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Background: To investigate the effects of nalbuphine on emergency agitation (EA), which affects up to 80% of the children
following otolaryngology procedures, in children undergoing cochlear implantation.

Methods: A prospective double-blinded randomized controlled clinical trial was conducted between November 2020 and
October 2022. Eligible children, aged 6 months to 3 years old, were randomly assigned to either 0.1 mg/kg, 0.15 mg/kg, 0.2 mg/kg
nalbuphine or 0.9% saline groups. EA was defined by the Pediatric Anesthesia Emergence Delirium (PAED) score >10. Extubation
time, post-anesthesia care unit (PACU) length of stay, severe EA (PAED > 15), peak PAED score, the Faces, Legs, Activity, Cry, and
Consolability (FLACC) scale, Ramsay sedation score, and adverse events were also recorded.

Results: A total of 104 children were enrolled, with 26 children in each group. Nalbuphine significantly reduced the EA occurrence
from 73.1% in the saline group to 38.5%, 30.8%, and 26.9% in the 0.1 mg/kg, 0.15 mg/kg, and 0.2 mg/kg nalbuphine groups,
respectively (P < 0.001), without affecting the extubation time and PACU length of stay. More children (34.6%) in the 0.9% saline
group experienced severe EA. Higher dose nalbuphine (0.15 mg/kg, 0.2 mg/kg) showed lower peak PAED score, better analgesia and
sedation effect compared with 0.1 mg/kg nalbuphine and saline groups. However, 0.2mg/kg nalbuphine caused undesired over-
sedation in two (7.7%) children. No other adverse events were reported.

Conclusion: Young children undergoing cochlear implantation surgery were at a high risk of EA and postoperative pain, while
0.2 mg/kg nalbuphine might be an ideal candidate for EA and pain prevention when used under close monitoring.

Trial Registration: ChiCTR2000040407.
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Introduction

As one of the most common postoperative complications in children, emergence agitation (EA) refers to a status of
inconsolable crying, agitation, restlessness, disorientation, delusions, and hallucinations, with transient loss of memory
and cognition.' The occurrence of EA ranged from 10 to 80% in children who received general anesthesia,” which could
result in displaced surgical dressings, dislodged drainage tubes or intravenous catheters, patient injury, and delayed
recovery,' as well as an increased risk of long-term maladaptive behaviors.> Successful prevention and treatment of EA
can mitigate perioperative complications and help ensure favorable postoperative outcomes.

The risk factors of EA include young age (<3 years old), otolaryngology surgeries, inhalation anesthesia, anxiety and
postoperative pain.* Cochlear implantation, which is a common procedure used to treat profound hearing loss affecting
about 4.8-6.4% of the young children, was found to frequently cause postoperative EA.”> However, the prevalence and
optimal management of EA in children undergoing cochlear implantation remains largely unknown.

In current clinical practice, fentanyl, remifentanil, sufentanil, and alfentanil are commonly used to reduce the
occurrence and severity of EA during the surgical operation.®” However, these medications have their own limitations.
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For example, fentanyl prolonged post-anesthesia care unit (PACU) length of stay and increased the occurrence of
postoperative nausea and vomiting (PONV).® Sufentanil could lead to respiratory suppression,’ and remifentanil could
cause a high postoperative analgesic requirement.® As a semi-synthetic opioid, nalbuphine is a k-opioid receptor agonist
and partial p-opioid receptor antagonist. It has moderate analgesic effects with less frequent side effects, such as
respiratory depression, PONV, and pruritus.’ Therefore, nalbuphine is considered as a relatively safe analgesic and
commonly used in pediatric patients.'”'" Prior research has shown that 0.1 mg/kg of nalbuphine could significantly
decrease the occurrence of EA in children during magnetic resonance imaging (MRI) examination, adenotonsillectomy
and ophthalmic surgery.'*'*

In the present study, we performed a prospective double-blinded randomized controlled clinical trial with the aim to

investigate the dose-dependent effects of nalbuphine on EA in children undergoing cochlear implantation.

Materials and Methods
Study Design and Participant Enrollment

We performed a prospective double-blinded randomized controlled clinical trial in Xijing Hospital, Xi’an, China,
between November 2020 and October 2022. This study was approved by the medical ethics committee of Xijing
Hospital (KY20202089-F-1) and written informed consent was obtained from all subjects participating in the trial.
The trial was registered prior to patient enrollment at Chinese Clinical Trial Registry (ChiCTR2000040407, http://www.
chictr.org.cn/showproj.aspx?proj=64844, Principal investigator: Yan Li, Date of registration: 2020.11.28). The parents or

healthcare guardians of pediatric patients signed the informed consent. The manuscript adheres to the applicable
CONSORT guideline and the study complied with the Declaration of Helsinki.

The inclusion criteria were children aged 6 months to 3 years old, with American Society Anesthesiologists (ASA)
grade I or II, and scheduled for cochlear implantation. Children were excluded from the study if they had a history of 1)
neurological and psychiatric disease; 2) premature birth; 3) mental retardation; 4) important organ comorbidities; 5)
recent use of analgesic or sedative drugs; or 6) serious genetic disease(s).

Randomization and Double-Blinding
Based on a computer-generated randomization table, eligible children were assigned into one of the following four
groups: 0.1 mg/kg nalbuphine, 0.15 mg/kg nalbuphine, 0.2 mg/kg nalbuphine, or 0.9% saline group.

The group allocation was concealed in sealed opaque envelopes. An independent nurse opened the sealed envelope.
Depending on the group assignment and body weight, the nurse prepared the required dose of nalbuphine solution and
diluted it with normal saline to the final volume of 5 mL. The anesthetist, who evaluated the Pediatric Anesthesia
Emergence Delirium (PAED) score,'” the Faces, Legs, Activity, Cry and Consolability (FLACC) scale,'® and modified
Ramsay sedation score,'” was specially trained and blinded to the allocations. The children and their parents or
healthcare guardians were also not aware of the allocations.

Study Protocol
After the informed consent process, the baseline clinical information was recorded. All children were fasted for at least 6
h and received 2 pg/kg of intranasal dexmedetomidine 30 mins before the surgery. After inhalation of 8% sevoflurane
(delivered with 6 L/min 100% oxygen) and venous catheterization, dexamethasone (0.1 mg/kg), sufentanil (0.3 pg/kg),
propofol (1.5-2.0 mg/kg), and vecuronium (0.1 mg/kg) were injected for the anesthetic induction, which was followed by
the endotracheal intubation. The general anesthesia was maintained via inhalation of 2—-3% sevoflurane (delivered with 2
L/min mixed oxygen) and infusion of 0.1-0.3 pg/kg/min remifentanil, with 8-10 mL/kg in tidal volume, 18-25 breaths/
min to keep ETCO, at 35-45 mmHg. Non-invasive blood pressure, heart rate, pulse oximetry and end-tidal carbon
dioxide were continuously monitored throughout the surgery. At 15-30 mins before the end of the surgery, nalbuphine or
saline was given intravenously.

Upon completion of the surgery, sevoflurane and remifentanil were discontinued, and the oxygen flow was increased
to 6 L/min. The endotracheal tube was removed when the respiratory, swallowing reflex, and cough reflex were
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recovered. Then, children were transferred to the PACU for further monitoring while routinely under 2 L/min oxygen
supply through a face mask.

Outcome Measurements

The primary outcome was the occurrence of EA, which was defined as PAED > 10 at 10, 20, or 30 mins after
extubation.'® When the PAED score >15, it was considered severe EA.'® We chose 30 min as the observation duration
since most EA has been reported to occur during this time period."”

The secondary outcomes included extubation time (duration from anesthetics cessation to extubation), EA severity
(peak PAED scores at each observation time point), pain severity (FLACC scale), and sedation level (modified Ramsay
sedation score). Children with a FLACC > 4 were considered insufficient analgesia. Subjects received 1 mg/kg
flurbiprofen axetil intravenously as “rescue analgesia” in all groups. We also documented the duration of surgery and
anesthesia, the PACU length of stay and the adverse events, including PONYV, pruritus, laryngospasm, and oxygen
desaturation (peripheral oxygen saturation <92%).>° PONV was evaluated by experienced PACU nurses and defined as
an active attempt to vomit with or without expulsion of gastric contents.>' All children were observed for 6 h after the
surgery, while the FLACC scale and Ramsay score were assessed at 10, 20, and 30 min, as well as 1, 3, and 6 h after
extubation.

Statistical Analysis

The sample size was calculated using Power Analysis and Sample Size (PASS) Software (version 15, Kaysville, Utah,
USA). According to a previous study, the occurrence of EA in preschool children was 40% with sevoflurane anesthesia.**
Our preliminary data suggested that the occurrences of EA were approximately 20%, 10%, and 5% in the 0.1 mg/kg,
0.15 mg/kg, and 0.2 mg/kg nalbuphine groups, respectively. According to the overall differences of multi-group rates,
a sample size of at least 26 children in each group would have a power (1-B) of 80% and a two-sided-type I error of 5%,
considering a dropout rate of 10%.

Data were analyzed using SPSS statistical software version 26.0 (IBM, USA) and Prism 6 software (GraphPad
Software, Inc, La Jolla, CA, USA). The Kolmogorov—Smirnov test was used to test the normality distribution. The
continuous data were presented as mean =+ standard deviation (SD) or median and interquartile range (IQR) according to
the normality test. The categorical data were reported as the number (percentage, %). The continuous data with normal
distribution were analyzed by one-way analysis of variance followed by Tukey post hoc test. Non-normally distributed
continuous data were analyzed by the Kruskal-Wallis rank-sum test. Generalized linear mixed (GEE) model was used in
repeated measurement data. Ordered categorical data were analyzed using the Kruskal-Wallis H-test, whereas disordered
categorical data were analyzed using the Chi-square test or Fisher’s exact test with P value adjusted according to the
Bonferroni method. A P < 0.05 was considered statistically significant.

Results

Participant Enrollment and Baseline Characteristics

One hundred and twenty children were assessed. Finally, 104 children were allocated randomly into four groups (26 in
each group). The recruitment details are shown in Figure 1. There were no significant differences in patient character-
istics, including age, sex distribution, height, and weight among the four groups (Table 1). The extubation time, operating
duration, and PACU length of stay were also comparable among these groups.

Emergency Agitation

As shown in Table 2, the occurrences of EA (PAED > 10) for the 0.15 mg/kg and 0.2 mg/kg nalbuphine groups were
30.8% (P < 0.05) and 26.9% (P < 0.05), respectively, which was significantly lower than that (73.1%) in the 0.9% saline
group. Furthermore, the occurrence of EA decreased with the increasing dose of nalbuphine, as indicated by the
statistically lower occurrence of EA in the 0.2 mg/kg nalbuphine group compared with those in the 0.1 mg/kg (P <
0.05) and 0.15 mg/kg nalbuphine groups (P < 0.05).
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Figure | CONSORT flow diagram.

The occurrence of severe EA (PAED > 15) and peak agitation scores show a similar trend. Nine (34.6%) children in
the 0.9% saline group suffered from severe EA, whereas only three (11.5%) children in the 0.1 mg/kg nalbuphine group
and one (3.8%) child in the 0.15 mg/kg nalbuphine group were affected. There were no children with severe EA in the

0.2 mg/kg nalbuphine group (P = 0.001).

The peak PAED scores in the 0.15 mg/kg nalbuphine group (9.5 £ 4.2) and 0.2 mg/kg nalbuphine group (5.5 £ 3.2) were
significantly lower than that in the 0.9% saline group (13.0 = 4.7) (P = 0.003, P < 0.001, respectively). Meanwhile, the peak

Analyzed (N=26)

Analyzed (N=26)

Table | Clinical Characteristics of the Participating Children

Variables 0.1 mgl/kg 0.15 mglkg 0.2 mg/kg 0.9% Saline P
Nalbuphine (N=26) Nalbuphine (N=26) Nalbuphine (N=26) (N=26)

Age (months) 18.5 +9.2 233+ 10.0 20.5 + 87 233 + 86 0.104?
Sex (boy), N(%) 13 (50) 12 (46.2) 13 (50) 18 (69.2) 0.333°
Height (cm) 828+ 11.0 878 %108 86.7%11.0 862+ 75 0.163 2
Weight (kg) 119 +38 12.3 + 3.0 1.6 +23 123 +22 0.442*
Operating duration (min) 127.3 £ 58.2 117.3 £ 482 121.9 + 48.1 101.3 £ 57.6 0.055
Extubation time (min) 13.5+54 155 + 6.9 6.1 7.0 13.7 £ 49 05152
PACU length of stay (min) 43.1+£5.4 432 +54 43.6 £5.1 42.9 5.0 0.948 2

Notes: Data are presented as mean = SD or number (%). P values indicate that at least one of the groups is different. *Analyzed using one-way ANOVA with Turkey’s post

hoc tests. ®Analyzed using Chi-square test.
Abbreviation: PACU, post-anesthesia care unit.

Table 2 Emergence Agitation and Postoperative Pain Comparisons Among Different Groups

Variables 0.1 mg/kg 0.15mg/kg 0.2 mg/kg 0.9% Saline P
Nalbuphine (N=26) | Nalbuphine (N=26) | Nalbuphine (N=26) | (N=26)

EA (PAED 2 10), N (%) 10 (38.5) 8 (30.8)* 2 (26.9)%, * 19 (73.1) <0.001 2

Severe EA (PAED 2 15), N (%) 3 (11.5) I (3.8)* 0 (0)* 9 (34.6) 0.001 ®

Peak PAED score 9.5+ 29 8.3 + 3.9% 5.5 + 3.2% #3% 11.9+ 4.5 <0.001 ®

FLACC 2 4, N (%) 16 (61.5) 9 (34.6) 2 (7.7)%, # 17 (65.4) <0.0012

Notes: Data are presented as mean + SD or number (%). P values indicate that at least one of the groups is different. *Analyzed using Chi-square test orFisher’s exact test.

PAnalyzed using one-way ANOVA with Turkey’s post hoc tests. *Compared with 0.9% saline group, P < 0.05; *Compared with 0.1 mg/kg nalbuphine group, P < 0.05; %,

compared with 0.15 mg/kg nalbuphine group P < 0.05.
Abbreviations: EA, emergency agitation; PAED, Pediatric Anesthesia Emergence Delirium scale; FLACC, the Face, Legs, Activity, Cry and Consolability scale.
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PAED score was lower in the higher dose of nalbuphine group, (0.2 mg/kg nalbuphine group, 5.5 & 3.2) than those in the
0.1 mg/kg nalbuphine group (10.5 + 3.2) and 0.15 mg/kg nalbuphine group (9.5 +4.2) (P = 0.001, P = 0.032, respectively).

The results of agitation scores at different time points were also in consistent with previous findings (P < 0.001,
Figure 2A). The significant differences of PAED score between low-dose nalbuphine and control groups gradually
disappeared after 10 mins in the 0.1 mg/kg nalbuphine group and 20 mins in the 0.15 mg/kg nalbuphine group. Only the
0.2 mg/kg nalbuphine group had a persistent and significantly lower PAED score.

Postoperative Analgesia
We studied the FLACC score to evaluate the analgesic effect of nalbuphine. Seventeen children (65.4%) in the 0.9%
saline group had insufficient analgesia (FLACC > 4), which was significantly higher than those in children who received
nalbuphine, with sixteen (61.5%), nine (34.6%), and two (7.7%) children in the 0.1 mg/kg, 0.15 mg/kg, and 0.2 mg/kg
nalbuphine groups, respectively (P < 0.001, Table 2). The analgesic effect of nalbuphine also showed the dose-dependent
effect, since the occurrence of insufficient analgesia in the 0.2 mg/kg nalbuphine group was significantly reduced
compared with the 0.9% saline and 0.1 mg/kg nalbuphine groups (P < 0.001, Table 2).

Notably, 0.15 mg/kg nalbuphine caused significant reduction in FLACC score during the first 20 mins postoperatively, while
the analgesic effect of 0.2 mg/kg nalbuphine could last 1 h after the procedure (P < 0.001, Figure 2B). There was no difference in
FLACC score between nalbuphine groups and 0.9% saline group at 3 and 6 h after the surgery (P > 0.05, Figure 2B).
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§ 10+ 0.15 mg/kg nalbuphine group
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Figure 2 Comparisons of PAED, FLACC, and modified Ramsay score among different groups at different time points after extubation (A-C).

Notes: Data were shown as mean * SEM, analyzed using GEE models. &0.1 mg/kg nalbuphine group vs 0.9% saline group, P < 0.05; #0.15 mg/kg nalbuphine group vs 0.9%
saline group, P< 0.05, * #0.15 mg/kg nalbuphine group vs 0.9% saline group, P< 0.01; *0.2 mg/kg nalbuphine group vs 0.9% saline group, P< 0.05, *¥0.2 mg/kg nalbuphine group
vs 0.9% saline group, P < 0.01.

Abbreviations: PAED, Pediatric Anesthesia Emergence Delirium scale; FLACC, the Face, Legs, Activity, Cry and Consolability scale.
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Table 3 Comparisons of Postoperative Sedation Among Different Groups

0.1 mg/kg 0.15 mgl/kg 0.2 mg/kg 0.9% Saline P
Nalbuphine (N=26) Nalbuphine (N=26)** Nalbuphine (N=26)** (N=26)
Ramsay sedation scores, N(%) <0.001
[ 22 (84.6) 12 (46.2) Il (42.3) 22 (84.6)
24 4 (15.4) 14 (53.8) 13 (50.0) 4 (15.4)
>4 0 (0.0) 0 (0.0 2(7.7) 0 (0.0)

Notes: Data are presented as number (%). P value indicate that at least one of the groups was different. Analyzed using Kruskal-Wallis H-test. *Compared with 0.9% saline
group, P < 0.05; #Compared with 0.1 mg/kg nalbuphine group, P< 0.05.

Postoperative Sedation

According to the modified Ramsay score, an anxious child was scored as 1, which was more frequently observed in the
0.1 mg/kg nalbuphine group (84.6%) and 0.9% saline group (84.6%) than the 0.15 mg/kg nalbuphine group (46.2%) and
0.2 mg/kg nalbuphine group (42.3%, P < 0.01. Table 3). Meanwhile, the percentages of children with satisfactory
sedation (Ramsay = 2—4) was higher in the 0.15 mg/kg nalbuphine group (53.9%) and 0.2 mg/kg nalbuphine group
(50.0%) than those in the 0.1 mg/kg nalbuphine group (15.4%) and 0.9% saline group (15.4%, P < 0.05. Table 3). There
was no difference in over-sedation (Ramsay > 4) between nalbuphine groups and the 0.9% saline group (P > 0.05,
Table 3).

Specifically, 0.2 mg/kg nalbuphine significantly elevated Ramsay score to achieve relatively satisfactory sedative
effect during the first 30 mins after recovery, while 0.15 mg/kg nalbuphine improved the Ramsay score within 10 mins
after extubation (P < 0.001, Figure 2C). However, 0.2 mg/kg nalbuphine caused undesired over-sedation in two (7.7%)
children within 30 mins after extubation without statistical significance. There was no difference in Ramsay score
between nalbuphine groups and the 0.9% saline group at 1, 3, and 6 h after surgery (P > 0.05, Figure 2C).

Side Effects

Although 0.2 mg/kg nalbuphine caused undesired oversedation in two children within 30 mins after extubation, neither of
them had hypoxemia, apnea, laryngospasm, PONYV, or pruritus, suggesting 0.1-0.2 mg/kg nalbuphine was safe in the
population studied. In addition, no side effects, hypoxemia, apnea, laryngospasm, PONV, or pruritus, were observed in
the other groups.

Discussion

In the present study, we demonstrated that the occurrence of EA and postoperative pain was 73.1% and 65.4% in children
undergoing cochlear implantation surgery without nalbuphine administration, respectively. Nalbuphine applied 15-30
mins before the end of the procedure could alleviate EA and postoperative pain and provide satisfactory postoperative
sedation. A higher dose of nalbuphine could have stronger efficacy, without affecting extubation time, PACU length of
stay, or serious adverse side effects.

EA is one of the most common complications in pediatric anesthesia, especially in toddler and preschool children
receiving sevoflurane-based anesthesia. The occurrence of EA has been attributed to several factors, including age,
postoperative pain, surgery type, and operative duration.* Previous studies have mainly focused on children undergoing
adeno-tonsillectomy and found the occurrence of EA was up to 72%.> In the present study, we found the occurrence of
EA was 73.1% in children undergoing cochlear implantation because of difficulties in communication, which is similar to
adeno-tonsillectomy. In a retrospective anesthesia chart review, the occurrence of EA was reported as 2.63% in children
undergoing cochlear implantation.”* The difference in EA occurrence might be due to the study design, older age,
medications used during the procedure, and/or surgical techniques. Nevertheless, our results further emphasized the
importance of EA management after cochlear implantation.

As an agonist-antagonist opioid analgesic, nalbuphine has been widely used in pediatric anesthesia because of its
moderate analgesic effect and safety.”'' The reported onset and peak action time after intravenous nalbuphine
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administration are 1-2 min and 30 mins, respectively. Meanwhile, EA typically presents in the early recovery phase with
an average of 14 minutes after the general anesthesia.”® Therefore, nalbuphine was applied 15-30 min before the end of
surgery in our study.

Most recently, a retrospective cohort analysis revealed that 0.1 mg/kg nalbuphine in preschool children undergoing
ophthalmic surgery reduced PAED score to <6 and FLACC scale to <3 during the recovery period.'? In addition, 0.1 mg/
kg of nalbuphine showed a significant EA reduction in children during MRI examination, which showed a better effect
than 0.25 mg/kg of ketamine.'> However, ophthalmic surgery or MRI examination only cause mild pain or discomfort
during and after the procedures. Another multi-center RCT study investigated the effect of nalbuphine on EA occurrence
in children, aged 3-9 years, that underwent adenotonsillectomy under general anesthesia. In consistent with our results,
they confirmed that 0.1 mg/kg nalbuphine could significantly alleviate EA and postoperative pain.'* Given the older age,
the incidence of EA decreased to 28.39% in control group, indicating surgery and nalbuphine may exhibit different
influence in EA in different age groups. Further, the above research only investigated a single-dose formula of
nalbuphine, whether higher dosage is more effective and safer needs to be addressed. To fill in the gap, we conducted
the present study in children aged 6 months to 3 years old, who are most sensitive to general anesthesia associated
neurological impairs, and explored the effect of 3 increasing dosages from 0.1 mg/kg to 0.2 mg/kg of nalbuphine.
Intriguingly, nalbuphine dose-dependently reduced the occurrence and severity of EA, as well increased the duration of
EA reduction effect, which provided an important extension of nalbuphine’s clinical application in young children
undergoing otorhinolaryngologic surgery.

As demonstrated previously, postoperative pain is an important risk factor of EA in children. The risk of EA increased
1.32 times for every 1-point increase in the pain intensity.”® It has been reported that the occurrence of acute moderate
and severe postoperative pain in children is as high as 60%.?” Further, 68.9% of children require analgesics after cochlear
implantation.”® Our findings further confirmed that most children (65.4%) suffer from postoperative pain after cochlear
implantation surgery. A higher dose of nalbuphine could provide favorable analgesic effect. Unlike fentanyl,® nalbuphine
did not influence the extubation time and PONV even at a high dose of 0.2 mg/kg. Our results were also consistent with
the study of Liaqat et al, which reported a satisfactory analgesic effect of nalbuphine at a dose of 0.2 mg/kg.*” Taken
together, the available evidence suggests that nalbuphine might be an attractive candidate for postoperative pain
prevention. Notably, the postoperative PAED score and FLACC scale shared a similar trend, further supporting that
the postoperative pain intensity is highly correlated with EA.

Satisfactory sedation is a mitigation for EA. Brenner et al reported that 0.1 mg/kg nalbuphine with midazolam could
provide satisfactory sedation in infants and children under caudal anesthesia.”’ Animal studies also revealed that 1-2 mg/
kg nalbuphine promoted mild sedation,*® while 0.3—1 mg/kg nalbuphine decreased the degree of sedation induced by
morphine and acepromazine due to its partial antagonism effect.’! Our results showed that 0.1mg/kg nalbuphine was not
enough to promote sedation, whereas 0.15 and 0.2 mg/kg nalbuphine could achieve satisfactory sedation. However, 2
children in 0.2 mg/kg nalbuphine group showed excessive sedation without prolonged PACU length of stay, suggesting
the oversedation of 0.2 mg/kg nalbuphine might not influence postoperative recovery. Further research on the safety of
high-dose nalbuphine usage is required.

The main concern of opioid application during the surgical procedure is delayed recovery, respiratory distress, PONV,
and pruritus. However, we found no difference in the PACU length of stay and no adverse events reported in the study
groups. We hypothesize that the safety profile may be derived from the following: Firstly, we administered nalbuphine at
15-30 min before the end of surgery, which minimized the possibility of prolonged extubation time. Secondly,
dexamethasone was applied as a premedication, which has been confirmed to be effective to prevent PONV in patients
undergoing cochlear implant surgery.* Thirdly, intravenous administration of nalbuphine (3 and 10 mg) has been shown
to be an effective treatment of opioid-induced pruritus due to its partial antagonism effect.>* Future large sample studies
should be performed to validate our findings.

Limitations of our study included small sample size and single-center research. Large scale, multi-center clinical trials
are necessary to confirm our findings. We only studied the effects of nalbuphine on EA after sevoflurane inhalation
anesthesia for cochlear implantation. Future studies are required to investigate the nalbuphine effects under other types of
general anesthesia.
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Conclusions

In

conclusion, young children undergoing cochlear implantation surgery were at a high risk of EA and postoperative

pain, which could be minimized by nalbuphine administration. Compared with 0.1 mg/kg and 0.15 mg/kg nalbuphine,

0.2 mg/kg nalbuphine could have more powerful and prolonged effect on EA, postoperative pain, and sedation, might be

an ideal dose when used under close monitoring.
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