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Purpose: To identify the effectiveness of remimazolam at the end of tonsillectomy and adenoidectomy for preventing emergence 
delirium in children under sevoflurane anesthesia.
Patients and Methods: One hundred and four patients aged 3–7 years scheduled for tonsillectomy and adenoidectomy under 
sevoflurane anesthesia were recruited. Patients were randomly assigned to receive either remimazolam 0.2 mg kg–1 (intervention, 
n=52) or 0.9% normal saline (control, n=52) at the end of the procedure. The primary outcome was the incidence of emergence 
delirium, defined as a Pediatric Anesthesia Emergence Delirium (PAED) score ≥10. Secondary outcomes were peak PAED score, 
emergence time, postoperative pain intensity, length of postanesthesia care unit (PACU) stay, parental satisfaction, and postoperative 
behavior changes three days postoperatively.
Results: Emergence delirium occurred in 6 of 51 (12%) patients receiving remimazolam versus 22 of 50 (44%) patients receiving saline 
(risk difference 32% [95% confidence interval, 16% to 49%], relative risk 0.27 [95% confidence interval, 0.12 to 0.60]; P<0.001). The peak 
PAED scores (median [interquartile range]) were lower in the remimazolam group than in the saline group (7 [6–8] versus 9 [8–11], 
P<0.001). Likewise, parental satisfaction was improved in the remimazolam group compared with the saline group (9 [8–10] versus 8 [7–8], 
P<0.001). There was no difference between groups concerning postoperative pain scores, length of PACU stay, or postoperative behavior 
changes.
Conclusion: In children undergoing tonsillectomy and adenoidectomy, administration of remimazolam 0.2 mg kg–1 at the end of the 
surgery, compared with 0.9% saline, resulted in a significantly lower likelihood of emergence delirium after sevoflurane anesthesia.
Keywords: remimazolam, general anesthesia, pediatric anesthesia, emergence delirium

Introduction
Sevoflurane, as an inhalation anesthetic for the induction and maintenance of general anesthesia, is the most commonly 
used in pediatric patients. However, emergence delirium is a well-known postoperative behavior disorder after sevo-
flurane anesthesia in the pediatric population,1 with a reported incidence of up to 67%.2 This phenomenon is character-
ized by screaming, thrashing, kicking, and nonpurposeful restlessness,3 which may cause dissatisfaction among parents 
and self-injury and may increase the workload of postanesthesia care unit (PACU) nurses.

Rapid awakening from sedation was considered to be an independent risk factor.4 Several pharmacological interven-
tions have been studied to prevent emergence delirium from sevoflurane anesthesia, allowing a smooth emergence, such 
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as nonopioid analgesics, opioids,5 propofol,6 α2 agonists,7 and midazolam.8 However, drugs administered for treatment 
may result in delayed extubation and prolonged PACU stays,9 even following short surgical operations.10

Remimazolam is a novel ultrashort-acting benzodiazepine that has been used for procedural sedation.11 Clinical trials 
have shown that remimazolam can provide rapid onset sedation with prompt recovery while minimizing respiratory 
depression and blood pressure perturbation. Given that it is rapidly hydrolyzed to an inactive metabolite, it is not affected 
by hepatic or renal impairment.12 Thus, remimazolam has a predictable duration and controlled sedation. However, its 
effect on preventing emergence delirium after sevoflurane anesthesia and long-term negative behavioral changes after 
discharge has not been defined.

Therefore, we conducted this prospective, double-blind, randomized, placebo-controlled clinical trial in children 
following tonsillectomy and adenoidectomy surgery. Our primary hypothesis was that a single bolus injection of 
postoperative remimazolam would reduce the incidence of emergence delirium after sevoflurane anesthesia.

Materials and Methods
Study Design
This investigator-initiated, prospective, randomized, double-blind, placebo-controlled superiority study was approved by 
the Ethics Committee of Fujian Provincial Hospital (K2021-12-022, Supplementary File 1), Fuzhou, China. We 
registered the study protocol at the Chinese Clinical Trials Registry (http://www.chictr.org.cn, ChiCTR2100054959, 
29/12/2021). Before study enrollment, each subject’s legal representatives ensured their written consent form 
(Supplementary File 2). We conducted this clinical trial at Fujian Provincial Hospital, following the provisions of the 
Declaration of Helsinki (as revised in 2013) and the Good Clinical Practice principles.13 Our manuscript was prepared 
according to the Consolidated Standards of Reporting Trials (CONSORT) 2010 statement.14

Eligible subjects aged 3–7 years old with an American Society of Anesthesiologists (ASA) physical status of I or II were 
scheduled to undergo elective bilateral tonsillectomy and adenoidectomy under general anesthesia. Exclusion criteria 
included neuropsychiatric diseases, cardiopulmonary disease, acute upper respiratory tract infection/recovery period, devel-
opmental delay, and intake of any sedative drug before surgery. An independent researcher not involved in the study prepared 
a computer-generated nonblocked randomization sequence with a 1:1 ratio and sealed it in sequentially numbered, opaque 
envelopes. On the morning of surgery, an independent research nurse, who was not involved in the patients’ care or data 
collection, opened the envelope and prepared the study medications in identical syringes. All subject’s parents, attending 
anesthesiologists, caring nurses, and investigators involved in the study were blinded to the group assignments.

Procedures
All patients received no premedication and were accompanied by a parent to the operating room, where an anesthetist, 
blinded to the group allocation, induced general anesthesia. Standard monitoring, including peripheral oxygen saturation, 
electrocardiography, and noninvasive blood pressure, was conducted on all subjects. General anesthesia was induced with 
5% sevoflurane in 100% oxygen at 6 L min–1 via a facemask. Intravenous access was secured after achieving an adequate 
depth of anesthesia. Propofol 2 mg kg–1, mivacurium 0.2 mg kg–1, and sufentanil 2 μg kg–1 were administered to 
facilitate endotracheal intubation. Anesthesia was maintained by inhalation of sevoflurane in a 50% nitrous oxide and 
50% oxygen mixture. Volume-controlled mechanical ventilation was administered to maintain an end-tidal carbon 
dioxide partial pressure of 35–45 mmHg. Before the surgical procedure, patients received 0.15% ropivacaine infiltration 
around the peritonsillar fossa and intravenous flurbiprofen axetil (a nonsteroidal anti-inflammatory drug) 1 mg kg–1 for 
postoperative analgesia. After completion of the operation, sevoflurane and nitrous oxide were discontinued. At the same 
time, children were randomized to receive either intravenous remimazolam 0.2 mg kg–1 diluted in 10 mL saline 
(intervention group, n=52) or an equivalent volume of 0.9% saline (control group, n=52). After tracheal extubation, 
the children were accompanied by one of the child’s parents after arrival at the PACU. If delirium occurred, propofol 
1 mg kg–1 was administered as a rescue medication and repeated if the delirium did not subside.
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Outcome Assessments
The primary outcome was the incidence of emergence delirium. We used the Pediatric Anesthesia Emergence Delirium 
(PAED) scale15 to evaluate emergence delirium every 5 min for the first 30 min in the PACU. The PAED scale consists of 
five items: eye contact, the purposefulness of actions, awareness of surroundings, restlessness, and inconsolable. Items 1, 
2, and 3 are scored as follows: 4=not at all, 3=just a little, 2=quite a bit, 1=very much, 0=extremely. Items 4 and 5 are 
scored reversely. Emergence delirium was defined as a global PAED score ≥10. Secondary outcomes included the peak 
PAED score, emergence time, postoperative pain intensity, length of PACU stay, parental satisfaction, and postoperative 
behavior changes 3 days postoperatively. We defined emergence time as the interval from discontinuation of inhalation 
anesthetic to eye-opening on verbal command. Postoperative pain intensity was assessed using the Face, Legs, Activity, 
Cry, and Consolability (FLACC) scale16 every 10 min during the first 30 min in the PACU. The FLACC pain scale is 
a composite of five behaviors (face, legs, activity, cry and consolability), and each item is graded on zero to two by an 
observer. When the FLACC score was ≥4, morphine 25 μg kg−1 intravenously was administered as rescue analgesia. 
Preoperative anxiety was evaluated using the modified Yale Preoperative Anxiety Scale (m-YPAS)17 before the 
anesthesiologist’s visit in the preoperative holding area. The length of PACU stay was defined as the time between 
arrival in the PACU and readiness for discharge from the PACU (defined as a modified Aldrete score of ≥9). Parental 
satisfaction was self-reported using the numeric rating scale (NRS, range 0–10) 24 hours after surgery, where 0 equals 
unsatisfied and 10 equals completely satisfied. Negative postoperative behavioral changes were determined on 
postoperative day three via telephone interview using the 27-item Post Hospitalization Behavior Questionnaire 
(PHBQ).18 The PHBQ consists of the following subscales: general anxiety and regression, separation anxiety, anxiety 
about sleep, eating disturbance, aggression toward authority, and apathy withdrawal. For each item, the parent was 
invited to compare the child’s current behavioral problems with the period before hospitalization (1=much less, 2=less, 
3=unchanged, 4=more, and 5=much more). Intraoperative adverse events, such as postoperative nausea or vomiting 
(PONV), bradycardia (defined as heart rate <50 beats min–1), oxygen desaturation (defined as peripheral capillary oxygen 
saturation <90%), and laryngospasm, were also recorded. A single investigator who performed the above assessments 
was blinded to the group allocation.

Statistical Analysis
Our sample size was calculated based on the incidence of emergence delirium using the online Power and Sample Size 
Calculators (http://powerandsamplesize.com/Calculators/). Our previous study reported that the incidence of emergence 
delirium was 49% in children under sevoflurane anesthesia.19 We considered an absolute 30% reduction in the incidence 
of emergence delirium between groups to be clinically relevant. Therefore, a sample size of 48 patients per group was 
estimated to provide a power of 90% to reject the null hypothesis of equal proportion using a 2-sample, 2-sided equality 
test at the 0.05 significance level. After accounting for potential dropouts (due to withdrawals and other unexpected 
events), we concluded to enroll 104 patients for this study.

IBM SPSS for Windows version 25.0 software was used for statistical analyses. Continuous variables are presented as the 
mean ± standard deviation (SD) or median (interquartile range, IQR). Continuous variables were analyzed using an 
independent t-test or the Mann–Whitney U-test. All group comparisons are reported as absolute differences with 95% 
confidence intervals (CIs) and P values. Categorical variables are expressed as numbers (percentages, %) and were compared 
by Pearson’s χ2 test or Fisher’s exact test as appropriate. The criterion for rejection of the null hypothesis was P<0.05.

Results
A CONSORT flow diagram of subject eligibility, randomization, and follow-up is presented in Figure 1. A total of 114 
subjects were enrolled in this study between January 2022 and May 2022. Ten subjects were excluded for the following 
reasons: four failed to meet the inclusion criteria, and six declined to participate. One subject in the remimazolam group 
and two in the saline group violated the study protocol. Consequently, 51 subjects in the remimazolam group and 50 
subjects in the saline group were included in the final analysis. Demographic characteristics (age, height, weight, sex, and 
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ASA status) and perioperative clinical data (m-YPAS score, duration of surgery, and anesthesia time) were similar in both 
groups (Table 1).

The peak PAED scores (median [IQR]) were lower in the remimazolam group than in the saline group (7 [6–8] vs 9 
[8–11], P<0.001; Figure 2), with a median difference of −2 (95% CI −1 to −3). Emergence delirium occurred in 6 of 51 
(12%) patients receiving remimazolam versus 22 of 50 (44%) patients receiving saline (risk difference 32% [95% CI, 
16% to 49%], relative risk=0.27 [95% CI, 0.12 to 0.60]; P<0.001).

As detailed in Table 2, the median emergence time in the remimazolam group (21 min, IQR 19–23 min) was slightly 
longer than that in the saline group (14 min, IQR 13–15 min), with a median difference of 7 min (95% CI 6 to 8 min), 
P<0.001. However, comparisons between the remimazolam and saline groups were similar for the length of PACU stay 
(median difference −1 min, 95% CI −2 to 0 min; P=0.165). In addition, parental satisfaction scores were significantly higher 
in the remimazolam group than in the saline group (P<0.001). There were no significant differences in the postoperative pain 
scores (P=0.221). The peak FLACC pain score was 2.0 (IQR, 1.0–2.0) in the remimazolam group and 2.0 (IQR, 2.0–2.0) in 
the control group. Considering the incidence of negative behavioral changes on postoperative day three, no differences were 
detected between groups (remimazolam 14 of 51 [27%] vs saline 18 of 50 [36%], P=0.356). Postoperative nausea or 
vomiting occurred in 2 of 50 (4%) subjects in the saline group and 1 of 51 (2%) subjects in the remimazolam group. No 
episodes of bradycardia, hypotension, laryngospasm, or hypoxemia were identified during the study period.

Discussion
This study demonstrated that intravenous remimazolam 0.2 mg kg–1 administered at the end of tonsillectomy signifi-
cantly decreased the incidence of delirium after sevoflurane anesthesia in pediatric patients. Furthermore, intravenous 
remimazolam effectively improves parental satisfaction without delaying the length of PACU stay or increasing clinically 
relevant adverse events.

Figure 1 Consolidated Standards of Reporting Trials (CONSORT) flow diagram. Adapted from Schulz K, Altman D, Moher D. CONSORT 2010 statement: updated 
guidelines for reporting parallel group randomized trials. BMJ. 2010;340:c332.14
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The mechanism of emergence delirium is still unclear, but it may be correlated with rapid awakening, postoperative 
pain, preoperative anxiety, type of surgery, and preschool age.20,21 In this randomized clinical trial, approximately half of 
the subjects experienced emergence delirium (defined as PAED scores ≥10) under general anesthesia in the control group, 
consistent with previous studies.22 Administering remimazolam 0.2 mg kg–1 at the end of surgery dramatically decreased 
the incidence of emergence delirium (from 44% to 12%), indicating that remimazolam is an alternative adjunct for 
preventing emergence delirium.

Rapid awakening has been described as a contributing factor to emergence delirium.23 The emergence delayed by an 
average of 7 min would suggest that the mechanism of action of the remimazolam transition may facilitate sevoflurane 
washout before the point of emergence. Interestingly, the results of the current study showed that the length of PACU stay 
was similar between the two groups. One explanation may be that remimazolam has a short elimination half-life and lacks 
cumulative properties.24 Our study showed that patients who suffered from inconsolable emergence delirium received timely 
treatment with propofol without delaying the discharge time from the PACU, which is in line with a previous study.6

A clinical study indicated that postoperative pain was an independent risk factor for emergence delirium,25 which 
must be considered when assessing emergence delirium. In the current study, we used 0.15% ropivacaine infiltration and 

Table 1 Demographic and Peri-Operative Characteristics

Remimazolam (n=51) Saline (n=50) P value

Age, yr 5 [4–6] 5 [5–6] 0.102

Female, n (%) 21 (41%) 18 (36%) 0.593

Height, cm 110 ± 10 112 ± 7 0.352

Weight, kg 20 [17–22] 19 [18–21] 0.777

ASA physical status, n (%) 0.825
I 42 (82%) 42 (84%)

II 9 (18%) 8 (16%)

m-YPAS score 33 [30–38] 32 [30–36] 0.546

Anesthesia time, min 60 [50–63] 55 [50–60] 0.077

Expired fraction of sevoflurane, % 2.4 [2.1–2.5] 2.4 [2.2–2.5] 0.731

Surgery time, min 34 ± 8 32 ± 5 0.175

Note: Data are presented as mean ± SD, median [IQR], or number (%). 
Abbreviations: ASA, American Society of Anesthesiologists; IQR, interquartile range; m-YPAS, modified Yale 
Preoperative Anxiety Scale; SD, standard deviation.

Figure 2 The peak PAED scores and the incidence of ED during the first 30 min in the postanesthesia care unit. 
Notes: (A) Horizontal lines within the boxplots indicate the median. The bottom and top of each box represent the 25th and 75th percentiles, respectively. Whiskers 
denote values within 1.5 times the interquartile range from the upper or lower quartile. (B) We defined emergence delirium as a PAED score ≥10. 
Abbreviations: PAED, pediatric anesthesia emergence delirium; ED, emergence delirium.
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intravenous 1 mg kg−1 flurbiprofen axetil injection to manage postoperative pain. Thus, the possibility of pain acting as 
a confounding factor was minimized. It has been suggested that “no eye contact”, “no purposeful action”, and “no 
awareness of surroundings” significantly correlate with emergence delirium; acute pain behavior tends to exhibit 
abnormal facial expressions, crying, and inconsolability.26 In addition, the FLACC scale was used to distinguish delirium 
from irritability caused by pain to the greatest extent, which showed no significant difference in both groups. A previous 
study also demonstrated that emergence delirium correlates with an increased anxiety.27 However, our results demon-
strated that children in the remimazolam and control groups had similar preoperative anxiety scores. In this study, 
children were accompanied by one of their parents in the preoperative holding area and PACU, which may help reduce 
their fear of unfamiliar surroundings.

There are several limitations to the study. First, we did not assess the dose–response relationship between remima-
zolam and emergence delirium. A single 0.2 mg kg–1 intravenous dose of remimazolam was selected based on our 
previous study28 and the pilot data. Second, our study was conducted as a single-center design, and we only included 
pediatric patients undergoing tonsillectomy and adenoidectomy, which is a risk factor for emergence delirium. Thus, the 
external validity of our findings needs to be further assessed. Third, the duration of follow-up was limited to 3 days, so 
the long-term effectiveness of remimazolam on emergence delirium is unclear.

Conclusion
The findings of this trial support that remimazolam 0.2 mg kg–1 administered at the end of surgery decreased the 
incidence of emergence delirium without delaying PACU discharge in children following tonsillectomy and adenoidect-
omy surgery under sevoflurane anesthesia.

Table 2 Postoperative Outcomes and Complications

Remimazolam (n=51) Saline (n=50) P value

Emergence time, min 21 [19–23] 14 [13–15] <0.001

Length of PACU stay, min 22 [19–25] 24 [21–25] 0.165

FLACC score in the PACU

10 min 2 [1–2] 2 [1–2] 0.203

20 min 1 [1–2] 2 [1–2] 0.110

30 min 1 [0–2] 1 [0–2] 0.250

Peak PAED scale score 7 [6–8] 9 [8–11] <0.001

Adverse events, n (%)

PONV 1 (2%) 2 (4%) 0.617

Bradycardia 0 0 N/A

Hypotension 0 0 N/A

Laryngospasm 0 0 N/A

Parental satisfaction (0–10) 9 [8–10] 8 [7–8] <0.001

Occurrence of PHBQ, n (%) 14 (27%) 18 (36%) 0.356

Note: Data are presented as median [IQR] or number (%). 
Abbreviations: FLACC, Face Legs Activity Cry Consolability; IQR, interquartile range; N/A, not applicable; 
PACU, postanesthesia care unit; PAED, Pediatric Anesthesia Emergence Delirium; PHBQ, Posthospitalization 
Behavior Questionnaire; PONV, postoperative nausea or vomiting; SD, standard deviation.
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Data Sharing Statement
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statistical analysis plan can be accessed upon reasonable request from the corresponding author (Dr Qiong Cheng, 
chengqiong13@126.com).
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