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ABSTRACT

Introduction: Reversal of non-depolarizing neu-
romuscular blocking agent neostigmine is
associated with QT prolongation under general
anesthesia. To clarify the effects of neostigmine
and sugammadex on hemodynamic status, the
QT interval and QT dispersion after reversal of
neuromuscular blockade were evaluated with a
12-lead electrocardiogram. To exclude QT pro-
longation due to sevoflurane, the present study
was performed under propofol anesthesia.

Methods: After receiving approval from the
ethics committee of Dokkyo Medical University
Hospital, 40 patients with American Society of
Anesthesiologists physical status I or II were
randomly allocated to group N (n = 20) or group
S (n = 20). Group N was administered neostig-
mine (40 pg/kg) and atropine (20 pg/kg), while
Group S was administered sugammadex (4 mg/
kg) for reversal of neuromuscular blockade after
surgery. The changes in RR interval, QT interval
(QT), corrected QT interval (QTc), QT disper-
sion (QTD), and corrected QT dispersion (QTcD)

Enhanced Digital Features To view enhanced digital
features for this article go to https://doi.org/10.6084/
m9.figshare.7042181.

Y. Yamashita - T. Takasusuki (<) - Y. Kimura -
M. Komatsuzaki - S. Yamaguchi

Department of Anesthesiology, Dokkyo Medical
University, School of Medicine, Mibu, Tochigi,
Japan

e-mail: takasusu@dokkyomed.ac.jp

before and after administration of reversal
agents were recorded using computerized mea-
surements. Statistical analysis was performed
using two-way analysis of variance.

Results: The RR interval significantly decreased
after reversal of the neuromuscular blockade in
group N, compared with group S (p < 0.05).
Compared with group S, the QT decreased,
whereas QTc and QTcD increased, in group N
(p < 0.05). Sugammadex was not found to alter
QT, QTc, QTD, or QTcD throughout the study.
Conclusion: In the present study, a mixture of
neostigmine and atropine, but not sugam-
madex, increased QTc and QTcD under propo-
fol anesthesia. Thus, neostigmine may cause
electrocardiogram abnormalities that could
precede the development of fatal arrhythmias.

Keywords: Neostigmine; Propofol; QT disper-
sion; QT interval; Reversal of neuromuscular
blockade; Sugammadex

INTRODUCTION

Several anesthesia-related drugs, such as inhaled
anesthetics, and neuromuscular blockade
reversal agents prolong the QT interval [1, 2],
which is associated with torsades de pointes.
Neostigmine, an anticholinesterase, has been
commonly used for reversal of residual neuro-
muscular blockade. However, this reversal agent
may increase the risk of arrhythmias, such as
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asystole or junctional rhythm [2, 3]. It may also
induce bradycardia by inhibiting hydrolysis of
the acetylcholine released by the parasympa-
thetic neurons that regulate the heart [4].
Therefore, reversal of neuromuscular blockade
by neostigmine has been reported to cause
serious complications, such as sudden cardiac
arrest, due to its cholinergic effects [5, 6]. To
avoid severe bradycardia, atropine must be
given with neostigmine to reverse neuromus-
cular blockade. Previous studies have revealed
that neostigmine prolongs the rate-corrected
QT (QTc) interval on the electrocardiogram [7].
Indeed, neostigmine and glycopyrronium, a
muscarinic anticholinergic agent that prevents
neostigmine’s muscarinic effects, caused ven-
tricular fibrillation due to QT prolongation in a
previous study [8]. Furthermore, second-degree
heart block and QTc interval prolongation were
observed for 4 h after muscle relaxant reversal
using neostigmine and glycopyrronium [9].
Thus, several studies have clarified that
neostigmine and glycopyrronium might cause
QT interval prolongation, which is a precursor
for torsades de pointes. In contrast, another
report concluded that neostigmine changed the
heart rate and systolic blood pressure, but not
QTc [10]. Thus, the anticholinergic effects of
neostigmine on the QT interval during general
anesthesia remain unclear.

Sugammadex, a selective relaxant-binding
agent, which is a modified y-cyclodextrin com-
pound, completely reverses the neuromuscular
blocking effects of steroidal non-depolarizing
agents by rapid encapsulation [11]. This agent
affects neuromuscular blockade by preventing
binding of the acetylcholine receptor in the
neuromuscular junction. Unlike neostigmine,
sugammadex does not block acetyl-
cholinesterase; therefore, co-administration of
atropine is not required [7]. Moreover, it has
been reported that sugammadex does not pro-
long the QTc interval under propofol or
sevoflurane anesthesia [12]. Based on these
previous reports, sugammadex is believed to
have fewer effects on hemodynamic status than
neostigmine does.

Dispersion of the QT interval (QTD) is
defined as the difference between the maximal
and minimal QT interval on a 12-lead surface

electrocardiogram (ECG) and reflects the regio-
nal heterogeneity of ventricular repolarization
[13]. This marker has been proposed as an index
of ventricular arrhythmia, which may lead to
sudden cardiac death [14, 15]. Our previous
study demonstrated that neither neostigmine
nor sugammadex altered QT or QTD under
sevoflurane anesthesia [16], but the effects of
these reversal agents under propofol, an intra-
venous anesthetic, has not been assessed.
Unlike propofol, sevoflurane is likely to increase
the QT interval significantly [17].

In the current study, we sought to clarify the
effects of neostigmine and sugammadex on the
RR interval, QT interval, rate-corrected QT
(QTc) interval, QTD, and rate-corrected QTD
(QTcD), based on computerized measurements.
To exclude the effects of sevoflurane on the QT
interval and QTD, all measurements were con-
ducted under propofol anesthesia.

METHODS

Forty patients with American Society of Anes-
thesiologists (ASA) physical status (classification
of preoperative patients for anesthetic risk
assessment) I or II, aged 20-65 years, who were
scheduled to undergo elective otorhinolaryn-
gological surgery, were selected, after receiving
approval for the project from the ethics com-
mittee of Dokkyo Medical University and writ-
ten informed consent from the patients. All
procedures performed in studies involving
human participants were in accordance with
the ethical standards of the institutional and
national research committee and the 1964
Helsinki declaration and its later amendments
or comparable ethical standards. This study was
registered with the University Hospital Medical
Information Network (UMIN, registration
number: UMIN000024742). Patients with car-
diovascular, respiratory, metabolic, or cere-
brovascular disease, and preoperative ECG
abnormalities were excluded from this study.
Patients with predicted difficulty in tracheal
intubation were also excluded. No patient
received antiarrhythmic drugs or drugs that
posed a risk of QT prolongation, and no
premedication was administered. Participants
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were randomly assigned to two groups: the
patients in group N (n = 20) received a mixture
of neostigmine (40 pg/kg body weight) and
atropine (20 pg/kg body weight) for reversal of
neuromuscular blockade after the operation,
while those in group S (n = 20) received sug-
ammadex (4 mg/kg body weight).

In the operation room, standard monitoring
of 12-lead ECG signals (FDX-4521L; Fukuda
Denshi Co. Ltd., Tokyo, Japan), noninvasive
measurement of arterial blood pressure, pulse
oximetry, and assessment of bispectral index
(BIS, an index for measuring the depth of
anesthesia) were performed. After adequate
preoxygenation, anesthesia was induced with
0.2 pg/kg/min of remifentanil (a potent and
short-acting opioid agonist) and an effect-site
target propofol concentration of 3-4 pg/ml,
using a target controlled infusion (TCI) system
(TE-371; Terumo Medical Corp., Shibuya,
Japan). After loss of consciousness, 0.6 mg/kg of
rocuronium (a non-depolarizing neuromuscular
blocking agent) was administered, and manual
ventilation was conducted with 100% oxygen
via a facemask. Tracheal intubation was per-
formed within 20 s by an experienced anesthe-

siologist. Anesthesia was maintained with
remifentanil (0.2-0.3 pg/kg/min), air-oxygen
mixture, and 2-3 ug/mL effect-site target

propofol concentration. The ventilator setting
was adjusted to an end-tidal carbon dioxide
tension (PgrCO;) of 35-40 mmHg during the
study. The doses of anesthetics were adjusted to
maintain BIS values between 40 and 60 during
surgery. All patients received a continuous
infusion of acetate Ringer’s solution at a rate of
5mL/kg/h during the surgery. No additional
rocuronium was given during the maintenance
of anesthesia.

At the end of surgery, 20 mg/kg body weight
of acetaminophen was infused for 15 min for
analgesia. Further, remifentanil was discontin-
ued, and the 12-lead ECG measurements were
performed under propofol anesthesia; 6 min
after the end of the operation, a mixture of
neostigmine and atropine or sugammadex was
administered to reverse the neuromuscular
blockade. The RR interval, QT interval, QTc
interval, QTD, and QTcD were recorded at every
minute from the end of surgery to 10 min after

neuromuscular blockade reversal. Neuromus-
cular monitoring was not conducted during the
recording.

From the ECG signals, consecutive beat-to-
beat data were digitally recorded at a sampling
rate of 2ms. The QT intervals were evaluated
using QTD-1"™ (Fukuda Denshi Co. Ltd., Tokyo,
Japan), which detected the onset of the Q wave
and the end of the T wave. This software sets 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 inter-
section of a threshold level with the differential
of the T wave. The software used for the differ-
ential threshold technique has previously been
described in detail [18, 19]. The QT intervals
were measured for all 12 ECG leads, and cor-
rected using Bazett’s and Fredericia’s formulae.
The QTD was defined as the difference between
the maximum and minimum average QT
intervals in the 12-lead ECG. Similarly, the
QTcD was defined as the difference between the
maximum and minimum average QTc intervals.
The average value of data derived from three
successive beats for each lead was used for
analysis. Leads in which the end of the T wave
could not be clearly detected were excluded
from this study. The RR interval, mean arterial
pressure (MAP), BIS, QT, QTc, QTD, and QTcD
were analyzed. To assess the changes in the QT,
QTc, QTD, and QTcD with respect to baseline,
the ratio of the measured value to the baseline
(pre-dose value) was calculated.

Statistical Analyses

Statistical analysis was performed using Prism 6
(GraphPad, La Jolla, CA, USA). Data are expres-
sed as mean + standard deviation. Patient
characteristics were analyzed using Student’s
t test and Fisher’s exact test. The changes in RR
interval, QT, QTc, QTD, QTcD, and BIS value
were analyzed using two-way analysis of vari-
ance. When a significant overall effect was
detected, Bonferroni’s post hoc test was con-
ducted. In all analyses, the probability of
detecting a significant difference was set at the
5% level (p < 0.05). A sample size of 17 subjects
in each group was considered adequate, based
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Table 1 Patient characteristics in age, sex, ASA physical status, height, body
Group S Group N 1 value weight, or body mass 'md?x (BMI) between tbe
(n = 20) (n = 20) two groups. No complications were observed in

this study. There was no patient with an
ASA-PS /I 14/6 15/5 1.00 abnormal RR interval, QT interval, QTc interval,
Sex (male/ 12/8 14/6 074 QT dispersion, or QTc dispersion in either
female) group. No arrythmia was observed before and
after reversal of neuromuscular blockade.
Age (years) 415+ 138 44 + 125 0.60 Table 2 shows the measured values of RR
Height (cm) 1638 + 8.7 166 + 10.5 0.48 interval, 'mean ar‘Ferial pressure (MAP) z'lnd BIS.
The RR interval in group N was significantly

Weight (kg) 634 £ 158 634+ 16 0.99 shorter than that in group S 1 min after reversal
BMI (kg/m?) 234 & 3.9 23 432 0.61 of neuromuscular blockade (p < 0.05). Further-

more, the RR interval was shorter than the
Data are presented as mean =+ standard deviation baseline value in group N (p < 0.05). In con-
ASA-PS American Society of Anesthesiologists Classifica- trast, there were no significant differences in the
tion of Physical Status, BMI body mass index MAP or BIS between the N and S groups.

Table 3 shows the absolute values of QT, QT
corrected using Bazett’ formula (QTcB), QT
corrected using Fredericia’s formula (QTcF),
QTD, QTcB dispersion (QTcBD), and QTcF dis-
persion (QTcFD). There were no significant dif-
ferences in the absolute values of QT, QTcB,
QTcF, QTD, QTcBD, and QTcFD between groups
RESULTS N and S before the operation (QT: N

377 £26ms, S 365+25ms; QTcB: N
Table 1 shows the patient characteristics for the 410 £ 26 ms, S 420 £ 24 ms; QTcF: N 409 + 22,
present study. Forty patients were enrolled in S 405+ 21; QID: N 36.2+19.4ms, S
this study. There were no significant differences ~ 32 £ 17ms;  QTcBD: N 37+ 15ms, S

on a previous study [16], to detect a difference
of 20 ms in the QTcD between the two groups at
a power of 80%, with « = 0.05.

Table 2 Measured values of variables

Group Baseline 10 T1 12 T3 15 17 T10

RR (ms)

Sugammadex 889 + 106 889 4 107 896 + 115 883 & 129 872 + 137 875 & 128 869 + 131 849 + 151
Neostigmine 884 + 122 870 & 121 763 & 125* 795 + 116 841 #+ 118 907 & 121 907 £ 138 915 + 150
MAP (mmHg)

Sugammadex 71+ 11 724+ 11 72410 70+9 73410 75411 74+10 76+ 12
Neostigmine 71+ 11 72+ 11 73+ 11 72410 74+ 11 76+11 76+10 79 + 12
BIS

Sugammadex 42+ 7  41+8 40+ 8 41+9 42410 41+8  42+7 4310
Neostigmine 41 + 13 41+ 15 39+ 12 42413 42410 42413 43+16 4449

Data are presented as mean =+ standard deviation

T0 reversal of neuromuscular blockade, 77-770 1-10 min after reversal, RR RR interval, MAP mean arterial pressure, BIS
bispectral index

*p < 0.05 versus sugammadex group
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Table 3 Measurement values of variables

Group Baseline 70 T1 12 73 75 17 710
QT (ms)
Sugammadex 389 &30 390 £ 27 389 £29 388 +27 387 +28 386+£27 38528 380428
Neostigmine 392 26 390 £23 374+£25 375+£24 379+24 39025 397 +£27 398 £27
QTcB (ms)
Sugammadex 413 + 24 414 £ 24 413 £23 41427 415+27 413 £23 41224 415+23
Neostigmine 412 20 414 £22 424+ 19 414+ 20 410 £23 406 £20 407 £25 409 +23
QTeF (m)
Sugammadex 404 + 21 404 £ 20 403 £21 404 £22 404 +£21 402+ 19 401 £20 400 % 19
Neostigmine 406 & 18 406 + 18 407 £ 16 402 +£20 399+ 19 399 £18 405 +20 404 + 16
QTD (ms)
Sugammadex 36 + 15 38 £ 16 36 + 17 35 £ 20 33 £ 15 35+ 15 36 + 19 37 £ 20
Neostigmine 38 £ 21 40 + 24 38 £ 20 39 £ 22 42 + 24 41 + 23 43 + 24 41 + 25
QTcBD (ms)
Sugammadex 38 £ 15 40 £ 17 38 £ 18 40 £ 22 37 £ 15 40 + 18 38 £ 19 38 £ 15
Neostigmine 38 + 24 42 £+ 27 44 £+ 24 44 + 25 52 + 33 39 £ 25 41 £ 25 39 £ 20
QTCcFD (ms)
Sugammadex 39 + 16 39 + 17 38 + 18 39 £ 21 38 £ 19 39 £ 19 41 £ 18 42 + 19
Neostigmine 38 £ 23 39 £ 24 42 £ 21 44 + 25 49 + 30 39 + 25 43 £ 27 40 £ 23

Data are presented as mean =+ standard deviation
T0 reversal of neuromuscular blockade, 77-710 1-10 min after reversal, RR RR interval, QT QT interval, Q7TcB QT
corrected using Bazzett’s formula, QTcF QT corrected using Fredericia’s formula, Q7D QT dispersion, Q7¢cBD QT

dispersion corrected using Bazzett’s formula, QT¢FD QT dispersion corrected using Fredericia’s formula

35+ 19ms; and QTcFD: N 38 £20ms, S
35 £ 15ms). The measured QT, QTcB, and
QTcF values at baseline were within the normal
range. There were no significant differences
between the sexes in QT and QTcB at baseline
(male: QT, N 388 £27ms, S 384 £+ 26 ms;
QTcB, N 4104+ 28ms, S 411 &+ 21 ms; and
female: QT, N 407 4+ 24 ms, S 401 &+ 21 ms;
QTcB, N 423 4+ 14 ms, S 419 £+ 33 ms). During
the measurement, there were no significant
differences in the absolute QT, QTcB, QTcF,
QTD, QTcBD, and QTcFD values between
groups N and S.

Table 4 shows the ratios of the measured
values to the baseline values of QT, QTcB, QTcF,

QTD, QTcBD, and QTcFD. The ratio of the QT
interval to the baseline in group N was slightly,
but significantly, decreased during the 1-3-min
interval after reversal of neuromuscular block-
ade compared with group S (p < 0.05). Simi-
larly, the ratio of the QT interval was decreased
during the 1-3 min interval in group N com-
pared to baseline (p < 0.05). In contrast, the
ratio of the QTcB, but not the QTcF, 1 min after
reversal of neuromuscular blockade to the
baseline in group N was significantly increased
compared with group S (p < 0.05). Furthermore,
the ratio of the QTcB interval in group N was
slightly increased 1 min after reversal from the
baseline value (p < 0.05).
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Table 4 Ratios of measured values of variables

Group 10 T1 T2 13 15 17 710
QT /baseline
Sugammadex 1.00 + 0.02 099 + 0.02 099 £ 0.03 099 £+ 0.04 098 & 0.04 098 & 0.03 0.98 + 0.05
Neostigmine 1.00 + 0.01 095 + 0.03*" 0.96 + 0.04*T 0.97 £ 0.03*" 099 & 0.03 1.01 & 0.03 1.00 & 0.05
QTcB/baseline
Sugammadex 1.00 + 0.01 099 + 0.02  1.00 £ 0.02  1.00 £ 0.02  1.00 + 0.01 1.00 + 0.02 1.00 % 0.02
Neostigmine  1.00 4 0.02 1.03  0.04*" 1.00 £ 0.02 099 £ 0.02 098 & 0.02 099 4 0.04 0.98 + 0.03
QT cF/baseline
Sugammadex 1.00 4 0.02 1.00 + 0.02  1.00 £ 0.01  1.00 & 0.01  0.99 & 0.02 1.00 + 0.02 0.99 % 0.02
Neostigmine  1.00 4 0.02 1.00 + 0.02 098 £ 0.02 099 £ 0.05 099 & 0.02 0.99 + 0.03 0.99 % 0.02
QTD/baseline
Sugammadex 1.04 + 029 1.04 £ 0.21 1.04 + 0.34 1.06 + 0.38 1.16 + 045 1.05 + 034 1.03 £+ 0.29
Neostigmine 1.04 & 023 111 £ 042 110+ 030 115049 109 + 058 118 + 049 1.19 & 042
QTcBD/bascline
Sugammadex 1.08 4 047 097 + 0.13 093 £ 031 094+ 025  1.01 & 020 097 + 0.28 0.93 % 0.20
Neostigmine 1.13 £ 02 1314 0.39*" 132 £ 033*" 137 £ 045" 121 £ 040 123 £ 045 1.07 + 0.28
QTcFD/baseline
Sugammadex 0.99 & 028 1.00 + 037  1.04 + 030 1034036 102+ 036 1.10 + 034 1.07 & 031
Neostigmine 1.07 4 023 122 + 035 122 + 027 138 £ 048" 1.154 032 1.19 + 040 1.04 + 0.29

Data are presented as mean =+ standard deviation

T0 reversal of neuromuscular blockade, 7/-T10 1-10 min after reversal, RR RR interval, QT QT interval, QTcB QT
corrected using Bazzett’s formula, Q7¢cF QT corrected using Fredericia’s formula, Q7D QT dispersion, Q7cBD QT
dispersion corrected using Bazzett’s formula, QTcFD QT dispersion corrected using Fredericia’s formula

*p < 0.05 versus sugammadex group. Tp < 0.05 versus baseline ratio

There was no significant difference in the
ratio of the QTD to baseline between the N and
S groups. In contrast, neostigmine significantly
increased the ratio of the QTcBD to baseline in
group N during the 1-3 min interval after
reversal of neuromuscular blockade compared
with group S (p < 0.05). Moreover, the ratio of
the QTcBD in group N was significantly
increased from baseline 1-3 min after reversal of
neuromuscular blockade (p < 0.05). Similarly,
the ratio of QTcFD in group N was significantly
increased 3 min after reversal of neuromuscular
blockade compared with group S and baseline
(p < 0.05).

DISCUSSION

In this study, we evaluated the impact of the
neuromuscular blockade reversal agents, sug-
ammadex and neostigmine on QTD, a predictor
of ventricular arrhythmias, under propofol
anesthesia, which has not been reported
previously.

Effects of Reversal of Neuromuscular
Blockade on QT and QTc

Sugammadex, a selective relaxant-binding
agent, is recommended for reversal of moderate
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or deep muscle relaxation induced by non-de-
polarizing neuromuscular blockade. It has been
reported in several studies that supra-therapeu-
tic or therapeutic intravenous doses of sugam-
madex did not prolong QTc during general
anesthesia [20]; however, Vanacker et al.
reported that sugammadex, but not propofol,
administered at less than 1.5 minimum alveolar
concentration sevoflurane, prolonged the QTc
interval [21]. This discrepancy was likely due to
the prolongation of the QT interval by sevoflu-
rane, as inhaled anesthetics at therapeutic con-
centrations prolong the QT interval [22]. Hence,
the present study was conducted under propo-
fol anesthesia to exclude the effects of volatile
anesthetic agents on the QT interval. The results
of this study show that sugammadex at thera-
peutic doses (4 mg/kg body weight) is not likely
to prolong QT or QTgc, at least under propofol
anesthesia.

Prolongation of QT is induced by an imbal-
ance in the cardiac sympathetic tone [23]. Such
an imbalance is observed when using an anti-
cholinesterase-anticholinergic combination [2].
Neostigmine itself may cause adverse cardio-
vascular effects, such as bradyarrhythmia. To
prevent such anticholinesterase-induced effects,
atropine is commonly added for reversal of
neuromuscular blockade. Therefore, reversal of
neuromuscular blockade by neostigmine and
atropine may result in a prolonged QT interval
by affecting the sympathetic tone [23]. While a
previous study reported that the combination of
neostigmine (0.03 mg/kg body weight) and
atropine did not prolong the QTc interval under
sevoflurane and N,O anesthesia [10], de Kam
et al. reported that administration of neostig-
mine and glycopyrrolate prolonged the QT
interval under propofol anesthesia [12]. There-
fore, the authors proposed that anticholinergic
agents should be avoided in patients with car-
diovascular disease [12]. Our results are consis-
tent with those of de Kam et al. in terms of
QTcB.

Although QTc, corrected by the RR interval,
was prolonged by a mixture of neostigmine and
atropine, the QT interval was shortened, rather
than remaining unchanged, in our study.
According to previous reports, the increase in
heart rate induced by atropine shortens the

uncorrected QT interval [24]. Therefore, the
difference in the effect on QT vs. QTc could be
attributed to the effects of atropine.

Effects of Reversal of Neuromuscular
Blockade on QTD and QTcD

Increased QTD is observed in patients with
myocardial infarction [15], subarachnoid hem-
orrhage [25], or diabetes mellitus [26]. De
Bruyne et al. suggested that QTD is a reliable
predictor of cardiac mortality in elderly men
and women [14]. Day et al. revealed that QTcD
was significantly increased in patients with
arrhythmogenic QT prolongation (Romano
Ward syndrome, Jervell and Lange-Nielsen
syndrome, etc.) compared with patients with
QT prolongation induced by sotalol [13]. Fur-
thermore, QT dispersion, QTc dispersion, and
QT dispersion ratio (divided by cycle length and
expressed as a percentage) in patients with acute
myocardial infarction exhibiting ventricular
fibrillation were significantly higher than those
in patients with unstable angina [27]. These
results emphasize that prolongation of QTcD is
associated with arrhythmogenicity. Several
studies have been conducted to evaluate the
impact of noxious stimuli on hemodynamic
status during general anesthesia, based on QTD.
We previously reported that neither sugam-
madex nor neostigmine had any effects on QTD
and QTcD under sevoflurane anesthesia [16].
The effect of general anesthetics on QTD
remains unclear. While some studies have
reported that sevoflurane does not prolong QTD
[28, 29], others have shown that sevoflurane or
other volatile anesthetics significantly prolong
QTD compared with baseline values [1]. Propo-
fol has been reported to have no effect on QTD.
We, therefore, used propofol anesthesia to
avoid the effects of sevoflurane on QTD. We
hypothesized that the combination of neostig-
mine and atropine may alter the QTcD under
propofol anesthesia. The relative QTcD from
baseline was significantly increased 1-3 min
after administration of neostigmine and atro-
pine compared with that after administration of
sugammadex. These results imply that neostig-
mine prolongs the QTcD, which may increase
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the risk of ventricular arrhythmia, whereas
sugammadex has no effect on QTcD under
propofol anesthesia. In contrast, sugammadex
had no effect on QTD and QTcD under propofol
anesthesia compared with the mixture of
neostigmine and atropine. Thus, sugammadex
has fewer adverse effects in terms of cardiac
complications than neostigmine.

Although the safety and usefulness of sug-
ammadex have been clinically established,
there are some indications for the use of
neostigmine as a reversal agent. In some cases,
sugammadex induces anaphylaxis, which may
cause deterioration of the patient’s general
condition [30]. In patients with a medical his-
tory of sugammadex-induced allergy, neostig-
mine must be used to avoid serious allergic
reactions. Neostigmine is one of the agents that
can be used for reversing residual neuromuscu-
lar blockade in patients with suspected sugam-
madex-induced hypersensitivity.

Study Limitations

The present study was limited with regard to
evaluation of the exact cardiovascular risk of
neuromuscular blockade reversal. Our results
were obtained under propofol anesthesia (the
BIS value was maintained between 40 and 60).
In clinical situations, neuromuscular blockade
is reversed under many different conditions,
such as light sevoflurane anesthesia, propofol
anesthesia, or conscious states. Therefore,
assessment of the effects of sugammadex and
neostigmine on QTD under other conditions is
essential to clarify the effects of these agents on
QTD.

In the present study, QT correction was
conducted using Bazzett’s and Fredericia’s for-
mulae. In case of Bazzett’s formula, we found a
significant increase in QTcD (QTcBD) ratio
1-3 min after reversal of neuromuscular block-
ade. On the contrary, a significant decrease was
not detected in QTcFD after 1-2 min, using
Fredericia’s formula. Similarly, unlike QTcB,
QTcF ratio remained unchanged 1 min after
reversal. It has been proposed that QT at heart
rate below 60 and over 90 bpm should not
corrected using Bazzett’s formula [31].

Therefore, the use of Bazzett’ formula for gen-
eral anesthesia is likely to result in overcorrec-
tion of QT and QTD, especially after
administration of atropine.

CONCLUSIONS

Our results show that sugammadex at thera-
peutic doses has no effect on the RR interval,
QT, QTc, QTD, or QTcD, whereas a mixture of
neostigmine and atropine increases the QTc
and QTcD. Although serious hemodynamic
changes rarely occur when using neostigmine
for neuromuscular blockade reversal in clinical
practice, neostigmine is likely to increase the
risk of ventricular arrhythmia, and should,
therefore, be avoided for patients with cardiac
complications. Furthermore, we emphasize that
sugammadex might be a safer option as a neu-
romuscular blockade reversal agent for patients
with cardiac complications.
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