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Abstract

Study Objective: To examine the effects of landiolol on the QT interval, rate-corrected QT (QTc)
interval, QT dispersion (QTD), and rate-corrected QTD (QTcD) during tracheal intubation using
computerized measurement.

Design: Randomized, double-blinded study.

Setting: Dokkyo Medical University Hospital operating room.

Patients: 30 ASA physical status I patients scheduled for elective surgery.

Inventions: Patients were randomized to receive either normal saline (saline group) or landiolol
{landiolol group; one-min loading infusion of 0.125 mg/kg followed by 0.04 mg/kg/min infusion).
[mmediately after the start of administration of saline or landiolol, anesthesia was induced with
intravenous (IV) fentanyl two pgkg, propofol 1.5 mg/kg, and vecuronium 0.1 mgikg. Six minutes
afler administration of saline or landiolol, tracheal intubation was performed within 20 seconds.
Measurements: Mcan arterial pressure (MAP), RR interval, QT interval, QTc interval, QTD, and
QTcD were consecutively recorded during the induction.

Main Results: There was no significant difference in MAP between groups during the study. RR
interval in the landiolol group was significantly longer than in the saline group from two minutes afier
the start of the landiolo] infusion to the end of the study. The QT interval in the landiolol group was
significantly shorter than in the saline group from start of the infusion to 4 minutes after tracheal
intubation. The QTc interval, QTD, and QTeD in the landiolol group were significantly shorter than
those in the saline group from immediately after tracheal intubation to the end of study.

* Corresponding author. Tel.: =81 282 86 1111; fax: +81 282 86 0478.
E-mait address: shigeki@@dokkyomed.acjp (8. Yamaguchi).
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Conclusion: A bolus of landiolol 0.125 mg/kg followed by an infusion of landiolo} 0.04 mg/kg/min
may reduce the risk of cardiac arrhythmias during induction of anesthesia.
© 2009 Elsevier Inc. All rights reserved.

1. Introduction

Laryngoscopy and tracheal intubation induce hypertension,
tachycardia, cardiac arrhythmias, and coronary ischemia.
Many studics have been performed to prevent hyperdynamic
responses induced by tracheal intubation [ 1-8]. Of the various
classes of drugs, {3-adrenoceptor antagonists have frequently
been used to prevent such detrimental events. Landiolol, an
ultra-short acting 3;-adrenoceptor antagonist, has recently
begun to be used in clinical anesthesia [1,2,9-12]. It is not only
employed as a bolus dose to prevent cardiac events, but ailso
used by continuous intravenous (IV) infusion because of its
ultra-short duration {13}

Much atiention has focused on variations of ventricular
repolarization because of their relation to arrhythmias
[14-17]. Dispersion of the QT interval (QTD), defined as
maximal QT interval minus minimal QT interval on 12-lead
of the surface clectrocardiogram (ECG), reflects regional
heterogeneity of ventricular repolarization [14], and is
significantly greater in patients with arrhythmias than in
thosc without [15-20]. The effccts of landiolol on QT interval
and QTD during tracheal infubation, which are associated
with an increased risk of arrhythmias and cardiac events, are
of considerable interest.

The purpose of this study was to examine the effects of
landiolol on mean arterial pressure (MAP), RR interval, QT
interval, rate-corrected QT (QTc) interval, QTD, and rate-
corrected QTD (QTc¢D) during tracheal intubation using
computerized measurement.

2. Materials and methods

After approval of the ethics committee of Dokkyo
Medical University School of Medicine and written,
informed consent, 30 ASA physical status 1 patients aged
20-62 years, within 15% of ideal body weight, who were
scheduled to undergo elective otorhinolaryngological sur-
gery during general anesthesia, were studied. All patients
with cardiovascular, respiratory, metabolic, or cerebrovas-
cular disease, were excluded from the study. Patients with
predicted difficulty in tracheal intubation were also excluded
from the study. No patients were receiving any medication.

A 10-mL syringe containing an equivalent volume of
cither normal saline or landiolol was prepared in advance by
an anesthesiologist not involved in the data collection.
Patients were prospectively randomized via sealed envelope
assignment, to one of two groups.

No premedication was given. After patient arrival at the
operation room, standard 12-lead ECGs (FDX-4521L;
Fukuda Denshi Co. Ltd., Tokyo, Japan), mean invasive
arterial blood pressure (BP), pulse oximetry (Satlite; Datex-
Ohmeda, Madison, WI, USA) and capnography (Capnomac;
Datex-Ohmeda) were monitored. The 30 patients were
divided into two groups of 15 patients cach to receive cither
1) normal saline (saline group) or 2) a one-minute loading
infusion of landiolol 0.125 mg/kg followed by an infusion of
landiolol 0.04 mg/kg/min using an automated infusion pump
during the study (landiolol group). One minute after the start
of administration of saline or landiolol, anesthesia was
induced with 1V fentanyl two pg/kg and propofol 1.5 mg/kg.
After loss of consciousness, vecuronium 0.1 mg/kg was given
IV. During mask ventilation, 2% sevoflurane with 100%
oxygen was added, and the trachea was intubated 6 minutes
afler the start of administration of saline or landiolol. Each
intubation was performed by an experienced anesthesiologist,
who was blinded to the drug, and was accomplished within 20
seconds. Anesthesia was maintained with 66% nitrous oxide
in oxygen supplemented with sevoflurane 2%. The ventilator
was adjusted initially to deliver a tidal volume of 9 mL/kg and
respiratory rate of 12 breaths/min. End-tidal carbon dioxide
tension (PrCO,) was maintained at 35-40 mmHg during the
study. All patients received a continuous infusion of acetate
Ringer’s solution at a rate of 5 mL/kg/h during the study.

From the ECG, consecutive beat-to-beat data were
digitally recorded at a sample rate of two-milliseconds and
stored on a 3.5-inch floppy disk. QT intervals were
determined by the use of newly developed software (QTD-
1; Fukuda Denshi Co. Ltd.), which detected the onset of the
Q wave and the end of the T wave. The software used the
differential threshold technique described elsewhere in detail
[21,22]. In brief, this technique determines the onset of the Q
wave as the intersection of a threshold level with the
differential of the Q wave, and the end of the T wave as the
intersection of a threshold level with the differential of the T
wave, respectively. QT intervals were measured in all 12
leads and corrected for heart rate (HR; QTc) using Bazett’s
formula [23]. QTD was calculated as the difference between
maximal and minimal QT intervals. The QTcD was defined
as the difference between the maximum and minimum
average QTc interval in the 12-lead ECG. The average value
of data-derived from three successive beats for each lead was
used for analysis. A cardiologist performed all measurements
and analysis. Leads in which the end of the T wave could not
be clearly discerned were excluded from the study.

Measurements of MAP, RR interval, QT interval, QTc
interval, QTD, and QTcD were performed at every minute
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from administration of saline or landiolol (baseline) to 10
minutes after intubation.

Data are presented as means = SD. Intergroup differences
were analyzed by two-way analysis of variance for the
repeated-measures design. When a significant overall effect
was detected, Scheffé’s test was used for comparison of the
mean values for the two variables. Comparison between both
groups was made by applying Scheffé’s test. The threshold
for statistical significance was P < 0.05,

3. Results

There were no significant differences in age, gender,
height, or body weight between the two groups (Table 1).

As shown in Fig. 1, significantly increased MAP was
observed from immediately to two minutes after tracheal
intubation in both groups. The RR interval in the landiolol
group increased significantly from two minutes after the start
of Landiolol administration through the end of study
compared with that of the saline group (Fig. 2).

There was no significant change in QT interval or QTc
interval after induction of anesthesia compared with the
baseline value in both groups (Figs. 3 and 4). QT interval
and QTc interval significantly increased after tracheal
intubation in the saline group, but not in the landiolol
group. There were significant differences in QT interval
(from 6 to 10 min after induction of anesthesia) and QTc
interval (from 6 to 16 min after induction of ancsthesia)
between the groups.

As shown in Fig. 5, QTD in both groups significantly
increased after induction of anesthesia. QTD significantly
increased afler tracheal intubation compared with before
tracheal intubation in the saline group, but not in the landiolol
group. There were significant differences in QTD after
tracheal intubation between both groups (landiolol group:
baseline, 40.5 £ 4.8 msec, peak at 15 min afler start of
administration of landiolol, 66.9 £ 4.0 msec, P < 0.01; saline
group: baseline, 42.6 £ 5.8 msec, peak at 9 min afier start of
administration of saline, 76.3 £ 3.6 mscc, P < 0.01).

As shown in Fig. 6, QTcD in both groups significantly
increased after induction of anesthesia. QTcD significantly
increased after tracheal intubation compared with before
tracheal intubation in the saline group, but not in the
landiolol group. There were significant differences in
QTcD after tracheal intubation between the groups (land-

Table 1 Demographic data
Saline (n= 15} Landiolol (n = 15)
Age (yrs) 36 £ 13 3413
Gender (male/female) &8x7 =
Height (cm) 160°£ 10 161 £ 9
Weight (kg) 61 +11 59 + 14

iolol group: baseline, 42.6 + 3.8 msec, peak at 13 min after
start of administration of landiolol, 65.7 £ 2.3 msec, P <
0.01; saline group: baseline, 41.7 = 6.7 msec, peak at
6 min after start of administration of saline, 76.3 %
3.6 msec, P < 0.01).

PerCO; was maintained at 35 and 39 mmHg during the
study in both groups.

4. Discussion

-adrenoceptor antagonists have been used in the
treatment of hypertension, ischemic heart diseases,
congestive heart failure, and ventricular or supraventric-
ular arrhythmias. All p-adrenoceptor antagonists have
potent effects when sympathetic nervous system activity is
increased [24]. They attenuate the unexpected increase in
HR. Therefore, {3-adrenoceptor antagonists, such as
esmolol or labetalol, have been used to prevent hyperdy-
namic responses induced by laryngoscopy and tracheal
intubation [3-7,25]. Landiolol, a newer, ultra-short-acling
{31-adrenoceptor antagonist, has been proposed as an
alternative drug to avoid adversc hemodynamic effects
caused by intubation [1,8]. In the present study, QT
interval, QTc interval, QTD, and QTcD in the landiolol
group decreased significantly during and after tracheal
intubation compared with the saline group. Since the
increases of those values have been shown to predispose
to arrhythmias, administration of landiolol during tracheal
intubation may provide a decreased risk of arrhythmias,
Since laryngoscopy and intubation increase the afterload
of the heart by increased plasma concentrations of
catecholamines {26], {3-adrenoceptor antagonists such as
landiolol may prevent hyperdynamic responses induced by
the release of catecholamines.

Korpinen et al. {27] showed that relatively high doses
of esmolol prevented the increase of QTc interval after
induction of anesthesia, but not after laryngoscopy and
intubation. However, in our study, QT and QTc interval
were not increased after induction of anesthesia or
laryngoscopy and tracheal intubation using continuous
landiolol infusion. A one-minute loading infusion of
landiolol 0.125 mg/kg followed by an infusion of landiolol
0.04 mg/kg/min may have a prophylactic effect for the
increase of QT interval due to laryngoscopy and tracheal
intubation. Larygoscopy and tracheal intubation also
induce an adverse change in QT interval. Some agents
were evaluated to prevent QT prolongation caused by
tracheal intubation. Opioids, such as fentanyl, alfentanil,
and remifentanil, attenuated the prolongation of QTc
interval [28-30].

Anesthetic agents such as propofol and sevoflurane, when
used for induction of anesthesia, affect QT interval, QTc
interval, QTD, and QTcD. Induction of total IV anesthesia
with propofol shortens QT interval [26,31], but not the QTc
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Fig. 1
baseline, ** P < 0.01 vs baseline.

interval [26]. Sevoflurane anesthesia increases the QT
mterval, QTc interval, QTD, and QTcD [31.32]. In clinical
practice, the combination of IV propofol and inhaled
sevoflurane is used during induction of anesthesia. The
QTD and QTcD after induction of anesthesia increased
significantly in both groups, and were lower in the landiolol
group than the saline group. Therefore, landiolol may

Changes in mean arterial pressure (MAP). @, saline group; O, landiolo! group. All values are expressed as means = SD. * P<0.05 vs

prevent increased QTD and QTeD caused by the induction
of anesthesia.

Landiolol is rapidly hydrolyzed to an inactive metab-
olite M-1 by both pseudocholinesterase in the plasma and
carboxylesterase in the liver, and excreted in the urine,
resulting in an climination half-life of approximately
3.5 minutes [13}. Its half-life is significantly shorter than
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that of esmolol, the first ultra-short-acting [3-adrenoceptor
antagonist, which has a half-life of 9.2 minutes [33]. The
shorter half-life of landiolol is beneficial in avoiding side
effects in clinical practice because it dissipates rapidly afier
discontinuation of the drug. Landiclol has much higher
cardioselectivity (B/f3; = 255) than esmolol (R/B; = 33)
[34], and has more potent negative chronotropic effects

Changes in QT interval. @, saline group; O, landiolol group. All values are expressed as means + SD. * P < 0.05 vs baseline. ¥* P< 0.01

than esmolol, with significantly fewer effects on BP {35].
Yamazaki et al. [1] reported that IV 0.1 or 0.3 mg/kg of
landiolol inhibited increases in HR after tracheal
intubation without decreasing BP. A one-minute loading
infusion of landiolol 0.125 mg/kg followed by an
infusion of landiolol 0.04 mg/kg/min was used because
the dosage of landiolol was determined on the basis of its
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baseline. ** P < 0.01 vs baseline. ¥ £ < 0.05 vs landiolol. ¥ P < 0.01 vs landiolol.

Changes in rate-corrected QT (QTc) interval. @, saline group; O, landiolol group. All values are expressed as means + SD. * P< 0.05 vs
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effectiveness in reducing the hemodynamic response to
tracheal intubation during sevoflurane anesthesia [8,36].
A one-minute loading infusion of landiolol 0.125 mg/kg
followed by an infusion of landiclol 0.04 mg/kg/min did
not exert an influence on BP during or after intubation in
this study.

Previous studies, however, have demonstrated that QTD
increases in patients with myocardial infarction [16-18],

Changes in QT dispersion (QTD). @. saline group: O, landiolol group. All values are expressed as means = SD. ** P <0.01 vs baseline,

subarachnoid hemorrhage [37], or diabetes mellitus
[38,39]. The administration of landiolol may be beneficial
in avoiding cardiac arrhythmias caused by induction of
anesthesia and tracheal intubation because landiolol has a
lower frequency of adverse hemodynamic effects [40].
Landiolol, a newer, ultra-short-acting B;-adrenoceptor
antagonist, prevents increases in QT interval, QTc interval,
QTD, and QTcD during and after tracheal intubation.
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Changes in rate-corrected QTD (QTcD). @, saline group; O, landiolol group. All values are expressed as means = SD. ** P < 0.01 vs



Landiolol on QT interval and QT dispersion

561

References

[1] Yamazaki A. Kinoshita H, Shimogai M, ct al. Landiolol attcnuates
tachycardia in response to endotracheal intubation without affecting
blood pressure. Can I Anaesth 2005;52:254-7.

[2] Goyagi T, Tanaka M. Nishikawa T. Landiolol atenuates the
cardiovascular response to tracheal intubation. J Anesth 2005:19:
282-6.

{3] Tan PH, Yang LC, Shib HC. Lin CR, Lan KC, Chen CS. Combined
use of esmolol and nicardipine to blunt the haemodynamic changes
following laryngoscopy and tracheal intubation. Anaesthesia 2002:57:
1207-12.

[4] Figueredo E, Garcia-Fuentes EM. Assessment of the efficacy of
esmolol on the hacmodynamic changes induced by larvngoscopy and
tracheal intubation: a meta-analysis. Acta Anaesthesiol Scand
2001:45:1011-22.

[5] Maguire A, Thompson JP, Guest C. Sadler PJ, Strupish JW. West KJ.

Comparison of the effects of intravenous alfentanil and esmolol on the

cardiovascular response to double-Tumen endobronchial intubation.

Anaesthesia 2001:56:319-25.

Atlee JL, Dhamee MS, Olund TL, George V. The use of esmolol,

nicardipine, or their combination to blunt hemodynamic changes

after laryngoscopy and tracheal intubation. Anesth Analg 2000;90:

280-5.

Chung KS, Sinatra RS, Chung IH. The effect of an intermediate dose

of labetalol on heart rate and blood pressure responses to laryngoscopy

and intubation. J Clin Anesth 1992:4:11-5.

[8] Oda Y, Nishikawa K, Hase 1, Asada A. The shori-acting ;-
adrenoceptor antagonists esmolol and landiolo! suppress the bispectal
index response to tracheal intubation during sevoflurane anesthesia.
Anesth Analg 2005;100:733-7.

{9] Yoshida Y, Hongo T, Sakamoto A, Ogawa R. Successful management
of tachycardiac atrial fibrillation in a septic patient with landiolol.
Anesth Analg 2005;100:294.

[10] Mayahara T, Goto M, Sato M, et al. Conversion of atrial fibrillation to
sinus rhythm during landiolo! infusion. J Anesth 2004;18:304-6,

[11] Ogata ], Yokoyama T, Okamoto T, Minami K. Managing a
tachyarrthmia in a patient with pheochromocytoma with landiolol, a
novel ultrashort-acting beta-adrenergic blocker. Anesth Analg
2003:97:294-5.

[12] Ogata J, Okamoto T, Minami K. Landiolol for the treatment of

tachyarrhythinia associated with atrial fibrillation. Can J Anaesth

2003:50:753.

Murakami M, Furuie H, Matsuguma K, Wanibuchi A, Kikawa §, Irie

S. Pharmacokinetics and pharmacodynamics of landiolol hydrochlo-

ride, an ultra short-acting beta 1-selective blocker, in a dose escalation

regimen in healthy male volunteers. Drug Metab Pharmacokinet
20035;20:337-44.

[14] Day CP, McComb JM, Campbell RW. An indication of arthythmic
risk in patients with long QT infervals. Br Heart 1 1990;63:342-4,

[15] de Bruyne MC, Hoes AW, Kors JA, Hofman A. van Bemmel JH,
Grobbee DE. QT dispersion predicts cardiac mortality in the elderly:
the Rotterdam study. Circulation 1998;97:467-72.

{16] Dabrowski A, Kramarz E, Piotrowicz R. Dispersion of QT interval
following ventricular premature beats and mortality after myocardial
infarction. Cardiology 1999;91:75-80.

[17] Okin PM, Devereux RB, Howard BV, Fabsitz RR, Lee ET, Welty TK.
Assessment of QT interval and QT dispersion for prediction of all-
cause and cardiovascular mortality in American Indians. The strong
heart study. Circulation 2000;101:61-6.

{18] Zaidi M, Roberts A, Fesler R, Derwael C, Brohet C. Dispersion of
ventricular repolarization: a marker of ventricular arrhythmias in
patients with previous myocardial infarction. Heart 1997;78:371-5.

[191 Lee KW, Okin PM, Kligficld P, Stein KM. Lerman BB. Precordial QT
dispersion and inducible ventricular tachycardia. Am Heart ]
1997:134:1005-13.

—
>3
[ty

[7

[y

o
1
—

[20] Zareba W, Moss Al, Le Cessie S. Dispersion of ventricular
repolarization and arthythmic cardiac death in coronary artery disease.
Am I Cardiof 1994:74:550-3.

[21] McLaughlin NB, Campbell RW, Murray A. Accuracy of four
automatic QT measurement techniques in cardiac patients and healthy
subjects. Heart 1996;76:422-6.

{22} Xue Q, Reddy S. Algerithms for computerized QT analysis.
I Electrocardiol 1998;30 Suppl:181-6.

[23] Fisch C. Electrocardiography. In: Braunwald E. editor. Heart Disease:
A Textbook of Cardiovascular Medicine. 5th ed. Philadelphia: W.B.
Saunders Company; 1997 p. 114

[24) Kortis IB, Rosen RC. Central nervous system effects of {1-adrenergic-
blocking drugs: the role of ancillary propertics, Circulation 1986:75:
204-12.

{25 Menigaux C, Guignard B, Adam F, Sessler DI, Joly V. Chauvin M.
Esmolol prevents movement and attenuates the BIS response to
orotracheal intubation. Br J Anacsth 2002;89:857-62.

[26] Tanskanen PE, Kyui JV, Randell TT. QT interval and QT dispersion
during the induction of anacsthesia in paticnts with subarachnoid
hacmorrhage: a comparison of thiopental and propofol. Eur J
Anaesthesiol 2002;19:749-54.

[27] Kormpinen R, Saarnivaara L, Siven K. QT interval of the ECG, heart rate
and arterial pressure during anaesthetic induction: comparative effects
of alfentani! and esmolol. Acta Anaesthesiol Scand 1995:39:809-13.

[28] Chang DI, Kweon TD, Nam SB, et al. Effects of fentanyl pretreatment

on the QTc interval during propofol induction. Anaesthesia 2008:63:

1056-60.

Lindgren L. Rautiainen P, Klemola UM, Saamivaara L. Haemody-

namic responses and prolongation of QT interval of ECG afier

suxamethonum-facilitated intubation during anaesthetic induction in
children: a dose-related attenuation by alfentanil. Acta Anacsthesiol

Scand 1991;35:355.8,

[30] Kweon TD. Nam SB, Chang CH, et al. The effect of bolus

administration of remifentanil on QTc interval during induction of

sevoflurane anaesthesia. Anaesthesia 2008;63:347-51.

Kleinsasser A, Kuenszberg E, Loeckinger A, et al. Sevoflurane, but not

propofol, sigmificantly prolongs the Q-T interval. Anesth Analg

2000:90:25-7.

Giiler N, Bilge M, Eryonucu B, Kati 1, Demirel CB, The effects of

halothane and sevoflurane on QT dispersion. Acta Cardiol 1999:54:

3115,

{331 Sum CY, Yacobi A, Kartzinel R, Stampfli H, Davis CS, Lai CM.

Kinetics of esmolol, an ultra-short-acting beta blocker, and of its major

metabolite. Clin Pharmacol Ther 1983;34:427-34,

Iguchi S, Iwamur H, Nishizaki M, et al. Development of highly

cardioselective ultra short-acting p3-blocker, ONO-1101. Chem Pharm

Bull 1992;40:1462-9.

[35] Sasao J, Tarver SD. Kindscher JD, Taneyama C, Benson KT, Goto H.
[n rabbits, landiolol, a new ultra-short-acting $-blocker, exerts a more
potent negative chronotropic effect and less effect on blood pressure
than esmolol. Can J Anaesth 2001;48:985-9.

[36] Goto K, Shingu C, Miyamoto S, Miyakawa H, Noguchi T. The effect
of landiolo] on hemodynamics and left ventricular function in patients
with coronary artery disease. J Clin Anesth 2007;19:523-9,

{37] Randell T, Tanskanen P, Scheinin M, Kytta I, Ohman I Lindgren L.
QT dispersion after subarachnoid hemorrhage. J Neurosurg Anesthe-
siol 1999:11:163-6.

[38] Aytemir K, Aksoyek S, Ozer N, Gurlek A, Ota A, QT dispersion and
autonomic nervous system function in patients with type 1 diabetes. Int
I Cavdiol 1998;65:45-50.

[39] Shimabukuro M, Chibana T, Yoshida H, Nagamine F. Komiya I,

Takasu N. Increased QT dispersion and cardiac adrenergic dysinner-

vation in diabetic patients with autonomic neuropathy. Am J Cardiol

1996:78:1057-9.

Atarashi H, Kuruma A. Yashima M, ct al. Pharmacokinetics of

landiolol hydrochloride, a new ultra-short-acting j3-blocker, in patients

with cardiac arrhythmias. Clin Pharmacol Ther 2000;68:143-50.

{29

[y

{31

f—

32

-l

o
&

{40

[t



ORIGINAL STUDY

“

Assessment of QT Interval and QT Dispersion
During Electroconvulsive Therapy Using
Computerized Measurements

Nobuko Tezuka, MD,* Hirotoshi Egawa, MD, PhD,* Daigo Fukagawa, MD, PhD,*
Shigeki Yamaguchi, MD, PhD,* Shinsuke Hamaguchi, MD, PhD,* Toshimitsu Kitajima, MD, PhD,*
and Junichi Minami, MD, PhD}

Background: Electroconvulsive therapy (ECT) used in the treatment
of severe psychiatric disorders induces stimulation of the autonomic
nervous system with initial parasympathetic outflow immediately
followed by a sympathetic response. These responses induce an initial
bradycardia, arthythmias, and hypertension. QT dispersion (QTD),
defined as maximal QT interval minus minimal QT interval on 12 leads
of the surface electrocardiogram, reflects regional heterogeneity of
ventricular repolarization. The effects of electrical stimulus due to ECT
on QT interval and QTD are of considerable interest,

Objective: This study was designed to investigate the effects of
electrical stimulation caused by ECT on RR interval, QT interval, the
rate-corrected QT (QTc) interval, QTD, and the rate-corrected QTD
(QTeD) under general ancsthesia using computerized measurements.
Methods: Thirly psychiatric patients scheduled for ECT were studied
under propofol anesthesia. A 12-lead electrocardiogram was monitored
to measure parameters, Muscle paralysis was achieved by administering
succinylcholine | mgkg intravenously, and the efficacy of ECT was
determined by the touriquet technique.

Results: The RR interval and QT interval decreased significantly
immediately after electrical stimulus, and returned to the baseline level 1
minute after electrical stimulus. In 25 out of 30 patients, the baseline
value of QTc interval was higher than the normal limits, and the QTc
interval decreased significantly for 2 minutes after electrical stimulus. In
27 out of 30 patients, the baseline values of QTD and QTeD were higher
than the normal limits, and the QTD and QTeD increased significantly
from immediately after electrical stimulus to 5 minutes after electrical
stimulus.

Conclusions: The QTc interval, QTD, and QTcD, which were
associated with increased risks of ventricular arthythmias, increased
significantly before anesthetic induction in patients with major
depression. Electrical stimulus during ECT induced further increases
of the QTD and QTeD.

Key Words: electroconvulsive therapy, QT interval, QT dispersion,
propofol

{(J ECT 2010:26: 41-46)

Dispersion of the QT interval (QTD), which is defined as
maximal QT interval minus minimal QT interval, on 12
leads of the surface electrocardiogram (ECG) reflects regional
heterogeneity of ventricular repolarization.’ Prolongation of the
QTD is associated with increased risk of ventricular arthythmias
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and cardiovascular mortality.> ™ It s well known that the QTD is
regulated by not only heart rate but also autonomic tone, 1014
Although the exact mechanism of electroconvulsive
therapy (ECT) is not elucidated, ECT has been widely used in
the treatment of severe psychiatric disorders such as depression
and schizophrenia. In the early days of ECT, complications such
as trauma and fracture had been common. The use of intra-
venous anesthetics and neuromuscular blockades reduced such
complications. Even if anesthesia management is appropriate,
however, electrical current during ECT stimulates the autonomic
nervous system and provokes acute cardiovascular response with
initial parasympathetic outflow immediately followed by a
sympathetic response.'> These responses may induce arrhyth-
mias or cardiac events. However, to our knowledge, QT interval
and QTD during ECT have not been carefully measured using a
computer. Computerized measurements enhance the accuracy
and reproducibility compared with manual measurements. The
purpose of this study was to investigate QT interval and QTD
during ECT under propofol anesthesia using a computer,

METHODS

Thirty patients with major depression (22 women, 8 men;
age, 40-64 years), American Society of Anesthesiologists | or 2,
who were scheduled to undergo elective ECT under propofol
anesthesia, were studied after approval of the hospital ethics
committee had been obtained, and the patients or their family
had given informed consent. All patients with cardiovascular or
respiratory diseases were excluded from the study. To avoid
enrollment of patients with cardiac diseases, all patients received
echocardiography and ECG before the study. All patients
received antidepressants, benzodiazepines, and/or major tran-
quilizers (Table 1). They received the usual long-term medica-
tion in the morning before ECT session.

No patients received premedication before entry to the
operating room. Afier arriving at the operating room, standard
12-lead ECGs (FDX-4521L; Fukuda Denshi Co Ltd, Tokyo,
Japan), indirect arterial blood pressure, pulse oximetry (Satlite;
Datex, Finland), and capnography (Capnomac; Datex, Finland)
were monitored. A tourniquet was applied above the right ankle.
Anesthesia was induced with intravenous injection of propofol
1 mg/kg by a trained anesthesiologist. After loss of consciousness,
ventilation was controlled using a face mask with 100% oxygen,
and the end-tidal carbon dioxide partial pressure measured at
nostril was maintained between 35 and 40 mm Hg. The
tourniquet was simultaneously inflated to 300 mm Hg to isolate
the circulation to the foot and permit accurate motor seizure
assessment. Then, succinylcholine | mg/kg was administered
intravenously. Immediately after fasciculation caused by succi-
nylcholine injection disappeared from the left leg, the electrical
stimulus was delivered via bitemporal clectrodes by a single
psychiatrist using an ECT stimulator (Thymatron System;
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TABLE 1. List of All Medications

Antidepressants

Clomipramine n=26
Amitriptyline n=2
Nortriptyline n=1
Amoxapine n=1
Mianserin n=
Setiptiline n=1
Milnacipran n=11
Fluvoxamine =3
Paroxetine n=3
Trazodone n=3
Lithium n=4
Benzodiazepines

Etizolam n=2
Lorazepan n=3
Alprazolam n=6
Cloxazolam n=3
Triazolam =2
Lormetazepan =1
Brotizolam n=7
Flunitrazepan n=18
Estazolam n=4
Nitrazepan n=5
Quazepan n=1
Major Tranquilizers

Aripiprazole ne=2
Risperidone n=2
Quetiapine n=0
Chlorpromazine n=35
Levomepromazine n=2
Perphenazine n=1

Somatics LLC, Lake Bluff, Itl). The magnitude of the energy
setting for ECT stimulus was predetermined by age. The efficacy
of ECT was determined by the tourniquet technique. That was by
observation of convulsive movements of the distal leg, around

(msec)
1000

600
400 -

200

0

which an inflated tourniguet was set to block the distribution of
succinylcholine. Electroencephalogram (EEG) seizure was also
measured by an EEG monitor set in the electrical stimulator. The
criteria for adequacy of clectrical stimulus were more than 15
seconds of EEG seizures,

From each ECG, consecutive beat-to-beat data were
digitally recorded at a sample rate of 2 milliseconds and stored
on a 3.5-in. floppy disk. QT intervals were determined by the use
of newly developed software (QTD-1; Fukuda Denshi Co Ltd.)
that detected the onset of the Q wave and the end of the T wave.
The software used the differential threshold technique described
elsewhere in detail.'®!7 In brief, this technique determines the
onset of the Q wave as the intersection of a threshold level with
the differential of the Q wave and the end of the T wave as the
intersection of a threshold level with the differential of the T
wave, respectively. QT intervals were measured in all 12 leads
and corrected for heart rate (QT¢) with Bazett’s formula.'* QTD
was caloulated as the difference between maximal and minimal
QT intervals. The corrected QT dispersion (QTcD) was defined
as the difference between the maximum and minimum average
QTe interval in the 12-lead ECG. The average value of data
derived 3 successive beats for each lead was used for analysis. A
cardiologist performed all measurements and analysis. Leads in
which the end of the T wave could not be clearly discerned were
excluded from the study.

Measurements of the RR interval, QT interval, QTc
interval, QTD, and QTcD were performed before anesthetic
induction (baseline), immediately after anesthetic induction,
immediately after electrical stimulus, and every 1 minute for 10
minutes after electrical stimulus,

Data are presented as mean + SD. Differences were
analyzed by 2-way repeated-measures analysis of variance.
Scheffe’s tests were used as determined by the analysis of
variance results. The threshold for statistical significance was
P <0.05.

RESULTS

All data were available in this study.

The RR interval did not change significantly after
anesthetic induction. However, it shortened significantly imme-
diately after electrical stimulus, and recovered the baseline value
1 minute after electrical stimulus (Fig. 1).

N

haseline Iimmediately 1 2 3 4 5 6 7 8 9 10 (min)

immediately
after
anesthetic
indnction

after electrical stimulation

FIGURE 1. Changes in the RR interval. All values are expressed as mean & SD. *P < 0.01 versus baseline.
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FIGURE 2. Changes in the QT interval. All values are expressed as mean = SD. *P < 0.07 versus baseline.

A significant decrease of the QT interval occurred
immediately after electrical stimulus, and recovered the baseline
value 1 minute after electrical stimulus (Fig. 2). In 25 out of 30
patients, the baseline value of QTc interval was higher than the
normal limits (320-440 milliseconds). Significant decreases of
the QTc interval were observed from immediately afier electrical
stimulus to 2 minutes after electrical stimulus (Fig. 3).

In 27 out of 30 patients, the baseline values of QTD and
QTeD were higher than the normal limits (20-50 milliseconds)
in Figures 4 and 5. The QTD increased significantly from
immediately after electrical stimulus to 5 minutes afier electrical
stimulus (baseline, 65.0 + 8.5 milliseconds; peak at immediately
after electrical stimulus, 95.9 + 3,7 milliseconds; P < 0.01). The
QTcD also increased significantly from immediately electrical
stimulus to 5 minutes after the electrical stimulus (baseline,
73.8 + 8.8 milliseconds; peak at immediately after the electrical
stimulus, 125.2 & 7.2 milliseconds; P < 0.01).

(msec)
500

We observed temporary ventricular premature complexes
(VPC) in 2 patients and sinus tachycardia in 24 patients after
electrical stimulus.

DISCUSSION

The present study focused on computerized measurements
of RR interval, QT interval, QTc interval, QTD, and QTcD
during ECT under propofol anesthesia. QT interval is the time
interval from the first recognizable part of QRS complex to the
final recognizable part of the T wave. The QT interval is casy to
measure because QT deflections are usually sharp. However, the
terminal part of the T wave is often a rather gentle slope, and the
precise position of the final part of T wave may be difficult or
even impossible to determine.'® Therefore, the accuracy and
reproducibility of the QT interval and QTD in manual
measurements have been limited. Use of computerized detection
of T wave offset enhances more accuracy and reproducibility.

W
400
*

300

immediately
after
anesthetic
induction

baseline ]kmuemattly I 2 3 4 5 6 7 8 9 10 (min)

after electrical stimulation

FIGURE 3. Changes in the QTc interval. All values are expressed as mean £ SD. *P < 0.01 versus baseline, **P < 0.05 versus baseline.
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FIGURE 4. Changes in the QTD. All values are expressed as mean & SD. *P < 0.01 versus baseline, **P < 0,05 vs baseline.

This is the first study to examine how ECT affects the ECG
findings using computerized measurements. In the present study,
the QT interval and QTc interval decreased significantly
immediately after electrical stimulus, Because temporary
predominance of parasympathetic nerve activity oceurs during
electrical stimulus, withdrawal of parasympathetic nerve activity
may shorten the QT interval and QTe interval, This finding
appears fo be in agreement with carlier observation that
withdrawal of parasympathetic nerve activity shortens the QT
interval.2® We also found that electrical stimulus during ECT
caused increases of the QTD and QTcD in patients with major
depression. Because the QTD and the QTcD have been shown to
predispose to ventricular arrhythmia, our finding of changes in
QTD and QTcD during ECT may explain the occasional
emergence of ventricular arrhythmia during ECT. Temporary
ventricular premature complexes or sinus tachycardia occurred
after electrical stimulus in 26 of the 30 patients.

(msec)
150

100 1

50

0

Interestingly, the baseline values of the QTc interval in 83%
of patients in this study were already higher than the upper
normal fimit of 440 milliseconds. Tricyclic antidepressants are
known to induce prolongation of the QT interval?' In the
previous studies, use of tricyclic antidepressants, thioridazine,
droperidol, or butyrophenone, is a robust predictor of QTc
prolongation in a dose-dependent mannet**** The baseline
values of the QTD and QTcD in 90% of patients were also
higher than the upper normal limits of 50 milliseconds.
Rasmussen et al®® reported that QTcD as measured on the
baseline ECG positively correlated with number of arrhythmias
during ECT. Although electrical stimulus during ECT caused
further increases of the QTD and QTcD, these values returned
to the baseline value 6 minutes after electrical stimulus in
this study.

Selection and determination of dosage of anesthetic agents
may be crucial in ECT management. Anesthetic requirements

baseline ]immcdlatdy 1 2 3 4 B 6 7 8 9 10 (min)

fmmediately
after
anesthetic
induction

after electrical stimulation

FIGURE 5. Changes in the QTcD. All values are expressed as mean + SD. +p < 0.07 versus baseline, **P < 0.05 versus baseline.
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for successful ECT are rapid induction, rapid recovery after the
seizure, and minimization of any antagonistic effects on seizure
activity by anesthetic agents.'” We recommend intravenous
ultra-short-acting anesthetics for ECT. Methohexital is recom-
mended as the first choice anesthetic for ECT by the American
Psychiatric Association.’®*® Propofol is also used in ECT
because systemic and cerebrovascular hemodynamic changes
under propofol anesthesia are more stable than under barbiturate
anesthesia. Kleinsasser et al*® demonstrated that propofo! using
by 2.5 mg/kg shortened the QT interval but did not change the
QTc interval. In the present study, however, the QT interval, QTc
interval, QTD, and QTcD did not change after intravenous
injection of propofol 1 mg/kg. The difference between the 2
studies may be because of the dosage of propofol. Volatile
anesthetics such as sevofulurane are a suitable alternative
treatment option to intravenous anesthetics.>” ! Rasmussen
et al*” suggest that sevoflurane is useful for patients in whom
infravenous access is problematic or in whom intravenous
anesthetics cause severe on injection. As to neuromuscular
blockade, succinylcholine 0.5 to 1.0 mg/kg has usually been
used in ECT because of its short duration of action, It has to be
deep enough to suppress abdominal muscle contraction to avoid
aspiration of stomach contents, and to avoid trauma.'”

In the present study, we excluded patients with cardiovas-
cular diseases. Previous studies, however, have demonstrated
that the QTD increases in patients with myocardial infarction,
subarachnoid hemorrhage, or diabetes mellitus, 3% It is
suggested that ECT may induce further increased risks of
ventricular arrhythmias and cardiovascular events in such
patients. Further examination is needed in such patients,

In conclusion, significant increases of the QTc interval,
QTD, and QTeD, which are associated with increased risks of
arrhythmias, were observed before anesthetic induction in
patients with major depression. Electrical stimulus during ECT
may induce further increases of the QTD and QTcD.
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