolol has a short duration (half-life of 4 minutes)
of activity, enabling rapid recovery after cessation of
administration by hydrolysis of its ester link [18]. Bolus
injection of landiolol has been reported to attenuate
HR significantly, with less cardiodepressant effect than
esmolol, in rabbits [19]. Furthermore, a bolus injection
of landiolol (0.1mg·kg−1, IV) was reported to be useful
for attenuating acute hemodynamic responses without
reducing seizure duration during ECT [21]. The present
study also showed that landiolol, at 0.1mg·kg−1 and
0.2 mg·kg−1, significantly attenuated the increase in HR
and RPP after ECT. Therefore, the results of our study
also indicate that the features of landiolol are suitable
for its use in ECT.

Weinger et al. [13] reported that, immediately after
ECT, SBP transiently increased by 30%–40%, and HR
was increased by 20% or more, resulting in a two- to
threefold increase in the RPP, an index of myocardial
oxygen consumption. The placebo group in our study
showed that SBP was transiently increased by 20%, and
HR was increased by 29%, resulting in a 56% increase
in the RPP. It has also been reported that significant
increases in HR and SBP continue for 3–5 min after the
application of the electrical stimulus [2]. Thus, it is im-
portant to attenuate the hyperdynamic response after
ECT, particularly in patients with hypertension, and in
those with cardiovascular or cerebrovascular diseases.
In the present study, the degree of tachycardia and RPP
increase after ECT in both landiolol groups was signifi-
cantly less than that in the placebo group. The HR and
RPP values in our placebo group were still significantly
increased 15 min after ECT. However, 3min after ECT,
the HR and RPP values in both landiolol groups had
not changed significantly compared with the baseline
value. Therefore, landiolol was considered to be useful
for the attenuation of the hyperdynamic response dur-
ing the whole period of ECT. Because of the rapid onset
of action of landiolol, the negative chronotropic effect
of landiolol could have contributed to the immediate
attenuation of tachycardia and RPP after ECT. The

decreased HR and SBP values immediately after ad-
ministration of the landiolol bolus were not considered
to be clinically significant. Our data support the view
that pretreatment with a landiolol bolus injection is ap-
propriate for attenuating the tachycardia and increased
RPP that occur in response to ECT, without causing
bradycardia or hypotension. We believe that suppres-
sion of the RPP increase is associated with the attenua-
tion of tachycardia.

The therapeutic effect of ECT depends on a cerebral
seizure. It is recommended that seizure duration should
be monitored during each treatment, both by observa-
tion of motor activity and by the monitoring of at least
one channel of electroencephalogram (EEG) activity
[22]. Thus, we measured seizure duration using a tour-
niquet technique and a one-channel EEG. But we
substituted isolated limb myoclonic activity for the one-
channel EEG as the dependent variable for seizure du-
ration, because we considered that the data with
one-channel EEG was not sufficient to show seizure
duration. Seizure duration, as measured by EEG, corre-
lates well with the duration of isolated limb myoclonic
activity [13]. Electrical manifestations of a seizure are
present for 5–8 s longer than the limb movement [13].
Esmolol appears to decrease seizure duration in a dose-
related fashion. Esmolol 1.0 mg·kg−1 [13] or 1.4 mg·kg−1

[14] bolus did not decrease the duration of seizure,
whereas esmolol 2.86 mg·kg−1 bolus [14] significantly
shortened the duration. Even in studies using larger
doses of esmolol, however, seizure duration was only
moderately reduced and this did not jeopardize the
therapeutic efficacy of ECT [14,15].

In our study, there was a significant difference in
seizure duration between the placebo group and the
0.2 mg·kg−1 landiolol group, but no significant difference
between the placebo group and the 0.1 mg·kg−1 landiolol
group. Thus, landiolol bolus also appears to have a
dose-related effect on seizure duration. Because many
of the anesthetic drugs used for ECT have anticonvul-
sant properties, they would be expected to decrease the
duration of ECT-induced seizure activity in a dose-
dependent manner. The use of larger than necessary
doses of general anesthetics would shorten the duration
of ECT-induced seizure activity and could adversely
affect the efficacy of the ECT treatment [6]. Oda et al.
[23] reported that the increase in both heart rate and

Table 2. Duration of motor seizure after electroconvulsive therapy

Placebo Landiolol groups

Variable Normal saline (n = 22) 0.1 mg·kg−1 (n = 22) 0.2 mg·kg−1 (n = 22)

Motor seizure (s) 27 ± 12 23 ± 9 21 ± 13*

* P < 0.05 versus placebo group
Values are means ± SD and numbers of treatments (n)
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bispectral index after tracheal intubation under 1
minimum alveolar concentration (MAC) sevoflurane
anesthesia was suppressed by the concomitant adminis-
tration of either esmolol or landiolol. Therefore,
landiolol and esmolol appear to have general anesthetic
properties. The reason why higher doses of landiolol
and esmolol suppress seizure activity is thought to be
that the similar chemical structures and general
anesthetic properties of the two drugs would presum-
ably affect seizure duration if a sufficient dose were
given.

In summary, both landiolol 0.1 mg·kg−1 and
0.2mg·kg−1 bolus doses were found to be effective in
attenuating the hemodynamic response to ECT. As the
0.2mg·kg−1 dose caused a shorter seizure duration, and
the hemodynamic effects after ECT of the 0.1mg·kg−1

and 0.2mg·kg−1 doses were similar, it was concluded that
pretreatment with a 0.1mg·kg−1 landiolol bolus dose
achieved similar HR reduction after ECT to that pro-
duced by 0.2mg·kg−1, without shortening the duration of
the motor seizure. A potential weakness of the study is
the exclusion of individuals who were administered a
rescue drug, which may have led to selection bias.
Further study is necessary to investigate the degree of
the contribution of landiolol to seizure duration during
ECT.
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