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Title 

Effects of neostigmine and sugammadex on QT dispersion under propofol anesthesia: a 

randomized controlled trial 

 

Abstract 

Introduction: Reversal of non-depolarizing neuromuscular 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 prolongation 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 groups N (n = 20) or S (n = 20). Group N was 

administered neostigmine (40 μg/kg) and atropine (20 μg/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 

dispersion (QTD), and corrected QT dispersion (QTcD) before and after administration 
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of reversal agents were recorded using computerized measurements. 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, 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 

sugammadex, increased QTc and QTcD under propofol anesthesia. Thus, neostigmine 

may cause electrocardiogram abnormalities that could precede the development of fatal 

arrhythmias. 

 

Key words: Sugammadex, Neostigmine, QT interval, QT dispersion, Propofol, 

Reversal of neuromuscular blockade 
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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 neuromuscular blockade. However, this reversal agent may increase 

the risk of arrhythmias, such as asystole or junctional rhythm [2,3]. It may also induce 

bradycardia by inhibiting hydrolysis of the acetylcholine released by the 

parasympathetic 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 

neuromuscular 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 ventricular 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 
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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 γ-cyclodextrin 

compound, 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 acetylcholinesterase; 

therefore, co-administration of atropine is not required [7]. Moreover, it has been 

reported that sugammadex does not prolong 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 

regional 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 
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or QTD under sevoflurane anesthesia [16], but the effects of these reversal agents under 

propofol, an intravenous anesthetics, 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 conducted 

under propofol anesthesia. 
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Materials and Methods 

Forty patients with American Society of Anesthesiologists (ASA) physical status 

(classification of preoperative patients for anesthetic risk assessment) I or II, aged 20–

65 years, who were scheduled to undergo elective otorhinolaryngological surgery, were 

selected, after receiving approval for the project from the ethics committee of Dokkyo 

Medical University and written 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 University Hospital Medical Information Network (UMIN, registration 

number: UMIN000024742). Patients with cardiovascular, respiratory, metabolic, or 

cerebrovascular 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 were randomly assigned to two groups: 

the patients in group N (n = 20) received a mixture of neostigmine (40 μg/kg body 

weight) and atropine (20 μg/kg body weight) for reversal of neuromuscular blockade 

after the operation, while those in group S (n = 20) received sugammadex (4 mg/kg 



7 
 

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 μg/kg/min of remifentanil (a potent and short-acting 

opioid agonist) and an effect-site target propofol concentration of 3–4 μg/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 performed within 

20 s by an experienced anesthesiologist. Anesthesia was maintained with remifentanil 

(0.2–0.3 μg/kg/min), air-oxygen mixture, and 2–3 μg/ml effect-site target propofol 

concentration. The ventilator setting was adjusted to an end-tidal carbon dioxide tension 

(PETCO2) 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 5 ml/kg/h during the surgery. 

No additional rocuronium was given during the maintenance of anesthesia.  
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At the end of surgery, 20 mg/kg body weight of acetaminophen was infused for 15 min 

for analgesia. Further, remifentanil was discontinued, 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. Neuromuscular monitoring was not conducted during 

the recording. 

From the ECG signals, consecutive beat-to-beat data were digitally recorded at a 

sampling rate of 2 ms. The QT intervals were evaluated using QTD-1TM (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 intersection of 

a threshold level with the differential of the T wave. The software used for the 

differential threshold technique has previously been described in detail [18,19]. The QT 

intervals were measured for all 12 ECG leads, and corrected 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 
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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). Data are 

expressed 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 variance. When a 

significant overall effect was detected, Bonferroni’s post hoc test was conducted. 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 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 α = 0.05. 
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Results 

Table 1 shows the patient characteristics for the present study. Forty patients were 

enrolled in this study. There were no significant differences in age, sex, ASA physical 

status, height, body weight, or body mass index (BMI) between the two groups. No 

complications were observed in this study. There was no patient with an abnormal RR 

interval, QT interval, QTc interval, QT dispersion, or QTc dispersion in either group. No 

arrythmia was observed before and after reversal of neuromuscular blockade.  

Table 2 shows the measured values of RR interval, mean arterial pressure (MAP) and 

BIS. The RR interval in group N was significantly shorter than that in group S 1 min 

after reversal of neuromuscular blockade (p < 0.05). Furthermore, the RR interval was 

shorter than the baseline value in group N (p < 0.05). In contrast, there were no 

significant differences in the 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 dispersion (QTcFD). There were no significant differences in the absolute values 

of QT, QTcB, QTcF, QTD, QTcBD, and QTcFD between groups N and S before the 

operation (QT: N 377 ± 26 ms, S 365 ± 25 ms; QTcB: N 410 ± 26 ms, S 420 ± 24 ms; 

QTcF: N 409 ± 22, S 405 ± 21; QTD: N 36.2 ± 19.4 ms, S 32 ± 17 ms; QTcBD: N 37 ± 
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15 ms, S 35 ± 19 ms; and QTcFD: N 38 ± 20 ms, S 35 ± 15 ms). 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 

± 27 ms, S 384 ± 26 ms; QTcB, N 410 ± 28 ms, S 411 ± 21 ms; and female: QT, N 407 

± 24 ms, S 401 ± 21 ms; QTcB, N 423 ± 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 blockade compared with group S (p < 0.05). Similarly, the ratio of the 

QT interval was decreased during the 1–3-min interval in group N compared to baseline 

(p < 0.05). In contrast, the ratio of the QTcB, but not the QTcF interval, 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). 

There was no significant difference in the ratio of the QTD to baseline between the N 
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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 QTcD 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). 
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Discussion 

In this study, we evaluated the impact of the neuromuscular blockade reversal agents 

sugammadex 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 or deep muscle relaxation induced by non-depolarizing neuromuscular 

blockade. It has been reported in several studies that supra-therapeutic or therapeutic 

intravenous doses of sugammadex 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 

sevoflurane, as inhaled anesthetics at therapeutic concentrations prolong the QT interval 

[22]. Hence, the present study was conducted under propofol anesthesia to exclude the 

effects of volatile anesthetic agents on the QT interval. The results of this study show 

that sugammadex at therapeutic doses (4 mg/kg body weight) is not likely to prolong 

QT or QTc, at least under propofol anesthesia. 

Prolongation of QT is induced by an imbalance in the cardiac sympathetic tone [23]. 
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Such an imbalance is observed when using an anticholinesterase-anticholinergic 

combination [2]. Neostigmine itself may cause adverse cardiovascular 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 N2O anesthesia [10], de Kam et al. reported that 

administration of neostigmine and glycopyrrolate prolonged the QT interval under 

propofol anesthesia [12]. Therefore, the authors proposed that anticholinergic agents 

should be avoided in patients with cardiovascular disease [12]. Our results are 

consistent 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. 
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Effects of reversal of neuromuscular blockade on QTD and QTcD 

Increased QTD is observed in patients with myocardial infarction [15], subarachnoid 

hemorrhage [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]. Furthermore, 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 sugammadex 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]. Propofol has been 
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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 neostigmine 

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 

atropine compared with that after administration of sugammadex. These results imply 

that neostigmine prolongs the QTcD, which may increase 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 sugammadex 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 history of sugammadex-induced 

allergy, neostigmine must be used to avoid serious allergic reactions. Neostigmine is 

one of the agents that can be used for reversing residual neuromuscular blockade in 

patients with suspected sugammadex-induced hypersensitivity. 
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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 

formulae. In case of Bazzett’s formula, we found a significant increase in QTcD 

(QTcBD) ratio 1–3 min after reversal of neuromuscular blockade. 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 

general anesthesia is likely to result in overcorrection of QT, especially after 

administration of atropine. 
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Conclusions 

Our results show that sugammadex at therapeutic 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 neuromuscular blockade reversal agent for 

patients with cardiac complications. 
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