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Abstract
Background  Anxiety during anesthesia induction can lead to various negative outcomes and psychological burdens 
in children undergoing surgery. Nonpharmacological interventions are available for reducing anxiety in this context. 
However, due to a lack of evidence from head-to-head randomized controlled trials (RCTs), the specific effects of 
these methods on children with anxiety during anesthesia induction remain unclear.

Objective  This network meta-analysis aimed to evaluate the comparative effects of all known nonpharmacological 
interventions for reducing anxiety in children during anesthesia induction and to rank these interventions based on 
their practical applicability.

Design  Systematic review and Bayesian network meta-analysis.

Methods  We searched PubMed, Embase, CINAHL, Cochrane Library, and Web of Science to identify articles published 
up to August 2024. Two reviewers independently assessed eligibility of potential studies and extracted data. Outcome 
measures of the meta-analysis were the anxiety levels of children during anesthesia induction, the anxiety levels 
of parents, and the child’s compliance during anesthesia induction. A consistency model was selected to conduct 
a network meta-analysis to evaluate the relative effects and rank probabilities of different nonpharmacological 
interventions.

Results  A total of 34 RCTs with 3,040 participants and six intervention methods were included. All trials confirmed 
the safety of the six intervention methods, with no significant adverse events reported. The network meta-analysis 
showed that the Passive Distraction Intervention (PDI)-Parental Presence at Induction of Anesthesia (PPIA), Interactive 
Distraction Intervention (IDI)-PPIA, IDI, PDI, and PPIA interventions were associated with more substantial reductions 
in anxiety than usual care. However, the studied interventions showed no statistically significant differences for 
reducing parental anxiety. The PPIA, IDI, and IDI-PPIA interventions also improved compliance during anesthesia 
induction.
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Background
Over six million patients under 18 years of age undergo 
surgery with general anesthesia in America each year [1, 
2]. About 50–67% of these youth experience periopera-
tive anxiety [3–7], which typically peaks during anesthe-
sia induction [8]. Children with higher anxiety levels face 
a 3.5-fold increased risk of behavioral problems during 
induction than those with lower anxiety levels [9]. Addi-
tionally, heightened anxiety during anesthesia induction 
can lead to prolonged induction times and reduced com-
pliance with the process [10]. Therefore, reducing anxiety 
in children during anesthesia induction is essential.

Anesthesia induction is the process of transitioning a 
patient from a conscious to operable state, and it typi-
cally takes several minutes [11]. Both nonpharmacologi-
cal and pharmacological methods can be employed to 
manage preoperative anxiety [3]. Premedication is an 
established method for alleviating anxiety in children, 
and midazolam, a rapid-acting benzodiazepine, is com-
monly administered. However, this medication is asso-
ciated with several adverse effects, including opioid 
interactions, impaired psychomotor performance, para-
doxical reactions, disorientation, and excessive sedation 
[12]. Additionally, routine sedative use before surgery can 
increase costs by necessitating more bed space and staff-
ing, particularly for short outpatient procedures. Finally, 
excessive sedation in the post-anesthesia care unit may 
lead to delayed discharges [13].

Recent randomized controlled trials (RCTs) and 
meta-analyses have evaluated the effects of various non-
pharmacological interventions for reducing periopera-
tive anxiety, including preoperative tours; visiting the 
operating room before surgery; explaining anesthesia 
knowledge [14]; parental presence during induction of 
anesthesia [15–17]; virtual reality (VR); using the inter-
net, smartphones, or tablets; web programs [18–25]; 
music therapy [26, 27]; clown doctors or clowns [28, 29]; 
psychological therapy [30]; interventions for parents [31]; 
and anesthesia mask interventions [10, 32]. However, 
the relative effects of these methods on children remain 
unclear due to a lack of evidence from head-to-head 
RCTs. Most RCTs have been usual-care controlled, and 
only a few have been head-to-head comparisons of dif-
ferent nonpharmacological interventions [21, 24, 33, 34]. 
Furthermore, most previous meta-analyses have only 
combined studies with the same pair of nonpharmaco-
logical interventions [35, 36].

The complexity of the various nonpharmacological 
interventions, along with the lack of head-to-head RCTs, 
complicates the identification of the most effective strat-
egy for alleviating anxiety in children during anesthesia 
induction using traditional pairwise meta-analysis meth-
ods. However, a network meta-analysis is a method that 
enables indirect comparisons of all nonpharmacological 
interventions with common comparators within a single 
framework. It allows for a quantitative analysis of the 
results while simultaneously combining and comparing 

Conclusions  Our study confirmed that some nonpharmacological interventions are effective at reducing anxiety 
in children and enhancing compliance during anesthesia induction. Therefore, we recommend several interventions 
for clinical practice, including the PDI-PPIA, IDI-PPIA, PDI, IDI, and PPIA when working with children undergoing 
anesthesia induction.

Registration  We registered this network meta-analysis with PROSPERO (registration no. CRD42022262874).

Clinical trial number  Not applicable.

Key messages
What is already known
• During anesthesia induction, higher anxiety levels in children can prolong the induction process and reduce 
compliance. Furthermore, children experiencing higher anxiety levels are at an increased risk of behavioral issues 
compared to those with lower anxiety levels during induction.
• Nonpharmacological methods are effective at reducing children’s anxiety levels during anesthesia induction.
• Conventional meta-analyses can only provide direct comparative evidence; therefore, it is largely unknown which 
nonpharmacological interventions are most effective at reducing anxiety in children during anesthesia induction.
What this paper adds
•PDI-PPIA, IDI-PPIA, IDI, PDI, and PPIA showed statistically significant abilities to decrease anxiety during anesthesia 
induction.
•This review found that PDI-PPIA therapy was the most effective intervention for decreasing anxiety in children 
during anesthesia induction.
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all direct and indirect evidence [37]. Therefore, to provide 
evidence for clinical nursing decisions, we conducted this 
systematic review and Bayesian network meta-analysis of 
RCTs to compare and rank the efficacy of various non-
pharmacological interventions for managing children’s 
anxiety during anesthesia induction.

Theoretical framework
In his work on attention and effort, Kahneman proposed 
the theory of “capacity limitations,” which posits that 
attention is a limited cognitive resource used for recog-
nizing and processing stimuli. When engaging in multi-
ple activities simultaneously, these activities compete for 
this finite amount of attention [38]. However, activities 
that engage the senses more, will garner more attention. 
According to the “multiple source theory” proposed by 
Wickens, multisensory stimulation, such as those hav-
ing both visual and auditory inputs, can activate more 
resources and effectively divert attention, allowing chil-
dren to focus more on the activity at hand rather than 
on upcoming stressors, such as an impending anesthe-
sia induction or surgery. Based on the capacity limita-
tion and multiple source theories, nonpharmacological 
interventions can be classified into either interactive or 
passive distraction interventions based on whether they 
involve direct interaction by the child. Interactive dis-
traction interventions directly engage children with toys, 
technological devices, or people to stimulate multiple 
senses, such as the auditory, visual, tactile, and kines-
thetic systems, thereby diverting attention away from 
the upcoming anesthesia induction. This approach can 
involve activities like playing video games or using VR. 
In contrast, passive distraction interventions involve hav-
ing children focus on one or two of their senses, such as 
auditory or visual stimuli, without directly interacting 
with the stimuli in order to shift their attention. Exam-
ples include listening to music or watching cartoons. The 
interventions in the included studies were categorized 
into the following groups: the Usual Care group, Parental 
Presence at Induction of Anesthesia (PPIA) group, Pas-
sive Distraction Intervention (PDI) group, Interactive 
Distraction Intervention (IDI) group, Interactive Distrac-
tion Intervention with PPIA (IDI-PPIA) group, Passive 
Distraction Intervention with PPIA (PDI-PPIA) group, 
and Intervention for Parents (IPG) group.

Objective
A network meta-analysis assessed the comparative 
effects of all known nonpharmacological interventions 
for reducing children’s anxiety during anesthesia induc-
tion and ranked the most effective interventions.

Methods
We conducted this network meta-analysis in accor-
dance with the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guideline 
extension statement for network meta-analyses [39]. 
We registered this study in PROSPERO (registration no. 
CRD42022262874).

Literature search strategy
We searched PubMed, Embase, CINAHL, Cochrane 
Library, and Web of Science for articles published up 
to August 2024. The search strategy systematically inte-
grated Medical Subject Headings (MeSH) terms, entry 
terms, and text-words: child OR children, anxiety (anxi-
ety OR anxious* OR anxiet*), anesthesia induction OR 
induction of anesthesia OR anaesthesia induction OR 
induction of anaesthesia, intervention (music OR PPIA 
OR toy* OR tour* OR internet* OR clown* OR virtual 
realit* OR game* OR cartoon* OR prepar* OR mask* 
OR parent*), randomized controlled trial (randomized 
controlled trial OR trial* OR controlled clinical trial* OR 
random* OR RCT*). The complete search strategies for 
all databases are provided in Supplementary Document 
2. Additionally, we screened reference lists of relevant 
primary studies to systematically identify and include eli-
gible studies in the review.

Criteria for inclusion
The inclusion criteria for this study were as follows: (1) 
study population: children (aged < 18 years) requiring 
surgery under general anesthesia; (2) intervention: non-
pharmacological interventions of unlimited forms; (3) 
control: the control group received usual care or a dif-
ferent nonpharmacological intervention than the experi-
mental group; (4) outcome: the anxiety levels of children 
during anesthesia induction (from wearing an anesthetic 
mask to loss of consciousness or starting intravenous 
anesthetic agents to loss of consciousness). (5) study 
design: RCTs.

The exclusion criteria were as follows: (1) repeatedly 
published or unpublished articles; (2) articles from which 
the main outcome data could not be obtained; and (3) 
articles that used two types of distraction interventions 
simultaneously in the experimental group.

Study selection and quality assessment
First, all search records were imported into EndNote 20, 
and duplicates were removed. Two independent review-
ers, Li and Peng, screened the literature for articles 
that met the inclusion criteria, with any disagreements 
resolved through consultation with a third researcher, 
Liao.

The Cochrane Risk of Bias Tool 2 was used to evaluate 
the risk of bias of all included articles by two reviewers 
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separately (Li and Peng). The Cochrane Risk of Bias Tool 
2 includes five parts: randomization process, devia-
tions from intended interventions, missing outcome 
data, measurement of the outcome, and selection of the 
reported result [40]. Each part was determined to have a 
low risk, some concern, or high risk of bias. A low risk of 
bias for an article was defined as having a low risk for all 
the items. A high risk of bias for an article was defined 
as having a high risk for at least one item. Some concern 
for an article was defined as having a concern related to 
at least one part. Disagreements were resolved by a third 
researcher (Liao).

Data extraction
Two reviewers, Li and Peng, created a comprehensive 
table summarizing the content of the included studies. 
This table included article details, such as the author 
names, countries, publication years, participant demo-
graphics, intervention and control methods, duration of 
interventions, measurement tools for outcomes, sample 
sizes, and reported outcomes. The data from these stud-
ies were collected independently by both reviewers.

Data analysis
A Bayesian network meta-analysis was conducted using 
Stata 14.0 and OpenBUGS software. A network meta-
analysis not only contains the outcomes of direct com-
parisons, but also combines these results with those of 
indirect comparisons, which are rarely reported in head-
to-head RCTs. The adjusted indirect treatment com-
parison method is specifically designed to evaluate two 
treatments when an indirect comparison can be made 
through a shared comparator [41, 42]. Post-intervention 
measurements were selected for comparison.

The standardized mean difference (SMD) and 95% 
percentile intervals are used as summary statistics in 
network meta-analyses when all studies assess the same 
outcome; however, they measure the outcomes in differ-
ent scales. The SMD expresses the size of the intervention 
effect in each study relative to the between-participant 
variability in outcome measurements. Thus, studies in 
which the mean differences are the same proportions 
of the standard deviation (SD) will have the same SMD, 
regardless of the actual scales used to make the measure-
ments [43]. In the present study, statistical significance 
was set at α = 0.05 [43] and the SMD was interpreted 
based on Cohen’s criteria; an SMD of 0.2 denoted a small 
effect size, 0.5 a moderate effect size, and 0.8 a large effect 
size [44].

	
SMD = difference in mean outcome between groups

standard deviation of outcome among participants

Global and local inconsistencies were assessed using 
inconsistency factors and node-splitting analyses, respec-
tively [45, 46]. A p-value of > 0.05 indicated no significant 
inconsistencies between the direct and indirect com-
parisons, and, in these cases, the consistency model was 
adopted. Otherwise, the inconsistency model was used 
to aggregate effect sizes and their 95% credible intervals 
(95% CrI) for the various interventions. The network 
meta-analysis utilized the Bayesian framework and Mar-
kov Chain Monte Carlo simulations in OpenBUGS. To 
mitigate initial value bias, we ran 100,000 iterations on 
three chains after 50,000 burn-in periods. The model 
was considered appropriate when the posterior mean 
residual deviance closely matched the number of uncon-
strained data points. The intervention hierarchy was 
assessed using the Surface Under the Cumulative Rank-
ing (SUCRA). A SUCRA value approaching 1 indicated 
greater efficacy, whereas a value closer to 0 suggested 
lower efficacy [47].

A subgroup analysis was performed to investigate the 
effects of six different interventions on anxiety of chil-
dren across different anesthesia induction methods (e.g., 
intravenous induction vs. inhalational induction). A 
funnel plot was used to evaluate the publication bias in 
included studies. A symmetric funnel plot indicated no 
publication bias in the network meta-analysis, whereas 
an asymmetric plot suggested potential bias, leading 
to the decision to exclude studies with a sample size of 
< 30 from the sensitivity analysis. Model convergence 
was assessed using the Potential Scale Reduction Factor 
(PSRF), with a value close to 1 indicating improved con-
vergence [48].

Results
The search results
Figure 1 shows a flow diagram of the study selection pro-
cess. A total of 1239 potentially relevant articles were 
identified through the electronic searches, along with 
four additional articles from other sources. After remov-
ing duplicates, 264 full-text articles were assessed for 
eligibility, resulting in 34 articles being included in the 
quantitative synthesis [10, 14, 16–19, 21, 22, 25–34, 49].

Study quality
The quality assessment results for the studies are pre-
sented in Fig. 2.

A critical appraisal of the studies indicated that most of 
the included studies had an acceptably low or moderate 
risk of bias. The most significant bias was observed in the 
item, “measurement of the outcome.”

Study characteristics
The main characteristics of the 34 included studies 
are summarized in Table  1. Of these studies, 11 were 
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conducted in the USA and seven in China. India and Italy 
each contributed three RCTs, whereas Canada, Turkey, 
and Korea each contributed two RCTs. Pakistan, Brazil, 
Denmark, France, the Netherlands, Japan, Sweden, the 
United Kingdom, and Iran contributed one RCT each. 
The total number of participants across all the included 
studies was 3,040, with ages ranging from 1 to 12 years.

In the included studies, 29 RCTs had two arms and 
five RCTs had three arms. In the included studies, 21 
conducted PPIA, nine conducted PDI, seven conducted 
IDI, four conducted PDI-PPIA, 14 conducted IDI-PPIA, 
and one conducted IPG. The number of participants 
per study ranged from 40 to 306. In these studies, IDI 
encompassed activities like playing on tablets, engaging 

in VR games, participating in video games, interacting 
with clowns or clown doctors, participating in Internet-
delivered or preoperative programs, and family-centered 
preparation [10, 20, 22–24, 54, 55, 58, 62]. PDI included 
methods such as music therapy, low sensory stimulation, 
passive video viewing, video clips, introduction or expo-
sure to masks, and streamed videos [26, 27, 32, 55, 60, 
63]. IDI-PPIA included parents being present at induc-
tion, as well as implementation of interactive distraction 
techniques for children [14, 18, 19, 21, 25, 28–31, 33, 34, 
54, 56, 57, 59, 61]. Similarly, PDI-PPIA involved paren-
tal presence during anesthesia induction and passive dis-
traction techniques for children [19, 34, 60]. IPG focused 
on providing health education to parents [31].

Fig. 2  Risk-of-bias assessment of included randomized controlled trials

 

Fig. 1  Study flow diagram
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In these studies, the instruments used to measure 
the children’s levels of anxiety during anesthesia induc-
tion included the modified Yale Preoperative Anxiety 
Scale (mYPAS), Yale Preoperative Anxiety Scale (YPAS), 
and the modified Yale Preoperative Anxiety Scale-Short 
Form (mYPAS-SF). The mYPAS consists of 22 items cat-
egorized into five groups: activity, emotional expressiv-
ity, state of arousal, vocalization, and use by parents [65], 
with a scoring range of 23 to 100. Higher scores indi-
cate higher levels of anxiety. The mYPAS-SF lacks items 
related to parental dependency, with higher scores indi-
cating higher anxiety levels. The Spielberg State-Trait 
Anxiety Inventory (STAI) is a self-report tool composed 
of two distinct scales for assessing the trait and state anx-
iety levels of parents. Both Likert-type scales range from 
20 to 80, with higher scores reflecting greater anxiety. 
The Induction Compliance Checklist (ICC) is an obser-
vational scale that evaluates a child’s compliance during 
anesthesia induction, with higher scores indicating lower 
behavioral compliance [17].

Kain’s articles from 2004, 1998, and 2001 [17, 27, 63] 
did not report means or standard deviations, instead 
providing line charts or box plots of mYPAS scores. 
Therefore, for these articles, data related to means, stan-
dard deviations (SD), medians, first quartiles, and third 
quartiles were extracted using GetData Graph Digi-
tizer (Getdata) [66], On the other hand, Eijlers’s article, 

Hashimoto’s article, Jung’s article, Kain’s article, Keri-
moglu’s article, and Kim’s article [19, 21, 24, 56, 60, 64] 
provided medians, first quartiles, and third quartiles, and 
we used Wan’s method to obtain the means and SDs [67]. 
The two intervention groups in Hatipoglu’s article [59] 
were combined since both involved passive interventions, 
in accordance with the Cochrane Handbook for System-
atic Reviews of Interventions [68].

Network meta-analysis of the primary outcome of 
children’s anxiety during anesthesia induction
Network map
The network map is shown in Fig. 3. The size of each node 
represents the number of participants in the included 
studies. The lines connecting the nodes represent direct 
comparisons between the studies, with the width of each 
line indicating the number of articles that compared the 
same interventions. The network map revealed that the 
most commonly studied interventions were the IDI-PPIA 
and PPIA, whereas fewer involved IPG.

Effects of interventions
The global and local inconsistency results showed no sta-
tistically significant differences for any interventions in 
the included studies (all p > 0.05). Therefore, a consistency 
model was used to combine the effect sizes and 95% CrIs 
in OpenBUGS. The posterior mean residual deviance 

Fig. 3  Network map. PPIA, Parental Presence during Induction of Anesthesia; PDI, Passive Distraction Intervention group; IDI, Interactive Distraction In-
tervention group; IDI-PPIA, Interactive Distraction Intervention with Parental Presence during Induction of Anesthesia group; PDI-PPIA, Passive Distraction 
Intervention with Parental Presence during Induction of Anesthesia group; IPG, Intervention for Parents group
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(74.97) was close to the number of unconstrained data 
points (73) in the model, indicating that the model was 
consistent and appropriate. Our analysis showed a PSRF 
close to 1, indicating effective model convergence and 
increased credibility of the parameter estimates.

The relative effects of the different interventions 
are presented as a league table in Table  2. Accord-
ing to our findings, PDI-PPIA therapy (SUCRA = 85%), 
IDI-PPIA therapy (SUCRA = 83%), IDI therapy 
(SUCRA = 49%), PDI therapy (SUCRA = 47%), and PPIA 
therapy (SUCRA = 32%) significantly reduced anxiety 
levels during anesthesia induction, while IPG did not 
(SUCRA = 52%). The results showed that, compared to 
usual care, PDI-PPIA therapy (SMD = -1.94, 95% CrI = 
-3.02, -0.86), IDI-PPIA therapy (SMD = -1.83, 95% CrI = 
-2.59, -1.07), IDI therapy (SMD = -1.18, 95% CrI = -1.92, 
-0.44), PDI therapy (SMD = -1.15, 95% CrI = -1.16, -0.44), 
and PPIA therapy (SMD = -0.91, 95% CrI = -1.54, -0.28) 
exhibited significant statistical differences. Additionally, 
compared to PPIA therapy, PDI-PPIA therapy (SMD 
= -1.03, 95% CrI = -1.97, -0.09) and IDI-PPIA therapy 
(SMD = -0.92, 95% CrI = -1.45, -0.39) also showed sig-
nificant statistical differences, while no significant differ-
ences were found for the other comparisons.

Sensitivity analysis
Our funnel plot indicated asymmetry and publication 
bias (P < 0.05), as shown in the Supplementary Material. 
Thus, we excluded studies with sample sizes below 30 
for the sensitivity analysis. The global inconsistency and 
node-splitting analyses showed no significant differences 
between the interventions (all P > 0.05). The posterior 
mean residual deviance (62.07) aligned with the number 

of data points (60), thereby confirming the suitability of 
the consistency model.

Our sensitivity analysis confirmed the findings across 
all studies. Compared to the Usual Care group, significant 
reductions in anxiety during anesthesia induction were 
observed with PDI-PPIA (SMD = -2.22, 95% CrI = -3.40, 
-1.04), IDI-PPIA (SMD = -1.94, 95% CrI = -2.82, -1.06), 
IDI (SMD = -1.29, 95% CrI = -2.09, -0.49), PDI (SMD = 
-1.19, 95% CrI = -1.90, -0.48), and PPIA (SMD = -0.97, 
95% CrI = -1.64, -0.30). Additionally, when compared to 
PPIA, both PDI-PPIA (SMD = -1.24, 95% CrI = -2.30, 
-0.18) and IDI-PPIA (SMD = -0.96, 95% CrI = -1.61, 
-0.31) showed significant reductions in anxiety. However, 
no significant differences were observed when comparing 
PDI-PPIA or IDI-PPIA with either IDI or PDI.

Subgroup analysis
Subgroup analyses by induction method were planned 
but could not be performed for intravenous induction 
due to network disconnection (only 5 studies), which 
violated the transitivity assumption required for indirect 
comparisons. Thus, analyses were limited to inhalation 
induction studies meeting NMA assumptions.

Twenty-nine articles involving six types of interven-
tions assessed the anxiety levels of 2443 children during 
inhalation induction. The results showed that, compared 
with usual care, IDI-PPIA (SMD = -2.21, 95% CrI = -3.03, 
-1.39), PDI-PPIA (SMD = -1.74, 95% CrI = -2.96, -0.53), 
IDI (SMD = -1.22, 95% CrI = − 2.02, -0.42), PDI (SMD 
= -1.14, 95% CrI=-1.84, -0.43), and PPIA (SMD = -0.86, 
95% CrI = -1.48, -0.23) exhibited significant statistical 
differences. Additionally, compared with PPIA and PDI, 
IDI-PPIA showed significant statistical differences (SMD 
= -1.35, 95% CrI = -1.98, -0.72; SMD = -1.07, 95% CrI 

Table 2  Network league table showing results of a network meta-analysis using the mean difference and 95% credible intervals for 
anxiety levels. Note. The treatments should be read from left to right. A mean difference of less than 0 favors the top left treatment
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= -2.09, -0.05, respectively). None were found for other 
comparisons.

Network meta-analysis of the secondary outcome of 
parental anxiety
This network map is presented in the Supplementary 
Materials. Ten articles involving five types of interven-
tions assessed the anxiety levels of 853 parents follow-
ing induction of anesthesia in their children. Of these, 
eight RCTs included two intervention arms and two 
included three arms. The network map demonstrated 
that IDI-PPIA and PPIA were the most frequently stud-
ied approaches. The results indicated that, when com-
pared to the Usual Care group, none of the interventions 
showed statistically significant differences in reducing 
parental anxiety. Furthermore, no statistically significant 
differences were observed between any two intervention 
groups.

Network meta-analysis of the third outcome of induction 
compliance of children
This network map is included in the Supplementary 
Materials. Eleven articles explored five types of interven-
tions and evaluated the induction compliance of 1,084 
children during anesthesia induction using ICC. Nine 
studies had two groups and two had three groups. The 
results showed that PPIA, IDI, and IDI-PPIA were sig-
nificantly different from those of the Usual Care group, 
whereas PDI and PDI-PPIA did not show significant 
differences.

Discussion
To the best of our knowledge, this is the first compre-
hensive network meta-analysis to consolidate evidence 
from all eligible studies related to nonpharmacologi-
cal interventions aimed at reducing anxiety in children 
during anesthesia induction. We conducted a network 
meta-analysis of 34 RCTs comparing six different inter-
ventions, both directly and indirectly, in 3,040 par-
ticipants. Compared with the Usual Care group, the 
PDI-PPIA, IDI-PPIA, IDI, PDI, and PPIA groups expe-
rienced significantly reduced anxiety during anesthesia 
induction.

The network meta-analysis indicated that PDI-PPIA 
had the highest likelihood (85%) of being the most effec-
tive intervention for reducing anxiety during anesthe-
sia induction, followed by IDI-PPIA (83%), IDI (49%), 
PDI (47%), and PPIA (32%). Our study also indicated 
that IDI and PDI therapies were effective for anxioly-
sis when administered independently; this observation 
aligned with the efficacy demonstrated in earlier research 
[35, 36]. According to Cohen’s criteria [44], an absolute 
value of SMD ≥ 0.8 indicates a large effect size. In our 

study, SMD values ranged from − 1 to -2, far exceeding 
this threshold and reflecting pronounced anxiety reduc-
tion in the intervention groups. To contextualize clini-
cal relevance, we compared these effects to the minimal 
clinically important difference (MCID) of 0.48 proposed 
by Jenkins et al. [69] (equivalent to midazolam’s anxio-
lytic efficacy). All non-pharmacological interventions, 
except interventions for parents, surpassed this bench-
mark, demonstrating clinically meaningful superiority 
over midazolam for mitigating pediatric anxiety during 
anesthesia induction. These findings robustly support the 
interventions’ effectiveness.

There are several potential mechanisms underlying 
this positive effect. First, because children tend to think 
in concrete terms rather than abstract concepts [70], dis-
traction techniques work well because they make con-
cepts more concrete and appealing [71]. This redirection 
helps enhance the child’s focus on the intervention and 
reduces the amount of attention devoted to an upcoming 
anesthesia induction and surgery. Indeed, our study dem-
onstrated that PPIA is an effective approach for reducing 
anxiety in children during anesthesia induction, and this 
finding is consistent with previous systematic reviews 
[72].

Several underlying mechanisms may have contributed 
to the positive effects of this particular intervention. 
First, maternal presence during anesthesia induction and 
recovery has been shown to reduce salivary cortisol lev-
els and alleviate anxiety in children [73]. Also, unfamil-
iar operating room environments and instruments can 
induce panic in children; however, parental accompani-
ment helps diminish their sense of unfamiliarity, thereby 
mitigating the adverse stimuli and stress responses asso-
ciated with the impending procedure [50]. Furthermore, 
the concurrent application of PDI and PPIA therapies, as 
well as the combination of IDI and PPIA therapies, has 
been found to produce a superior therapeutic effect com-
pared with PPIA therapy alone, indicating that these two 
therapies may enhance the effects of PPIA through a syn-
ergistic action. However, it is important to note that there 
was no significant difference in the effects of PDI-PPIA 
and IDI-PPIA compared to those of PDI or IDI alone. 
This finding indicates that, in some cases, employing PDI 
or IDI individually might be adequate for achieving the 
therapeutic goal.

Remimazolam, a novel ultra-short-acting benzodiaz-
epine, exhibits superior pharmacokinetic/pharmacody-
namic profiles compared with midazolam in pediatric 
anesthesia and sedation. While effective for anesthesia 
induction/maintenance and anxiety in children, its pedi-
atric use remains unresolved dosing regimens and lim-
ited comparative data. Current evidence is primarily 
derived from observational studies and case reports, with 
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few direct comparisons with alternative interventions 
[74, 75]. Prospective studies using standardized protocols 
are needed to confirm remimazolam’s efficacy in reduc-
ing children anxiety during pediatric anesthesia induc-
tion. A network meta-analysis should be conducted once 
sufficient high-quality studies confirm remimazolam’s 
efficacy in reducing children anxiety during anesthesia 
induction, thereby generating comprehensive evidence to 
guide the reduction of children anxiety during anesthesia 
induction.

Current non-pharmacological interventions for anxiety 
during anesthesia induction in children predominantly 
utilize passive or active distraction techniques. Stud-
ies have demonstrated that anesthesiologist-delivered, 
patient-centered communication effectively reduces 
preoperative anxiety in adults [76], though its efficacy in 
children remains underexplored. Future research should 
explore its application through: 1)developing personal-
ized, family-integrated intervention protocols guided by 
preoperative cognitive profiling (e.g., information-seek-
ing or avoidance tendencies); 2) integrating subconscious 
techniques (e.g., positive suggestion) during anesthesia 
induction; 3) implementing structured information deliv-
ery (e.g., stepwise flowcharts) to reduce cognitive load in 
children, thereby establishing novel strategies for manag-
ing ​children’s anxiety during anesthesia induction.

In our network meta-analysis, the asymmetry of our 
funnel plot indicated a publication bias in the included 
studies. Studies with sample sizes of less than 30 in 
either the intervention or control groups were therefore 
excluded from the sensitivity analysis. The sensitivity 
analysis results were consistent with all the research find-
ings, further validating the reliability of our conclusions.

None of the interventions in the studies showed sta-
tistically significant differences for reducing parents’ 
anxiety compared to the Usual Care group. This finding 
suggests that the interventions evaluated in the included 
studies were ineffective at decreasing parental anxiety, 
probably because they were primarily aimed at the chil-
dren. Future studies should focus on designing interven-
tions specifically aimed at decreasing parental anxiety in 
this context.

Compared with the Usual Care group, the PPIA, IDI, 
and IDI-PPIA groups exhibited improved compliance 
during anesthesia induction. Varughese et al. [77] found 
that higher preoperative m-YPAS scores were associated 
with poorer compliance. Our research shows that, while 
PPIA, IDI, and IDI-PPIA reduced anxiety and improved 
compliance, PDI and PDI-PPIA did not have the same 
effect on compliance despite lowering the anxiety level, 
indicating the complex relationship between anxiety and 
compliance. Future studies should examine other rel-
evant factors to better understand and enhance compli-
ance in children.

Our results indicated that a high risk of bias for stud-
ies was primarily concentrated in the “measurement of 
the outcome” factor. This finding likely results from the 
visibility of the interventions performed during anesthe-
sia induction by specific personnel or equipment and the 
fact that anxiety was assessed through direct observation. 
Therefore, most participants, anesthetists, and observers 
were not blinded to the interventions being performed.

Strengths and limitations
There were some strengths of our network meta-analysis: 
(1) We performed an exhaustive comparison of the effi-
cacy of six different nonpharmacological interventions 
for decreasing children’s anxiety during anesthesia induc-
tion based on a Bayesian network meta-analysis. The 
differences between different interventions were distin-
guished according to the rank probability; (2) Only RCTs 
were included, which implies that the included studies 
had rigorous study designs.

Admittedly, this network meta-analysis also had several 
limitations that should be recognized. (1) Some included 
studies were deemed to have a high risk of bias regard-
ing quality, particularly due to challenges with blinding 
the researchers who were measuring outcomes in groups 
using VR or tablet interventions. This lack of blinding 
may have inflated estimates of the interventions’ effects 
[78]. (2) Although we carefully searched all available non-
pharmaceutical interventions for reducing children’s anx-
iety during anesthesia induction, the number of RCTs is 
still limited. For IPG, our analyses were based on only one 
RCT and should, therefore, be interpreted with caution. 
(3) Our network meta-analysis included studies using 
different anxiety assessment scales (YPAS, mYPAS, and 
mYPAS-SF) for pediatric anesthesia induction. While we 
employed SMDs to harmonize these measurements, the 
inherent differences between scales may introduce addi-
tional heterogeneity that may potentially affect the preci-
sion of cross-study effect estimates. Consequently, minor 
between-intervention differences in relative treatment 
effects - particularly among adjacently ranked interven-
tions - should be interpreted judiciously, with consider-
ation of this measurement-related variability. (4) While 
results from the inhalation induction subgroup gener-
ally aligned with the overall analysis, the small number 
of studies investigating intravenous induction (n = 5) pre-
vented meaningful subgroup comparisons. This limita-
tion is particularly noteworthy, as the procedural stress 
of intravenous access itself may influence pre-induction 
anxiety levels, potentially confounding the effects of non-
pharmacological interventions. Future studies specifically 
designed to evaluate anxiolytic effects of non-pharmaco-
logical interventions in children undergoing intravenous 
induction are needed to validate and extend our findings.
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Conclusion
We performed a thorough comparison of the effects of 
six nonpharmacological interventions for reducing chil-
dren’s anxiety during anesthesia induction. Our network 
meta-analysis demonstrated that PDI-PPIA, IDI-PPIA, 
IDI, PDI, and PPIA were associated with substantial 
reductions in anxiety in children during anesthesia 
induction. Unfortunately, these interventions were not 
associated with any statistically significant reductions in 
parental anxiety. PPIA, IDI, and IDI-PPIA also improved 
compliance during anesthesia induction. Our study pro-
vides strong evidence regarding the most effective non-
pharmacological methods for reducing anxiety during 
anesthesia induction in children.
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