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Purpose: Mivacurium, the shortest-acting benzylisoquinoline nondepolarizing neuromuscular blocker used in clinical practice, is 
suitable for short-term ambulatory operations under general anesthesia. We investigated the neuromuscular blockade effect of different 
maintenance doses of mivacurium during ambulatory vitreoretinal surgery under general anesthesia and tried to determine the 
appropriate maintenance dose.
Patients and Methods: Ninety-nine patients undergoing general anesthesia for elective ambulatory vitreoretinal surgery were randomly 
divided into three groups using the random number table method. Patients received three maintenance doses of mivacurium during surgery as 
follows: 3 μg/(kg·min) in group M1 (n = 33), 6 μg/(kg·min) in group M2 (n = 33), and 9 μg/(kg·min) in group M3 (n = 33). The primary 
outcome was the time from mivacurium withdrawal to a train-of-four stimulation ratio (TOFr) ≥ 0.9, and the secondary outcomes were the time 
from mivacurium withdrawal to TOFr ≥ 0.7, extubation time, incidence of TOFr < 0.9 after surgery and neuromuscular block effect.
Results: The time from mivacurium withdrawal to TOFr ≥ 0.9 and to TOFr ≥ 0.7 was significantly longer in group M3 than in groups 
M1 and M2 (25.6±7.2 min vs 16.4±5.9 min and 18.6±5.3 min, P < 0.001; 22.1±6.3 min vs 13.6 ± 5.8 min and 15.5 ± 4.8 min; P < 0.001, 
respectively). There was a significant difference in the extubation time, the incidence of TOFr < 0.9 during extubation and upon leaving 
the operating room between group M3 and group M1 (all P < 0.05), but there was no such significant difference between group M2 and 
group M1 (all P > 0.05). The intraoperative depth of neuromuscular blockade in the three groups was significantly different, with 69.7% 
shallow block in group M1, 75.8% moderate block in group M2 and 63.6% deep block in group M3 (P < 0.001). One patient in group 
M1 experienced slight body movement during the operation.
Conclusion: An intraoperative continuous infusion of 6 μg/(kg·min) mivacurium can not only achieve good postoperative recovery 
but also provide a satisfactory neuromuscular blockade effect during surgery, and this maintenance dose is suitable for neuromuscular 
blockade during ambulatory vitreoretinal surgery.
Keywords: mivacurium, vitreoretinal surgery, neuromuscular blocking agents, neuromuscular monitoring, postoperative period

Introduction
Ambulatory surgery is a surgical mode in which the patient is admitted, operated on and discharged within one 
working day (24 hours).1 Ambulatory surgery is suitable for operations with less interference to physiological function, 
a shorter operation time, relatively less risk and fewer postoperative complications.2 Ophthalmic surgery usually lasts 
a short time, with a low risk of intraoperative and postoperative bleeding, and postoperative complications are easy to 
detect,3 making these procedures suitable for ambulatory surgery. With the development of general anesthesia techniques 
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and drugs as well as the refinement of surgical techniques, ambulatory ophthalmic general anesthesia is becoming 
increasingly popular.4

Compared with other ophthalmic operations, vitreoretinal surgery takes longer with a relatively variable operation 
time according to the complexity of the operation. Vitreoretinal surgery requires the patient to remain completely 
immobile during surgery because instruments are near or in the eye, and any unexpected body movement may lead to 
surgical failure and ocular injury disasters.5,6 During ambulatory vitreoretinal surgery, adequate neuromuscular blockade 
is helpful for maintaining eyeball position, intraocular pressure and body immobility and avoiding using large doses of 
sedative and analgesic drugs.7 Meanwhile, ambulatory surgery requires fast physical functional recovery. A method for 
balancing the effective depth of muscle relaxation and avoiding postoperative residual neuromuscular blockage (rNMB) 
is worthy of exploration during ambulatory vitreoretinal surgery. Nondepolarizing intermediate-acting drugs such as 
rocuronium and cisatracurium have a long action time and often cause rNMB when applied during short ophthalmic 
surgeries, which is not conducive to the postoperative recovery of patients.8,9

Mivacurium, which was first synthesized in 1981, is currently the shortest-acting benzylisoquinoline nondepolarizing 
neuromuscular blocking agent (NMBA) used in clinical practice and is mainly hydrolyzed by plasma cholinesterase.10 

Mivacurium has a short elimination half-life of 2.6–3 min, does not accumulate in the body, and does not produce rapid 
tolerance in the body after prolonged infusion in the absence of butyrylcholinesterase deficiency.11 The aforementioned 
advantages indicate the beneficial use of mivacurium as an ideal NMBA in ambulatory surgery anesthesia,12 such as in 
laparoscopic cholecystectomy, the removal of tracheal foreign bodies, the removal of vocal cord polyps, and pediatric 
surgery.13–15 However, the clinical use of mivacurium is mainly applicable to the tracheal intubation phase of anesthesia 
induction,16 and few clinical reports have described the application of mivacurium and the proper dose in ambulatory 
ophthalmic surgery. Therefore, we compared the neuromuscular blockade effect of three different maintenance doses of 
mivacurium to investigate its feasibility and the appropriate dose in ambulatory vitreoretinal surgery under general 
anesthesia.

Materials and Methods
Ethics
This prospective randomized study was conducted in accordance with the Declaration of Helsinki. Ethical approval for 
this study (No. TRECKY2021-138) was provided by the ethics committee of Beijing Tongren Hospital, Capital Medical 
University on September 15, 2021. Written informed consent was obtained from all participants. This trial was registered 
in the China Clinical Trial Registry (No. ChiCTR2100052351) before patient enrollment.

Participants
This study recruited eligible patients who underwent ambulatory vitreoretinal surgery under general anesthesia in the day 
surgery ward of Beijing Tongren Hospital, Capital Medical University, from November 1, 2021, to January 31, 2022. The 
inclusion criteria were patients aged 18 to 65 years; American Society of Anesthesiologists (ASA) class I and II; body 
mass index (BMI) of 18.5 to 30 kg/m2; and an operation time of less than 2 hours. The exclusion criteria included 
patients who refused to participate in the study; ASA class III or higher; patients with severe organ dysfunction, 
a significantly difficult airway, or neuromuscular system diseases; patients taking drugs that might affect neuromuscular 
conduction function or affect neuromuscular monitoring; patients who were allergic to the test drug or had other 
contraindications; and pregnant and lactating women.

Randomization and Blinding
Patients were randomly divided into 3 groups using a computer-generated random number list (IBM SPSS Statistics 26.0, 
IBM Corp, Armonk, NY, USA) and received one of the following 3 infusion doses of mivacurium to maintain neuromuscular 
blockade during surgery: 3 μg/(kg·min) in the M1 group, 6 μg/(kg·min) in the M2 group, and 9 μg/(kg·min) in the M3 group. 
The group assignment for each patient was sealed in an opaque envelope by an assistant who was not involved in the clinical 
anesthesia, data collection and analysis. Two anesthesiologists (Dr. Xi and Dr. Yue) administered mivacurium to the different 
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groups according to the envelope contents and did not know the results of the neuromuscular monitoring throughout the study. 
The data collector (Dr. Zhang) and postoperative evaluator (Miss Zhao) were blinded to the treatment allocation.

Procedure and Intervention
The general anesthesia protocol was the same for all patients, except for the intraoperative administration of different 
doses of mivacurium for maintenance. Patients were routinely fasted from food and water for 8 hours before surgery. 
After arriving at the operating room, the patient’s venous access was opened, and routine monitoring, including blood 
pressure (BP), heart rate (HR), pulse oxygen saturation (SpO2), and bispectral index (BIS), was conducted.

Neuromuscular monitoring was performed with an acceleromyography (AMG) neuromuscular monitor (JS-100, 
Beijing Silugao Medical Technology Co., Beijing, China) to stimulate the right ulnar nerve and monitor contraction of 
the adductor pollicis muscle as previously described.17 After midazolam 0.05 mg/kg and sufentanil 0.1 μg/kg were 
administered to sedate the patients, neuromuscular monitor calibration was performed, and train-of-four stimulations 
(TOF) were selected to start monitoring until the postoperative train-of-four stimulation ratio (TOFr) ≥ 0.9. A dedicated 
researcher (Dr. Zhang) who did not participate in clinical anesthesia observed and recorded the data.

The anesthetic induction drugs were 2 mg/kg propofol, 0.25 μg/kg sufentanil, and 0.25 mg/kg mivacurium. After 4 min of 
assisted ventilation, a flexible laryngeal mask (LMA) was placed to establish the airway, and the tidal volume was set at 
6~8 mL/kg to maintain the partial pressure of end-tidal carbon dioxide (EtCO2) at 35~40 mmHg. During the operation, total 
intravenous anesthesia was performed, with a continuous infusion of 0.1~0.2 μg/(kg·min) remifentanil and 4~10 mg/(kg·h) 
propofol to maintain the BIS value between 40~60. After induction, the itinerant nurse handed the opaque envelope 
containing the random number to the anesthesiologist, and 3 μg/(kg·min), 6 μg/(kg·min), or 9 μg/(kg·min) mivacurium 
was continuously infused to maintain neuromuscular blockade according to the group assignment. In cases of unexpected 
movement or airway pressure increases of more than 3 cmH2O during the operation, an additional 0.1 mg/kg of mivacurium 
was administered.18 All drug infusions were stopped at the end of surgery. Neuromuscular blockade antagonists were 
routinely not used after surgery to observe rNMB, and the anesthesiologist judged the time of extubation according to the 
clinical criterion.5 After the LMA was removed, the patient was transferred to the postanesthesia care unit (PACU), and the 
data collector and postoperative evaluator continued to monitor the TOFr value until TOFr ≥ 0.9.

Measurements and Data Collection
The primary outcome of this study was the time from withdrawal of mivacurium to TOFr ≥ 0.9, and the secondary 
outcome measures were the time from withdrawal of mivacurium to TOFr ≥ 0.7, extubation time, and incidence of TOFr 
< 0.9 at recovery. Other data related to neuromuscular blockade in the three groups were recorded, including the onset 
time (the time from administration to the time when T1 disappeared), clinical action time (the time from withdrawal to 
25% T1 recovery) and recovery index (the time from 25% to 75% T1 recovery). Furthermore, the T1 value, TOF count 
(TOFc) and TOFr value were also recorded to evaluate the depth of intraoperative and postoperative neuromuscular 
blockade and the distribution of TOFr, and they were classified as a shallow block (TOF count = 4), moderate block 
(TOF count = 1–3) and deep block (TOF count = 0).19–21

The baseline characteristics of the patients were recorded. During general anesthesia, the intraoperative dose of 
anesthetic drugs, LMA placement by the fiberoptic bronchoscopy (FOB) Campbell score, oropharyngeal leak pressure 
(OLP), and peak airway pressure (PIP) were recorded. Hemodynamic data, including the mean arterial pressure (MAP), 
HR, SpO2, and BIS were recorded at 6 specific time points and every 15 min during the operation. The quality of 
postoperative recovery including the PACU score, length of PACU stay, postanesthesia discharge scoring system 
(PADSS) value, length of hospital stay and discharge time, was recorded. Adverse effects associated with the use of 
mivacurium, such as allergic reactions, including unstable hemodynamics and skin flushing, were recorded. Other 
adverse events, such as intraoperative limb movement, and adverse respiratory events (hypoxemia, upper airway 
obstruction, bronchospasm, reflux and aspiration) were also recorded.

Drug Design, Development and Therapy 2022:16                                                                             https://doi.org/10.2147/DDDT.S370978                                                                                                                                                                                                                       

DovePress                                                                                                                       
3135

Dovepress                                                                                                                                                           Zhang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Sample Size
The primary outcome measure in this study was the time from withdrawal of mivacurium to TOFr ≥ 0.9. Based on the 
results from the preliminary experiment (16.3±4.6 min in group M1, 19.3±6.4 min in group M2, and 21.4±5.3 min in 
group M3, 8 patients in each group) and based on a significance level of 0.05 and a power of 0.9, the sample size was 
calculated using PASS 11.0 (NCSS, LLC. Kaysville, UT, USA) according to a 1:1:1 parallel control study. Thirty patients 
in each group were required for this clinical trial. Considering loss to follow-up, the sample size was expanded to 34 
patients in each group and 102 cases in all patients.

Statistical Analysis
IBM SPSS Statistics 26.0 was used for statistical analyses. The Shapiro–Wilk test was used to determine the normality of 
the data distribution, and the Levene method was used to test the homogeneity of variance. Normally distributed data are 
presented as the means ± standard deviations (x ± s), and one-way ANOVA and Tukey’s post hoc test for pairwise 
comparisons were used. Nonnormally distributed data are presented as the medians (interquartile ranges), and the 
Kruskal–Wallis test and Dunn’s post hoc test for pairwise comparisons were used. The enumerated data are reported 
as numbers or frequencies (%) and were compared using the chi-square test or Fisher’s exact test. P > 0.05 was 
considered statistically significant.

Results
One hundred twenty patients were recruited for this study. Nine patients were excluded due to a refusal to participate, 5 
patients were excluded due to a BMI > 30 kg/m2, and 4 patients were excluded due to temporary cancellation of surgery. 
The remaining 102 patients were enrolled and randomized to receive different maintenance doses of mivacurium, which 
were 3 μg/(kg·min) in group M1, 6 μg/(kg·min) in group M2, and 9 μg/(kg·min) in group M3. One patient in each of the 
three groups dropped out of the study due to incomplete intraoperative data collection, an operation time longer than 2 
hours, and a change in the surgical approach respectively. The final analysis was performed based on the data from 99 
patients (Figure 1).

The baseline characteristics of the patients, including their age, sex, BMI, ASA grade, and comorbidity and 
intraoperative characteristics, are presented in Table 1. No significant differences in the baseline characteristics were 
observed among the three groups (P > 0.05).

Table 2 shows the primary and secondary outcomes. The time to TOFr ≥ 0.9 after discontinuation was significantly 
longer in the M3 group than in the M1 and M2 groups but was similar between the M1 and M2 groups (25.6 ± 7.2 min vs 
16.4 ± 5.9 min and 18.6 ± 5.3 min, respectively; P < 0.001). The time to TOFr ≥ 0.7 was also significantly longer in the 
M3 group than in the M1 and M2 groups but was similar between the M1 and M2 groups (22.1±6.3 min vs 13.6 ± 5.8 
min and 15.5 ± 4.8 min, respectively; P < 0.001). The time to extubation was significantly longer in the M3 group than in 

Figure 1 CONSORT flowchart of the study.
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the M1 group (16.3 ± 4.6 min vs 13.0 ± 3.3 min, P = 0.009), but a significant difference was not observed between the 
M2 and M1 groups (15.2 ± 4.5 min vs 13.0 ± 3.3 min, P > 0.05) or the M2 and M3 groups (15.2 ± 4.5 min vs 16.3 ± 4.6 
min). The M3 group had a significantly higher incidence of rNMB than the M1 group at extubation (90.9% vs 63.6%, 

Table 1 Patients and Anesthetic Characteristics

Characteristics M1 (n = 33) M2 (n = 33) M3 (n = 33) P value

Age (years) 46.7±15.0 49.7±12.1 49.1±14.8 0.649

Sex (male/female) 18/15 19/14 18/15 0.960

BMI (kg/m2) 24.6±4.0 24.1±3.2 23.8±2.9 0.650

ASA grade (I/II) 13/20 14/19 16/17 0.750

Comorbidity

Hypertension, n (%) 14(42.4) 15(45.5) 15(45.5) 0.960

Diabetes, n (%) 15(45.5) 13(39.4) 14(42.4) 0.883

CHD, n (%) 2(6.0) 1(3.0) 1(3.0) 0.771

Anesthetic characteristics

Surgical time (min) 65 (39–109) 67 (46–101) 65(44–98) 0.924

Intubation time (min) 4.0(4.0–5.0) 4.0(4.0–5.0) 5.0(4.0–5.0) 0.489

Anesthetics for maintenance during surgery

Propofol (ug/kg/min) 106±25 105±22 100±19 0.654

Remifentanil (ng/kg/min) 133±31 129±27 120±28 0.218

LMA placement

LMA size (#4/#5) 17/16 16/17 16/17 0.960

FOB (1–2/3-5) 31/2 30/3 30/3 0.873

OLP (mmHg) 23(22–24) 24(22–24) 24(23–24) 0.973

PIP (cmH2O) 14.3±2.4 13.6±2.0 14.3±2.0 0.277

Notes: Values are the mean±SD, median (IQR) or n (%). 
Abbreviations: ASA, American Society of Anesthesiologists; CHD, coronary heart disease; LMA, laryngeal mask; FOB, fiberoptic 
bronchoscopy Campbell score; OLP, oropharyngeal leak pressure; PIP, peak airway pressure.

Table 2 Time to TOFr ≥ 0.9, TOFr ≥ 0.7, Extubation and rNMB During Recovery

M1 (n = 33) M2 (n = 33) M3 (n = 33) P value

Time to TOFr ≥ 0.9 (min) 16.4±5.9 18.6±5.3 25.6±7.2aabb <0.001

Time to TOFr ≥ 0.7 (min) 13.6±5.8 15.5±4.8 22.1±6.3aabb <0.001

Time to extubation (min) 13.0±3.3 15.2±4.5 16.3±4.6aa 0.0096

TOFr < 0.9 n (%)

At the end of surgery 28(84.8) 32(97.0) 33(100.0) 0.045

At extubation 21(63.6) 26(78.8) 30(90.9)a 0.033

Upon leaving the operating room 11(33.3) 13(39.4) 24(72.7)ab 0.003

Arriving in the PACU 4(12.1) 5(15.2) 11(33.3) 0.085

Notes: aCompared with M1, P < 0.05; aaCompared with M1, P < 0.01; bCompared with M2, P < 0.05; bbCompared with M2, P < 0.01. 
Abbreviations: TOFr, train-of-four ratio; rNMB, residual neuromuscular blockade.
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P = 0.033), a higher incidence of rNMB than the M1 and M2 groups upon leaving the operating room (72.7% vs 33.3% 
and 39.4%, respectively; P = 0.003), and a higher incidence of rNMB when arriving at the PACU that was not 
significantly different from the M1 and M2 groups (33.3% vs 12.1% and 15.2%, respectively; P > 0.05).

Other effects of mivacurium on neuromuscular blockade during surgery are shown in Table 3. Significant differences 
in the onset time of neuromuscular blockade or the recovery index during surgery were not observed among the three 
groups (P > 0.05). The clinical action time was longer in the M3 group than in the M1 group [11.0 (9.0–15.0) min vs 9.0 
(8.4–10.3) min, P = 0.003], but a significant difference was not observed between the M2 group and the other two 
groups. The intraoperative depth of neuromuscular blockade in the three groups, namely, the distribution of shallow, 
moderate and deep neuromuscular blockade in the three groups, was significantly different (P < 0.001), with more 
shallow block detected in the M1 group (69.7%); moderate block was predominant in the M2 group (75.8%), and the 
majority of patients in the M3 group had a deep block (63.6%). Regarding the distribution of postoperative TOFr, 
significant differences were detected among the three groups (P < 0.05). In the M1 group, 15.2% of patients had already 
recovered to TOFr ≥ 0.9 at the end of surgery, and most patients had recovered to TOFr ≥ 0.9 when leaving the operating 
room (66.7%); 3% of patients in the M2 group recovered to TOFr ≥ 0.9 at the end of surgery, and 60.6% of patients 
recovered to TOFr ≥ 0.9 when leaving the operating room, similar to the M1 group. However, no patient in the M3 group 
recovered to TOFr ≥ 0.9 at the end of surgery, and only 27.3% recovered to TOFr ≥ 0.9 when leaving the operating 
room.

Table 3 Other Effects of Neuromuscular Block of Mivacurium During Vitreoretinal Surgery

M1 (n = 33) M2 (n = 33) M3 (n = 33) P value

Onset time (min) 2.5(2.0–2.5) 2.5(2.0–3.0) 2.5(2.0–3.0) 0.120

Clinical action time (min) 9.0(8.4–10.3) 10.0(8–12) 11.0(9.0–15) aa 0.003

Recovery index (min) 6.3±2.3 5.6±1.5 5.6±2.5 0.646

Depth of neuromuscular block during surgery <0.001

Deep block (TOFc = 0), n (%) 0(0) 8(24.2)a 21(63.6)ab

Moderate block (TOFc = 1–3), n (%) 10(30.3) 25(75.8)a 12(36.4)b

Shallow block (TOFc = 4), n (%) 23(69.7) 0(0)a 0(0)a

TOFr at the end of surgery <0.001

TOFr=0, n (%) 9(27.3) 21(63.6)a 26(78.8)a

TOFr=[1–89], n (%) 19(57.6) 11(33.3) 7(21.2)a

TOFr=[90–100], n (%) 5(15.2) 1(3.0) 0(0)

TOFr of extubation 0.015

TOFr=0, n (%) 0(0) 0(0) 3(9.1)

TOFr=[1–89], n (%) 21(63.6) 26(78.8) 27(81.8)

TOFr=[90–100], n (%) 12(36.4) 7(21.2) 3(9.1)a

TOFr upon leaving the operating room 0.003

TOFr=0, n (%) 0(0) 0(0) 0(0)

TOFr=[1–89], n (%) 11(33.3) 13(39.4) 24(72.7)ab

TOFr=[90–100], n (%) 22(66.7) 20(60.6) 9(27.3)ab

Notes: aCompared with M1, P<0.05; bcompared with M2, P<0.05. 
Abbreviations: TOFc, train-of-four count; TOFr, train-of-four ratio.
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The intraoperative hemodynamic data of MAP, HR and BIS values in the three groups are compared in Figure 2. 
Although significant differences were observed in the intragroup comparisons before and after induction (P < 0.05), the 
MAP, HR and BIS values of each group were similar, with no significant differences among the three groups at each 
recording time point during the operation (P > 0.05).

The postoperative recovery results are shown in Table 4. Among them, the scores of patients admitted and transferred 
out of the PACU and the incidence of hypoxemia during the PACU stay were similar in all three groups, with no 
significant differences (P > 0.05). In addition, significant differences in the length of PACU stay, length of hospital stay, 
time of discharge, or PADSS scores were not observed (P > 0.05).

All patients in the three groups completed the surgery. Among them, one patient each in the M1 and M2 groups 
exhibited transient skin flushing, and 1 patient in the M3 group showed transiently decreased BP and accelerated HR 
during induction. The three adverse events may be related to transient allergic reactions related to mivacurium. Notably, 1 
patient in the M1 group experienced increased airway pressure and slight body movement during the operation, which 
was controlled by adding 0.1 mg/kg mivacurium, while the other two groups had no similar situation. The incidence of 
hypoxemia in the PACU, which was defined as fingertip pulse oxygen saturation SpO2 ≤ 90% under air inhalation, was 
3.0% (1 patient), 9.0% (3 patients), and 9.0% (3 patients) in the M1, M2, and M3 groups, respectively, but a significant 
difference was not observed between the three groups (P > 0.05). Only 1 patient in the M3 group had a TOF ratio of 62% 
when arriving at the PACU, not excluding hypoxemia related to rNMB. The remaining 6 patients with hypoxemia had 
TOFr ≥ 0.9 when arriving in the PACU. Their hypoxemia was potentially associated with an insufficient respiratory rate 

Figure 2 The intraoperative hemodynamic changes. (A) MAP during the operation; (B) HR during the operation; (C) BIS during the operation. 
Abbreviations: MAP, mean arterial pressure; HR, heart rate; BIS, bispectral index; T1, time before anesthesia induction; T2, time of LMA implantation; T3, the beginning of 
surgery; T4, during surgery; T5, the end of surgery; T6, time of laryngeal mask removal.
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due to drug residue from general anesthesia. Hypoxemia in these 7 patients was corrected by oxygen inhalation through 
the facial mask. Otherwise, none of the patients in the three groups had postoperative adverse events.

Discussion
This randomized clinical trial compared three maintenance doses of mivacurium during ambulatory vitreoretinal surgery. 
We found that intraoperative infusion of 6 μg/(kg·min) mivacurium can provide not only a lower incidence of rNMB 
compared with 9 μg/(kg·min) but also a more satisfactory moderate neuromuscular blockade for vitreoretinal surgery 
compared with 3 μg/(kg·min). We propose that maintenance anesthesia with 6 μg/(kg·min) mivacurium is more suitable 
for ambulatory vitreoretinal surgery than 3 μg/(kg·min) and 9 μg/(kg·min). Our study provides the basis for mivacurium 
application in ambulatory anesthesia.

Postoperative rNMB not only causes physical impairment, such as difficulty in respiration, swallowing and vision but also 
places patients at increased respiratory risk, such as hypoxemia, upper airway obstruction requiring intervention and post-
operative pulmonary complications.22 TOFr < 0.9 indicates rNMB, and some studies considered a TOFr < 0.7 in the early 
stage.23,24 However, although many patients can perform powerful movements at a TOFr of 0.7, they still feel difficulty 
swallowing and completing the movements, and there is still a risk of aspiration.25 Studies in recent years utilizing the TOFr < 
0.9 threshold have estimated that the proportion of patients with rNMB ranges from 4% to 88% at extubation, which has been 
confirmed in many countries.26,27 TOFr ≥ 0.9 is an indicator of satisfactory recovery of neuromuscular function, but some 
patients with TOFr ≥ 0.9 might be unable to tolerate intubation or swallow, resulting in displacement of the LMA during the 
recovery stage. In the absence of acceleromyography for various reasons, anesthesiologists determine rNMB by referring to 
clinical criteria (sustained head lift or hand grip for more than 5 s, the ability to follow simple commands, a stable ventilatory 
pattern with SpO2 greater than 95%). Extubation followed by close observation is clinically acceptable in these patients when 
they meet the clinical criteria for extubation. In our study, after comparing 3 rates of continuous infusion of mivacurium, we 
found that the time from discontinuation of the 6 μg/(kg·min) to TOFr ≥ 0.9 and to TOFr ≥ 0.7 was not longer than that of the 3 
μg/(kg·min) dose but was significantly shorter than that of the 9 μg/(kg·min) dose. The incidence of rNMB at the time of 
extubation, upon leaving the operating room and upon arriving in the PACU was similar between the 3 μg/(kg·min) group and 
6 μg/(kg·min) but was much higher in the 9 μg/(kg·min) group under the same criteria for clinical extubation in our study. In 
addition, the time from discontinuation to TOFr ≥ 0.7 was similar to the time of extubation in the 3 μg/(kg·min) group and 6 
μg/(kg·min) group but was approximately 6 minutes longer than the time of extubation in the 9 μg/(kg·min) group, which 
means that when we followed the clinical indications to remove LMA, the TOFr of patients in the low-dose and medium-dose 
mivacurium maintenance groups was approximately 0.7, while those in the high-dose group were significantly lower than 0.7. 
Our results indicate that severe rNMB is more likely to occur in the high-dose group even if the clinical extubation criteria are 
met. Although significant differences in the PACU recovery time or other adverse events were not observed among the three 
groups, the high incidence of rNMB when arriving in the PACU in the 9 μg/(kg·min) group increased the potential risks in the 

Table 4 Postoperative Recovery Quality

M1 (n = 33) M2 (n = 33) M3 (n = 33) P value

Score arriving in PACU 9(9–9) 9(9–9) 9(9–9) 0.895

Score leaving PACU 10(10–10) 10(10–10) 10(10–10) 0.898

Hypoxemia, n (%) 1(3.0) 3(9.0) 3(9.0) 0.541

Length of PACU stay (min) 25(22–28) 27.5(21–32.8) 27(24–34) 0.236

PADSS 10(10–10) 10(10–10) 10(10–10) 0.773

Discharge time (hour) 4.5±1.3 4.5±1.6 4.6±1.4 0.887

Length of hospital stay (hour) 9.4±1.3 9.7±1.4 9.7±1.2 0.727

Abbreviations: PACU, postanesthesia care unit; PADSS, postanesthetic discharge scoring system.
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PACU. It should be emphasized that our clinical study involved small samples, and all patients were closely observed for 
rNMB. We found that most patients who met the clinical indications for LMA removal reaching TOFr ≥0.7 but not ≥ 0.9. We 
suggest that if adequate equipment for rNMB monitoring is available, every patient undergoing general anesthesia and LMA 
with NMBAs should receive rNMB monitoring and meet the indicator of TOFr ≥ 0.9 to ensure safe and satisfactory recovery 
of neuromuscular function.

Few articles describe the depth of neuromuscular block required for eye surgery, as ophthalmic manipulation is less 
irritating and the eye muscles are slender. Therefore, the primary purpose of muscle relaxant application during 
vitreoretinal surgery is to keep the eyeball in the center position and tolerate endotracheal intubation ventilation. Deep 
neuromuscular block with the absence of a TOF response (TOFc = 0) is an appropriate depth of neuromuscular block in 
the cases of endotracheal intubation.19 With the use of supraglottic ventilation devices, NMBAs can be reduced or 
canceled by increasing the dosage of sedatives or analgesics. However, large doses of anesthetic drugs increase 
intraoperative hemodynamic instability, retard patient turnover in ambulatory surgery, and affect the quality of recovery. 
Recently, moderate neuromuscular block (TOFc = 1–2) has been reported to improve surgical conditions and reduce the 
incidence of adverse events in short-duration pediatric laparoscopic surgery with LMA.28 Whether LMA ventilation and 
moderate muscle relaxation are suitable for vitreoretinal surgery has not been reported.

Short-acting mivacurium was reported to decrease waiting time after deep neuromuscular blockage compared with 
intermediate-acting atracurium, rocuronium, or vecuronium.7 Early studies suggested that the infusion dose of mivacur-
ium to maintain a 90%~99% muscle fibrillation inhibition effect should be 3~15 μg/(kg·min),29,30 but most of these 
studies were focused on tracheal intubation, and the recommended dose range is more extensive. During this study, we 
observed significant differences in the depth of neuromuscular blockade among the three different dose groups during 
the operation. The distribution of shallow neuromuscular blockade was greater in the low-dose group, resulting in one 
patient experiencing elevated airway pressure and slight body movement, with T1 reaching 64% and TOFr at 0.38. This 
result indicated that patients are in a state of minimal to shallow neuromuscular blockade and are at risk of intraoperative 
body movement when they receive an infusion of mivacurium at a 3 μg/(kg·min) dose. Therefore, we deduce that 
continuous infusion of mivacurium at 3 μg/(kg·min) may not be appropriate during vitreoretinal surgery, and when 
shallow block occurs (TOFc = 4), an additional muscular relaxant should be added. Mivacurium at 6 μg/(kg·min) 
provided moderate neuromuscular blockade in most patients, and no shallow neuromuscular blockade occurred in our 
study; it maintained a 90%~99% muscle fibrillation inhibition effect and was consistent with previous studies.31–33 

Therefore, we believe that 6 μg/(kg·min) mivacurium provides a satisfactory neuromuscular blockade effect during 
vitreoretinal surgery.

Limitations
This study has some limitations. First, although TOFr ≥ 0.9 is strongly recommended for extubation, we still chose the 
clinical indications as the criteria for extubation because neuromuscular blockade monitoring is not used worldwide.19 

However, we found that most of the patients could not reach TOFr ≥ 0.9 when the criteria for clinical removal of the 
LMA were met in our study. We suggest that NMB monitoring should be used as much as possible and the removal of 
LMA should meet the indicator of TOFr ≥ 0.9 if the device is available. Second, mivacurium is hydrolyzed by plasma 
cholinesterases,34,35 but we did not measure preoperative butyrylcholinesterase (BCHE) activity and phenotype, as it is 
not a routine perioperative test. BCHE deficiency prolongs the degradation of mivacurium or suxamethonium and 
results in a prolonged duration of action and mechanical ventilation, which is more likely to occur in patients with 
increasing age, pregnancy, severe liver disease, burn injuries and drug interactions.36,37 Although no severe rNMB and 
prolonged mechanical ventilation occurred in our study, BCHE activity should be screened when mivacurium or 
suxamethonium is intended to be applied in patients with the aforementioned risk factors. Once abnormal rNMB occurs 
when mivacurium is applied, BCHE abnormalities should be considered. In addition, controversy exists as to whether 
the cholinesterase inhibitor neostigmine accelerates the recovery of mivacurium.38 We did not use an antagonist to 
investigate muscular recovery from mivacurium at an infusion rate of 3–9 μg/(kg·min), and further studies should be 
performed to investigate whether the cholinesterase inhibitor neostigmine is effective at our recommended dose of 
mivacurium. Finally, the aim of our study was to determine a suitable dose of mivacurium infusion, and we did not 
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compare the effect and recovery of mivacurium with those of other NMBAs, such as rocuronium and atracurium. 
Further studies are needed to determine whether mivacurium has an advantage over other NMBAs during ambulatory 
vitreoretinal surgery.

Conclusion
In summary, a continuous infusion of 6 μg/(kg·min) mivacurium not only achieves a lower incidence of postoperative 
rNMB than 9 μg/(kg·min) mivacurium but also provides an appropriate depth of neuromuscular blockade during the 
operation compared with 3 μg/(kg·min) mivacurium and thus is a suitable maintenance dose for ambulatory vitreoretinal 
surgery.
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