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EDITOR’S PERSPECTIVE
What We Already Know about This Topic

e In children, emergence delirium may occur after sevoflurane anes-
thesia. A range of agents has been found to reduce the risk of
delirium including midazolam. Remimazolam is a novel short-acting
benzodiazepine.

What This Article Tells Us That Is New

e |n a three-arm randomized controlled trial comparing incidence of
emergence delirium in children aged 1 to 6 yr undergoing laparo-
scopic hernia repair, those randomized to continuous intraoperative
infusion of remimazolam and those randomized to a single bolus of
remimazolam at the end of surgery both had a lower incidence of
emergence delirium compared to placebo controls.

ABSTRACT

Background: Preventing emergence delirium is a clinical goal for pediatric
anesthesia, yet there is no consensus on its prevention. This study investi-
gated the hypothesis that a continuous infusion or a single bolus of remima-
zolam can reduce the incidence of emergence delirium in children.

Methods: A total of 120 children aged 1 to 6 yr were randomly and equally
allocated into three groups: group RC, which received a continuous infusion of
remimazolam at 1mg - kg~' - h="; group RB, which received a single bolus of
remimazolam at 0.2mg - kg~ at the beginning of wound closure; and group
C, which received a continuous infusion of saline at 1ml - kg=' - h-" and a
single bolus of saline at 0.2ml - kg~' at the beginning of sutures. The primary
outcome was the incidence of emergence delirium assessed by the Pediatric
Anesthesia Emergence Delirium scale. Secondary outcomes included the
number of rescue propofol administrations in the postanesthesia care unit,
recovery time, and adverse events.

Results: Emergence delirium was observed in 14 of 40 (35%) patients in
group C, 2 of 40 (5%) patients in group RC (vs. group C, P = 0.001; risk ratio,
95% Cl: 0.14, 0.04 to 0.59), and 3 of 39 (7.7%) patients in group RB (vs.
group G, P=0.003; risk ratio, 95% Cl: 0.22, 0.07 to 0.71). Ten of 40 patients
in group C, 2 of 40 patients in group RC (vs. group C, P = 0.012; risk ratio,
95% Cl: 0.20, 0.05 to 0.86), and 2 of 39 patients in group RB (vs. group C, P
= 0.014; risk ratio, 95% Cl: 0.21, 0.05 to 0.88) needed rescue propofol. No
differences in the recovery time and adverse effects were detected.

Conclusions: Both continuous infusion and single bolus administration of
remimazolam can effectively reduce the occurrence of emergence delirium
in children.

(ANESTHESIOLOGY 2024; 141:500-10)

Sevoﬂurane is a commonly employed inhalational anes-
thetic in pediatric surgery, with properties of respiratory
tolerance, rapid onset, rapid offset, and hemodynamic stabil-
ity. However, emergence delirium may occur frequently in
children after sevoflurane anesthesia, with most frequently
reported rates ranging between 10 and 20%."™ The pres-
ence of emergence delirium can not only delay recover and
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increase healthcare costs but may also decrease parent satis-
faction scores with anesthesia.>”

Various pharmacologic interventions have been explored
to prevent or treat emergence delirium, including o -
adrenergic receptor agonists, opioids, and sedative agents.*"
Previously, midazolam has been reported to reduce the inci-
dence of emergence delirium in children.!'? Compared to
intranasal or oral routes, IV administration of midazolam is
the most commonly utilized method to prevent emergence
delirium." A single bolus of midazolam at 0.5mg - kg™* at the
beginning or end of surgery has been reported to reduce emer-
gence delirium.' However, the primary concern with using
midazolam to prevent emergence delirium in children is the
potential for delaying anesthesia recovery.” This is attributed
to midazolam having a relatively long half-life (ranging from
0.79 to 2.83 h), and its main metabolite, 1-hydroxymidazolam,
has been reported to be pharmacologically active."

Remimazolam, a novel, ultrashort-acting benzodiazepine,
has been successfully used for the induction and maintenance
of procedural sedation and general anesthesia. Similar to
remifentanil, remimazolam is rapidly hydrolyzed to a phar-
macologically inactive metabolite (CNS 7054) via nonspe-
cific tissue esterase activity. This process induces a unique
and favorable pharmacologic profile, including rapid onset
and offset of sedation and a predictable duration of action.
Additionally, it has the advantages of less respiratory and circu-
latory depression than opioids and propofol.” Compared to
midazolam, intravenous infusion remimazolam showed good
controllability with a high median (interquartile range) clear-
ance 0f 15.9 (12.9,18.2) ml - kg™ - min~' and a short terminal
half-life of 67 (49, 85) min."®

Despite its potential and advantages, the role of remim-
azolam in preventing emergence delirium in children has
not been thoroughly studied.Yang ef al. reported that remi-
mazolam at 0.2mg - kg™" at the end of adenotonsillectomy
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under sevoflurane anesthesia reduced the incidence of
emergence delirium in children."” However, tonsillectomy
procedures are often accompanied by severe postopera-
tive pain,'® which could potentially affect the assessment
of emergence delirium. Additionally, the study did not
observe the impact of continuous infusion of remimazolam
on emergence delirium. Therefore, this study aimed to
investigate the hypothesis that a continuous infusion or a
single bolus of remimazolam can reduce the incidence of

emergence delirium in children after laparoscopic surgery.

Materials and Methods
Study Design

The prospective, randomized, double-blind study was
performed after getting approval from the Institutional
Review Board of the Second Affiliated Hospital and Yuying
Children’s Hospital of Wenzhou Medical University (refer-
ence No. LCKY 2020-267; November 9, 2020) and regis-
tering at https://clinicaltrials.gov (NCT04621305; principal
investigator, Hua-Cheng Liu; registered on November 16,
2020). Written informed consent was obtained from the
parents or legal guardians of children enrolled in the trial.

Study Population

Inclusion Criteria. A total of 120 children, aged 1 to 6 yr,
American Society of Anesthesiologists (Schaumburg,
Mlinois) Physical Status I or II, with a body mass index for
age between the 25th and 85th percentiles,"

scheduled for laparoscopic inguinal hernia repair under

who were

general anesthesia with inhaled sevoflurane, were enrolled
in the study.

Exclusion Criteria. We excluded children with American
Society of Anesthesiologists Physical Status IIT or IV, those
with abnormal liver or kidney function, cardiovascular or
endocrine dysfunction, known allergy or hypersensitivity
to remimazolam, recent respiratory infection, developmen-
tal delay, or autism. Additionally, children were excluded if
they were under specialized care or lived in social welfare
institutions, or there were any other factors that could affect
their ability to participate in the study.

Data Collection

A paper case report form was designed for registration
of clinical data and study results. Data were stored in a
password-protected computer to maintain patients’ confi-
dentiality. The guidelines of Good Clinical Practice were
closely followed during the study. One investigator was
assigned to follow the patients throughout the entire study,
from the preoperative setting until recovery room discharge,
specifically to collect, store, and transfer data. A second
investigator was responsible for verifying the accuracy and
safety of the stored data.
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Randomization and Blinding

Randomization was performed in a 1:1:1 ratio according
to a computer-generated randomization table (SPSS Inc.,
USA) generated before commencing the study.

Blinding and Drug Preparation. Group assignments were con-
cealed usingsequentially numbered,opaque,sealed envelopes,
which were maintained by an independent investigator. All
the study drugs (remimazolam) or the saline were prepared
by an independent pharmacist. The powder of remima-
zolam besylate (25 mg,Yichang Humanwell Pharmaceutical
Co., Ltd., China) was dissolved in saline to achieve a con-
centration of 1mg - ml™". The study drug and saline were
indistinguishable in color and syringe size and dispensed in
identical containers to ensure blinding. During the main-
tenance period, each group of children received either the
study drug or normal saline at a rate of 1ml - kg™' - h™".
Additionally, a single bolus of the study drug (dose,
0.2ml - kg") or placebo was administered to each group
5min before the end of the surgery. Study participants,
observers, and attending anesthesiologists were all blinded
to the group allocation and study drug administered, adher-
ing to the principles of blinding.

Standardized Procedure

Induction and Maintenance of Anesthesia. Participant charac-
teristics and modified Yale Preoperative Anxiety Scale were
recorded in the preoperative waiting area. No premedica-
tion was administered.

Standard anesthesia monitoring including contin-
uous electrocardiography, pulse oximetry, Bispectral
Index (BIS), and noninvasive blood pressure was begun
before induction of anesthesia. The values were recorded
every 5min. Anesthesia was induced with fentanyl (2 to
2.5 pg - kg™, propofol (2 to 2.5mg - kg™'), and cisa-
tracurium (0.1mg - kg™") with 100% oxygen at a flow
rate of 6 1 - min™'. After successful anesthesia induction,
a laryngeal mask airway (Ambu AuraOnce, China) was
placed after the children’s muscles were relaxed and they
were unconscious.

The randomization assignment for the child was opened
after induction of anesthesia as follows:

1. Control group (group C): Continuous infusion of nor-
mal saline at a rate of 1ml - kg' - h™" was begun and
stopped at the time of beginning wound closure (about
5min before the end of the operation). After the contin-
uous infusion was stopped, a single IV bolus of 0.2ml -
kg ' normal saline (time, 30s or less) was administered.

2. Remimazolam continuous infusion group (group RC):
Continuous infusion of remimazolam at a rate of 1 mg -
kg™ -h™' (1ml-kg™' - h™') was begun and stopped at the
time of beginning wound closure (about 5min before
the end of the operation). After the continuous infusion
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was stopped, a single IV bolus of 0.2ml - kg™ normal
saline (time, 30s or less) was administered.

3. Remimazolam bolus group (group RB): Continuous
infusion of normal saline at a rate of 1ml - kg' - h™!
was begun and stopped at the time of beginning wound
closure (about 5min before the end of the operation).
After the continuous infusion was stopped, a single IV
bolus of 0.2mg - kg™ remimazolam (time, 30s or less)
was administered.

During maintenance of anesthesia, sevoflurane was
dynamically adjusted to maintain the BIS near 50 (range,
40 to 60) and the vital signs within 20% of their baseline
values. An air/oxygen (50%) mixture was delivered at a flow
rate of 21+ min~'. The end-tidal sevoflurane concentrations
and vital signs were recorded every 5 min after the remima-
zolam or normal saline infusion was initiated. The end-tidal
pressure of carbon dioxide was maintained between 35 and
45 mmHg by adjusting the respiratory rate and tidal vol-
ume. Supplemental doses of 0.5 to 1 pg - kg™' of fentanyl
were used based on the anesthesiologist’s judgment, par-
ticularly if the blood pressure or heart rate (HR) exceeded
20% of baseline values, yet insufficient sedation was ruled
out as a cause.

Analgesia was supplemented by a 0.5 mg - kg™ single IV
bolus of ketorolac tromethamine and 0.2ml - kg™ 0.75%
ropivacaine local infiltration at the wound site.” All patients
received an intravenous dose of 0.15mg - kg™ dexameth-
asone after the induction of anesthesia to prevent postop-
erative nausea and vomiting.”' At the end of the surgery,
sevoflurane was discontinued, and the oxygen flow was
increased to 51 - min~'. Muscle blockade was antagonized
with neostigmine 0.02mg - kg™' and atropine 0.01mg -
kg™ !'.The laryngeal mask airway was removed when patients
resumed spontaneous breathing with adequate tidal volume
(6ml - kg™ or greater) and a respiratory frequency of 15
breaths - min™! or more.

Recovery from Anesthesia. In the PACU, a single trained
study member, blinded to the group allocations, was
responsible for documenting the Pediatric Anesthesia
Emergence Delirium scale (PAED) and Face, Legs, Activity,
Cry, Consolability (FLACC) scores at 0, 5, 10, 20, and
30 min after emergence from anesthesia. Additionally, if any
signs suggestive of emergence delirium appeared during
these intervals, immediate assessments using the PAED and
FLACC scales were conducted. The diagnostic process of
emergence delirium and the treatment procedure is sche-
matically presented in figure 1.

1. PAED less than 10, FLACC 1 to 3: Patients who were
not experiencing emergence delirium or pain. No spe-
cial intervention required.

2. PAED less than 10, FLACC 4 to 6: Patients with mod-
erate pain but no emergence delirium. Managed with
intravenous acetaminophen at a dosage of 10mg - kg™'.

Cai et al.
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3. PAED less than 10, FLACC 7 to 9: Patients with severe
pain but no emergence delirium. Treated with intrave-
nous fentanyl at a dosage of 0.5 pg - kg™

4. PAED 10 or greater, FLACC 1 to 3: Patients with emer-
gence delirium but no pain.

5. PAED 10 or greater, FLACC 4 to 6: Patients with
moderate pain. Pain was treated by intravenous
administration of 10mg - kg™ acetaminophen. After
5min, the PAED score was reassessed. The child was
diagnosed with emergence delirium if the reassessed
PAED score remained 10 or higher,??* regardless of
the FLACC score.

6. PAED 10 or greater, FLACC 7 to 9: Patients with severe
pain. Pain was treated by intravenous administration of
0.5 pg - kg fentanyl. After 5min, the PAED score was
reassessed. The child was diagnosed with emergence
delirium if the reassessed PAED score remained 10 or
higher, regardless of the FLACC score.

Children diagnosed with emergence delirium received
initial comfort measures. If these were ineffective, 1 mg -
kg™! propofol was administered.

The

Hypotension was defined as a systolic arterial pressure less

following adverse events were recorded.

than (70 mmHg + 2 times age in years),”* bradycardia as
a HR less than 60 beats -
ing, respiratory depression (respiratory rate fewer than 10

min~'. All episodes of vomit-

breaths - min~! or oxygen saturation less than 90% for more

than 1min),”

and laryngospasm were recorded. Children
were observed in the recovery room for at least 30 min
after emergence from anesthesia. When a modified Aldrete
score of 9 was reached, the child was discharged from the

PACU.

Study Outcomes

The primary outcome was the incidence of emergence
delirium. Figure 1 shows the diagnostic process of emer-
gence delirium. If the PAED score was 10 or higher and the
FLACC score was less than 4, the child was diagnosed with
emergence delirium. If the PAED score was 10 or higher and
the FLACC score was 4 or greater, the child first received
analgesic treatment—intravenous administration of 10mg -
kg™ acetaminophen for FLACC scores between 4 and 6,
and intravenous administration of 0.5 pg - kg™ fentanyl for
FLACC scores of 7 or higher. The child was reassessed 5min
after analgesic treatment. The diagnosis of emergence delir-
ium was confirmed if the reassessed PAED score remained
10 or higher,?** regardless of the FLACC score.
The secondary outcomes were as follows:

1. The number of rescue doses of propofol administered in
the PACU.

2. The end-tidal concentration of sevoflurane required to
maintain a BIS within 40 to 60.

3. Blood pressure and HR at 5min, 10 min, 15min, and
20min after the drug infusion started.

Remimazolam for Reducing Emergence Delirium

4. Blood pressure and HR immediately before (O min) and
at 1 min, 3min, and 5min after a single bolus of remim-
azolam or saline.

5. At the occurrence of postoperative pain, as defined by
FLACC scores 4 or greater; the FLACC scores were
evaluated at 0, 5, 10, 20, and 30min after emergence
from anesthesia.

6. Recovery time was the time from the cessation of sevo-
flurane to the point when the child was awakened and
responded readily to their name spoken in a normal tone
of voice. This includes instances in which the child’s
response may have been delayed due to emergence
delirium.

7. The incidence of adverse events.

Outcome Measures

The diagnostic process of emergence delirtum is presented in
figure 1,assessed by the PAED scale (Supplemental Table S1,
https://links.lww.com/ALN/D572).2#% Postoperative pain
was measured using the FLACC pain score (Supplemental
Table S2, https://links.lww.com/ALN/D572).* The mod-
ified Yale Preoperative Anxiety Scale (Supplemental Table
S3, https://links.lww.com/ALN/D572) is a score designed
to assess anxiety in children before surgery.®

Anesthesia time was defined as the time between initial
administration of anesthesia and the cessation of sevoflu-
rane. Surgery time was the time from the first incision to
completing the final sutures.

Sample Size

In our pilot study involving 40 participants, we observed a
55% incidence of emergence delirium in the control group
(11 of 20) and 20% in each treatment group (2 of 10).
Therefore, we predicted emergence delirium rates of 55%
for the control group and 20% for the treatment groups.
Assuming that the o error is 0.025 (0.05/2) and the power
is 0.80, the required number of patients is 96. Estimating a
20% dropout rate, 120 children were needed in this study
(PASS 15.0).

Statistical Methods

The data were analyzed by SPSS version 24.0 for Windows
(SPSS Inc.). The normality of distribution of continuous
variables was tested by Shapiro—Wilk test. Continuous vari-
ables with normal distribution are presented as mean + SD,
whereas nonnormal continuous variables are presented as
median (interquartile range). Continuous variables include
FLACC score, postoperative fentanyl consumption, recov-
ery time, end-tidal concentration of sevoflurane, blood
pressure, and HR. Continuous variables with a normal
distribution were compared among the three groups using
one-way ANOVA. Only if the ANOVA test was significant,
the P value for pairwise comparisons was calculated using
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Student’s f test with Bonferroni correction. Kruskal-Wallis
nonparametric tests, with Mann—Whitney tests for pairwise
comparisons, were used for variables not conforming to
normal distribution. Median differences (and 95% CI) were
calculated with Hodges—Lehmann estimators. Categorical
variables include the incidence of emergence delirium,
incidence of rescue propofol for emergence delirium, inci-
dence of postoperative pain, incidence of rescue fentanyl,
and incidence of rescue acetaminophen. Categorical vari-
ables are presented as number and percentage, and their
intergroup comparison were performed by chi-square test
or Fisher exact test. Repeated-measures data, including
blood pressure and HR, were analyzed using mixed-eftects
model analysis. All statistical tests were two-sided, and a P
value <0.05 was considered significant. In multiple com-
parisons, the pairwise comparison test level was adjusted to
0.05/number of comparisons.

Results

A total of 120 children were randomly allocated in this
clinical trial. One child in group RB was excluded due to
the need for conversion from laparoscopic to open surgery.
A total of 119 children were included in the final analysis
(fig. 2). The baseline characteristics, anesthesia and surgi-
cal times, intraoperative fentanyl consumption, and stop of
the infusion/bolus times of the three groups were similar

(table 1).

Incidence of Emergence Delirium, FLACC, and Recovery
Time

In the group RC, there were three children initially hav-
ing PAED 10 or greater with FLACC in the range of 4
to 6. After acetaminophen treatment, two of these chil-
dren no longer met the criteria for delirium due to the
reassessed PAED scores decreasing to less than 10. In the
group RB, there were two children initially having PAED
10 or greater with FLACC in the range of 4 to 6, and
two children having PAED 10 or greater with FLACC
7 or greater. After analgesia treatment, the two children
treated with acetaminophen no longer met the criteria for
delirium, while the two children who received fentanyl
continued to exhibit PAED scores 10 or greater, leading
to a diagnosis of emergence delirium. In group C, there
were six children initially having PAED 10 or greater with
FLACC in the range of 4 to 6, and four children having
PAED 10 or greater with FLACC 7 or greater. After anal-
gesia treatment, four of these children (three treated with
acetaminophen and one with fentanyl) no longer met the
criteria for delirtum. For details on the diagnostic process
and results, see figure 3.

Emergence delirium was observed in 14 of 40 (35%)
patients in group C, 2 of 40 (5%) patients in group RC (vs.
group C, P = 0.001; risk ratio, 95% CI: 0.14, 0.04 to 0.59),
and 3 of 39 (7.7%) patients in group RB (vs. group C, P
= 0.003; risk ratio, 95% CI: 0.22, 0.07 to 0.71). Ten of 40

Assessed both PAED and FLACC scores

PAED score <10

PAED score =10

[

l

'|

FLACC score FLACC score FLACC score FLACC score FLACC score FLACC score
(0-3) (4-6) (7-10) (0-3) (4-6) (7-10)
Acetaminophen Fentanyl Acetaminophen Fentanyl
10 mg kg™, i.v. 0.5 ug kg™, iv. 10 mg kg™, iv. 0.5 ug kg™, i.v.
Re-assess over 5 minutes
I I
PAED score 210 PAED score <10
v v l l
Non-ED ED Non-ED

Fig. 1. The diagnostic process of emergence delirium. ED, emergence delirium; FLACC, Face, Legs, Activity, Cry, Consolability; PAED,
Pediatric Anesthesia Emergence Delirium scale.
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Table 1. Subject Characteristics and Clinical Data

Group RC (n = 40)

Group RB (n =39)

Remimazolam for Reducing Emergence Delirium

Group C (n = 40)

Sex, male/female

Age, yr

Weight, kg

Modified Yale Preoperative Anxiety Scale
Anesthesia time, min

Surgery time, min

Stop of infusion/bolus time, min*
Intraoperative fentanyl consumption, g

30/10
3.0(2.1,4.3)

15.0 (12.6,17.3)
46.67 (34.17, 60.00)
38.50 (34.25, 48.25)
25.00 (21.00, 32.25)

5.00 (4.00, 6.00)

30.0 (26.3, 38.0)

29/10
2.8(1.8,5.1)

15.0 (12.0, 18.0)
43.33 (28.33, 60.00)
42.00 (33.00, 49.00)
28.00 (22.00, 37.00)

6.00 (5.00, 6.00)

30.0 (25.0, 40.0)

33/7
2.6(1.9,4.5)

15.0 (1.1, 18.0)
44.17 (34.17, 55.00)
41.50 (35.25, 46.00)
23.50 (21.25, 32.75)

5.00 (4.20, 6.00)

30.0 (24.3, 38.0)

Data are expressed as median (interquartile range) or number. Continuous variables are presented as median (interquartile range) because they were not normally distributed, as
determined by Shapiro-Wilk test. Group C, control group; Group RC, remimazolam continuous infusion group; Group RB, remimazolam bolus group.

*Stop of infusion/bolus time, min: the time from stop of infusion/bolus remimazolam or placebo to end of anesthesia.

Written informed consent obtained
n=120

A

Enrollment and randomized
Allocation n=120

A

Allocated to Group RB n=40
*Converted to open surgery n=1

Allocated to Group RC n=40 Allocated to Group C n=40

Follow-up

A

Lost to follow-up n=0 Lost to follow-up n=0 Lost to follow-up n=0

Analysis

A

Analyzed n=40 Analyzed n=39 Analyzed n=40

Fig. 2. CONSORT (Consolidated Standards of Reporting Trials) flow diagram. Group C, control group; Group RC, remimazolam continuous

Cai et al.

infusion group; Group RB, remimazolam bolus group.

(25%) patients in group C, 2 of 40 (5%) patients in group
RC (vs. group C, P = 0.012; risk ratio, 95% CI: 0.20, 0.05
to 0.86), and 2 of 39 (5.1%) patients in group RB (vs. group
C, P = 0.014; risk ratio, 95% CI: 0.21, 0.05 to 0.88) needed
rescue propofol. There was no significant difference among
the three groups in recovery time and FLACC scores in the
PACU (table 2).

Remimazolam and Sevoflurane

The area under the curve for the end-tidal concentration
of sevoflurane from 0 to the end of surgery in group RC
was significantly reduced by approximately 20% compared
to groups RB and C (group RC vs. group RB, median

difference, —11.13; 95% CI, —20.75 to —0.25, P = 0.013;
group RC vs. group C, median difference, —9.00; 95% CI,
—-16.75 to —1.50; P = 0.003).

Hemodynamics

After continuous infusion of drug was started, there
was no significant main effect of the group or interac-
tion effect of time with group in systolic blood pressure,
diastolic blood pressure, mean arterial pressure, and HR
(Supplemental Table S4, https://links.lww.com/ALN/
D572). After administering a single IV bolus of drug, there
was no significant main effect of the group or interac-
tion effect of time with group in systolic blood pressure,
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Group RC PAED210, FLACC<4
(n=1)
PAED210, FLACC4-6 PAED>10 ED
(n=3) (n=1) (n=2)
PAED210, FLACC27
(n=0)
Group RB PAED210, FLACC<4
(n=1)
PAED210, FLACC4-6 PAED210 ED
{n=2) (n=0) (n=3)
PAED210, FLACC27 PAED210
(n=2) (n=2)
PAED210, FLACC<4
Group C (n=8)
PAED210. FLACC4-6 PAED210 ED
(n=6) (n=3) (n=14)
PAED210, FLACG27 PAED210
(n=4) (n=3)
initial assess Reassess Diagnosis

Fig. 3. The detailed results of the diagnostic process of emergence delirium. Group C, control group; Group RC, remimazolam continuous
infusion group; Group RB, remimazolam bolus group. ED, emergence delirium; FLACC, Face, Legs, Activity, Cry, Consolability; PAED, Pediatric

Anesthesia Emergence Delirium scale.

diastolic blood pressure, or mean arterial pressure; there
was a significant main effect of the group (P < 0.001),
but the interaction between the group and time was not
significant (P = 0.174) in HR. Compared with group C,
children in group RB had significantly higher mean HR
values at 3 and 5min after administering a single bolus
of remimazolam (P = 0.004; P < 0.001; Supplemental
Table S5, https://links.lww.com/ALN/D572). Children
in group RC had significantly higher mean HR values at
0, 1, 3, and 5min after stopping infusion of remimazolam
than in group C (P = 0.007, P = 0.009, P = 0.001, P <
0.001, respectively; Supplemental Table S5, https://links.
lww.com/ALN/D572).

Safety

One child experienced vomiting in group RC. None
of the children experienced bradycardia, hypotension,
hypoxemia, or laryngospasm. No other severe adverse
events were noted.

ANESTHESIOLOGY 2024; 141:500-10

Discussion

This prospective randomized double-blind study aimed
to evaluate whether continuous infusion or a single bolus
of remimazolam can reduce the incidence of emergence
delirium in children undergoing laparoscopic surgery with
sevoflurane anesthesia. We found that both a continuous
infusion and a single bolus of remimazolam effectively
reduces the incidence of emergence delirium with stable
hemodynamics and few adverse reactions.

In this study, we found that both continuous infusion
and a single bolus of remimazolam exhibited similar
efficacy in preventing emergence delirium in children,
reducing the incidence from 35% to 5% and 7.5%,
respectively. These results align with a previous study,
which demonstrated that a single bolus of remimazolam
reduced the incidence of emergence delirium from
44% to 12% in children undergoing tonsillectomy and
adenoidectomy with sevoflurane anesthesia.'”” Notably,
our study suggested a reduced incidence of emergence
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Table 2. Postoperative Assessments

Remimazolam for Reducing Emergence Delirium

Difference (95% Cl)
Group RC Group RB Group C P
(n = 40) (n=39) (n = 40) Value RC vs. RB RC vs. C RB vs.C
Incidence of emergence 2 (5%)** 3(7.7%)* 14 (35%) <0.001 Risk ratio, 0.65 Risk ratio, 0.14 Risk ratio, 0.22
delirium, n (%) (0.12, 3.68) (0.04,0.59) (0.07,0.71)
Incidence of rescue propofol for 2 (5%)* 2 (5.1%)* 10 (25%) 0.006 Risk ratio, 0.98 Risk ratio, 0.20 Risk ratio, 0.21
emergence delirium, n (%) (0.14,6.58) (0.05, 0.86) (0.05, 0.88)
FLACC score 0.0(0.0,3.00 0.0(0.0,3.0 2.0(0.0,4.0) 0.214  Median difference, Median difference, Median difference,
0.0(0.0,0.0) 0.0 (-2.0,0.0) 0.0 (-2.0,0.0)
Postoperative pain, n (%) 9 (22.5%) 7 (17.9%) 15 (37.5%) 0.116 Risk ratio, 1.25 Risk ratio, 0.60 Risk ratio, 0.48
(0.52, 3.03) (0.30,1.21) (0.22,1.05)
Incidence of rescue fentanyl, 1(2.5%) 2 (5.1%) 5(12.5%) 0.180 Risk ratio, 0.48 Risk ratio, 0.20 Risk ratio, 0.41
n (%) (0.05,5.16) (0.24,1.64) (0.09, 1.25)
Incidence of rescue 8 (20%) 5 (12.8%) 10 (25%) 0.387 Risk ratio, 1.56 Risk ratio, 0.80 Risk ratio, 0.51
acetaminophen, n (%) (0.56, 4.36) (0.35,1.82) (0.19,1.37)
Postoperative fentanyl 0.0(0.0,0.00 0.0(0.0,0.0 0.0 (0.0,0.0) 0.177  Median difference, Median difference, Median difference,
consumption, pg 0.0(0.0,0.0) 0.0(0.0,0.0) 0.0 (0.0,0.0)
Recovery time, min 48.00 39.00 40.50 0.133  Median difference, Median difference, Median difference,

(38.00, 53.75)

(31.00,51.00)  (30.25, 53.50)

4.50 (-1.00, 12.00)

6.00 (-1.00, 12.00)

1.00 (-6.00, 8.00)

Cai et al.

Data are expressed as median (interquartile range) or number (proportion). Group C, control group; Group RC, remimazolam continuous infusion group; Group RB, remimazolam

bolus group.
Compared with group C, *P < 0.05/3; **P < 0.01/3.

delirium, possibly attributed to the use of minimally
invasive laparoscopic surgery, which is a less painful
surgical procedure than tonsillectomy. In this study,
the preventive effect of remimazolam on emergence
delirium appears to be similar to the effects observed
with commonly used drugs in other studies. A previ-
ous study reported that single dose of dexmedetomi-
dine and propofol reduced the incidence of emergence
delirium from 40.6% to 9.4% and 13.9%, respectively.?
Future research could explore the relative merits and
drawbacks of remimazolam in preventing emergence
delirium, aiming to offer a more comprehensive
evaluation of diverse preventive strategies. In adults,
remimazolam-based total intravenous anesthesia pro-
vided a similar quality of recovery to propofol under-

30 Further research is needed to

going thyroid surgery.
investigate whether remimazolam as a primary agent for
anesthesia would yield favorable postoperative recovery
outcomes in children.

In terms of postoperative recovery, the recovery time
in the group RC was 9min longer than that observed in
the other two groups. This finding contradicts what one
would expect from the rapid metabolism pharmacokinetic
profile of remimazolam and is inconsistent with previ-
ous studies involving the administration of remimazolam
as a single agent.'® Since flumazenil was not employed in
our study,” we cannot definitively attribute the delayed
awakening solely to remimazolam accumulation. Further
research 1s warranted to confirm whether children under-
going continuous remimazolam infusion experience longer
postoperative recovery times compared to anesthesia with
sevoflurane or propofol.

Postoperative pain is a major confounding factor for
emergence delirium.®* To minimize the impact of pain
on the diagnosis of emergence delirium, several measures
were taken. First, we selected laparoscopic surgery, which
is associated with minimal pain stimuli, and provided the
same analgesic regimen to all patient groups. The results
showed no statistical difference in pain levels among the
three groups. Second, we employed both FLACC and
PAED scoring to distinguish between postoperative pain
and delirium in the postoperative phase. However, the
“Restless” and “Inconsolable” aspects of the PAED scale
overlap with the symptoms of pain.**** Therefore, we did
not immediately diagnose children with an initial PAED
score 10 or greater and FLACC score 4 or greater as hav-
ing postoperative delirium; instead, we reassessed the PAED
score 5min after analgesic administration to diagnose
whether emergence delirium had occurred, aiming to miti-
gate the potential influence of pain on postoperative emer-

t.> Nevertheless, we observed a

gence delirium assessmen
higher incidence of postoperative pain in the control group,
which may be related to the higher incidence of emergence
delirium 1n this group, because some cases of emergence
delirium may be misdiagnosed as postoperative pain, just
as some cases of postoperative pain may be misdiagnosed as
emergence delirium.?

To ensure consistent anesthesia depth among the three
groups, BIS was used to monitor the depth of anesthe-
sia. However, controversy exists regarding the correlation
between remimazolam and BIS. Hence, when the BIS was
maintained at 40 to 60, some children in the RC group may
have achieved undesired deeper sedation. Furthermore, con-
tinuous infusion of remimazolam significantly reduced the
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consumption of sevoflurane with BIS-guided anesthesia. The
results of a recent cohort study demonstrated that sevoflurane
dose was not associated with delirium severity or incidence.”

Two studies reported that both continuous infusion and
a single bolus of remimazolam could increase HR in healthy
volunteers.**** Similar results were found in groups RC and
RB, which may be attributed to the pharmacologic proper-
ties of remimazolam. However, the increase in HR observed
in the group RC after discontinuation of the drug may be
attributed to a rapid decline in anesthesia depth. Overall, the
observed changes in HR are minor and acceptable.

Both continuous infusion and a single bolus of remim-
azolam can effectively reduce the incidence of emergence
delirium in children. Compared with continuous infusion,
a single bolus of remimazolam is more convenient and does
not delay postoperative recovery. However, continuous
infusion of remimazolam can reduce intraoperative sevo-
flurane consumption by about 20%. Therefore, compared
with a single bolus of remimazolam, continuous infusion
may reduce patient costs and the environmental impact of
sevoflurane.

Limitations

Although we attempted to ensure a comparable depth of
anesthesia with the BIS monitor, the relationship between
sevoflurane with and without remimazolam and the
BIS are poorly understood in children. Second, short-
term or long-term postoperative effects on the patient’s
behavior and cognition were not evaluated in this study.
Third, pharmacokinetic data and information on clini-
cal application of remimazolam in children are limited,;
the dosage in this study was based on adult data and our
pilot study data. Fourth, we chose intravenous fentanyl
for patients in severe pain, and fentanyl itself has sedative
effects, which might skew our study result. Despite the
fact that we specifically selected surgical procedures with
minimal pain stimuli and implemented measures to pre-
vent postoperative pain, it is important to emphasize that
measuring emergence delirium in surgeries where pain is
not a prominent feature is preferred.’® Last, this study is
a single-center study, and the conclusion should be vali-
dated by multicenter studies.

Conclusions

Both continuous infusion and a single bolus of remima-
zolam can effectively reduce emergence delirium in chil-
dren by sevoflurane anesthesia with stable hemodynamics
and few adverse reactions.
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ANESTHESIOLOGY REFLECTIONS FROM THE WOOD LIBRARY-MUSEUM

Sir Arthur Conan Doyle, M.D.: Champion of Medical Realism

La précieuse bouteille était en morceaus
sur le pavé (p. 47).

Sir Arthur Conan Doyle, M.D. (1859 to 1930), prolific British author best known for his tales of Sherlock
Holmes, began publishing fiction as a young medical student at the University of Edinburgh. After having little
success as a general practitioner (GP) and then as an ophthalmologist in England, he left medicine for writing in
1891.A few years later, he published Round the Red Lamp (1894),a collection of stories that stirred controversy for
their realistic portrayal of medicine. In the book’s preface, Doyle emphasized that depicting the pain and sorrow
intrinsic to illness would startle readers out of their routine lives, drawing forth their “nobler qualities.” One story,
“The Curse of Eve,” focused on the unpopular topic of childbirth. It portrayed the protagonist,“a commonplace
man’’ named Robert Johnson (leff), grappling with fear and anxiety as his wife, Lucy, nearly dies during labor. (In
the initial draft, Lucy had indeed expired; Doyle’s cadre of writers had warned him to soften the tale.) An espe-
cially harrowing scene shows Mr. Johnson, at the GP Dr. Miles’ orders, racing through the city to retrieve a bottle
of “A.C.E. mixture,” only to see it crash onto the pavement (lower right) as he calls on an additional physician for
help. Dr. Miles had requested the A.C.E. mixture to sedate Lucy after diagnosing her with a weak heart. Late
19th-century British physicians believed that the anesthetic’s 1:2:3 ratio of alcohol, chloroform, and ether miti-
gated the cardiodepressive and arrhythmogenic effects of chloroform alone. (Copyright © the American Society
of Anesthesiologists’ Wood Library-Museum of Anesthesiology. www.woodlibrarymuseum.org)
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