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ABSTRACT
Background: With the increasing variety of pediatric diagnostic procedures, a growing number of children require sedation 
for diagnostic examinations. Appropriate sedation protocols guarantee the safety of children during sedation and improve its 
efficiency. Currently, there are significant differences in pediatric sedation practices across countries, regions, and medical 
institutions.
Methods: The Pediatric Anesthesiology Group of the Chinese Society of Anesthesiology organized experts from multiple coun-
tries to develop the “Chinese Society of Pediatric Anesthesiology Guideline for Pediatric sedation (2025)” based on evidence-
based medicine, considering the safety and efficacy, the preferences of children and parents, and drug accessibility.
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Results: The guideline provided 28 recommendations addressing 12 clinical issues related to pre-sedation assessment, safety 
measures for sedation personnel and facilities, sedation protocols, sedation monitoring, and post-sedation recovery.
Conclusions: The guideline is planned to be disseminated globally through multiple channels, aiming to standardize the man-
agement of pediatric sedation and improve its safety and efficacy.

1   |   Background

There has been a rapid increase in pediatric diagnostic and ther-
apeutic procedures over the past decades, such as Computed 
Tomography (CT), Magnetic Resonance Imaging (MRI), ul-
trasound, neurophysiological examinations, and ophthalmic 
examinations. However, due to the immature psychological de-
velopment of children, their anxiety and fear issues about unfa-
miliar environments or medical procedures often lead to poor 
cooperation even in non-invasive and painless examinations.

Additionally, some examinations require children to remain 
completely motionless for a long time to ensure imaging quality, 
which is extremely challenging for children. Consequently, most 
pediatric diagnostic examinations must be performed under se-
dation or even general anesthesia. Between 2020 and 2025, the 
number of tertiary hospitals in China performing over 10 000 
pediatric sedation cases annually increased from 10 to 16, while 
those conducting over 1000 cases rose from 22 to 40 during the 
same period [1, 2]. Similarly, the Pediatric Sedation Research 
Consortium (PSRC) in the United States recorded over 400 000 
pediatric sedation cases between 2007 and 2018, with numbers 
continuing to grow annually [3].

Levels of sedation were classified into mild sedation, moderate 
sedation, deep sedation, and general anesthesia based on the pa-
tient's response to verbal or painful stimuli, adequacy of airway, 
spontaneous ventilation, and cardiovascular function (Table 1) 
[4, 5]. Safe and effective sedation techniques can not only signifi-
cantly alleviate children's anxiety and enhance their tolerance 
for medical procedures, but also reduce interruptions during 
diagnostic examination, avoid repeated exams, and minimize 
potential psychological harm. Compared with children under-
going surgery, those receiving sedation for diagnostic examina-
tion often have unclear diagnoses, more complex conditions, 
and a greater number of unknown factors, which increases 
the risk of serious complications, such as respiratory depres-
sion, hypoxemia, hypotension, and aspiration [6]. In low- and 
middle-income countries, studies reported an overall adverse 
event rate of 24.4% during pediatric imaging sedation, including 

respiratory events (3.0%), cardiovascular events (0.7%), and 
prolonged sedation (15.8%) [7]. Developed countries reported a 
lower severe adverse event rate (1.75%), with airway obstruction 
(1.55%) being the most common complication [3].

Although extensive research has focused on methods and med-
ications for pediatric sedation, there are still differences in clin-
ical practice among different countries and regions, medical 
institutions, and professionals.

Regarding the sedation provider demographics, a Chinese ques-
tionnaire survey revealed that anesthesiologists are the primary 
evaluators (81.8%) and providers (53.4%) of pediatric sedation, 
followed by pediatric physicians, radiologists, and nurses [2]. Data 
from the PSRC in the United States showed pediatric intensivists 
(49.3%) and pediatric emergency physicians (28.2%) were primary 
sedation providers, while anesthesiologists accounted for only 9.8% 
[3, 8]. A survey across 19 African countries reported anesthesiolo-
gists (63%) were the main pediatric sedation providers, followed by 
trainees (29%) and nurses (13%) [9]. A European emergency de-
partment survey found that pediatricians or pediatric emergency 
physicians were the pediatric sedation providers in 70% and 80% 
of hospitals, respectively, and anesthesiologists were the provid-
ers in only 36% of hospitals [10]. In France, approximately 50% of 
pediatric CT/MRI sedations were performed by radiologists [11]. 
In Germany, the physician performing the examination is also 
responsible for sedation [12]. Regarding the prerequisite skills of 
providers, in China, 20% of hospitals require sedation providers 
to complete Pediatric Advanced Life Support (PALS) training and 
28.4% of hospitals require sedation providers to have more than 
5 years of pediatric anesthesia experience [2]. In Europe, 37% of 
institutions required PALS certification for all sedation providers 
[10]. A survey from Africa showed that only half of respondents 
received adequate training in pediatric sedation, and 84% of re-
spondents were unaware of national pediatric sedation guidelines 
[9]. In South Africa, 82% of providers lacked formal pediatric seda-
tion training, although the training program exists in this country 
[13]. Regarding the choice of sedatives, the most commonly used 
sedatives for children were chloral hydrate, dexmedetomidine, 
and propofol in China, with chloral hydrate usage declining while 

TABLE 1    |    Continuum of depth of sedation: Definition of general anesthesia and levels of sedation.

Mild sedation 
(anxiolysis)

Moderate sedation 
(conscious sedation) Deep sedation General anesthesia

Responsiveness Normal response to 
verbal stimulation

Purposeful response 
to verbal or tactile 

stimulation

Purposeful response 
after repeated or 

painful stimulation

Unarousable, even 
with painful stimulus

Airway Unaffected No intervention 
required

Intervention may 
be required

Intervention 
often required

Spontaneous ventilation Unaffected Adequate May be inadequate Frequently inadequate

Cardiovascular function Unaffected Usually maintained Usually maintained May be impaired
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dexmedetomidine use is gradually increasing [1, 2]. In the United 
States, propofol was the predominant sedative, while pentobarbital 
(decreasing from 7.3% to 0.5%) and chloral hydrate (6.5% to < 0.1%) 
were declining, and dexmedetomidine use was steadily rising [3]. 
The most widely used pediatric sedative is chloral hydrate (87.7% 
of hospitals) in South Korean emergency departments [14], ket-
amine (92%) and benzodiazepines (82%) in Africa [9], midazolam 
(100%) and ketamine (90%) with a small amount of dexmedeto-
midine (10%) in European emergency departments [10], chloral 
hydrate (81.2%) and midazolam (72.6%) in the Netherlands [15], 
pentobarbital [11] in France and midazolam, ketamine/esket-
amine, propofol in Germany [12]. Regarding facilities for safety 
in sedation units, a Chinese survey reported that only 39.8% and 
44.3% of hospitals had sedation rooms and recovery rooms respec-
tively [2]. In South Korea, only 64.6% of emergency departments 
implemented patient monitoring during sedation and 20% of them 
had institutional pediatric sedation guidelines [14]. In Europe, 
merely 74% of emergency departments had safety and monitoring 
protocols for pediatric sedation [10]. Data from Germany reported 
that 5% of sedation units lacked oxygen supply and SpO2 moni-
toring, 25% of them lacked ECG and blood pressure monitoring 
equipment, and 15% lacked negative-pressure suction devices [12]. 
In France, 35% of hospitals employed no monitoring, and fewer 
than 10% monitored blood pressure or capnography during pediat-
ric CT/MRI sedation [11].

These findings demonstrated the critical challenges in pediatric 
sedation practice, including the lack of unified guiding princi-
ples, significant regional disparities in resources and training, and 
insufficient understanding and application of existing evidence. 
The sedation guidelines from the United States, South Korea, 
and Europe are primarily based on adult evidence, with limited 
provisions specific to pediatric sedation [5, 16, 17]. There were 
significant differences in physiology, pharmacology, and psychol-
ogy between children and adults, which means adult-derived 
evidence cannot be fully extrapolated to pediatric sedation. 
The pediatric sedation guidelines developed by the American 
Academy of Pediatrics (AAP) and the American Academy of 
Pediatric Dentistry (AAPD) covered invasive procedures such as 
wound debridement and suturing, fracture reduction, and den-
tal treatments [18, 19]. These procedures require higher levels of 
analgesia but relatively lower levels of sedation. In contrast, di-
agnostic examinations are typically non-invasive and involve no 
painful stimuli, eliminating the need for analgesia but demanding 
a deeper level of sedation to ensure complete immobility during 
prolonged examinations. Therefore, the AAP and AAPD sedation 
guideline may not be applicable to non-invasive diagnostic exam-
inations. In recent years, sedatives and protocols of pediatric se-
dation have evolved significantly, accompanied by emerging new 
research and evidence. A pediatric sedation guideline for diagnos-
tic examinations based on the latest scientific evidence is needed 
to standardize the practice in this field.

The Pediatric Anesthesiology Group of the Chinese Society of 
Anesthesiology organized experts in pediatric anesthesia and 
evidence-based medicine to establish a working group on pe-
diatric sedation guidelines. The Working Group developed the 
recommendations by rigorously evaluating evidence, consider-
ing safety and efficacy, the preferences of children and parents, 
and drug accessibility, with the aim of standardizing pediatric 
sedation practices for diagnostic examinations.

2   |   Methodology

This guideline was developed in accordance with the 2014 WHO 
Handbook for Guideline Development [20], and references the 
Chinese Guiding Principles for Formulating/Revising Clinical 
Diagnosis and Treatment Guidelines (2022 Edition) [21]. The 
protocol and final document were prepared by applying the spe-
cific requirements of the Appraisal of Guidelines for Research 
and Evaluation (AGREE II), the Reporting Items for Practice 
Guidelines in Healthcare (RIGHT), and the Scientificity, 
Transparency, and Applicability Rankings (STAR) tool [22, 23]. 
The guideline was registered with the International Practice 
Guideline Registry (http://​guide​lines​-​regis​try.​org) under regis-
tration number PREPARE-2024CN963, and the protocol is ac-
cessible through this platform.

2.1   |   Formation of the Guideline Development 
Working Group and Protocol

The Working Group was structured into the following sub-units: 
Chief Experts, Steering Committee, Consensus Expert Panel, 
Secretariat Team, Evidence Evaluation Team, Methodology 
Team, and External Review Group. The detailed division of labor 
and the complete roster of members are available in Supporting 
Information S1.

2.2   |   Conflicts of Interest (COI) and Funding 
Sources

COI management for this guideline followed the Guidelines 
International Network (GIN) principles. All experts involved in 
the development and review completed and signed a Declaration 
of Interests (DOI) form, and no individuals with significant 
conflicts participated in any stage of guideline development. 
The Bethune Charitable Foundation provided funding for this 
guideline's development, covering expenses such as literature 
retrieval, evidence evaluation, publication fees, document print-
ing, and post-publication dissemination.

2.3   |   Intended Users and Target Populations

The expected users of the pediatric sedation guideline in-
cluded all sedation providers (including anesthesiologists, 
non-anesthesiologists, and nurses) who provide mild to deep 
pediatric sedation.

The target populations were children aged 0–18 years undergo-
ing mild to deep sedation for non-invasive diagnostic examina-
tion, excluding patients in Intensive Care Units (ICU) or those 
with mechanical ventilation.

2.4   |   Guidelines for Clinical Question 
Identification

Expert interviews were conducted with anesthesiologists, pedia-
tricians, and pediatric sedation nurses, yielding 17 clinical ques-
tions related to pediatric sedation. The questions were structured 

http://guidelines-registry.org
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according to the PICO framework (Population, Intervention, 
Control, Outcome). These questions were then developed into a 
questionnaire and subjected to a Delphi survey among experts, 
ultimately identifying 12 key clinical questions to be addressed 
in this guideline (Supporting Information S2).

2.5   |   Literature Search and Study Selection

Based on the predefined clinical questions, we comprehensively 
searched the following databases: PubMed, Embase, Cochrane 
Library, Web of Science, CNKI (China National Knowledge 
Infrastructure), Wanfang Data, and SinoMed (Chinese Biomedical 
Literature Database). The search was restricted to publications in 
Chinese and English, with a cutoff date of October 1, 2024. A com-
bined approach of Medical Subject Headings (MeSH) and free-text 
terms was employed (Supporting Information S3). For example, 
regarding pediatric sedative selection, the key terms included: 
“Child,” “neonat*,” “Infant,” “Child, Preschool”, “Adolescent”, 
“procedural sedation”, “Hypnotics and Sedatives”, “moderate se-
dation”, “deep sedation”, “Dexmedetomidine”, “chloral hydrate”, 
“Midazolam”, “Phenobarbital”, “Sevoflurane”, “Nitrous Oxide”, 
“propofol”. Inclusion criteria comprised systematic reviews (SR), 
meta-analysis, network meta-analysis, randomized controlled 
trials (RCTs), cohort studies, and case series studies focusing on 
pediatric sedation. Exclusion criteria eliminated studies with ir-
relevant topics, gastrointestinal endoscopy, interventional surgery, 
invasive procedures, non-pediatric populations, patients in ICU, 
unavailable full texts, or non-Chinese/English publications. For 
each clinical question, two evidence evaluation team members in-
dependently screened literature by title, abstract, and full text, fol-
lowed by cross-verification; discrepancies were resolved through 
group discussion or methodology team consultation.

2.6   |   Determining the Level of Evidence 
and Recommendation Level

The AMSTAR II tool was employed to assess the risk of bias 
in meta-analysis, the Cochrane Risk of Bias 1 (ROB1) tool for 

RCTs, and the Newcastle-Ottawa Scale (NOS) for case–con-
trol and cohort studies. The determination of evidence levels 
and recommendation level was primarily based on the Oxford 
Centre for Evidence-Based Medicine (CEBM) classification sys-
tem (Table 2) [24], with clinical practical needs also being taken 
into consideration. Two members of the Evidence Evaluation 
Group independently conducted these evaluations and graded, 
and any discrepancies were resolved through discussion or con-
sultation with the Methodology Group.

2.7   |   Formulation of Recommendations

The Evidence Evaluation Group and Secretariat developed prelim-
inary recommendation decision tables based on synthesized evi-
dence from clinical studies and consideration of implementability. 
Two rounds of Delphi surveys were conducted between March 28 
and August 5, 2025, and a consensus rate of over 75% is required to 
establish expert consensus (Supporting Information S4).

2.8   |   Manuscript Development, Revision, 
and External Review

The Secretariat completed the initial draft of these guidelines 
following the RIGHT reporting standards. After iterative discus-
sions and modifications by the Steering Committee, Consensus 
Expert Group, and Evidence Evaluation Group, the draft under-
went independent appraisal by three external reviewers.

2.9   |   Guideline Release, Dissemination, 
and Updates

The guideline was planned to be disseminated globally through 
academic journals, online and offline academic conferences, 
and official public accounts to facilitate broader adoption. The 
guidelines will be updated every 3 to 5 years based on evolving 
evidence-based research and relevant policy changes, with the 
aim of further standardizing the practice of pediatric sedation.

TABLE 2    |    Oxford Centre for Evidence-Based Medicine: Levels of evidence (March 2009).

Grades of recommendation Level of evidence Evidence

A 1a SR (with homogeneity) of RCTs

1b Individual RCT (with narrow Confidence Interval)

11c All or none case series study

B 2a SR (with homogeneity) of cohort studies

2b Individual cohort study (including low quality 
RCT; for example < 80% follow-up)

2c “Outcomes” research; Ecological studies

3a SR (with homogeneity) of case–control studies

3b Individual case–control study

C 4 Case-series (and poor quality cohort and case–control studies)

D 5 Expert opinion without explicit critical appraisal, or based 
on physiology, bench research or “first principles”
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3   |   Clinical Question

Through two rounds of the Delphi method, the consensus expert 
group reached consensus on 31 recommended opinions for 12 
clinical questions and merged some of them, ultimately deter-
mining 28 recommended opinions.

3.1   |   Clinical Question 1: What Assessments Are 
Required Prior to Pediatric Sedation?

3.1.1   |   Recommendation

1.1	 It is recommended to evaluate the child's upper respi-
ratory infection (URI) status prior to pediatric seda-
tion (Recommendation Level: B; Level of evidence: 2b, 
Consensus rate 100% (16/16)).

1.2	 It is recommended to assess the child's airway patency 
prior to pediatric sedation to determine the need for arti-
ficial airway support (Recommendation Level: C; Level of 
evidence: 4; Consensus rate 93.8% (15/16)).

1.3	 It is recommended to evaluate the child's developmental 
status prior to pediatric sedation (Recommendation Level: 
B; Level of evidence: 2b, Consensus rate 100% (16/16)).

3.1.2   |   Rationale for Recommendation

In addition to routine assessments (including height, weight, 
heart rate, respiratory rate, oxygen saturation, American Society 
of Anesthesiologists (ASA) classification, current/past medical 
history, and medication history), special attention should be 
directed to upper respiratory infection (URI) status, airway 
patency, and developmental abnormalities (e.g., intellectual dis-
ability, autism spectrum disorder, attention deficit disorder) [4]. 
The presence of URI is strongly associated with an increased 
incidence of post-sedation airway adverse events and higher de-
mand for airway interventions [25]. Thus, pre-sedation URI as-
sessment is essential. Children requiring head/neck MRI often 
exhibit varying degrees of impaired consciousness or airway-
compromising conditions, which elevate their risk of respiratory 
complications during sedation [26]. A thorough pre-sedation 
airway evaluation is critical to guide decisions on artificial air-
way support.

Although existing evidence does not conclusively demonstrate 
reduced sedation success rates in children with developmental 
disorders [27], this population generally demonstrates lower 
treatment compliance and requires prolonged immobility 
during MRI. Systematic pre-sedation developmental assess-
ment is therefore advised to tailor individualized anesthesia 
management.

3.1.3   |   Evidence Summary

A cohort study of 83 491 sedated children demonstrated that 
upper respiratory infection (URI) status significantly influenced 
the incidence of airway adverse events. Among children with no 
recent URI, the incidence of airway-related complications was 

7.9% (5560/70 830). In contrast, those with a recent URI exhibited 
a higher incidence of 10.4% (348/3354). Further stratification re-
vealed that children with URI accompanied by clear secretions had 
a complication rate of 16.0% (1381/9307), while those with thick 
secretions experienced the highest incidence at 24.0% (158/658). 
Although severe adverse events—including laryngospasm, as-
piration, unplanned intubation, and hospitalization—occurred 
in < 1% of cases overall, laryngospasm rates varied significantly 
across groups (p < 0.001): 0.3% in the no-URI group, 0.5% in the 
recent-URI group, 0.7% in the URI-with-clear-secretions group, 
and 0.9% in the URI-with-thick-secretions group [25].

A retrospective cross-sectional study of 82 infants (0–12 months) 
undergoing head/neck MRI under sedation with spontaneous 
respiration reported that 35% of these cases developed airway 
obstruction, and 83% were associated with reduced conscious-
ness levels [26].

A retrospective cohort study of 191 children undergoing MRI 
sedation reported an overall success rate of 92.7%. Children 
with developmental disorders showed reduced sedation success 
(OR = 0.215, 95% CI: 0.060–0.774). However, after adjusting for 
age, developmental disorders were not independently associated 
with sedation failure, leaving the impact of developmental sta-
tus inconclusive [27].

3.2   |   Clinical Question 2: Should an 
Anesthesiologist Be Involved in Pediatric Sedation?

3.2.1   |   Recommendation

2.1	 It is recommended that anesthesiologists be involved in 
pediatric sedation (Recommendation level: B; Level of 
evidence: 2b, Consensus rate 93.8% (15/16)).

2.2	 It is recommended that, for sedation regimens using a sin-
gle agent (dexmedetomidine or midazolam) in ASA class 
≤ II children, sedation can be administered by either an 
anesthesiologist or a qualified non-anesthesiologist phy-
sician or nurse (Recommendation Level C; Level of evi-
dence 4, Consensus rate 87.5% (14/16)).

3.2.2   |   Rationale for Recommendation

In recent years, data from various sources including PSRC have 
shown that pediatric sedation can be safely and effectively ad-
ministered by appropriately trained non-anesthesiologists with 
an adverse event rate of approximately 10% [28]. According to 
a PSRC series report, about 9.5%–10.8% of sedation cases were 
performed by anesthesiologists from 2007 to 2018. Another re-
port found that only 12% of pediatric sedation in South Korea 
was performed by anesthesiologists [29]. In Japan, the propor-
tion of pediatric sedation performed by anesthesiologists is also 
extremely low [30]. Different from other countries, pediatric se-
dation in China was performed primarily by anesthesiologists 
and secondly by nurses [2]. It has also been reported that nurse-
led sedation can achieve satisfactory efficacy and safety in chil-
dren abroad. These nurses are typically trained and qualified 
in pediatric sedation, and their cases are limited to procedures 



855Pediatric Anesthesia, 2026

using a single sedative drug and involving children classified 
as ASA ≤ II [31–33]. Furthermore, anesthesiologists are always 
available to provide rescue for sedation failure and to perform 
sedation for critically ill children. Although many studies have 
reported successful pediatric sedation by non-anesthesiologists, 
the success rate of sedation for imaging studies performed by 
non-anesthesiologists varies widely, with failure rates ranging 
from 2% to 15%, and sedation provided by non-anesthesiologists 
is associated with higher rates of adverse events in high-risk 
populations [2]. Safety remains the most important concern 
when sedation is performed by non-anesthesiologists. Two co-
hort studies have shown that the participation of anesthesiolo-
gists in pediatric sedation can effectively reduce the incidence 
of adverse events and is more cost-effective than that of non-
anesthesiologists [34, 35]. Therefore, it is recommended that 
anesthesiologists should be involved in the process of pediatric 
sedation. Currently, there is limited research on pediatric se-
dation performed by non-anesthesiologists such as emergency 
physicians, intensivists, and radiologists. However, given the 
educational background and clinical experience, we conclude 
that non-anesthesiologists with adequate training can perform 
sedation effectively and safely in children with ASA ≤ II and 
receiving a single-agent sedation regimen.

The Chinese expert consensus on anesthesia/sedation for pedi-
atric procedures suggested that the anesthesia/sedation process 
should be supervised by at least one anesthesiologist qualified 
as an attending physician with more than 1 year of pediatric an-
esthesia experience [4]. Additionally, each sedation unit should 
be staffed with at least one medical staff trained in anesthesia/
sedation and PALS to assist the anesthesiologist. The clini-
cal practice statement from the European Society of Pediatric 
Anesthesia also emphasizes the need for teamwork in pediat-
ric sedation and emphasizes that sedation should be provided 
by a pediatric anesthesiologist or intensivist for high-risk pa-
tients (ASA III and IV) [36]. The expert consensus developed 
by the Italian Society for the Sciences of Anesthesia, Analgesia, 
Resuscitation and Critical Care states that to ensure the effec-
tiveness and safety of pediatric sedation, anesthesiologists or in-
tensivists with pediatric experience are needed [37].

3.2.3   |   Evidence Summary

A retrospective cohort study of 13 072 children showed that the 
type of sedation provider can influence the incidence of adverse 
events when dexmedetomidine was used as the preferred pediat-
ric sedative34. The overall incidence of adverse events was 3.6% 
(95% CI: 3.3%–3.9%). The highest incidence of adverse reactions 
during sedation was observed among emergency physicians, 
which was 7.82%, followed by intensivists 5.83%, other medical 
staff 4.14%, residents 3.55%, and anesthesiologists 1.31%. After 
adjusting for factors such as weight, prematurity, and ASA sta-
tus, the adjusted odds ratios for adverse events during sedation 
performed by emergency physicians, intensivists, other medical 
staff, and residents when compared to anesthesiologists were 
8.5 (p < 0.001), 5.3 (p < 0.001), 4.6 (p < 0.001), and 3.7 (p = 0.007), 
respectively.

A single-center observational study included 1546 children re-
quiring MRI to evaluate the cost-effectiveness of sedation by 

anesthesiologists versus non-anesthesiologists [35]. The results 
showed that the failure rate of sedation by non-anesthesiologists 
was 17.5%, with no failure by anesthesiologists. A cost-effectiveness 
analysis with sedation success as the outcome showed that the 
average cost per patient for sedation by anesthesiologists was US 
$84.2, followed by US $74.2 to US $92.7 for intravenous sedation 
by non-anesthesiologists, US $112.1 to US $458.3 for oral or rec-
tal sedation by non-anesthesiologists, and US $605.4 for general 
anesthesia by anesthesiologists. Under Japanese health care cost 
standards, sedation administered by an anesthesiologist was more 
cost-effective than by a non-anesthesiologist, who had a higher 
rate of failure for children undergoing MRI.

A single center audit included 772 children, classified as ASA 
grade I-II, full-term, and < 18 years, to evaluate the efficacy 
and safety of intranasal dexmedetomidine administered by 
a nurse-led sedation team for pediatric sedation [31]. The re-
sults showed a sedation success rate of 91%, 7.8% of children 
required additional intervention, 4.8% required an additional 
dose of intranasal dexmedetomidine, and 1.8% received addi-
tional sedatives. Sedation failure occurred in 1.6% of cases. The 
incidence of adverse events was 1.7%, with no serious adverse 
events reported.

A retrospective case study evaluated nurse-led pediatric seda-
tion over a 7-year period, a uniform assessment was performed 
prior to sedation, and children with an ASA ≥ 2 required a sec-
ondary evaluation by an anesthesiologist to determine their suit-
ability for a nurse-led sedation protocol [33]. The study included 
3151 children, and 2293 (72.7%) received sedation. The main 
sedative drugs used were dexmedetomidine or midazolam, and 
the success rate of sedation was 99.7%. No serious adverse events 
occurred, and 37 (1.6%) patients experienced adverse events re-
quiring intervention.

Another retrospective quality improvement study evaluated 
6 years of nurse-led sedation with dexmedetomidine for pediat-
ric MRI [38]. A total of 1987 nurse-administered MRI sedation 
cases were included, and all cases were professionally assessed 
to determine their suitability for nurse-led sedation. In the in-
travenous medication group (n = 1768), the sedation success rate 
was 98.9% and 95.0% in the intravenous medication group and 
intranasal medication group, with an adverse event incidence of 
3.8% and 1.8%, respectively.

3.3   |   Clinical Question 3: Which Competency 
Should Pediatric Sedation Provider Possess?

3.3.1   |   Recommendation

3.1	 Competency of PBLS is recommended for all pediat-
ric sedation providers, and competency of advanced 
training in pediatric life support should be required 
for those performing deep sedation (Recommendation 
Level: A, Level of evidence: 5, Consensus rate 100% 
(16/16)).

3.2	 It is recommended that providers administering sedation 
to children under 6 years or at high risk should either hold 
the qualification of an attending physician (or higher) 
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or have at least one year of pediatric anesthesia experi-
ence (Recommendation Level: A, Level of evidence: 5, 
Consensus rate 100% (16/16)).

3.3	 It is recommended structured training in sedation (in-
cluding assessment of first-aid simulation) for all pediatric 
sedation providers (Recommendation Level: A, Level of 
evidence: 5, Consensus rate 100% (16/16)).

3.3.2   |   Rationale for Recommendation

PBLS is a standardized competency required for cardiopulmo-
nary resuscitation and emergency care. It directly improves the 
odds of successful resuscitation and reduces the mortality rate 
of cardiac arrest. Specialized emergency skills are required for 
pediatric patients due to the physiological characteristics of chil-
dren. The certification of PALS can effectively reduce the inci-
dence of severe respiratory and cardiovascular complications in 
pediatrics [37, 39–42]. In the Chinese expert consensus on an-
esthesia/sedation for pediatric procedures outside the operating 
room, the ASA, AAP, AAPD Sedation Guidelines, the National 
Institute for Health and Clinical Excellence (NICE) guidelines 
in the UK, and the ITALIAN scientific society of anesthesia, 
analgesia, resuscitation and intensive care (SIAARTI) expert 
consensus, PBLS is considered an essential prerequisite for pe-
diatric sedation providers, while PALS is required for deep se-
dation [4, 37, 39–42]. Although lacking high-quality evidence, 
the requirement for PBLS and PALS proficiency has formed a 
consensus in clinical practice worldwide. Therefore, our expert 
panel strongly recommends that pediatric patient sedation prac-
titioners should be qualified with PBLS and receive advanced 
training in pediatric life support.

There are significant differences in physiology and anatomy 
between children and adults. Children ≤ 6 years (especially 
those ≤ 6 months) may be at the highest risk of adverse events 
[43]. They are particularly susceptible to the effects of sedatives 
on respiratory movements, airway patency, and protective air-
way reflexes [44]. A cross-sectional study indicated that most 
hospitals in China believed that pediatric sedation providers 
should have the qualification of attending physician and at least 
5 years of pediatric anesthesia experience [2]. The Chinese ex-
pert consensus on anesthesia/sedation for pediatric procedures 
outside the operating room (2017) also recommended that phy-
sicians performing pediatric sedation or anesthesia should have 
the qualification of attending physician or above, and have at 
least 1 year of pediatric anesthesia experience [4]. Based on the 
current clinical situation and relevant experts' consensus, our 
expert group strongly recommended that moderate-to-deep se-
dation for children under 6 years of age or high-risk pediatric 
patients should be performed by senior physicians with exten-
sive experience in pediatric sedation or anesthesia to ensure pa-
tient safety. For children over 6 years old without significant risk 
factors, sedation may be implemented by experienced residents 
who have received comparable training.

At present, due to the shortage of anesthesiologists, non-
anesthesiologists often perform sedation on children in dentistry 
and radiology [28, 45]. They may be comparably unsubstantial 
in airway management and emergency resuscitation. Therefore, 

pediatric sedation providers are recommended to have profes-
sional knowledge and skills in risk assessment and sedation 
implementation, and the competency to identify and handle all 
adverse events that may occur [28, 46, 47]. According to the ex-
perts consensus in China, in addition to PALS, medical staff also 
need to receive a structured “anesthesia/sedation training”. The 
AAP and AAPD sedation guidelines recommend that during 
deep sedation, there should be a supervisor who has received 
PALS and airway management training [39, 40]. Therefore, our 
expert group strongly recommended that pediatric sedation pro-
viders should receive structured training in sedation.

3.3.3   |   Evidence Summary

At present, no direct evidence has been found regarding the 
qualifications of pediatric sedation providers.

3.4   |   Clinical Question 4: What Conditions Should 
Be in Place for a Pediatric Sedation Facility?

3.4.1   |   Recommendation

4.1	 It is recommended that all healthcare facilities pro-
viding pediatric sedation should be equipped with 
dedicated sedation rooms and post-sedation recovery 
rooms (Recommendation Level: A, Level of evidence: 
5, Consensus rate 100% (16/16)).

4.2	 It is recommended that pediatric sedation facilities 
should be equipped with emergency equipment, in-
cluding airway management supplies: oxygen supply 
devices with flow regulators (at least two independent 
oxygen sources), anesthesia machines or ventilators, 
manual resuscitators, nasal cannulas and face masks, 
oropharyngeal or nasopharyngeal airways, supraglottic 
airway devices (e.g., laryngeal masks), laryngoscopes, 
endotracheal tubes with stylets, and suction devices, de-
fibrillators, emergency medications, cardiopulmonary 
resuscitation (CPR) equipment, and communication de-
vices (Recommendation Level: A, Level of evidence: 5, 
Consensus rate 100% (16/16)).

4.3	 It is recommended that the pediatric sedation areas 
should be equipped with basic monitoring devices, in-
cluding pulse oximetry, electrocardiogram (ECG), blood 
pressure monitor, and stethoscope; and capnography is 
suggested (Recommendation Level: A, Level of evidence: 
5, Consensus rate 100% (16/16)).

3.4.2   |   Rationale for Recommendation

Any level of sedation may progress to deep sedation or even an-
esthesia, requiring dedicated facilities to monitor and observe 
these sedated children just as in anesthesia management, in 
order to promptly detect and address potential risks until the 
sedation is finished. Establishing a unified sedation room and 
post-sedation recovery rooms allows for the centralized mon-
itoring of children, facilitating better care and supervision. 
A nationwide survey from China shows that the nationwide 
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proportion of hospitals with dedicated sedation and recovery 
rooms was not exceeding 50% [2]. But it has significantly in-
creased compared to 5 years ago, with a higher percentage of 
81.3% and 75% in hospitals performing over 10 000 sedations an-
nually. The guidelines from Korea and Europe recommend that 
dedicated sedation rooms and post-sedation recovery rooms are 
necessary for children or adult [16, 17].

Pediatric sedation carries potential risks (such as hypoxia, 
apnea, bradycardia, hypotension, and vomiting), even more un-
predictable than anesthesia risks due to the presence of unclear 
diagnoses. Therefore, all facilities providing sedation should be 
equipped with easily accessible and standard resources to man-
age these risks and ensure child safety [1, 16, 48, 49]. The se-
dation guidelines or expert consensus from China, the United 
States and Korea strongly advocate for sedation to be adminis-
tered in settings equipped with monitoring devices, emergency 
medications, airway management equipment, and resuscitation 
resources. and suggested establishing standardized environ-
ments with the minimum essential medications and equipment 
required for sedation to optimize clinical management and re-
duce the incidence of sedation-related complications [4, 16, 19].

No high-quality direct evidence is currently available for this 
clinical issue. However, given the critical importance of a ded-
icated environment with necessary emergency and monitoring 
devices to ensure the safety of sedated children, the expert group 
unanimously endorses this recommendation with an upgraded 
level of Grade A.

3.4.3   |   Evidence Summary

There is currently no direct evidence available regarding the 
conditions for pediatric sedation settings.

A 2020 cross-sectional survey in China revealed that among 58 
hospitals providing moderate-to-deep pediatric sedation, only 
24.1% and 32.8% of them had dedicated sedation rooms and 
post-sedation recovery rooms, respectively 1. And the propor-
tion rose to 39.8% and 44.3% in recent research published in 
20 242. Both studies indicate that establishing dedicated areas 
for providing sedation services facilitates gathering the children 
to get appropriate monitoring and care in one place. and recom-
mended that all healthcare facilities offering pediatric sedation 
procedures should be equipped with dedicated sedation rooms 
and post-sedation recovery rooms.

A 2016 meta-analysis investigating the incidence of adverse 
events during procedural sedation in pediatric emergency de-
partments reported the following most common complications: 
vomiting (5.55%, 95% CI: 4.52%–6.58%), agitation (1.79%, 95% 
CI: 1.22%–2.37%), hypoxemia (1.48%, 95% CI: 1.02%–1.93%), 
and apnea (0.71%, 95% CI: 0.32%–1.10%) [48]. A 2017 prospective 
multicenter observational cohort study including 9657 children 
on risk factors of adverse events in pediatric emergency sedation 
identified that the total adverse events rate was 11.7% (95% CI: 
0.64%–1.69%), with hypoxemia (5.6%) and vomiting (5.2%) being 
the most frequent. Severe adverse events rate was 1.1% (95% CI: 
0.5%–1.7%), and the rate of children requiring critical interven-
tions was 1.4% (95% CI: 0.7%–2.1%) [49].

A 2024 retrospective cohort study including 3149 outpatient 
children receiving intranasal dexmedetomidine combined with 
oral midazolam for sedation reported a 4.70% incidence of se-
rious adverse events, including bradycardia (2.03%), nausea/
vomiting (0.98%), hypotension (0.89%), hypertension (0.57%), 
somnolence (0.10%), irritability (0.10%), and hypoxemia (0.03%) 
[50]. A 2019 retrospective cohort study of 17 948 outpatient 
children receiving intranasal dexmedetomidine-ketamine 
combination for sedation reported 0.59% (95% CI: 0.48–0.71) 
of mild adverse events, including nausea/vomiting (0.3%, 95% 
CI: 0.22–0.39), oxygen desaturation (0.22%, 95% CI: 0.16–0.30), 
upper airway obstruction (0.11%, 95% CI: 0.07–0.17), emergence 
delay (0.07%, 95% CI: 0.03–0.12), and clinically significant heart 
rate/blood pressure fluctuations requiring intervention (0.02%, 
95% CI: 0.21–0.37), with 4 severe adverse events (3 upper airway 
obstruction and 1 arrhythmia) [51].

A 2021 prospective observational study on propofol-associated 
adverse events during pediatric sedation documented sedation-
related respiratory complications in 3.9% of 2569 children [52].

3.5   |   Clinical Question 5: What Contingency Plans 
Should Be Established for Pediatric Sedation?

3.5.1   |   Recommendation

5.1	 It is recommended to establish contingency protocols 
for peri-sedation nausea, vomiting and reflux-related 
aspiration, regardless of fasting status, to prevent se-
vere adverse events (Recommendation Level: C, Level 
of evidence: 4, Consensus rate 100% (16/16)).

5.2	 It is recommended that contingency plans should be 
developed for airway impairment or respiratory sup-
pression (e.g., laryngospasm, endotracheal intubation, 
cricothyroid membrane puncture), as well as for hypoxia-
induced hypotension, cardiac arrest, and other critical 
adverse events, particularly in high-risk pediatric pa-
tients (Recommendation Level: A, Level of evidence: 1a, 
Consensus rate 100% (16/16)).

5.3	 It is recommended that continuous monitoring of sedation 
depth is advised, with contingency plans addressing both 
inadequate sedation and oversedation (Recommendation 
Level: B, Level of evidence: 2b, Consensus rate 100% 
(16/16)).

3.5.2   |   Rationale for Recommendation

Sedation-related adverse events commonly include nausea/
vomiting, respiratory depression, agitation, and unintended 
sedation depth (over-sedation or under-sedation), while severe 
complications may encompass aspiration, laryngospasm, un-
planned intubation, unplanned hospitalization, cardiac arrest, 
or death [53, 54]. High-risk factors include younger age [55], 
coexisting respiratory/neurological disorders, and congenital 
heart disease [53]. Notably, nausea/vomiting represents the 
most frequent peri-sedation adverse event, with fasting status 
for liquids/solids not being an independent risk factor for em-
esis or aspiration [54] in all children. No matter fasting or not, 
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emergency plans for nausea, vomiting, and reflux aspiration 
should be in place.

Respiratory depression may progress to hypoxia-related critical 
events such as hypotension and cardiac arrest, necessitating 
contingency plans. Respiratory monitoring should be imple-
mented, with interventions including bag-mask ventilation, oro-
pharyngeal airway placement, or positive pressure ventilation 
as needed. Advanced airway management (e.g., endotracheal 
intubation or cricothyroid membrane puncture) must be pre-
pared. Risk factors for unplanned intubation include ASA class 
III, prematurity, gastroesophageal reflux disease, or congenital 
heart disease [56]. High-risk populations require prioritized air-
way management protocols and artificial airway establishment 
preparedness.

Significant variability exists in sedation depth, with substan-
tial proportions of pediatric patients failing to achieve target 
sedation levels, experiencing over-sedation, or deviating from 
intended sedation planes [57]. Sedation providers must demon-
strate competency in depth recognition and maintain equipment 
and skills for implementing sedation depth adjustment protocols 
or cardiopulmonary support when required [19].

3.5.3   |   Evidence Summary

A retrospective cross-sectional study of 5800 pediatric patients 
requiring sedation in MRI and special inspection departments 
reported an overall incidence of sedation-related adverse events 
of 2.72%, with a mortality rate of 0.03%. Common adverse events 
included nausea and vomiting (0.78%) and reflux with aspiration 
(0.52%) [53]. A case–control analysis of 139 142 procedural seda-
tion cases identified 75 serious adverse events (aspiration, death, 
cardiac arrest, or unplanned hospitalization), with aspiration 
incidence at 0.097‰ in fasted versus 0.079‰ in non-fasted pa-
tients (OR = 0.81; 95% CI: 0.08–4.08; p = 0.79) [54].

A systematic review of 41 studies involving 13 883 procedural 
sedations found during sedation the incidence of hypoxia was 
1.48‰ (95% CI: 10.2–19.3), apnea was 7.1‰ (95% CI: 3.2–11.0), 
and 5.0‰ (95% CI: 2.3–7.6) of cases required bag-mask/oropha-
ryngeal airway interventions, with severe respiratory adverse 
events including laryngospasm 2.9‰ (95% CI: 1.1–4.7) and un-
planned intubation 0.4‰ (95% CI: 0–0.8) [48]. A cross-sectional 
study of 1000 neonates receiving 10% chloral hydrate for seda-
tion reported apnea incidence of 0.5%, significantly higher in 
preterm (0.4%) versus term neonates (0.1%) (p < 0.05) [55]. A 
single-center retrospective study including 1165 pediatric MRI 
sedation demonstrated an unplanned intubation rate of 2% 
(95% CI: 0.0123–0.0295), and multivariate analysis identified 
risk factors were ASA class III (OR = 1.212, p < 0.001), prema-
turity (OR = 2.317, p < 0.001), gastroesophageal reflux disease 
(OR = 1.474, p < 0.001), and congenital heart disease (OR = 1.118, 
p < 0.001) [56].

A prospective cohort study of 86 children undergoing moderate 
to deep sedation found only 53% (BIS-monitored) or 72% (UMSS 
scale) children achieved target depth, with failure rates ranging 
from 12% to 28%, and 8% experienced oxygen desaturation or 
airway events during deep sedation [57].

3.6   |   Clinical Question 6: What Is the Optimal 
Sedation Regimen for Pediatric Patients?

3.6.1   |   Recommendation

6.1	 It is recommended oral midazolam for pediatric mild 
sedation (Recommendation level: A, Level of evidence: 
1b, Consensus rate 93.8% (15/16)).

6.2	 It is recommended dexmedetomidine for pediatric mod-
erate sedation (Recommendation level: A, Level of evi-
dence: 1a, Consensus rate 87.5% (14/16)).

6.3	 It is recommended sevoflurane or combination regimens 
for pediatric deep sedation (Recommendation level: A, 
Level of evidence: 1a, Consensus rate 87.5% (14/16)).

3.6.2   |   Rationale for Recommendation

The ideal sedative medication should meet the following charac-
teristics, including easy administration, high success rate, rapid 
onset, controllable duration of action, quick metabolism without 
accumulation, and minimal adverse effects. Besides, the route of 
administration and the type of examinations must also be con-
sidered when selecting a sedative.

Oral and intranasal administration are noninvasive methods, 
which are simple to perform without additional pain and well 
accepted by children without intravenous (IV) access and their 
caregivers. IV administration provides rapid onset and a high 
success rate for sedation. However, it carries a higher risk of ad-
verse events, such as respiratory depression and hypotension, 
requiring closer monitoring during sedation.

Different diagnostic examinations require varying levels of se-
dation depth. For examinations such as cardiac ultrasound and 
non-contrast CT scans, which only necessitate mild to moderate 
sedation, a single sedative agent is usually sufficient to achieve 
satisfactory sedation. However, for prolonged or highly stimulat-
ing examinations requiring deep sedation such as MRI or in chil-
dren with neurological disorders, a single-agent regimen often 
fails to provide adequate sedation success rates. In such cases, 
combination of different sedation may enhance efficacy through 
synergistic effects without increasing adverse events [58, 59].

Dexmedetomidine, as a highly selective α2-adrenergic recep-
tor agonist, induces a sleep-like sedation state, demonstrating 
superior efficacy compared to chloral hydrate and midazolam, 
with lower risks of respiratory depression and agitation [60–62]. 
However, it may cause bradycardia without requiring clinical 
intervention. Dexmedetomidine is primarily administered in-
tranasally for pediatric sedation. Intranasal dexmedetomidine 
is absorbed either through the nasal mucosa or via the olfac-
tory pathway, bypassing hepatic first-pass metabolism, making 
it widely used in pediatric sedation. The recommended dose is 
2–3 μg/kg. Compared to IV administration, intranasal delivery 
provides prolonged sedation duration and more stable plasma 
concentrations [63, 64].

Chloral hydrate is a traditional sedative which has a satisfac-
tory sedative effect, but with respiratory depression risk at high 
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dosage [65, 66]. It is primarily administered orally or rectally. 
Oral use is limited by bitter taste, vomiting, and low bioavail-
ability due to first-pass metabolism [61]. Rectal administration 
improves sedation success but may cause discomfort, resis-
tance, and increased risk of rectal mucosal irritation or infection 
[67, 68]. Given its lower sedation success rate compared to dex-
medetomidine and higher risk of adverse events, chloral hydrate 
is not recommended as a first-line agent for moderate-to-deep 
sedation. However, compared to dexmedetomidine, chloral hy-
drate is more readily available and lower in price. Therefore, it 
can be used as an alternative for moderate sedation in settings 
where dexmedetomidine is unavailable or its use is limited by 
cost constraints.

Midazolam is the most used benzodiazepine in pediatric seda-
tion, which can be administered intravenously (IV), orally, or 
intranasally. IV midazolam provides rapid onset and effective 
sedation but carries higher risks of agitation and respiratory de-
pression [69, 70]. The sedative effects of oral and nasal admin-
istration of midazolam are comparable. However, intranasal 
administration may cause significant mucosal irritation. while 
the oral formulation has a sweet taste and is more readily ac-
cepted by children. Therefore, the oral route is recommended 
as first-line administration. Midazolam provides less effective 
sedation compared to dexmedetomidine and chloral hydrate 
[69–71]. Therefore, it is only recommended for pre-operative se-
dation or examinations requiring mild sedation such as premed-
ication or echocardiography when used alone.

Combination of oral midazolam and intranasal dexmedetomi-
dine enhances sedation success, making it suitable for proce-
dures requiring deeper sedation such as MRI [72].

Sevoflurane and propofol are short-acting general anesthetics 
that can induce deep sedation or general anesthesia at thera-
peutic doses. Both agents offer rapid onset, quick recovery, and 
excellent controllability, and are widely used for pediatric MRI 
sedation [73, 74]. Sevoflurane is associated with a higher inci-
dence of respiratory adverse events (e.g., respiratory depression, 
airway obstruction) and emergence agitation. Its administration 
requires specialized equipment such as anesthesia machine 
and vaporizer. It may necessitate supraglottic airway devices 
such as laryngeal mask for ventilation support in cases of re-
spiratory compromise. Thus, sevoflurane sedation should only 
be administered by anesthesiologists [75, 76]. Propofol, when 
used alone for deep sedation, often requires higher doses, in-
creasing the risk of respiratory depression and hypotension [43]. 
Consequently, the American Guidelines for Sedation by Non-
Anesthesiologists recommended avoiding propofol for routine 
sedation. Recent studies suggest that combining propofol with 
dexmedetomidine or ketamine reduces propofol dosage and as-
sociated adverse events during MRI sedation [77, 78]. Therefore, 
propofol is not recommended to be used as a sole agent for pedi-
atric sedation but could be considered in combination regimens 
for deep sedation.

3.6.3   |   Evidence Summary

3.6.3.1   |   Midazolam.  One meta-analysis demonstrates 
superior sedation efficacy of intranasal midazolam compared to 

intranasal ketamine for premedication. One RCT found no dif-
ference in sedation effectiveness among intranasal midazolam, 
intranasal ketamine, and oral chloral hydrate for echocardio-
graphic sedation, though intranasal midazolam showed a faster 
onset time. One meta-analysis indicates comparable sedation 
effects between oral midazolam and intranasal midazolam 
for premedication.

A 2022 meta-analysis of 16 RCTs involving 1066 children 
demonstrated that intranasal midazolam showed higher seda-
tion satisfaction rates compared to intranasal ketamine (61.76% 
vs. 40.74%, RR = 1.53, 95% CI: 1.28–1.83, I2 = 26%), faster onset 
(SMD = −0.59, 95% CI: −0.90 to −0.28, I2 = 0%), and shorter re-
covery time (SMD = −1.06, 95% CI: −1.83 to −0.28, I2 = 82%) for 
pediatric premedication [79].

A 2017 RCT including 217 cases found the success rates of in-
tranasal midazolam (0.2 mg/kg), intranasal ketamine (4 mg/kg) 
and oral chloral hydrate (50 mg/kg) were comparable (95.9% vs. 
95.9% vs. 94.5%, p > 0.05) in pediatric echocardiographic seda-
tion. But the onset time of midazolam was shorter than both ket-
amine and chloral hydrate (14 min [IQR: 7–65 min] vs. 34 min 
[12–56 min] vs. 40 min [25–57 min], p < 0.001) [58].

A 2020 meta-analysis of 14 RCTs involving a total of 901 chil-
dren. The results showed that for preoperative sedation in chil-
dren, there was no significant difference in the sedative effects 
between oral midazolam and intranasal midazolam during an-
esthesia induction with mask acceptance (RR = 1.02, 95% CI: 
0.93–1.13, p = 0.64, I2 = 0%) and parental separation (RR = 0.99, 
95% CI: 0.89–1.10, p = 0.90, I2 = 53%) [80].

3.6.3.2   |   Dexmedetomidine.  Three meta-analyses con-
sistently demonstrate superior sedation success rates with 
dexmedetomidine compared to oral chloral hydrate for pedi-
atric sedation. Two meta-analyses indicate dexmedetomidine 
achieves higher sedation success rates than oral midazolam 
in various pediatric sedation scenarios (including both proce-
dural sedation and premedication). One meta-analysis shows 
intranasal dexmedetomidine provides higher sedation success 
rates than intranasal ketamine for both procedural sedation 
and premedication in children. One meta-analysis reveals com-
parable sedation effects between intravenous dexmedetomidine 
and propofol during MRI examinations, and a lower incidence 
of hypoxia for dexmedetomidine.

A 2022 systematic review of 14 RCTs involving 3749 children 
showed that intranasal dexmedetomidine achieved higher seda-
tion success rates (RR = 1.139, 95% CI: 1.051–1.235, I2 = 86.7%, 
p < 0.001), faster onset of sedation (WMD = −0.986, 95% CI: 
−1.797 to −0.174), and lower incidence of vomiting (RR = 0.083, 
95% CI: 0.026–0.266, I2 = 0%) compared to oral chloral hy-
drate [61].

A 2020 meta-analysis of 15 RCTs involving 2128 children 
demonstrated intranasal dexmedetomidine provided superior 
sedation success rates (RR = 1.14, 95% CI: 1.05–1.25, I2 = 79%, 
p = 0.003), lower incidence of vomiting (RR = 0.07, 95% CI: 
0.03–0.17, I2 = 0%) and coughing (RR = 0.15, 95% CI: 0.05–0.44, 
I2 = 0%) compared to chloral hydrate. Chloral hydrate was as-
sociated with longer onset time (MD = −3.54, 95% CI: −5.94 to 
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−1.15, I2 = 95%) and recovery time (MD = −30.08, 95% CI: −46.77 
to −13.39, I2 = 99%) [81].

A 2022 systematic review of7 RCTs involving 1846 children 
found that for CT and MRIl sedation, intranasal dexmedetomi-
dine (2 μg/kg) is associated with higher sedation success rate 
(85.07% vs. 71.31%, RR = 1.14, 95% CI: 1.03–1.26, I2 = 67.5%) and 
significantly lower incidence of nausea/vomiting (RR = 0.09, 
95% CI: 0.04–0.23, I2 = 37.8%) compared to oral chloral hydrate 
(50–60 mg/kg) [82].

A 2020 meta-analysis of 34 RCTs involving 2281 children demon-
strated that dexmedetomidine (administered intravenously, in-
tranasally, or orally) achieved significantly better sedation than 
midazolam for parental separation (RR = 0.31, 95% CI: 0.24–0.41, 
I2 = 76%) [70]. A 2023 meta-analysis of 11 RCTs involving 824 
children further showed that intranasal dexmedetomidine out-
performed oral midazolam in parental separation (RR = 1.37, 95% 
CI: 1.14–1.64, I2 = 79.3%) and anesthesia induction (RR = 2.08, 
95% CI: 1.03–4.22, I2 = 81.7%, no publication bias) [71].

A 2023 meta-analysis of 10 RCTs involving 727 children found 
intranasal administration of 2–3 mg/kg ketamine had a lower 
sedation success rate compared to 2–3 μg/kg intranasal dexme-
detomidine (46.36% vs. 63.64%, RR = 0.77, 95% CI: 0.63–0.94, 
p = 0.009, I2 = 0%) in procedural sedation and premedication [83].

A 2019 meta-analysis of 6 RCTs involving 412 children found there 
was no significant difference in sedation failure rates between 
intravenous dexmedetomidine (1–2 μg/kg bolus +0.5–2 μg/kg/h 
maintenance) and intravenous propofol (2–3 mg/kg bolus +100–
200 μg/kg/min maintenance) (RR = 0.74, 95% CI: 0.09–6.38, 
p = 0.78, I2 = 75%) for MRI examinations. Dexmedetomidine was 
associated with a lower incidence of hypoxemia (RR = 0.11, 95% 
CI: 0.02–0.55, p < 0.01, I2 = 0%) [84].

3.6.3.3   |   Sevoflurane.  A 2022 meta-analysis of 67 RCTs 
involving 22 380 children reported that for MRI examina-
tions in children aged 0–8 years, the sedation success rates 
of inhaled sevoflurane (98%, 95% CI: 0.97–0.99) were higher 
than oral chloral hydrate (94%, 95% CI: 0.91–0.96), oral chlo-
ral hydrate plus intranasal dexmedetomidine (95%, 95% CI: 
0.92–0.97), midazolam (rectal/oral/intranasal) (36%, 95% CI: 
0.14–0.65), intranasal dexmedetomidine (62%, 95% CI: 0.38–
0.82), and intranasal dexmedetomidine plus midazolam (94%, 
95% CI: 0.78–0.99) [85].

A 2008 RCT including 88 children aged 2–6 years for MRI sedation 
found that compared with propofol infusion, inhaled sevoflurane 
was associated with significantly lower sedation failure rate (0% 
vs. 11%, p < 0.05), shorter onset time (3.3 min vs. 4.8 min, p < 0.05), 
and shorter recovery time (3.9 min vs. 8.8 min, p < 0.05) [86].

3.6.3.4   |   Combination of Sedatives.  One meta-analysis 
and one RCT showed superior success rates of combination 
regimens compared with a single sedative. Two retrospective 
studies reported lower adverse events with combination therapy 
of propofol and midazolam or dexmedetomidine compared to 
propofol alone.

A 2023 meta-analysis of 10 RCTs involving 727 children found 
that 2–3 mg/kg intranasal ketamine alone showed a lower suc-
cess rate compared to the combination of intranasal ketamine 
1–1.5 mg/kg and intranasal dexmedetomidine 1–1.5 μg/kg 
(33.82% vs. 68.11%, RR = 0.50, 95% CI: 0.27–0.92) for pediatric 
premedication and procedural sedation [83].

A 2024 RCT including 105 children demonstrated that in CT se-
dation for cleft lip/palate patients, intranasal dexmedetomidine 
2 μg/kg and midazolam 0.05 mg/kg expressed a higher success 
rate than intranasal dexmedetomidine 2 μg/kg alone (95.9% vs. 
80.4%, p = 0.016) [87].

A 2017 retrospective study including 897 children for MRI se-
dation showed propofol plus midazolam reduced risk of airway 
adverse events compared with propofol alone (2.8% vs. 7.0%, 
p = 0.002) [78].

A 2017 retrospective study including 256 children for MRI se-
dation found propofol plus dexmedetomidine had lower overall 
adverse events (5.9% vs. 26.4%, p < 0.001) and lower airway ob-
struction (4.1% vs. 16.1%, p = 0.01) when compared with propofol 
alone [77].

3.7   |   Clinical Question 7: What Medications 
Should Be Selected as Rescue After Failed Sedation 
in Pediatric Patients?

3.7.1   |   Recommendation

7.1	 It is recommended dexmedetomidine and sevoflurane as 
rescue intervention for failed sedation (Recommendation 
level: A, Level of evidence: 1b, Consensus rate 81.2% 
(13/16)).

7.2	 It is recommended propofol as a rescue intervention for 
failed sedation (Recommendation level: D, Level of evi-
dence: 5, Consensus rate 93.8% (15/16)).

3.7.2   |   Rationale for Recommendation

Sedation is considered a failure when a single sedative admin-
istration fails to achieve adequate sedation depth, or the patient 
awakens or exhibits movement during the examination, which 
leads to incomplete examination [88, 89]. Rescue measures 
should be implemented to ensure the examination is completed 
under appropriate sedation depth.

Ideal rescue sedatives should have the following characteris-
tics: rapid onset, high rescue success rates, and minimal ad-
ditional adverse effects. Additionally, the type, dosage, timing 
of initial medication administration, and number of rescue at-
tempts should also be considered. Current evidence regarding 
rescue strategies primarily focuses on failed oral chloral hy-
drate sedation, while more evidence is needed to support res-
cue approaches following failure of other sedatives, particularly 
dexmedetomidine.
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A survey from China showed that propofol and inhaled anes-
thetics are the most commonly used rescue sedatives for chil-
dren aged 0–1 years, while propofol and dexmedetomidine are 
the most frequently employed rescue medications for children 
> 4 years [1]. Non-intravenous routes are typically preferred for 
patients without established IV access. Oral rescue medications 
require the child to be awake and capable of active swallowing, 
making them unsuitable for patients already in mild or moder-
ate sedation. The “Guidelines for Procedural Sedation by Non-
Anesthesiologists” from the United States noted significant 
interindividual variability in oral drug absorption and recom-
mended against repeated use of oral medications as rescue mea-
sures [5]. Intranasal dexmedetomidine administration is simple, 
minimally irritating, and easily performed on awake or sedated 
children. A 2 μg/kg intranasal dexmedetomidine dose showed 
higher rescue success rates compared to 1–1.5 μg/kg doses, bet-
ter meeting clinical requirements [90].

Propofol and sevoflurane at anesthetic doses can rapidly achieve 
deep sedation or even anesthesia. Although direct evidence for 
propofol as a rescue medication for failed sedation is currently 
lacking, clinical studies and practice consistently show that in-
travenous propofol is the most commonly used rescue measure 
for refractory sedation failure, particularly when initial res-
cue attempts fail to permit examination completion [1, 91, 92]. 
Concurrently, studies suggest that inhaled sevoflurane may 
serve as a rescue option when anesthesia machines and vapor-
izers are available.

3.7.3   |   Evidence Summary

There are 4 RCTs showing that intranasal dexmedetomidine 
2 μ g/kg achieves higher rescue success rates compared to oral 
chloral hydrate or intranasal dexmedetomidine 1 μ g/kg.

A 2016 RCT included 156 children aged 1–3 years undergoing 
MRI who failed to sedate with oral chloral hydrate reported the 
rescue success rates of adding oral chloral hydrate 25 mg/kg, 
intranasal dexmedetomidine 1 μ g/kg or 2 μ g/kg were 74.4%, 
80.0%, and 94.0%, respectively (p < 0.05), and there was no 
statistical difference in onset time between the 3 groups [93]. 
Chloral hydrate showed significantly longer recovery time than 
dexmedetomidine (p < 0.05), and dexmedetomidine 2 μg/kg 
had longer recovery than 1 μg/kg (p < 0.05). Another 2016 RCT 
of 60 children aged 5–36 months undergoing ophthalmic exam-
inations who had failed sedation with chloral hydrate, showed 
the rescue success rates of intranasal dexmedetomidine 1 and 
2 μg/kg were 66.7% and 93.3%, respectively (p = 0.021), and 
there was no significant difference in onset time and recovery 
time [94]. A 2014 RCT of 213 children aged 1 month–10 years 
requiring sedation rescue after chloral hydrate failure reported 
the rescue success rates of adding intranasal dexmedetomidine 
1, 1.5 and 2 μg/kg were 83.6%, 89.2%, and 96.2%, respectively 
[90]. A 2016 RCT of 150 infants aged 1–6 months undergoing 
MRI after failed chloral hydrate sedation demonstrated the 
success rates of adding oral chloral hydrate 25 mg/kg, dexme-
detomidine 1 and 2 μg/kg sedation were 80%, 94%, and 98%, 
respectively. No obvious adverse hemodynamic or hypoxemic 
effects were observed [95].

A 2021 RCT of 336 children requiring rescue after intranasal 
dexmedetomidine sedation failure during MRI sedation showed 
that the rescue success rate of 0.4% sevoflurane inhalation was 
higher than that of 2 mg/kg intranasal ketamine (95.2% vs. 
82.1%, RR = 1.159, 95% CI: 1.07, 1.25). The onset time of sevoflu-
rane rescue (5.7 ± 0.5 vs. 10.9 ± 2.7 min, p < 0.001) and recovery 
time (27.4 ± 6.3 vs. 53.8 ± 15.2 min, p < 0.001) were shorter than 
2 mg/kg intranasal ketamine [88].

3.8   |   Clinical Question 8: Can Off-Label 
Medications Be Used for Pediatric Sedation?

3.8.1   |   Recommendation

8.1	 For pediatric sedation, a thorough individualized risk 
assessment is essential, particularly when utilizing med-
ications such as propofol, remimazolam, ciprofol, dex-
medetomidine, esketamine, etomidate, or midazolam. 
Given the potential for off-label use and associated safety 
concerns, administration should be conducted under the 
direct supervision of a qualified anesthesiologist when 
clinically warranted (Recommendation Level: B; Level of 
evidence: 2b, Consensus rate 93.8% (15/16)).

3.8.2   |   Rationale for Recommendation

Common pediatric sedative agents including propofol, remima-
zolam, ciprofol, dexmedetomidine, esketamine, etomidate, and 
midazolam are frequently used off-label in children.

The package insert for propofol medium/long-chain triglyceride 
emulsion injection indicates its approved use for induction and 
maintenance of general anesthesia, as well as procedural seda-
tion in children older than 1 month. However, when propofol is 
used for endotracheal intubation in neonates, the sedative effects 
and circulatory risks are unpredictable, and there is a potential 
risk of intracranial hemorrhage. Therefore, caution should be ex-
ercised during administration of this medicine. Pediatric use of 
remimazolam tosylate for injection and esketamine hydrochlo-
ride injection is unspecified in its labeling. However, RCTs have 
demonstrated that both remimazolam and esketamine exhibit a 
good sedative effect and favorable safety profiles when used off-
label for pediatric sedation. Dexmedetomidine hydrochloride 
injection is not recommended for patients under 18 years per its 
label and only dexmedetomidine nasal spray is approved for pre-
operative sedation and anxiolysis in children aged 2 to 6 years. 
However, dexmedetomidine has been widely used off-label for 
procedural sedation, preoperative sedation, and ICU sedation in 
children aged 1 month to 18 years, demonstrating high success 
rates with minimal respiratory depression and hemodynamic 
effects. Etomidate emulsion injection is contraindicated in neo-
nates and infants younger than 6 months according to its label-
ing. However, studies found single-dose administration in this 
population may not significantly impact circulation or cerebral 
perfusion. Midazolam injection is approved for preoperative se-
dation, procedural sedation, and ICU sedation in children ex-
cept neonates. Rapid IV administration in neonates or preterm 
infants may cause severe hypotension, seizures, and prolonged 
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respiratory depression. Therefore, caution should be exercised 
when used in this population.

3.8.3   |   Evidence Summary

An RCT involving 173 neonates demonstrated there was no sig-
nificant difference in the incidence of decreased oxygen satura-
tion between the group receiving propofol and the group receiving 
atracurium and sufentanil for non-emergency endotracheal in-
tubation in neonates (59.6% vs. 65.9%, RD = −6.4, 95% CI: −21 to 
8.1, p = 0.38). The propofol group exhibited a lower proportion 
of highly satisfactory sedation (51.7% vs. 92.6%, p < 0.001), faster 
recovery times for respiration (14 min (Interquartile Range, 
IQR: 8–34 min) vs. 33 min (IQR: 15–56 min), p = 0.002) and limb 
movement (18 min (IQR: 10–43 min) vs. 36 min (IQR: 19–65 min), 
p = 0.003), and a greater decrease in mean arterial pressure com-
pared to baseline (p = 0.009) [96]. Cranial ultrasound scans re-
vealed similar worsening intracranial hemorrhage between the 
two groups (20.6% vs. 17.6%, adjusted RD = 1.2, 95% CI: −13.1 to 
15.5, p = 0.87).

An effective dose-finding study including 29 children found 
that intranasal remimazolam is feasible for preoperative seda-
tion and no adverse effects were observed except for one child 
who developed excitement [97]. An RCT of 90 children found 
that intranasal remimazolam premedication achieved mild se-
dation in 80% of children at 10 min, with 3.3% progressing to 
deep sedation (OR = 11.90; 95% CI: 3.46–40.92) but caused sub-
stantial nasal irritation [98]. These children also exhibited better 
parental separation (p = 0.008) and mask acceptance (p = 0.014) 
compared to the control group. An RCT of 30 pediatric patients 
receiving intranasal esketamine or intranasal dexmedetomidine 
for procedural sedation showed no severe adverse events during 
sedation [99]. An RCT involving 198 pediatric patients under-
going tonsillectomy and adenoidectomy demonstrated that 
preoperative sedation with intranasal co-administration of dex-
medetomidine and esketamine provided significantly deeper se-
dation (p < 0.001), better separation from parents (p = 0.012) and 
acceptance of the mask for induction (p = 0.004), significantly 
reduced emergence time (p < 0.001) and the incidence of postop-
erative delirium (RR = 0.2595%; 95% CI: 0.11–0.57) than dexme-
detomidine alone without significant adverse effects [100].

A recent RCT of 121 children aged 1–3 years undergoing trans-
thoracic echocardiography showed that 0.5–1.5 mg/kg esket-
amine combined with 1 μg/kg dexmedetomidine did not cause 
significant changes in HR or SpO2 from base line [23]. No seri-
ous adverse effects were observed and only four children expe-
rienced a transient desaturation not requiring intervention. In 
an RCT of 111 children undergoing MRI sedation, esketamine-
propofol sedation resulted in a lower dose of propofol for titra-
tion (difference in medians(MD) = −64.3 μg/kg/min, 95% CI: 
−75.9 to 51.9), a shorter emergence time (MD = −9.4 min, 95% CI: 
−11.4 to 7.4), and a shorter discharge time (MD = −10.1 min, 95% 
CI: −12.1 to −8.2) without increasing adverse events compared 
to the combination of dexmedetomidine and propofol [101]. 
An RCT of 61 pediatric patients showed that remimazolam at 
0.5 mg/kg for sedation shortened recovery time compared to es-
ketamine (p < 0.05) and did not significantly alter MAP, SpO2, or 

HR (p > 0.05) [102]. No adverse events related to remimazolam 
and esketamine were reported in these trials.

A retrospective cohort study of children undergoing tonsillec-
tomy and adenoidectomy found that, compared to propofol, 
ciprofol induction resulted in similar hemodynamic trends but 
higher systolic and diastolic blood pressures at equivalent time 
points post-administration (p = 0.037 and p = 0.012). The cip-
rofol group also had significantly lower PAED scores at 10 and 
20 min post-extubation (p < 0.001 and p = 0.046) [103]. Another 
RCT on the optimal ciprofol induction dose in children showed 
that 0.6 mg/kg ciprofol led to a lower incidence of poor intuba-
tion conditions (8.2%, p < 0.0167) [104].

A survey of 791 anesthesiologists from four international anes-
thesia societies found that 70% used dexmedetomidine for pe-
diatric procedural sedation (68%), preoperative sedation (46%), 
and ICU sedation (46%) [105]. A systematic review of 9 RCTs 
with 1076 pediatric patients showed dexmedetomidine had a 
higher success rate for procedural sedation (OR = 2.90, 95% 
CI: 1.39–6.07) and lower incidence of respiratory depression 
(OR = 0.29, 95% CI: 0.15–0.57) compared to other sedatives in-
cluding chloral hydrate, midazolam, pentobarbital [62]. Another 
review of 33 studies (31 RCTs and 2 case–control) with 3395 
pediatric patients confirmed dexmedetomidine reduced postop-
erative delirium (OR = 0.23, 95% CI: 0.19–0.27) [106]. Another 
review of 24 RCTs with 1042 pediatric patients found dexme-
detomidine reduced junctional ectopic tachycardia (OR = 0.32, 
95% CI: 0.20) and maintained hemodynamic stability (SBP: 
SMD = −0.35, 95% CI: −0.72 to 0.01; MAP: SMD = −0.83, 95% 
CI: −1.87 to 0.21; DBP: SMD = −0.79, 95% CI: −1.66 to 0.08; HR: 
SMD = −1.71, 95% CI: −2.29 to 1.13) [107].

A cohort study involving 50 infants aged 0–11 months demon-
strated that a single injection of 0.4 mg/kg etomidate during 
induction did not impair global or regional cerebral perfusion 
in neonates or infants with congenital heart disease. The mean 
arterial blood pressure, cardiac index, and regional cerebral ox-
ygen saturation remained stable above predefined limits [108].

A retrospective study found the success rate of midazolam se-
dation was 91.67% in 26 neonates without adverse events [109].

3.9   |   Clinical Question 9: What Are the Discharge 
Criteria for Children After Sedation?

3.9.1   |   Recommendation

9.1	 It is recommended to use tools such as the Aldrete 
Recovery Score or the Steward Recovery Score to assess 
recovery in children after sedation. After the children 
meet the corresponding scoring criteria (e.g., Aldrete 
score ≥ 9 or Steward score ≥ 5), a comprehensive assess-
ment considering the sedation method, type of examina-
tion, individual patient differences, and other recovery 
indicators is conducted by the sedation provider to deter-
mine whether they meet the criteria for safe discharge be-
fore being discharged (Recommendation Level: D, Level 
of evidence: 5, Consensus rate 100% (16/16)).
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3.9.2   |   Rationale for Recommendation

The recommendation for discharge criteria after pediatric seda-
tion is based primarily on the combination of validated assess-
ment tools and clinical indicators. Commonly used tools in clinic 
include the Aldrete Recovery Score and the Steward Recovery 
Score. The Aldrete score evaluates dimensions such as motor 
activity, respiration, circulation, consciousness, and skin color; 
a score of ≥ 9 indicates the child is close to pre-sedation status 
and can be safely discharged. The Steward score focuses on con-
sciousness, airway patency, and motor activity; a score of ≥ 5 
suggests good recovery. If a child's Steward score is ≤ 5 before se-
dation, they can be discharged once their post-sedation Steward 
score returns to the pre-sedation level. These tools quantify 
vital signs, consciousness level, and airway patency, providing 
a scientific basis for safe discharge. In multiple clinical studies, 
Aldrete score ≥ 9 or Steward score ≥ 5 have been used as dis-
charge criteria for pediatric sedation or anesthesia [91, 110–112]. 
Clinical observations have shown that when children have in-
dependent activities such as sitting up and speaking, and their 
physiological functions are stable, it can significantly reduce 
the rate of readmission and ensure safety after discharge. In the 
comprehensive evaluation, sedation methods (such as duration 
of sedative drug action, last dose time), examination types, and 
individual differences (such as age, underlying diseases, etc.) 
should also be considered.

At present, there is no unified standard for the discharge of chil-
dren after sedation. The expert group concluded that children 
should have stable physiological functions (including cardiovas-
cular function, respiratory function, and oxygenation status) and 
intact protective reflexes before discharge. Experts recommend 
using the Aldrete score (≥ 9) or the Steward score (≥ 5) as the core 
criteria for discharge after pediatric sedation, supplemented by 
a comprehensive assessment tailored to local sedation protocols, 
the type of examination, and the individual patient differences 
(such as underlying diseases and age-appropriate autonomous 
activity ability, etc.) to ensure safe discharge.

3.9.3   |   Evidence Summary

Currently, there is no direct research evidence on discharge cri-
teria for children after sedation. However, both clinical studies 
and practice commonly utilize the Aldrete Score or Steward 
Score and sometimes clinical observation as assessment tools for 
determining discharge readiness in children following sedation 
or anesthesia.

In another RCT involving 60 children undergoing MRI sedation 
with intranasal dexmedetomidine, a modified Aldrete score 
of ≥ 9 was used as the discharge criterion during the recovery 
phase [91].

A retrospective cohort study involving 142 children undergoing 
flexible bronchoscopy who were sedated by different doses of 
dexmedetomidine combined with sufentanil, discharge crite-
rion was also based on the modified Aldrete score ≥ 9 [111].

In an RCT of 347 children undergoing MRI sedation with a com-
bination of propofol and ketamine or the propofol-only group, 

a modified Aldrete score of 10 was used as a criterion of full 
recovery and discharge [113].

In an RCT involving 21 children undergoing MRI sedation with 
sevoflurane or thiopental, the discharge criterion also was a 
modified Aldrete score of 10 [114].

In an RCT involving 70 children aged 2 to 16 years undergoing 
colonoscopy under sedation, the Steward scoring system was 
used during the recovery phase, with a score of ≥ 5 considered 
indicative of full awakening [112].

In an RCT involving 27 children undergoing dental sedation, 
discharge criteria were based on clinical observation to confirm 
that the child was awake, able to sit up independently, and had 
stable vital signs [115].

In an RCT involving 100 children aged 1 to 7 years undergoing 
bilateral myringotomy, researchers conducted a comprehensive 
assessment of respiratory function, mental status, and pain con-
trol as PACU discharge criteria [116].

3.10   |   Question 10: Is It Necessary for Children to 
Fast Before and After Sedation?

3.10.1   |   Recommendation

10.1	 It is recommended that children scheduled for elec-
tive moderate to deep sedation follow the 1-4-6 fasting 
guideline. If the examination is urgent, the risks and 
benefits of the patients need to be evaluated accord-
ing to the actual situation (Recommendation level: B; 
Evidence level: 2b, Consensus rate 93.8% (15/16)).

10.2	 It is recommended that children start to eat with clear liq-
uids as soon as they are awake after the sedation and fol-
lowed by gradual dietary advancement (Recommendation 
level: D; Evidence level: 5, Consensus rate 100% (16/16)).

3.10.2   |   Rationale for Recommendation

Since protective reflexes are somehow kept during sedation in 
children, the risk of regurgitation and aspiration is relatively 
low. It is noted that shortening the fasting time can prevent 
the occurrence of dehydration and hypoglycemia in children 
[117, 118]. Additionally, due to the urgency of some examina-
tions, children cannot strictly comply with the fasting algorithm. 
According to the available literature, in most Chinese hospitals, 
the 2-4-6 principle is required, which is 2 h for clear liquids, 4 h 
for breast milk, and 6 h for formula [2]. However, the fasting al-
gorithm for pediatric sedation is still in debate worldwide. The 
international multidisciplinary consensus statement on fasting 
before procedures sedation in adults and children in 2020 pro-
posed that pre-sedation assessment should conduct risk stratifi-
cation for each patient based on evidence-based factors related 
to the patient's characteristics, comorbidities, the nature of the 
procedure, and the nature of the expected sedation technique. 
For children without clear risk of regurgitation and aspiration, 
the fasting time for clear liquids can be shortened, while for chil-
dren with a clearly high risk of regurgitation and aspiration, the 



864 Pediatric Anesthesia, 2026

“2-4-6 fasting principle” should be maintained [119]. Moreover, 
the European guideline in 2022 recommends that the fasting 
time for clear liquids before sedation can be shortened to 1 h, 
and the fasting time for solid foods should be 6 h [120].

The patient's gastrointestinal status (such as delayed gastric 
emptying, pyloric obstruction, etc.) was considered the main 
risk factor for aspiration during anesthesia [121]. In recent 
years, some researchers have proposed that the association be-
tween the length of the fasting time, the emptying of gastric con-
tents, and regurgitation and aspiration remains to be verified. 
However, for healthy patients, the incidence of regurgitation 
and aspiration is relatively low. Based on the low incidence of 
regurgitation and aspiration and the extremely low mortality 
rate during pediatric sedation, it is recommended that children 
scheduled for procedural sedation follow the 1-4-6 fasting algo-
rithm. If the scheduled examination is urgent, a decision can be 
made based on an assessment of the patient's risks and benefits 
according to the actual situation.

To date, no research has been available on the intake time after 
pediatric sedation. The expert consensus on enhanced recovery 
after surgery in China recommends that children undergoing 
non-enteric surgery can eat as soon as they wake up [122]. Based 
on clinical experience, it is recommended that children can at-
tempt oral intake immediately as soon as they wake up, starting 
with clear liquids and gradually advancing the diet.

3.10.3   |   Evidence Summary

A cross-sectional study involving 114 hospitals showed that 
most hospitals follow the 2-4-6 fasting algorithm, that is 2 h of 
fasting for liquids, 4 h for breast milk, and 6 h for formula or sol-
ids, and no reports of serious regurgitation and aspiration events 
were reported [123].

An RCT including 131 healthy children aged 1–16 years showed 
that shortening the fasting time of clear fluids from 2 to 1 h did 
not affect the incidence of adverse events [124]. The study also 
showed there were no significant differences between the clear 
liquid fasting duration of 1 and 2 h in terms of gastric residual 
volume (Median (Interquartile Range) 0.43 (0.21–0.84) vs. 0.46 
(0.19–0.79) mL/kg; p = 0.43) and pH value (1.43 (1.30–1.56) vs. 
1.44 (1.29–1.68), p = 0.66) [124]. The parents' satisfaction was 
higher when their children fasted from clear fluids for 1 h.

A prospective study including 12 093 children found that the 
incidences of regurgitation and aspiration in children with a 
clear liquid fasting time of < 1, 1–2, 2–4, and > 4 h were 0.64%, 
0.24%, 0.37%, and 0.36%, respectively. Univariate analysis 
showed that only a clear liquid fasting time of < 1 h was associ-
ated with an increased incidence of regurgitation and aspiration 
(p = 0.047). In addition, children aged 1–3 years (OR = 2.7, 95% 
CI: 1.3%–5.8%, p < 0.01) and those undergoing emergency sur-
gery (OR = 2.8, 95% CI: 1.4–5.7, p < 0.01) were associated with an 
increased incidence of regurgitation and aspiration. There was 
no significant difference in the incidence of regurgitation and 
aspiration among the subgroups fasting according to the 6/4/0, 
6/4/1, and 6/4/2 protocols (all being 0.03%, p < 0.0001), without 
serious consequences [125].

A multi-center study by PSRC including 139 142 children se-
dated by propofol found that there was no significant difference 
in the incidence of aspiration between the children who were 
nil per os (NPO) or not NPO (0.097‰ vs. 0.079%, p = 0.79) [54].

A secondary analysis of the results of a prospective cohort 
study, which included 6183 children undergoing emergency 
sedation, showed that shortening the fasting time had no im-
pact on the overall incidence of adverse events (solid food: 
OR = 1.00, 95% CI: 0.98–1.02, p = 0.91; liquid food: OR = 1.00, 
95% CI: 0.98–1.02, p = 0.97) or the incidence of vomiting (solid 
food: OR = 1.00, 95% CI = 0.97–1.03, p = 0.79; liquid food: 
OR = 1.00, 95% CI: 0.96–1.03, p = 0.81) [126]. Another meta-
analysis involving 8282 patients that used ketamine for seda-
tion also indicated that no regurgitation or aspiration occurred 
regardless of whether the children followed the 2-4-6 fasting 
algorithm or not [119, 127].

3.11   |   Clinical Question 11: What Monitoring Is 
Required During Sedation in Children?

3.11.1   |   Recommendation

11.1	 It is recommended that during pediatric procedural 
sedation, routinely monitor pulse rate (PR) and oxy-
gen saturation (SpO2). When feasible, it is suggested 
to monitor electrocardiogram (ECG), respiratory rate 
(RR), and blood pressure (BP) as well (Recommendation 
level: A; Level of Evidence: 5, Consensus rate 93.8% 
(15/16)).

11.2	 It is recommended that for children with developmen-
tal abnormalities or those at risk of respiratory compro-
mise, it is recommended to additionally employ end-tidal 
carbon dioxide (PetCO2) monitoring (Recommendation 
level: B; Level of Evidence: 2b, Consensus rate 93.8% 
(15/16)).

3.11.2   |   Rationale for Recommendation

During pediatric sedation, common complications include re-
spiratory depression, hypoxemia, and hemodynamic instability 
[128]. In particular, for patients undergoing deep sedation, pro-
longed sedation, or those at high risk, a decrease in SpO2, hypo-
tension, and bradycardia are likely to occur during the process, 
which may lead to hypoxia or inadequate organ perfusion [129]. 
Continuous monitoring of PR, ECG, SpO2, RR, and BP enables 
accurate and rapid diagnosis of complications and facilitates 
timely initiation of appropriate rescue interventions [130]. In 
the absence of direct studies to assess the level of evidence, the 
expert group considers that basic vital sign monitoring is cru-
cial for ensuring the safety of children undergoing sedation in 
clinical practice. For special patients, ECG and BP monitoring 
can promptly identify changes in circulatory function and aid in 
the timely management of cardiovascular complications; hence, 
the recommendation strength has been upgraded to Level A. 
Multiple guidelines and consensus statements also recommend 
continuous monitoring of these parameters during pediatric 
procedural sedation [16, 19, 37, 40].
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During the process of procedural sedation, children are at a 
higher risk of hypoventilation and apnea, particularly when re-
ceiving deep sedation [131]. PetCO2 monitoring is an important 
physiological monitoring tool that provides continuous infor-
mation on respiratory gas exchange. It enables earlier detection 
of respiratory abnormalities, even when the patient is receiving 
supplemental oxygen, thus aiding in the timely identification of 
potential risks such as respiratory depression and airway ob-
struction [132]. The study has indicated that PetCO2 can pro-
vide real-time feedback on the adequacy of alveolar ventilation 
during spontaneous breathing, allowing for early recognition of 
respiratory insufficiency in sedated children [133]. The use of 
PetCO2 monitoring during moderate to deep sedation in chil-
dren plays a crucial role in preventing severe respiratory-related 
adverse events and ensuring patient safety [132].

3.11.3   |   Evidence Summary

Currently, there is no direct evidence to prove that continuous 
monitoring of PR, SpO2, ECG, RR, and BP is mandatory during 
the sedation process.

A prospective observational study enrolled 150 children aged 
1 to 10 years with developmental disabilities who required 
brain MRI under sedation [134]. During the sedation process, 
changes in PetCO2 values, the occurrence of hypoxemia, and 
adverse events were recorded to evaluate the effectiveness of 
PetCO2 monitoring in the early identification of hypoxemia. 
The results showed that 42.6% of the subjects exhibited sig-
nificant PetCO2 abnormalities during sedation. Hypoxemia 
(SpO2 ≤ 93%) occurred in 18% of the subjects. Among the chil-
dren with hypoxemia, 70.3% had PetCO2 abnormalities recorded 
before changes in the pulse oximeter were observed. The aver-
age time difference between the occurrence of PetCO2 abnor-
malities and hypoxemia was 4.38 ± 1.89 min. The sensitivity of 
PetCO2 abnormalities in predicting hypoxemia was 70.3%, with 
a specificity of 64.3%. An RCT enrolled 154 pediatric emergency 
patients aged 1 to 20 years who received intravenous sedation. 
The result showed the children with PetCO2 monitoring had a 
lower incidence of hypoxemia (1.0% vs. 7.1%, p = 0.008), lower 
incidence of persistent hypoventilation (two consecutive abnor-
mal PetCO2 values) (1.0% vs. 7.5%, p = 0.02), fewer interventions 
(OR = 0.25, 95% CI: 0.13–0.50), and more timely interventions 
(concurrent with or within 30 s of hypoventilation) (OR = 2.26, 
95% CI: 1.34–3.81), compared to those without PetCO2 monitor-
ing [135]. Delayed interventions were highly associated with the 
occurrence of SpO2 < 95% (OR = 5.31, 95% CI: 2.76–10.22) and 
SpO2 < 90% (OR = 6.19, 95% CI: 1.36–28.11).

3.12   |   Clinical Question 12: How to Manage 
Delayed Recovery After Sedation in Pediatric 
Patients?

3.12.1   |   Recommendation

12.1	 It is recommended to define delayed recovery after 
pediatric sedation as a time interval ≥ 2 h from pro-
cedure completion to meeting discharge criterion 

(Recommendation level: D, Level of evidence: 5, 
Consensus rate 87.5% (14/16)).

12.2	 It is recommended to develop individualized sedation 
protocols based on the child's weight, outpatient status, 
prior sedation history, and concurrent use of medica-
tions with synergistic sedative effects, to prevent delayed 
recovery after sedation (Recommendation level: B, Level 
of evidence: 3b, Consensus rate 100% (16/16)).

12.3	 It is recommended that, for pediatric patients with de-
layed recovery after sedation, prioritize assessment and 
management of potential adverse events, along with 
continuous monitoring of vital signs (Recommendation 
level: D, Level of evidence: 5, Consensus rate 93.8% 
(15/16)).

3.12.2   |   Rationale for Recommendation

The definition of delayed recovery after pediatric sedation re-
mains unclear. Some studies define it as the duration between 
the time from successful sedation to meeting discharge criteria 
≥ 2 h. Others define it as the time interval from procedure com-
pletion to recovery of consciousness ≥ 2 h [136]. A standardized 
definition is critical for ensuring homogeneity across clinic prac-
tice and research. Based on expert consensus, it is recommended 
that delayed recovery after pediatric sedation be defined as the 
duration from procedure completion to meeting discharge crite-
ria ≥ 2 h, given the varying sedation duration and sedation depth 
for different examinations.

Two retrospective case–control studies identified higher body 
weight, outpatients, patients with sedation history, patients re-
ceiving chloral hydrate, and polypharmacy with antiepileptic 
drugs as risk factors for delayed recovery [137, 138]. Three RCTs 
and one systematic review found that prolonged recovery time 
was associated with polypharmacy [89], chloral hydrate [139], or 
dexmedetomidine use [140, 141]. Therefore, it is recommended 
to implement individualized adjustments to the sedation proto-
col for children with risk factors for delayed recovery.

Currently, there is no established protocol for managing de-
layed recovery in children after sedation. Monitoring and in-
tervention are required for adverse events occurring during the 
recovery phase, which may prolong post-sedation phase [142]. 
Three retrospective studies identified major adverse events 
during sedation recovery phase, including hypotension, bra-
dycardia, nausea/vomiting, and airway-related complications 
[50, 51, 142]. Based on clinical experience, it is recommended 
to address adverse events with appropriate interventions and 
extend continuous monitoring primarily and administer spe-
cific antidotes if sedative accumulation is suspected. Determine 
discharge or admission based on clinical status until discharge 
criteria are met.

3.12.3   |   Evidence Summary

Currently, there is no direct evidence regarding the man-
agement of delayed recovery after sedation. However, when 
preventing and addressing delayed recovery, it is essential to 
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consider risk factors associated with it and implement appropri-
ate countermeasures.

Currently, there is no unified definition of delayed recovery after 
pediatric sedation. Three retrospective case–control/cohort 
studies defined delayed recovery as a sedation duration (time 
from successful sedation to meeting discharge criteria) ≥ 2 h 
[50, 51, 137].

A retrospective case–control study involving 30 003 sedated 
children reported a delayed recovery rate of 2.8%. Risk factors 
for delayed recovery included higher body weight (OR = 1.03, 
95% CI: 1.01–1.05), outpatients (OR = 1.31, 95% CI: 1.07–1.59), 
patients with sedation history (OR = 1.25, 95% CI: 1.07–1.44), 
and patients who received chloral hydrate (OR = 1.47, 95% CI: 
1.06–2.03) [137]. Another single-center retrospective cohort 
study of 3149 sedated children undergoing MRI or CT scans 
demonstrated that intranasal dexmedetomidine (2 mcg/kg) 
combined with oral midazolam (0.5 mg/kg) achieved a median 
sedation duration of 104 min (IQR: 85–120 min), with a delayed 
recovery rate of 18.7%. Infants exhibited a longer median seda-
tion time of 110 min (IQR: 90–135 min) and a higher delayed 
recovery rate of 27.5% [50]. A retrospective case–control study 
of 1346 children undergoing EEG sedation, the risk factors of 
delayed recovery included age < 1 year, sedation times ≥ 3, and 
multiple use of anti-epileptic drugs [138].

While multiple RCTs have identified delayed recovery times as-
sociated with combined sedative regimens [89], use of chloral 
hydrate [139], or dexmedetomidine [140, 141]. An RCT involving 
105 children aged 1–36 months undergoing CT sedation showed 
that intranasal dexmedetomidine combined with midazolam re-
sulted in longer recovery times compared to dexmedetomidine 
alone (43 [30–59.5] min vs. 31.5 [20.5–53.5] min, p = 0.006) [89]. 
Another RCT of 100 children aged 1–5 years undergoing CT se-
dation reported that rectal chloral hydrate administration led to 
a recovery time of (77.1 ± 19.1) minutes, significantly longer than 
intranasal dexmedetomidine alone (57.0 ± 21.7 min, p < 0.001) 
or intranasal dexmedetomidine combined with sevoflurane in-
halation (60.0 ± 23.9 min, p < 0.001) [139]. A systematic review 
of 5 RCTs involving 405 sedated children found significant de-
layed recovery with dexmedetomidine compared to other seda-
tives (WMD = 5.22 min, 95% CI: 0.35–10.09, p = 0.04, I2 = 92%). 
Subgroup analysis comparing dexmedetomidine with propofol re-
vealed significant delays (WMD = 10.10 min, 95% CI: 2.93–17.27, 
p = 0.006, I2 = 79%) [141]. Additionally, an RCT of 70 children 
aged 1–7 years undergoing MRI sedation demonstrated that intra-
nasal midazolam combined with intravenous dexmedetomidine 
prolonged recovery time compared to midazolam combined with 
intravenous propofol (68.9 ± 31.5 min vs. 40.1 ± 23.0 min) [140].

An observational case–control study of 1590 pediatric patients 
undergoing MRI sedation reported 5.7% hypotension during re-
covery following dexmedetomidine sedation. The children with 
hypotension had 18-min longer sedation duration (1.5 h vs. 1.2 h, 
p = 0.008) and 30-min extended recovery time (1.7 h vs. 1.2 h, 
p < 0.001) compared to non-hypotensive children [142].

A retrospective cohort study of 3149 sedated children identified 
the most common adverse events as bradycardia after sedation 
(2.03%), followed by nausea/vomiting (0.98%) and hypotension 

(0.89%). Another single-center retrospective study of 17 948 
sedated children reported the most frequent adverse events as 
nausea/vomiting (0.3%), SpO2 reduction (0.22%), and upper air-
way obstructions (0.11%) [51].

4   |   Conclusion

This guideline provided recommendations on 12 clinical issues 
of pediatric sedation, covering pre-sedation preparation, prac-
titioner competency, facility requirements, sedation implemen-
tation, and recovery management. We emphasized thorough 
pre-sedation assessment and preparation, ensuring that staffing 
and facilities are prepared to handle emergent critical situations, 
selecting sedation protocols that balance safety, efficacy, and 
practicality, continuous respiratory and circulatory monitoring 
throughout sedation and recovery, and discharging the child 
only after meeting safety criteria. It is hoped that this guideline 
will contribute to enhancing the safety and efficacy of pediatric 
sedation for diagnostic examination.

Funding

This work was supported by the Bethune Charitable Foundation.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available from the 
corresponding author upon reasonable request.

References

1. B. Li, R. Zhang, Y. Huang, et  al., “Moderate and Deep Sedation 
for Non-Invasive Paediatric Procedures in Tertiary Maternity and 
Children's Hospitals in China: A Questionnaire Survey From China,” 
BMC Health Services Research 20, no. 1 (2020): 28.

2. B. Li, R. Zhang, Y. Huang, L. Wang, M. Zhang, and J. Zheng, “Current 
Sedation Practices for Non-Invasive Procedures in Tertiary Maternity 
and Children's Hospitals in China: A 5-Year Update,” BMJ Paediatrics 
Open 8, no. 1 (2024): e002415.

3. P. P. Kamat, C. E. McCracken, H. K. Simon, et  al., “Trends in 
Outpatient Procedural Sedation: 2007–2018,” Pediatrics 145, no. 5 
(2020): e20193559.

4. X. R. Song, B. Li, and Y. X. Zuo, “Expert Consensus on Anesthesia/
Sedation for Pediatric Procedures Outside the Operating Room,” in 2017 
Edition of Chinese Anesthesiology Guidelines and Expert Consensus, vol. 
30. ed. Chinese Society of Anesthesiology (People's Medical Publishing 
House, 2017).

5. American Society of Anesthesiologists, “Practice Guidelines for 
Sedation and Analgesia by Non-Anesthesiologists,” Anesthesiology 96, 
no. 4 (2002): 1004–1017.

6. W. I. Gilani, H. A. Puls, P. Barrionuevo, et al., “Incidence of Adverse 
Events in Pediatric Procedural Sedation in the Emergency Department: 
A Systematic Review and Meta-Analysis,” Annals of Emergency 
Medicine 66, no. 4 (2015): S3–S4.

7. T. Jirativanont, K. Manomayangkul, Y. Udomphorn, et al., “Incidence 
and Risk Factors for Adverse Events During Anesthesiologist-Led 



867Pediatric Anesthesia, 2026

Sedation or Anesthesia for Diagnostic Imaging in Children: A 
Prospective, Observational Cohort Study,” Asian Biomedicine 9, no. 5 
(2015): 649–658.

8. M. D. Mallory, C. Travers, J. P. Cravero, P. P. Kamat, D. Tsze, and 
J. H. Hertzog, “Pediatric Sedation/Anesthesia for MRI: Results From 
the Pediatric Sedation Research Consortium,” Journal of Magnetic 
Resonance Imaging 57, no. 4 (2023): 1106–1113.

9. M. L. Schultz, A. Melby, R. Gray, F. M. Evans, S. Benett, and M. L. 
Niescierenko, “Pediatric Procedural Sedation in African Clinical 
Settings: A Mixed Methods Study of African Providers' Sedation 
Practices,” African Journal of Emergency Medicine 13, no. 3 (2023): 
204–209.

10. C. Sahyoun, A. Cantais, A. Gervaix, et  al., “Pediatric Procedural 
Sedation and Analgesia in the Emergency Department: Surveying the 
Current European Practice,” European Journal of Pediatrics 180, no. 6 
(2021): 1799–1813.

11. V. Michaud, B. Morel, C. Adamsbaum, et  al., “French Survey of 
Sedation Practices for Pediatric Magnetic Resonance and Computed 
Tomography Imaging,” Pediatric Radiology 53, no. 8 (2023): 1669–1674.

12. H. Sauer, M. Lobenhofer, and H. Abdul-Khaliq, “Analgosedation 
for Diagnostic and Interventional Procedures: A Countrywide Survey 
of Pediatric Centers in Germany,” Italian Journal of Pediatrics 46, no. 
1 (2020): 14.

13. A. Burger, L. A. Wallis, and P. W. Hodkinson, “Emergency Centre-
Based Paediatric Procedural Sedation: Current Practice and Challenges 
in Cape Town,” Southern African Journal of Anaesthesia and Analgesia 
25, no. 1 (2019): 23–28.

14. J. S. Seo, D. K. Kim, Y. Kang, et al., “Current Practices for Paediatric 
Procedural Sedation and Analgesia in Emergency Departments: Results 
of a Nationwide Survey in Korea,” Emergency Medicine Journal 30, no. 
3 (2013): e24.

15. P. L. Leroy, F. H. Nieman, H. E. Blokland-Loggers, D. M. Schipper, 
L. J. Zimmermann, and J. T. Knape, “Adherence to Safety Guidelines 
on Paediatric Procedural Sedation: The Results of a Nationwide Survey 
Under General Paediatricians in The Netherlands,” Archives of Disease 
in Childhood 95, no. 12 (2010): 1027–1030.

16. S. H. Kim, Y. J. Moon, M. S. Chae, et al., “Korean Clinical Practice 
Guidelines for Diagnostic and Procedural Sedation,” Korean Journal of 
Anesthesiology 77, no. 1 (2024): 5–30.

17. J. Hinkelbein, M. Lamperti, J. Akeson, et al., “European Society of 
Anaesthesiology and European Board of Anaesthesiology Guidelines 
for Procedural Sedation and Analgesia in Adults,” European Journal of 
Anaesthesiology 35, no. 1 (2018): 6–24.

18. American Academy of Pediatrics and, American Academy of 
Pediatric Dentistry, “Guidelines for Monitoring and Management 
of Pediatric Patients During and After Sedation for Diagnostic and 
Therapeutic Procedures: An Update,” Pediatrics 118, no. 6 (2006): 
2587–2602.

19. C. J. Cote and S. Wilson, “Guidelines for Monitoring and 
Management of Pediatric Patients Before, During, and After Sedation 
for Diagnostic and Therapeutic Procedures,” Pediatric Dentistry 41, no. 
4 (2019): 26E–52E.

20. World Health Organization (WHO), WHO Handbook for Guideline 
Development, 2nd ed. (WHO Press, 2014), https://​www.​who.​int/​groups/​
guide​lines​-​revie​w-​commi​ttee.

21. Y. L. Chen, K. H. Yang, and X. Q. Wang, “Guiding Principles for the 
Development/Revision of Clinical Diagnosis and Treatment Guidelines 
in China (2022 Version),” Chinese Medical Journal 102, no. 10 (2022): 
697–703.

22. M. C. Brouwers, M. E. Kho, G. P. Browman, et  al., “AGREE II: 
Advancing Guideline Development, Reporting, and Evaluation in 
Health Care,” Preventive Medicine 51, no. 5 (2010): 421–424.

23. D. Pei, T. Xiao, L. Zeng, et  al., “Optimal Doses of Intranasal 
Esketamine Plus Dexmedetomidine for Sedating Toddlers During 
Transthoracic Echocardiography: A Prospective, Double-Blind, 
Randomized Trial,” Annals of Medicine 57, no. 1 (2025): 2453087.

24. Oxford Centre for Evidence-Based Medicine: levels of evidence 
(2009), accessed 12, 2024, https://​www.​cebm.​ox.​ac.​uk/​resou​rces/​level​
s-​of-​evide​nce/​oxfor​d-​centr​e-​for-​evide​nce-​based​-​medic​ine-​level​s-​of-​
evide​nce-​march​-​2009.

25. M. D. Mallory, C. Travers, M. C. CE, J. Hertzog, and J. P. Cravero, 
“Upper Respiratory Infections and Airway Adverse Events in Pediatric 
Procedural Sedation,” Pediatrics 140, no. 1 (2017): e20170009.

26. T. Bosemani, M. Hemani, A. Cruz, et  al., “Assessment of Upper 
Airway Patency in Spontaneously Breathing Non-Intubated Neonates 
and Infants Undergoing Conventional MRI of Head and Neck,” Child's 
Nervous System 31, no. 9 (2015): 1521–1525.

27. Y. Konda, H. Mihira, L. Akiyama, et  al., “Patient Background 
Related to Success and Adverse Event in Pediatric Sedated MRI,” 
Pediatrics International 64, no. 1 (2022): e14950.

28. M. Ageel, “Review of Pediatric Sedation and Anesthesia for 
Radiological Diagnostic and Therapeutic Procedures,” Journal of 
Radiation Research and Applied Sciences 17, no. 1 (2024): 100833.

29. S. J. Hong, Y. J. Kang, Y. H. Jeon, et  al., “Analysis of Expert 
Consultation Referrals to the Korean Society of Anesthesiologists 
(KSA): A Comparison of Procedural Sedation and General Anesthesia,” 
Journal of Anesthesia 27, no. 2 (2013): 218–223.

30. S. Obara, “Involvement of Anesthesiologists in Pediatric Sedation 
and Analgesia Outside the Operating Room in Japan: Is It Too Late, 
or Is There Still Time?,” Journal of Anesthesia 39, no. 2 (2025): 311–317.

31. E. Goyens, K. Allegaert, F. De Buck, J. Lauweryns, J. Toelen, and 
K. Vanhonsebrouck, “Nurse-Driven Intranasal Dexmedetomidine 
Administration as Sedation for Non-Invasive Procedures in Children: 
A Single Centre Audit,” European Journal of Pediatrics 182, no. 2 (2023): 
899–905.

32. N. Aggarwal, A. Tulloch, A. Dutta, K. Francis, and M. Davison, 
“Paediatric Sedation for Magnetic Resonance Imaging. The Use of 
Intranasal Dexmedetomidine to Enable a Nurse-Led, No Intravenous 
Access Paediatric Sedation for Radiological Procedures at a District 
General Hospital,” Anaesthesia 78 (2023): 6.

33. P. Dorr, “A Pediatric Nurse Practitioner-Led Moderate Sedation 
Service: Our 7-Year Experience,” JNP-The Journal for Nurse Practitioners 
16, no. 5 (2020): 366–370.

34. C. Sulton, C. McCracken, H. K. Simon, et al., “Pediatric Procedural 
Sedation Using Dexmedetomidine: A Report From the Pediatric 
Sedation Research Consortium,” Hospital Pediatrics 6, no. 9 (2016): 
536–544.

35. S. Obara, Y. Nakata, and K. Yamaoka, “Cost-Effectiveness Analysis 
of Sedation and General Anesthesia Regimens for Children Undergoing 
Magnetic Resonance Imaging in Japan,” Journal of Anesthesia 36, no. 3 
(2022): 359–366.

36. M. Zielinska, A. Bartkowska-Sniatkowska, K. Becke, et  al., “Safe 
Pediatric Procedural Sedation and Analgesia by Anesthesiologists for 
Elective Procedures: A Clinical Practice Statement From the European 
Society for Paediatric Anaesthesiology,” Paediatric Anaesthesia 29, no. 
6 (2019): 583–590.

37. M. C. Mondardini, S. Pezzato, L. Meneghini, et  al., “Procedural 
Sedation and Analgesia in Pediatric Diagnostic and Interventional 
Radiology: An Expert DELPHI Consensus Document Developed by 
the ITALIAN Scientific Society of Anesthesia, Analgesia, Resuscitation 
and Intensive Care (SIAARTI),” Paediatric Anaesthesia 34, no. 10 
(2024): 999–1010.

38. R. Lin, H. Lin, E. Elder, A. Cerullo, A. Carrington, and G. Stuart, 
“Nurse-Led Dexmedetomidine Sedation for Magnetic Resonance 

https://www.who.int/groups/guidelines-review-committee
https://www.who.int/groups/guidelines-review-committee
https://www.cebm.ox.ac.uk/resources/levels-of-evidence/oxford-centre-for-evidence-based-medicine-levels-of-evidence-march-2009
https://www.cebm.ox.ac.uk/resources/levels-of-evidence/oxford-centre-for-evidence-based-medicine-levels-of-evidence-march-2009
https://www.cebm.ox.ac.uk/resources/levels-of-evidence/oxford-centre-for-evidence-based-medicine-levels-of-evidence-march-2009


868 Pediatric Anesthesia, 2026

Imaging in Children: A 6-Year Quality Improvement Project,” 
Anaesthesia 78, no. 5 (2023): 598–606.

39. American Academy of Pediatric Dentistry, Clinical Affairs 
Committee—Sedation and General Anesthesia Subcommittee, 
“Guideline on Use of Anesthesia Personnel in the Administration of 
Office-Based Deep Sedation/General Anesthesia to the Pediatric Dental 
Patient,” Pediatric Dentistry 34, no. 5 (2012): 170–172.

40. C. J. Cote, S. Wilson, and American Academy of Pediatrics; 
American Academy of Pediatric Dentistry, “Guidelines for Monitoring 
and Management of Pediatric Patients Before, During, and After 
Sedation for Diagnostic and Therapeutic Procedures: Update 2016,” 
Pediatrics 138, no. 1 (2016): e20191000.

41. Practice Guidelines for Moderate Procedural Sedation and 
Analgesia 2018: A Report by the American Society of Anesthesiologists 
Task Force on Moderate Procedural Sedation and Analgesia, the 
American Association of Oral and Maxillofacial Surgeons, American 
College of Radiology, American Dental Association, American Society 
of Dentist Anesthesiologists, and Society of Interventional Radiology, 
Anesthesiology 128, no. 3 (2018): 437–479.

42. National Institute for Health and Care Excellence, “2018 
Surveillance of Sedation in Under 19s: Using Sedation for Diagnostic 
and Therapeutic Procedures (NICE Guideline CG112) [Internet],” 
(2018). National Institute for Health and Care Excellence (NICE).

43. J. P. Cravero, M. L. Beach, G. T. Blike, S. M. Gallagher, J. H. Hertzog, 
and Pediatric Sedation Research Consortium, “The Incidence and 
Nature of Adverse Events During Pediatric Sedation/Anesthesia With 
Propofol for Procedures Outside the Operating Room: A Report From 
the Pediatric Sedation Research Consortium,” Anesthesia and Analgesia 
108, no. 3 (2009): 795–804.

44. C. J. Cote, D. A. Notterman, H. W. Karl, J. A. Weinberg, and C. 
McCloskey, “Adverse Sedation Events in Pediatrics: A Critical Incident 
Analysis of Contributing Factors,” Pediatrics 105, no. 4 Pt 1 (2000): 
805–814.

45. M. T. Elfezary, M. E. Moteea, M. S. Abu Samadah, and A. S. Waly, 
“The Implementation of Conscious Sedation by Dental Professionals in 
Egypt: An Analytical Cross-Sectional Study,” Scientific Reports 14, no. 
1 (2024): 16502.

46. K. Roher, K. Becke-Jakob, and C. Eich, “Safety and Quality in 
Paediatric Procedural Sedation: What Really Matters?,” Current 
Opinion in Anaesthesiology 36, no. 3 (2023): 340–346.

47. A. Bartkowska-Sniatkowska, J. Rosada-Kurasinska, M. Zielinska, 
et  al., “Procedural Sedation and Analgesia for Gastrointestinal 
Endoscopy in Infants and Children: How, With What, and by Whom?,” 
Anestezjologia Intensywna Terapia 46, no. 2 (2014): 109–115.

48. M. F. Bellolio, H. A. Puls, J. L. Anderson, et  al., “Incidence of 
Adverse Events in Paediatric Procedural Sedation in the Emergency 
Department: A Systematic Review and Meta-Analysis,” BMJ Open 6, 
no. 6 (2016): e011384.

49. M. Bhatt, D. W. Johnson, J. Chan, et al., “Risk Factors for Adverse 
Events in Emergency Department Procedural Sedation for Children,” 
JAMA Pediatrics 171, no. 10 (2017): 957–964.

50. X. Zhou, J. Zhao, H. Tu, K. Chen, Y. Hu, and Y. Jin, “The Effect 
of Age on Outpatient Pediatric Procedural Sedation With Intranasal 
Dexmedetomidine and Oral Midazolam,” European Journal of 
Pediatrics 183, no. 1 (2024): 169–177.

51. F. Yang, Y. Liu, Q. Yu, et al., “Analysis of 17 948 Pediatric Patients 
Undergoing Procedural Sedation With a Combination of Intranasal 
Dexmedetomidine and Ketamine,” Pediatric Anesthesia 29, no. 1 (2019): 
85–91.

52. J. R. Lee, J. H. Lee, H. M. Lee, N. Kim, and M. H. Kim, “Independent 
Risk Factors for Adverse Events Associated With Propofol-Based 
Pediatric Sedation Performed by Anesthesiologists in the Radiology 

Suite: A Prospective Observational Study,” European Journal of 
Pediatrics 180, no. 5 (2021): 1413–1422.

53. S. Qu, T. Xiao, D. Pei, and Z. Chen, “A Restrospective Analysis of 
Sedation-Related Adverse Events in Pediatric Outpatients,” Chinese 
Journal of Anesthesiology 37, no. 10 (2017): 1254–1256.

54. M. L. Beach, D. M. Cohen, S. M. Gallagher, and J. P. Cravero, “Major 
Adverse Events and Relationship to Nil Per Os Status in Pediatric 
Sedation/Anesthesia Outside the Operating Room A Report of the 
Pediatric Sedation Research Consortium,” Anesthesiology 124, no. 1 
(2016): 80–88.

55. L. Juan, Z. Tiantain, J. Long, et  al., “Safety Nursing of Chloral 
Hydrate Use in Neonates,” Continuing Medical Education 29, no. 9 
(2015): 112–113.

56. D. Kim, E. K. Lee, J. S. Jeong, N. S. Gil, T. S. Hahm, and Y. H. Shin, 
“Incidence and Risk Factors of Unplanned Intubation During Pediatric 
Sedation for MRI,” Journal of Magnetic Resonance Imaging 49, no. 4 
(2019): 1053–1061.

57. D. Motas, N. B. McDermott, T. VanSickle, and R. H. Friesen, 
“Depth of Consciousness and Deep Sedation Attained in Children as 
Administered by Nonanaesthesiologists in a Children's Hospital,” 
Paediatric Anaesthesia 14, no. 3 (2004): 256–260.

58. H. Alp, A. M. Elmacı, E. K. Alp, and B. Say, “Comparison of 
Intranasal Midazolam, Intranasal Ketamine, and Oral Chloral Hydrate 
for Conscious Sedation During Paediatric Echocardiography: Results 
of a Prospective Randomised Study,” Cardiology in the Young 29, no. 9 
(2019): 1189–1195.

59. T. M. Abdelraheem, H. A. Hendawy, and A. M. Elkeblawy, 
“Intranasal Dexmedetomidine Versus Intranasal Midazolam as Sole 
Sedative Agents for Pelviabdominal Magnetic Resonance Imaging 
in Pediatrics: A Randomized Double-Blind Trial,” Bali Journal of 
Anesthesiology 7, no. 2 (2023): 99–104.

60. T. J. Ebert, J. E. Hall, J. A. Barney, T. D. Uhrich, and M. D. Colinco, 
“The Effects of Increasing Plasma Concentrations of Dexmedetomidine 
in Humans,” Anesthesiology 93, no. 2 (2000): 382–394.

61. J. Wang, Y. Li, S. Xiao, et  al., “Efficacy and Safety of Intranasal 
Dexmedetomidine Versus Oral Chloral Hydrate as Sedatives for 
Pediatric Patients: A Systematic Review and Meta-Analysis,” Journal of 
Investigative Medicine 70, no. 5 (2022): 1219–1224.

62. Y. Lin, R. Zhang, W. Shen, et al., “Dexmedetomidine Versus Other 
Sedatives for Non-Painful Pediatric Examinations: A Systematic 
Review and Meta-Analysis of Randomized Controlled Trials,” Journal 
of Clinical Anesthesia 62 (2020): 109736.

63. J. W. Miller, R. Balyan, M. Dong, et  al., “Does Intranasal 
Dexmedetomidine Provide Adequate Plasma Concentrations for 
Sedation in Children: A Pharmacokinetic Study,” British Journal of 
Anaesthesia 120, no. 5 (2018): 1056–1065.

64. B. L. Li, Y. P. Guan, V. M. Yuen, et al., “Population Pharmacokinetics 
of Intranasal Dexmedetomidine in Infants and Young Children,” 
Anesthesiology 137, no. 2 (2022): 163–175.

65. S. C. Kao, S. D. Adamson, L. H. Tatman, and K. S. Berbaum, “A 
Survey of Post-Discharge Side Effects of Conscious Sedation Using 
Chloral Hydrate in Pediatric CT and MR Imaging,” Pediatric Radiology 
29, no. 4 (1999): 287–290.

66. S. B. Greenberg, E. N. Faerber, and C. L. Aspinall, “High Dose 
Chloral Hydrate Sedation for Children Undergoing CT,” Journal of 
Computer Assisted Tomography 15, no. 3 (1991): 467–469.

67. Q. M. Nie, P. Q. Hui, H. T. Ding, and Z. W. Wang, “Rectal Chloral 
Hydrate Sedation for Computed Tomography in Young Children With 
Head Trauma,” Medicine 100, no. 9 (2021): e25033.

68. Z. Chen, F. Qin, L. Zeng, and L. Zhang, “Efficacy and Safety 
of Rectal Chloral Hydrate for Pediatric Procedural Sedation: A 



869Pediatric Anesthesia, 2026

Systematic Review and Meta-Analysis,” Medicine 103, no. 35 (2024): 
e39403.

69. X. Cheng, Z. Chen, L. L. Zhang, et  al., “Efficacy and Safety of 
Midazolam Oral Solution for Sedative Hypnosis and Anti-Anxiety 
in Children: A Systematic Review and Meta-Analysis,” Frontiers in 
Pharmacology 11 (2020): 225.

70. B. Lang, L. Zhang, W. Zhang, Y. Lin, Y. Fu, and S. Chen, “A 
Comparative Evaluation of Dexmedetomidine and Midazolam in 
Pediatric Sedation: A Meta-Analysis of Randomized Controlled Trials 
With Trial Sequential Analysis,” CNS Neuroscience & Therapeutics 26, 
no. 8 (2020): 862–875.

71. G. X. Zhang, L. Xin, and Q. T. Yin, “Intranasal Dexmedetomidine vs. 
Oral Midazolam for Premedication in Children: A Systematic Review 
and Meta-Analysis,” Frontiers in Pediatrics 11 (2023): 1264081.

72. Y. Y. Ji, B. Xue, Y. Huang, and J. W. Zhang, “Efficacy and Safety of 
Oral Midazolam in Combination With Intranasal Dexmedetomidine for 
Paediatric Magnetic Resonance Imaging Sedation,” Journal of Shanghai 
Jiaotong University (Medical Science) 40, no. 8 (2020): 1098–1102.

73. K. L. Johnson, J. Cochran, and S. Webb, “Lower-Dose Propofol 
Use for MRI: A Retrospective Review of a Pediatric Sedation Team's 
Experience,” Pediatric Emergency Care 37, no. 11 (2021): e700–e706.

74. S. Mongodi, G. Ottonello, R. Viggiano, et al., “Ten-Year Experience 
With Standardized Non-Operating Room Anesthesia With Sevoflurane 
for MRI in Children Affected by Neuropsychiatric Disorders,” BMC 
Anesthesiology 19, no. 1 (2019): 235.

75. B. Isik, M. Arslan, A. D. Tunga, and O. Kurtipek, “Dexmedetomidine 
Decreases Emergence Agitation in Pediatric Patients After Sevoflurane 
Anesthesia Without Surgery,” Paediatric Anaesthesia 16, no. 7 (2006): 
748–753.

76. H. Lei, L. Chao, T. Miao, et  al., “Serious Airway-Related Adverse 
Events With Sevoflurane Anesthesia via Facemask for Magnetic 
Resonance Imaging in 7129 Pediatric Patients: A Retrospective Study,” 
Pediatric Anesthesia 29, no. 6 (2019): 635–639.

77. J. P. Boriosi, J. C. Eickhoff, K. B. Klein, and G. A. Hollman, “A 
Retrospective Comparison of Propofol Alone to Propofol in Combination 
With Dexmedetomidine for Pediatric 3T MRI Sedation,” Paediatric 
Anaesthesia 27, no. 1 (2017): 52–59.

78. R. Kang, Y. H. Shin, N. S. Gil, K. Y. Kim, H. Yeo, and J. S. Jeong, “A 
Comparison of the Use of Propofol Alone and Propofol With Midazolam 
for Pediatric Magnetic Resonance Imaging Sedation—A Retrospective 
Cohort Study,” BMC Anesthesiology 17, no. 1 (2017): 138.

79. B. Lang, H. Wang, Y. Fu, et al., “Efficacy and Safety of Intranasal 
Midazolam Versus Intranasal Ketamine as Sedative Premedication in 
Pediatric Patients: A Meta-Analysis of Randomized Controlled Trials,” 
BMC Anesthesiology 22, no. 1 (2022): 399.

80. S. Chen, B. Lang, L. Wu, and W. Zhang, “Efficacy and Safety of 
Oral Versus Intranasal Midazolam as Premedication in Children: A 
Systematic Review and Meta-Analysis,” Minerva Anestesiologica 89, no. 
4 (2023): 331–340.

81. X. Lian, Y. Lin, T. Luo, H. Yuan, and Y. Chen, “Comparison of 
Dexmedetomidine With Chloral Hydrate as Sedatives for Pediatric 
Patients: A Systematic Review and Meta-Analysis,” Medicine 99, no. 31 
(2020): e21008.

82. X. Lyu, Y. Tao, and X. Dang, “Efficacy and Safety of Intranasal 
Dexmedetomidine vs. Oral Chloral Hydrate for Sedation in Children 
Undergoing Computed Tomography/Magnetic Resonance Imaging: A 
Meta-Analysis,” Frontiers in Pediatrics 10 (2022): 872900.

83. X. Liu, B. Lang, L. Zeng, et al., “Comparison of the Effects of Ketamine 
via Nebulization Versus Different Pharmacological Approaches 
in Pediatric Sedation: A Systematic Review and Meta-Analysis of 

Randomized Controlled Trials,” BMC Anesthesiology 23, no. 1 (2023): 
375.

84. Y. Tang, J. Meng, X. Zhang, J. Li, and Q. Zhou, “Comparison of 
Dexmedetomidine With Propofol as Sedatives for Pediatric Patients 
Undergoing Magnetic Resonance Imaging: A Meta-Analysis of 
Randomized Controlled Trials With Trial Sequential Analysis,” 
Experimental and Therapeutic Medicine 18, no. 3 (2019): 1775–1785.

85. I. de Rover, J. Wylleman, J. J. Dogger, W. M. Bramer, S. E. Hoeks, and 
J. C. de Graaff, “Needle-Free Pharmacological Sedation Techniques in 
Paediatric Patients for Imaging Procedures: A Systematic Review and 
Meta-Analysis,” British Journal of Anaesthesia 130, no. 1 (2023): 51–73.

86. I. O. Kol, H. Egilmez, K. Kaygusuz, S. Gursoy, and C. Mimaroglu, 
“Open-Label, Prospective, Randomized Comparison of Propofol and 
Sevoflurane for Laryngeal Mask Anesthesia for Magnetic Resonance 
Imaging in Pediatric Patients,” Clinical Therapeutics 30, no. 1 (2008): 
175–181.

87. G. Cozzi, L. Monasta, N. Maximova, et  al., “Combination of 
Intranasal Dexmedetomidine and Oral Midazolam as Sedation for 
Pediatric MRI,” Paediatric Anaesthesia 27, no. 9 (2017): 976–977.

88. W. Liu, Q. Yu, R. Jiang, F. Z. Liu, Y. F. Dong, and W. Tang, 
“Comparison of Low-Dose Sevoflurane Inhalation With Intranasal 
Ketamine as Rescue Sedation After Intranasal Dexmedetomidine 
Failure in Outpatient Children Undergoing MRI: A Randomized Control 
Trial,” Journal of Perianesthesia Nursing 36, no. 5 (2021): 492–498.

89. X. D. Wang, L. Ma, X. D. Yang, Y. Zhou, X. Zhang, and F. Han, 
“Efficacy of Intranasal Administration of Dexmedetomidine in 
Combination With Midazolam for Sedation in Infant With Cleft Lip 
and Palate Undergoing CT Scan: A Randomized Controlled Trial,” BMC 
Anesthesiology 24, no. 1 (2024): 10.

90. B. L. Li, V. M. Yuen, X. R. Song, et al., “Intranasal Dexmedetomidine 
Following Failed Chloral Hydrate Sedation in Children,” Anaesthesia 
69, no. 3 (2014): 240–244.

91. A. Tug, A. Hanci, H. S. Turk, et al., “Comparison of Two Different 
Intranasal Doses of Dexmedetomidine in Children for Magnetic 
Resonance Imaging Sedation,” Pediatric Drugs 17, no. 6 (2015): 479–485.

92. U. Khan, G. B. Hammer, C. Duncan-Azadi, et al., “A Randomized, 
Double-Blind, Dose-Controlled Study of the Use of Dexmedetomidine 
Alone for Procedural Sedation of Children and Adolescents Undergoing 
MRI Scans,” Pediatric Anesthesia 34, no. 5 (2024): 405–414.

93. F. Y. Zhang Wenhua, Z. Tianyun, C. Jinghui, J. Yulin, Y. Xiaojun, 
and S. Xingrong, “Study on the Efficacy of Intranasal Application of 
Dexmedetomidine for Rescue Sedation Failure in Toddlers,” Journal of 
Qiqihar Medical University 37, no. 27 (2016): 3377–3380.

94. X. Gan, H. Lin, J. Chen, Z. Lin, Y. Lin, and W. Chen, “Rescue 
Sedation With Intranasal Dexmedetomidine for Pediatric Ophthalmic 
Examination After Chloral Hydrate Failure: A Randomized, Controlled 
Trial,” Clinical Therapeutics 38, no. 6 (2016): 1522–1529.

95. W. Zhang, Z. Wang, X. Song, Y. Fan, H. Tian, and B. Li, 
“Comparison of Rescue Techniques for Failed Chloral Hydrate 
Sedation for Magnetic Resonance Imaging Scansadditional Chloral 
Hydrate vs Intranasal Dexmedetomidine,” Pediatric Anesthesia 26, 
no. 3 (2016): 273–279.

96. X. Durrmeyer, S. Breinig, O. Claris, et al., “Effect of Atropine With 
Propofol vs Atropine With Atracurium and Sufentanil on Oxygen 
Desaturation in Neonates Requiring Nonemergency Intubation: 
A Randomized Clinical Trial,” Journal of the American Medical 
Association 319, no. 17 (2018): 1790–1801.

97. M. J. Ni, Y. T. Jin, Q. L. Wu, et  al., “Effective Dose of Intranasal 
Remimazolam for Preoperative Sedation in Preschool Children: A 
Dose-Finding Study Using Dixon's Up-And-Down Method,” Frontiers 
in Pharmacology 15 (2024): 1372139.



870 Pediatric Anesthesia, 2026

98. Y. H. Cai, C. Y. Wang, Y. B. Fang, et al., “Preoperative Anxiolytic and 
Sedative Effects of Intranasal Remimazolam and Dexmedetomidine: 
A Randomized Controlled Clinical Study in Children Undergoing 
General Surgeries,” Drug Design, Development and Therapy 18 (2024): 
1613–1625.

99. A. Nikula, S. Lundeberg, M. Ryd Rinder, et  al., “A Randomized 
Double-Blind Trial of Intranasal Dexmedetomidine Versus Intranasal 
Esketamine for Procedural Sedation and Analgesia in Young Children,” 
Scandinavian Journal of Trauma, Resuscitation and Emergency 
Medicine 32, no. 1 (2024): 16.

100. Y. Liao, S. Xie, Y. Zhuo, et  al., “Intranasal Dexmedetomidine-
Esketamine Combination Premedication Versus Monotherapy for 
Reducing Emergence Delirium and Postoperative Behavioral Changes 
in Pediatric Tonsillectomy and/or Adenoidectomy: A Randomized 
Controlled Trial,” Drug Design, Development and Therapy 18 (2024): 
4693–4703.

101. S. X. Xu, X. S. Shan, J. M. Gao, et  al., “Effect of Esketamine 
vs Dexmedetomidine Adjunct to Propofol Sedation for Pediatric 
3Tesla Magnetic Resonance Imaging: A Randomized, Double-Blind, 
Controlled Trial,” European Journal of Medical Research 27, no. 1 
(2022): 258.

102. M. Wu, F. Yang, X. Ma, and N. Cai, “Comparison of Clinical 
Effects and Safety of Remidazolam and Esketamine for Preoperative 
Sedation in Children,” Nan Fang Yi Ke Da Xue Xue Bao 43, no. 12 
(2023): 2126–2131.

103. C. Zeng, L. Li, M. Wang, et al., “Ciprofol in Children Undergoing 
Adenoidectomy and Adenotonsillectomy: A Retrospective Cohort 
Study,” Drug Design, Development and Therapy 18 (2024): 4017–4027.

104. D. Pei, L. Zeng, T. Xiao, et  al., “The Optimal Induction Dose 
of Ciprofol Combined With Low-Dose Rocuronium in Children 
Undergoing Daytime Adenotonsillectomy,” Scientific Reports 13, no. 1 
(2023): 22219.

105. C. E. van Hoorn, R. B. Flint, J. Skowno, et al., “Off-Label Use of 
Dexmedetomidine in Paediatric Anaesthesiology: An International 
Survey of 791 (Paediatric) Anaesthesiologists,” European Journal of 
Clinical Pharmacology 77, no. 4 (2021): 625–635.

106. S. Tang, J. Liu, Z. Ding, and T. Shan, “The Effect of 
Dexmedetomidine on Emergence Delirium of Postanesthesia Events 
in Pediatric Department: A Systematic Review and Meta-Analysis of 
Randomized Controlled Trials,” Medicine 103, no. 36 (2024): e39337.

107. Q. Wang, C. Chen, and L. Wang, “Efficacy and Safety of 
Dexmedetomidine in Maintaining Hemodynamic Stability in Pediatric 
Cardiac Surgery: A Systematic Review and Meta-Analysis,” Jornal de 
Pediatria 98, no. 1 (2022): 15–25.

108. N. Dennhardt, F. D. Elfgen-Schiffner, O. Keil, et  al., “Effect of 
Etomidate on Systemic and Regional Cerebral Perfusion in Neonates and 
Infants With Congenital Heart Disease: A Prospective Observational 
Study,” Paediatric Anaesthesia 30, no. 9 (2020): 984–989.

109. Y. Cui, M. Tang, Q. Mu, et  al., “Four-Year Review of Safe and 
Effective Procedural Sedation in Neonates and Young Infants,” 
Frontiers in Pharmacology 15 (2024): 1381413.

110. K. C. Hebbar, A. Reddy, A. Luthra, R. Chauhan, S. C. Meena, 
and M. Tripathi, “Comparison of the Efficacy of Intranasal Atomised 
Dexmedetomidine Versus Intranasal Atomised Ketamine as a 
Premedication for Sedation and Anxiolysis in Children Undergoing 
Spinal Dysraphism Surgery,” European Journal of Anaesthesiology 41, 
no. 4 (2024): 288–295.

111. X. J. Dang, W. D. Hu, Z. D. Yang, and S. Y. Su, “Dexmedetomidine 
Plus Sufentanil for Pediatric Flexible Bronchoscopy: A Retrospective 
Clinical Trial,” Oncotarget 8, no. 25 (2017): 41256–41264.

112. F. Karacaer, E. Biricik, M. Ilgınel, et al., “Remifentanil-Ketamine 
vs. Propofol-Ketamine for Sedation in Pediatric Patients Undergoing 

Colonoscopy: A Randomized Clinical Trial,” Brazilian Journal of 
Anesthesiology 68, no. 6 (2018): 597–604.

113. A. Schmitz, M. Weiss, C. Kellenberger, et al., “Sedation for Magnetic 
Resonance Imaging Using Propofol With or Without Ketamine at 
Induction in Pediatrics-A Prospective Randomized Double-Blinded 
Study,” Paediatric Anaesthesia 28, no. 3 (2018): 264–274.

114. M. A. Gomez-Rios, E. Freire-Vila, K. M. Kuczkowski, and A. 
Pensado-Castineiras, “Comparison of Sevoflurane Administered 
Through a Face Mask Versus Rectal Thiopental Sodium in Children 
Undergoing Magnetic Resonance Imaging,” Journal of Maternal-Fetal 
& Neonatal Medicine 30, no. 4 (2017): 437–441.

115. H. S. Gomes, H. S. Gomes, J. Sado-Filho, L. R. Costa, and P. S. Costa, 
“Does Sevoflurane Add to Outpatient Procedural Sedation in Children? 
A Randomised Clinical Trial,” BMC Pediatrics 17, no. 1 (2017): 86.

116. E. Dewhirst, G. Fedel, V. Raman, et  al., “Pain Management 
Following Myringotomy and Tube Placement: Intranasal 
Dexmedetomidine Versus Intranasal Fentanyl,” International Journal 
of Pediatric Otorhinolaryngology 78, no. 7 (2014): 1090–1094.

117. L. G. Welborn, W. A. McGill, R. S. Hannallah, C. L. Nisselson, 
U. E. Ruttimann, and J. M. Hicks, “Perioperative Blood Glucose 
Concentrations in Pediatric Outpatients,” Anesthesiology 65, no. 5 
(1986): 543–547.

118. A. R. Webb, I. Kalam, N. Lui, R. M. Loughnan, and S. Leong, “A 
Pre and Post Interventional Audit of an ‘Apple Juice on Arrival’ Protocol 
to Reduce Excessive Clear Fluid Fasting Times in Paediatric Patients,” 
Anaesthesia and Intensive Care 52, no. 5 (2024): 328–334.

119. S. M. Green, P. L. Leroy, M. G. Roback, et  al., “An International 
Multidisciplinary Consensus Statement on Fasting Before Procedural 
Sedation in Adults and Children,” Anaesthesia 75, no. 3 (2020): 374–385.

120. P. Frykholm, N. Disma, H. Andersson, et al., “Pre-Operative Fasting 
in Children: A Guideline From the European Society of Anaesthesiology 
and Intensive Care,” European Journal of Anaesthesiology 39, no. 1 
(2022): 4–25.

121. W. A. Weiss, “Regurgitation and Aspiration of Gastric Contents 
During Inhalation Anesthesia,” Anesthesiology 11, no. 1 (1950): 102–109.

122. Anesthesiology Chinese Society of Pediatric Surgery and Chinese 
Society of Pediatric Anesthesiology, “Expert Consensus on Perioperative 
Management of Children Under the Guidance of Enhanced Recovery 
After Surgery,” Chinese Journal of Pediatric Surgery 42, no. 12 (2021): 9.

123. B. Li, R. Zhang, Y. Huang, L. Wang, M. Zhang, and J. Zheng, 
“Current Sedation Practices for Noninvasive Procedures in Tertiary 
Maternity and Children's Hospitals in China: A 5-Year Update,” BMJ 
Paediatrics Open 8 (2024): e002415.

124. A. R. Schmidt, P. Buehler, L. Seglias, et  al., “Gastric pH and 
Residual Volume After 1 and 2 h Fasting Time for Clear Fluids in 
Children,” British Journal of Anaesthesia 114, no. 3 (2015): 477–482.

125. C. E. Beck, D. Rudolph, C. Mahn, et  al., “Impact of Clear 
Fluid Fasting on Pulmonary Aspiration in Children Undergoing 
General Anesthesia: Results of the German Prospective Multicenter 
Observational (NiKs) Study,” Pediatric Anesthesia 30, no. 8 (2020): 
892–899.

126. M. Bhatt, D. W. Johnson, M. Taljaard, et  al., “Association of 
Preprocedural Fasting With Outcomes of Emergency Department 
Sedation in Children,” JAMA Pediatrics 172, no. 7 (2018): 678–685.

127. S. M. Green, M. G. Roback, B. Krauss, et al., “Predictors of Airway 
and Respiratory Adverse Events With Ketamine Sedation in the 
Emergency Department: An Individual-Patient Data Meta-Analysis of 
8,282 Children,” Annals of Emergency Medicine 54, no. 2 (2009): 158–
168.e154.

128. A. Chiaretti, F. Benini, F. Pierri, et  al., “Safety and Efficacy of 
Propofol Administered by Paediatricians During Procedural Sedation 
in Children,” Acta Paediatrica 103, no. 2 (2014): 182–187.



871Pediatric Anesthesia, 2026

129. A. Sacchetti, G. Senula, J. Strickland, and R. Dubin, “Procedural 
Sedation in the Community Emergency Department: Initial Results of 
the ProSCED Registry,” Academic Emergency Medicine 14, no. 1 (2007): 
41–46.

130. G. M. Hoffman, R. Nowakowski, T. J. Troshynski, R. J. Berens, 
and S. J. Weisman, “Risk Reduction in Pediatric Procedural Sedation 
by Application of an American Academy of Pediatrics/American 
Society of Anesthesiologists Process Model,” Pediatrics 109, no. 2 
(2002): 236–243.

131. E. Melendez and R. Bachur, “Serious Adverse Events During 
Procedural Sedation With Ketamine,” Pediatric Emergency Care 25, no. 
5 (2009): 325–328.

132. M. L. Langhan, L. Chen, C. Marshall, and K. A. Santucci, “Detection 
of Hypoventilation by Capnography and Its Association With Hypoxia 
in Children Undergoing Sedation With Ketamine,” Pediatric Emergency 
Care 27, no. 5 (2011): 394–397.

133. M. Sammartino, B. Volpe, F. Sbaraglia, R. Garra, and A. D'Addessi, 
“Capnography and the Bispectral Index-Their Role in Pediatric Sedation: 
A Brief Review,” International Journal Of Pediatrics 2010 (2010): 828347.

134. N. Kannikeswaran, X. Chen, and U. Sethuraman, “Utility of 
Endtidal Carbon Dioxide Monitoring in Detection of Hypoxia During 
Sedation for Brain Magnetic Resonance Imaging in Children With 
Developmental Disabilities,” Paediatric Anaesthesia 21, no. 12 (2011): 
1241–1246.

135. M. L. Langhan, V. Shabanova, F. Y. Li, S. L. Bernstein, and E. D. 
Shapiro, “A Randomized Controlled Trial of Capnography During 
Sedation in a Pediatric Emergency Setting,” American Journal of 
Emergency Medicine 33, no. 1 (2015): 25–30.

136. H. B. Gu, Y. A. Song, and J. Bai, “Median Effective Dose of 
Intranasal Dexmedetomidine for Transthoracic Echocardiography 
in Children With Kawasaki Disease Who Have a History of Repeated 
Sedation,” Medical Science Monitor 25 (2019): 381–388.

137. Y. Cui, Q. Y. Wu, M. Tang, et  al., “Incidence and Risk Factors 
of Prolonged Recovery During Procedural Sedation in Pediatrics,” 
Frontiers in Medicine 11 (2024): 1466205.

138. Y. Cao, M. Ding, L. Xiong, and Y. Xu, “Risk Factors for Prolonged 
Sedation Recovery Time in Children With Epilepsy,” Journal of Army 
Medical University 46, no. 14 (2024): 1653–1657.

139. Y. C Wu, X. Wang, Z. J. Lin, et al., “Efficacy of Intranasal 
Dexmedetomidine Combined With Low-Concentration Sevoflurane 
Inhalation for Enhanced CT Sedation in Children,” International 
Journal of Anesthesiology and Resuscitation 43 (2022): 1152–1156.

140. N. I. Sayed, N. P. Dalvi, U. H. Desai, and B. Tendolkar, “Comparison 
Between Dexmedetomidine and Propofol for MRI Brain in Paediatric 
Patients—A Randomised Clinical Trial,” Journal of Clinical and 
Diagnostic Research 16, no. 7 (2022): UC55–UC58.

141. J. Y. Kim, K. N. Kim, D. W. Kim, H. J. Lim, and B. S. Lee, “Effects 
of Dexmedetomidine Sedation for Magnetic Resonance Imaging 
in Children: A Systematic Review and Meta-Analysis,” Journal of 
Anesthesia 35, no. 4 (2021): 525–535.

142. S. A. Cruz, A. Mayampurath, S. C. Vonderheid, et al., “Hypotensive 
Events in Pediatric Patients Receiving Dexmedetomidine for MRI,” 
Journal of Perianesthesia Nursing 39, no. 4 (2024): 527–532.

Supporting Information

Additional supporting information can be found online in the Supporting 
Information section. Supplementary Document S1. Members of the 
working group and the assignments. Supplementary Document S2. 
Collection and determination of clinical questions. Supplementary 
Document S3. Query for children and sedation. Supplementary 
Document S4. Process of recommendation formulation. 


	Chinese Society of Pediatric Anesthesiology Guideline for Pediatric Sedation (2025)
	ABSTRACT
	1   |   Background
	2   |   Methodology
	2.1   |   Formation of the Guideline Development Working Group and Protocol
	2.2   |   Conflicts of Interest (COI) and Funding Sources
	2.3   |   Intended Users and Target Populations
	2.4   |   Guidelines for Clinical Question Identification
	2.5   |   Literature Search and Study Selection
	2.6   |   Determining the Level of Evidence and Recommendation Level
	2.7   |   Formulation of Recommendations
	2.8   |   Manuscript Development, Revision, and External Review
	2.9   |   Guideline Release, Dissemination, and Updates

	3   |   Clinical Question
	3.1   |   Clinical Question 1: What Assessments Are Required Prior to Pediatric Sedation?
	3.1.1   |   Recommendation
	3.1.2   |   Rationale for Recommendation
	3.1.3   |   Evidence Summary

	3.2   |   Clinical Question 2: Should an Anesthesiologist Be Involved in Pediatric Sedation?
	3.2.1   |   Recommendation
	3.2.2   |   Rationale for Recommendation
	3.2.3   |   Evidence Summary

	3.3   |   Clinical Question 3: Which Competency Should Pediatric Sedation Provider Possess?
	3.3.1   |   Recommendation
	3.3.2   |   Rationale for Recommendation
	3.3.3   |   Evidence Summary

	3.4   |   Clinical Question 4: What Conditions Should Be in Place for a Pediatric Sedation Facility?
	3.4.1   |   Recommendation
	3.4.2   |   Rationale for Recommendation
	3.4.3   |   Evidence Summary

	3.5   |   Clinical Question 5: What Contingency Plans Should Be Established for Pediatric Sedation?
	3.5.1   |   Recommendation
	3.5.2   |   Rationale for Recommendation
	3.5.3   |   Evidence Summary

	3.6   |   Clinical Question 6: What Is the Optimal Sedation Regimen for Pediatric Patients?
	3.6.1   |   Recommendation
	3.6.2   |   Rationale for Recommendation
	3.6.3   |   Evidence Summary
	3.6.3.1   |   Midazolam.  
	3.6.3.2   |   Dexmedetomidine.  
	3.6.3.3   |   Sevoflurane.  
	3.6.3.4   |   Combination of Sedatives.  


	3.7   |   Clinical Question 7: What Medications Should Be Selected as Rescue After Failed Sedation in Pediatric Patients?
	3.7.1   |   Recommendation
	3.7.2   |   Rationale for Recommendation
	3.7.3   |   Evidence Summary

	3.8   |   Clinical Question 8: Can Off-Label Medications Be Used for Pediatric Sedation?
	3.8.1   |   Recommendation
	3.8.2   |   Rationale for Recommendation
	3.8.3   |   Evidence Summary

	3.9   |   Clinical Question 9: What Are the Discharge Criteria for Children After Sedation?
	3.9.1   |   Recommendation
	3.9.2   |   Rationale for Recommendation
	3.9.3   |   Evidence Summary

	3.10   |   Question 10: Is It Necessary for Children to Fast Before and After Sedation?
	3.10.1   |   Recommendation
	3.10.2   |   Rationale for Recommendation
	3.10.3   |   Evidence Summary

	3.11   |   Clinical Question 11: What Monitoring Is Required During Sedation in Children?
	3.11.1   |   Recommendation
	3.11.2   |   Rationale for Recommendation
	3.11.3   |   Evidence Summary

	3.12   |   Clinical Question 12: How to Manage Delayed Recovery After Sedation in Pediatric Patients?
	3.12.1   |   Recommendation
	3.12.2   |   Rationale for Recommendation
	3.12.3   |   Evidence Summary


	4   |   Conclusion
	Funding
	Conflicts of Interest
	Data Availability Statement
	References


