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Safe and effective sedation depends on various factors, such as the choice of sedatives, se-
dation techniques used, experience of the sedation provider, degree of sedation-related ed-
ucation and training, equipment and healthcare worker availability, the patients underly-
ing diseases, and the procedure being performed. The purpose of these evidence-based
multidisciplinary clinical practice guidelines is to ensure the safety and efficacy of sedation,
thereby contributing to patient safety and ultimately improving public health. These clini-
cal practice guidelines comprise 15 key questions covering various topics related to the fol-
lowing: the sedation providers; medications and equipment available; appropriate patient
selection; anesthesiologist referrals for high-risk patients; pre-sedation fasting; comparison
of representative drugs used in adult and pediatric patients; respiratory system, cardiovas-
cular system, and sedation depth monitoring during sedation; management of respiratory
complications during pediatric sedation; and discharge criteria. The recommendations in
these clinical practice guidelines were systematically developed to assist providers and pa-
tients in sedation-related decision making for diagnostic and therapeutic examinations or
procedures. Depending on the characteristics of primary, secondary, and tertiary care in-
stitutions as well as the clinical needs and limitations, sedation providers at each medical
institution may choose to apply the recommendations as they are, modify them appropri-
ately, or reject them completely.

Keywords: Anesthesiologist; Capnography; Clinical practice guideline; Fasting; Patient
monitoring; Procedural sedation; Recovery.
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Introduction
Purpose, levels, and continuity of sedation

The purpose of sedation is to reduce or minimize patient dis-
comfort, anxiety, fear, and pain associated with diagnostic tests
or therapeutic procedures, thereby allowing scheduled examina-
tions and treatments to be safely and effectively performed. Seda-
tion is classified into four levels according to the patient’s re-
sponse to verbal commands or pain-inducing stimuli, adequacy
of airway maintenance and spontaneous ventilation, and mainte-
nance of cardiovascular function as follows: mild/minimal seda-
tion, moderate sedation, deep sedation, and general anesthesia
(Table 1).

Diagnostic and therapeutic examinations and procedures are
often performed under moderate sedation. Although sedation is
classified into distinct and independent stages, it is a continuum,
meaning patients can transition rapidly between deeper and
lighter levels in the clinical setting. Additionally, accurate predic-
tion of an individual patients response to a sedative is not always
possible.

If a deeper level of sedation or a state of general anesthesia be-
yond the intended moderate sedation level is reached, the risk of
cardiovascular or respiratory depression increases. Therefore, se-
dation providers must promptly identify and intervene to prevent
serious risks and adverse events such as hypoxic brain damage,
cardiac arrest, or death [1].

Conversely, insufficient sedation can lead to patient discomfort
and injury, difficulties in performing scheduled procedures ow-
ing to a lack of patient cooperation, and adverse physiological or
psychological reactions caused by stress. Sedation providers must

respond appropriately based on the level of sedation achieved in-

Table 1. Definitions of Sedation Levels and Continuity of Sedation Depth

stead of the level of sedation attempted.

Safe and effective sedation depends on factors such as the
choice of sedatives, sedation techniques used, experience of the
sedation provider, degree of sedation-related education and
training, equipment and healthcare worker availability at the
healthcare institutions (primary, secondary, and tertiary care in-
stitutions) where sedation is performed, the patient’s underlying
diseases, appropriate patient selection, and specific requirements

and limitations of the procedure being performed.

Current status and problems associated with sedation
in Korea

During examinations and procedures for diagnostic and thera-
peutic purposes, sedation is increasingly performed not only by
anesthesiologists but also by non-anesthesiologist sedation pro-
viders from various clinical specialties. According to data from
the Healthcare Big Data Hub (https://opendata.hira.orkr/home.
do), the number of prescriptions for monitored anesthesia care
increased from 60,000 in 2017 to 90,000 in 2020. The absolute
number of endoscopy procedures performed under sedation in-
creased from 860,000 in 2017 to 1.57 million in 2020, and the rate
of increase was even higher for sedative endoscopy procedures.
As the use of sedation per year increases, the risk of adverse ef-
fects from inadequately performed sedation and, though rare, of
serious complications will increase. When sedation (such as mod-
erate sedation) is performed by non-anesthesiologists, special at-
tention must be paid to patient safety for the following reasons.
First, sedation is predominantly performed in settings outside the
operating room, such as wards; outpatient departments; or emer-
gency, computed tomography, magnetic resonance imaging, elec-

troencephalography (EEG), ultrasound examination, endoscopy,

Minimal sedation Moderate sedation Deep sedation General anesthesia
Responsiveness Normal response to verbal ~ Purposeful* response to ver- Purposeful* response fol- ~ Unarousable, even with
commands bal or tactile stimulation lowing repeated or painful  painful stimulus

stimulation

Airway Unaffected No intervention required ~ Intervention may be re- Intervention often required
quired

Spontaneous ventilation Unaffected Adequate May be inadequate Frequently inadequate

Cardiovascular function ~ Unaffected Usually maintained Usually maintained May be impaired

In these guidelines, “sedation” refers to “moderate sedation/conscious sedation” unless otherwise specified. *Reflex avoidance of pain stimuli is not
considered a purposeful response. American Society of Anesthesiologists Committee on Quality Management and Departmental Administration.
Statement on continuum of depth of sedation: definition of general anesthesia and levels of sedation/analgesia. 2019 Oct [2022 Feb 13]. Available
from www.asahq.org/standards-and-practice-parameters/statement-on-continuum-of-depth-of-sedation-definition-of-general-anesthesia-and-

levels-of-sedation-analgesia.
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or interventional procedure rooms, where sufficient patient mon-
itoring devices, emergency equipment, medications, and person-
nel may not be as readily available as in the operating room where
anesthesia professionals familiar with patient monitoring are
present. Second, the quality of sedation and patient safety can
vary significantly according to the systematic education and train-
ing required of the sedation providers, their experience with seda-
tion procedures, and their degree of involvement in sedation.

An analysis of medical disputes related to anesthesia between
July 2009 and June 2014 in Korea revealed that sedation account-
ed for 37.1% of the total cases. In sedation-related dispute cases,
the majority of procedures were performed by the responsible
physician administering sedation (92.3%), with insufficient atten-
tion during sedation (69.2%), failure to perform a preoperative
evaluation for sedation (82.1%), absence of sedation records
(89.7%), and inadequate monitoring during procedures (15.4%).
The main causes of permanent damage and fatalities were respira-
tory events, such as hypoxemia resulting from airway obstruction
or respiratory depression [2].

Preventable factors such as inadequate patient monitoring have
been identified as causes of serious harm to patients undergoing
procedures under sedation. Ideally, procedures conducted under
sedation should be performed at a separate facility equipped with
appropriate monitoring devices and emergency medications and
equipment, with a dedicated healthcare team (physicians/nurses)

that continuously monitors the patient’s condition.

Background for the development of sedation guidelines

One method of providing safe and effective sedation in clinical
practice is the development of sedation-related practice guide-
lines. Several organizations have developed domestic clinical
guidelines. The Korean Society of Anesthesiologists developed the
Practice Guidelines for Propofol Sedation by Non-anesthesiolo-
gists in 2016 [3] and the Pediatric Sedation Guidelines (Korean)
in 2017. In 2012, the Korean Society of Emergency Medicine de-
veloped the Korean Guidelines for Pediatric Procedural Sedation
and Analgesia (Korean) [4]. In addition, the Korean Academy of
Dental Science developed the Clinical Practice Guidelines for
Dental Sedation for General Practitioners (Korean) in 2015. How-
ever, officially recognized evidence-based multidisciplinary clini-
cal practice guidelines for sedation have not been developed in
South Korea. The Korean Society of Anesthesiologists, therefore,
recognized the need to develop evidence-based multidisciplinary
clinical practice guidelines for sedation performed by anesthesiol-
ogists and non-anesthesiologists.

To encourage the participation of stakeholders involved in se-
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dation, the Korean Society of Anesthesiologists proposed the de-
velopment of evidence-based multidisciplinary clinical practice
guidelines for sedation to representative academic societies, such
as the Korean Association of Internal Medicine, Korean Society of
Radiology, Korean Academy of Dental Science, Korean Society of
Plastic and Reconstructive Surgeons, Korean Ophthalmological
Society, and Korean Pediatric Society. On August 12, 2019, mem-
bers of these societies and the Clinical Practice Guidelines Com-
mittee of the Korean Society of Anesthesiologists discussed the
direction of the development of multidisciplinary clinical practice
guidelines.

Consequently, under the leadership of the Korean Society of
Anesthesiologists, the Korean Academy of Dental Science, Korean
Society of Radiology, and Korean Ophthalmological Society par-
ticipated in the development process, while the remaining societ-
ies were involved in external expert reviews after the guidelines
were drafted. This laid the foundation for the development of

these multidisciplinary clinical practice guidelines.

Purpose and scope of these clinical practice guidelines

Purpose

The purpose of these clinical practice guidelines is to provide
multidisciplinary evidence-based recommendations that assist
both anesthesia providers specializing in moderate sedation and
non-anesthesia providers in decision making to provide safe and
effective moderate sedation to patients at medical institutions
(primary, secondary, or tertiary). This is achieved by offering clear
levels of evidence and a balanced risk-benefit analysis of each top-
ic. Information on patients’ values and preferences are also includ-
ed in these guidelines to assist providers with decision-making for
effective sedation. However, before applying individual recom-
mendations, sedation providers should exercise their judgment
based on the specific circumstances of their medical institutions.
Additionally, this study aims to provide information to providers
on the benefits of performing safe sedation while minimizing
anxiety and pain during diagnostic testing or procedures. Finally,
these guidelines aim to enhance patients’ and healthcare policy
experts’ understanding of sedation practices. Therefore, the pro-
posed guidelines are not mandatory. Depending on the character-
istics of primary, secondary, and tertiary care institutions as well
as the clinical needs and limitations, sedation providers at each
medical institution may choose to apply the recommendations as
they are, modify them appropriately, or reject them. These guide-
lines are also not intended to replace the current sedation-related

policies at each medical institution.
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Intended users

The expected users of these clinical practice guidelines include
sedation providers in primary, secondary, and tertiary care insti-
tutions who provide moderate sedation (as defined in Table 1) for
diagnostic and therapeutic examinations or procedures (including
outpatient and inpatient procedures); patients who receive seda-

tion; and policy experts.

Target populations covered

These clinical practice guidelines are intended to target adult
and pediatric patients undergoing moderate sedation for diagnos-
tic or therapeutic examinations or procedures (including outpa-
tient and inpatient procedures). According to the age guidelines
of the Korean Pediatric Society, pediatric patients are individuals

aged < 19 years, excluding newborns.

Scope

These guidelines focus on moderate sedation before, during,
and after diagnostic and therapeutic examinations or procedures.
As the risk of transitioning from moderate to deep sedation varies
depending on the medications used and individual patient char-
acteristics, guidelines on monitoring for and managing complica-
tions that may arise from deep sedation, such as cardiovascular
and respiratory depression, are included. These clinical practice

guidelines comprise 15 key questions covering various topics re-

Table 2. Levels of Evidence

lated to the following: the sedation providers (including their edu-
cation); medications and equipment available, appropriate patient
selection; anesthesiologist referrals for high-risk patients; pre-se-
dation fasting; comparison of representative drugs used in adult
and pediatric patients; respiratory system, cardiovascular system,
and sedation depth monitoring during sedation; management of
respiratory complications during pediatric sedation; and dis-
charge criteria. These guidelines do not cover topics such as pre-
medication before general anesthesia, local anesthesia during se-
dation, sedation without accompanying diagnostic or therapeutic
procedures, or minimal sedation. These guidelines also do not

address general anesthesia.

Determining the level of evidence and grade of recommendation
A modified Grading of Recommendations Assessment, Devel-
opment, and Evaluation (GRADE) approach was adopted to as-
sign the level of evidence and grade of recommendation [5]. The
levels of evidence are listed in Tables 2 and 3 presents the grades
of recommendation based on several rounds of discussion. When
the current research available was insufficient to evaluate the level
of evidence, experts’ opinion surveys of sedation providers were
collected (261 respondents). Final version of recommendation
was confirmed by two-rounds voting of the committee, user opin-

ion survey (120 respondents) and 5 external experts’ review.

Level of evidence Definition

High High confidence that the true effect lies close to the estimate of the effect

Moderate Moderate confidence in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a
possibility that it is substantially different

Low Limited confidence in the effect estimate: The true effect may be substantially different from the estimate of the effect

Very low Very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of the

effect

Expert consensus/survey

Opinion of respected authorities based on clinical experience and survey results

Table 3. Grades of Recommendation

Grade Strength

Definition

General use Do, strong
undesirable effects

Elective use Do, conditional

The panel is confident that the desirable effects of adherence to the recommendation outweigh the

The panel concludes that the desirable effects of adherence to a recommendation probably outweigh

the undesirable effects; however, it is only applicable to a specific group, population, or setting

Limited use Do not, conditional

The panel concludes that the undesirable effects of adherence to a recommendation probably out-

weigh the desirable effects; however, it is only applicable to a specific group, population, or setting

Limited Do not, strong

desirable effects

The panel is confident that the undesirable effects of adherence to the recommendation outweigh the

https://doi.org/10.4097/kja.23745
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Guidelines

Key Question 1. Does periodic formal training of
sedation providers improve patient safety?

Recommendation: Sedation providers are recommended to
undergo periodic formal training regarding sedation to ensure
patient safety.

Recommendation level: Elective use (Do, conditional)

Level of evidence: Expert consensus/survey

Background: A systematic approach to education, supervision,
and credentialing can facilitate safe practice of sedation [6]. How-
ever, individual healthcare institutions and departments have im-
plemented their own education and training procedures, with
variability in the quantity and quality of education and training
among individual sedation providers. Therefore, the need for se-
dation providers to have access to periodic, comprehensive, and
systematic education and training for safe and efficient sedation
administration is increasing [7].

Evidence summary: Relevant research on whether regular ed-
ucation for sedation providers improves patient safety is lacking.
This may be due to the ethical issue of administering sedation
without conducting education rather than due to the need for the
research itself. As the current research available was insufficient to
evaluate the level of evidence, expert opinion surveys of sedation
providers were collected. Recommendations were based on the
survey results, and the level of evidence was evaluated using ex-
pert consensus surveys.

To ensure that patients undergoing procedures experience no
distress and that an appropriate level of sedation is achieved with-
out limitations, sedation providers must have sufficient knowl-
edge and training. A significant majority of the respondents to the
expert opinion survey agreed (strongly agreed: 76.6%, agreed:
20.7%) that sedation management conducted by appropriately
trained sedation providers who have received adequate education
can reduce the occurrence of complications and improve effective
sedation and pain management, thus enhancing patient safety.
The opinion that regular sedation education for sedation provid-
ers is feasible in the domestic medical setting was supported by
the majority of respondents (strongly agreed: 15.7%, agreed:
41.8%). Regarding the frequency of sedation education for seda-
tion providers, the most common opinion was a two-year cycle
(41%), followed by a three-year cycle (28.7%), a cycle of five years
or more (12.3%), and a cycle of less than one year (11.9%). Peri-
odic sedation-related education on the characteristics of patients
receiving sedation and essential techniques, medications, and

monitoring systems is expected to improve providers' capacity to
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achieve and maintain appropriate and safe sedation in patient care
and treatment settings.

During the decision-making process for recommendations,
most members (88.2%) of the attending committee expressed
support for the recommended direction in terms of periodic se-
dation-related regular education recommendations, and all at-
tending members (100%) supported the recommended levels. Ac-
cording to the review by external experts, 80% of them expressed
support for the recommendations (strongly agree 40%; agree
40%), and in the user survey, 89.2% expressed support for the rec-

ommendations.

Key Question 2. Does performing sedation procedures
in a standardized environment appropriately equipped
with medications and devices necessary for sedation
help to effectively manage sedation and pain and reduce
complications?

Recommendation: When administering sedation, a standard-
ized environment equipped with the minimum medications and
devices necessary for sedation is recommended for proper man-
agement of the patient and to reduce the incidence of complica-
tions due to sedation.

Recommendation level: General use (Do, strong)

Level of evidence: Expert consensus/survey

Background: In healthcare settings, the demand for procedures
performed outside the operating room is increasing, leading to a
growing interest in and demand for sedation and pain manage-
ment. Sedation and analgesia are sometimes administered by the
physicians performing the procedure rather than anesthesiolo-
gists. To ensure patient safety, sedation should be performed in an
easily accessible and standardized environment with the necessary
medications and devices available [8]. The American Society of
Anesthesiologists (ASA) also emphasizes the highest level of qual-
ity regarding the structural aspects of drug storage and adminis-
tration and occupational safety during sedation performed in
healthcare settings outside the operating room [9].

Evidence summary: No research is currently available on
whether providing sedation in an environment equipped with the
necessary medications and equipment improves patient safety.
Owing to insufficient research to conduct an evidence-based as-
sessment, an expert opinion survey was distributed to experts in
sedation-related fields and the results were compiled. Recommen-
dations were made based on the survey results, and the final level
of evidence was evaluated through an expert consensus survey.

With the increase in demand for sedation performed outside

the operating room (e.g., outpatient or clinical settings), the need
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for adequate monitoring of vital signs and management of side ef-
fects, complications, and emergency situations outside the operat-
ing room has increased. The importance of preventing side effects
and complications during sedation is also emphasized. According
to the expert survey results, the majority of respondents agreed
(strongly agreed: 75.5%, agreed: 22.2%) that performing sedation
in an environment equipped with the necessary medications and
equipment is effective for managing sedation and pain manage-
ment and reducing complications. Therefore, providing a consis-
tent working environment for sedation providers that is at least
minimally equipped with essential emergency and airway-related
equipment and medications is expected to allow for appropriate
monitoring of vital signs as well as improve providers’ capacity to
handle emergency situations, minimize side effects, and prevent
or reduce complications. The minimal essential equipment and
drugs necessary for sedation are listed in Table 4.

Therefore, providers are recommended to perform sedation in
an environment with appropriate medications and equipment to
ensure patient safety. By consistently administering sedation in a
systematic work environment equipped with the necessary medi-
cation and equipment, proficiency with managing sedation-relat-
ed situations can be improved, leading to more effective manage-
ment and prevention of sedation-related side effects and compli-

cations.

Table 4. List of Equipment for a Standardized Sedation Environment

Airway supplies
Supplemental oxygen with regulators (minimum of 2 sources)
Nasal cannula and face mask
Oral airways
Ambu bag
Laryngoscope (Macintosh and Miller; various sizes)
Endotracheal tubes and stylets
Supraglottic airway devices (laryngeal mask airway)
GlideScope
Suction equipment to include tubing, catheters, and Yankauer suctions
Additional emergency equipment
Compression board
Tracheostomy/Cricothyrotomy kit
Charged cardiac defibrillator
ACLS drugs
Malignant hyperthermia supplies to include dantrolene 20%
Lipid emulsion for local anesthetic systemic toxicity

Emergency power source

At a minimum, the sedation environment should be equipped with
oxygen supply, suction, and emergency equipment (including CPR) and
ACLS drugs. Detailed equipment and drugs for sedation environment
can be optionally provided by referring to the table above. ACLS:
advanced cardiac life support.

10

If a separate space can feasibly be allocated for sedation it
should be equipped with the minimal medications and equipment
necessary for sedation, and procedures are recommended to be
performed under sedation in that space. However, if providing a
separate space is not feasible owing to the conditions of the medi-
cal institution, providers are recommended to equip the area
where the procedure is to be performed with the medications and
equipment necessary for sedation to establish a minimal and sys-
tematic working environment.

More than 70% of the attending committee members supported
the recommendation levels and directions, and there were no dis-
senting opinions regarding the content of the recommendations.
According to the results of the public hearing, the approval rate
for the recommended directions was 81.3%, and the approval rate
for the recommendation levels was 76.5%. The external experts’

review also showed an approval rate of 80%.

Key Question 3. Do criteria need to be established for
selecting eligible patients for moderate sedation?

Recommendation: Sedation providers are recommended to es-
tablish criteria for selecting eligible patients for moderate sedation
based on the environment of each healthcare institution and to
implement sedation accordingly.

Recommendation level: General use (Do, strong)

Level of evidence: Expert consensus/survey

Background: Although moderate sedation can be administered
to any patient, it is safest for healthy patients. Healthy patients are
classified as having an ASA status of I or II in the physical status
classification system. Patients are classified as having an ASA sta-
tus of I or II if they meet the following criteria: no serious behav-
ioral problems, no severe gastroesophageal reflux, or no upper re-
spiratory tract infections; no anticipated difficult airway; and no
allergy to the administered drug. Previous studies have assessed
moderate sedation in patients with an ASA status of I or IT [10-
15]. However, sedation must be performed carefully in elderly,
and obese, and pregnant patients [12,15]. Adverse effects, includ-
ing unintended deep sedation, hypotension, and hypoxia, have
been reported in patients who are older or obese; those with an
ASA status of IIT or higher, with airway problems (e.g., sleep ap-
nea and respiratory distress syndrome), with cardiovascular risks,
with allergies, or with difficulty cooperating such as pediatric pa-
tients; those receiving psychiatric medications (including benzo-
diazepines); and those with a history of gastric bypass surgery
(Table 5) [1,16-23].

Evidence summary: Few studies have directly compared the

benefits and potential risks associated with implementing patient
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Table 5. Example Criteria for Selecting Patients for Sedation

Patient group Examples

Patients with ASA status I or IT

Patients with ASA IIT or higher, advanced age,
obesity, pregnancy, airway problems (sleep
apnea or respiratory distress syndrome), al-
lergies, and cardiovascular problems; those
who use psychiatric medications; and those
with a history of gastric bypass surgery

Low-risk group
High-risk group

ASA: American Society of Anesthesiologists.

selection criteria for moderate sedation in terms of patient safety.
As the level of evidence could not be evaluated due to insufficient
research, an expert opinion survey of sedation-related experts was
collected, and recommendations were determined based on the
survey results and expert consensus.

The majority (91.2%) of respondents reported that establishing
patient selection criteria for sedation is helpful for preventing
complications (strongly agree: 52.5%, agree: 38.7%). Furthermore,
the majority of respondents (95.4%) agreed that defining the cri-
teria for consulting an anesthesiologist to manage sedation for pa-
tients undergoing moderate sedation would help to prevent com-
plications (strongly agree: 63.6%, agree: 31.8%). Approximately
one-fourth (24.5%) of the respondents indicated that an ASA sta-
tus of I should require referral to an anesthesiologist, 29.1% indi-
cated that a referral should be made for patients with an ASA sta-
tus of II, and 46.4% reported that patients with an ASA status of
III or higher should be referred to an anesthesiologist. Therefore,
24.5% of the surveyed experts believed that all sedated patients
should be referred to an anesthesiologist, 53.6% believed that pa-
tients classified as ASA II or higher (ASA I + II) should be re-
ferred to an anesthesiologist, and 96.1% believed that patients
classified as ASA III or higher (ASA I + II + III) should be re-
ferred to an anesthesiologist.

The first round of voting showed an agreement rate of over 70%
for both the direction and level of the recommendation. In an in-
ternal user opinion survey, it received a 91.5% approval rate.
However, in an external expert opinion survey, the recommenda-

tion received a 60% approval rate.

Key Question 4. For adult patients, is the incidence of
sedation-related complications reduced when sedation
is performed by an anesthesiologist rather than a non-
anesthesiologist?

Recommendation: For adult patients, providers are recom-
mended to perform sedation under the supervision of an anesthe-

siologist that specializes in pain management to prevent unin-
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tended deep sedation and ensure patient safety.

Recommendation level: Elective use (Do, conditional)

Level of evidence: Low

Conditions: Selective use of sedation performed by anesthesiol-
ogists is recommended for patients with an ASA physical status of
III or higher, those with an anticipated difficult airway or with
previous difficulties with anesthesia or sedation, and those under-
going complex or invasive procedures.

Background: The types of specialists that provide sedation vary
according to the healthcare environment and medical regulations
in each country, and opinions on the scope of sedation provided
by non-anesthesiologists differ across clinical guidelines. Accord-
ing to most clinical practice guidelines for gastrointestinal endo-
scopic sedation, patients with a high ASA status or difficult airway
management have a higher incidence of cardiopulmonary com-
plications and rate of mortality with complex and highly invasive
procedures. Therefore, to ensure safety, anesthesiologists are rec-
ommended to perform the sedation. This guideline was initially
intended to confirm whether there were differences in the risks
related to sedation according to the provider (anesthesiologist vs
non-anesthesiologist). However, most randomized controlled tri-
als comparing the safety of sedation performed by an anesthesiol-
ogist versus a non-anesthesiologist included low-risk patient
groups (mostly patients with ASA status of I and II and some pa-
tients with an ASA status of III), and only a few studies included
high-risk patients. Therefore, most clinical practice guidelines for
low-risk patients that have been developed were based on the re-
sults of a meta-analysis of randomized controlled trials targeting
low-risk patients with an ASA status of I or II.

Evidence summary: Through a literature search and screening
process, three randomized controlled trials were identified, in-
cluding 635 patients, to analyze this key question [24-26]. Among
them, 330 patients were assigned to the non- anesthesiologist se-
dation provider group and the remaining 305 were assigned to the
anesthesiologist group. In all three studies, the incidence of seda-
tion-related hypoxemia (non-invasive oxygen saturation [SpO,]
< 90% or 85%), need for interventions to improve ventilation
(head tilt or chin lift, mask ventilation assistance, increased in-
haled oxygen concentration), and frequency of hypotension and
bradycardia were measured.

The incidence of hypoxemia (risk ratio [RR]: 0.85, 95% CI
[0.50, 1.44]) and the need for airway management interventions
(RR: 0.75, 95% CI [0.47, 1.21]) during sedation were not signifi-
cantly different when sedation was performed by an anesthesiolo-
gist than by a non-anesthesiologist.

In a randomized controlled trial conducted by Park et al. [26],

no significant difference was noted in the overall incidence of se-
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dation-related complications among the 154 patients with an ASA
status of I or II who underwent sedation by an anesthesiologist or
non-anesthesiologist. However, the occurrence of unintentional
deep sedation (MOAA/S 0-2) was higher in the group that un-
derwent sedation by a non-anesthesiologist than in the group that
underwent sedation by an anesthesiologist (5.1% vs. 17.1%, P =
0.018). Satisfaction with the sedation provider was high among
patients who underwent sedation by an anesthesiologist (P =
0.001). Patient-reported satisfaction was not significantly different
between the groups (odds ratio [OR]: 1.48, 95% CI [0.45, 4.91]).
Additionally, no significant differences were noted in the inci-
dence of hypotension or bradycardia between the groups in the
meta-analysis. In two of the included studies [24,26], physicians
in the non-anesthesiologist group performed sedation inde-
pendently of the operating physician and had experience provid-
ing sedation. Therefore, undergoing sedation by an anesthesiolo-
gist did not reduce the occurrence of sedation-related complica-
tions in patients included in the analysis with a low risk of com-
plications (ASA status of I or II). However, most patients with an
ASA status of I or IT underwent procedures for less than 40 min,
and the frequency of unintentional deep sedation was significant-
ly reduced. Therefore, these results may not be applicable to pa-
tients who undergo complicated and invasive procedures or high-
risk patients.

Ferreira et al. [24] reported that the recovery time was approxi-
mately 10 min longer when sedation was performed by an anes-
thesiologist (58 + 33 vs. 67 + 29 min, P = 0.032); however, Park
et al. [26] reported no significant difference between the two
groups in terms of the recovery time. Guerra et al. [25] reported
that patients who received sedation from an anesthesiologist using
propofol had a longer total hospital stay than patients who re-
ceived sedation from a non-anesthesiologist using midazolam (31
vs. 28 h, P = 0.003), resulting in higher total hospitalization costs
(677 vs. 562 euros, P = 0.001). Although the cost is expected to
vary depending on the type of healthcare expenses and proce-
dures conducted in each country, the use of an anesthesiologist
can increase the cost of the hospital stay.

According to the results of our meta-analysis, in adult patients,
sedation performed by an anesthesiologist was not found to re-
duce the frequency of significant complications such as hypox-
emia. Additionally, no significant differences were noted in the
total number of sedatives used or recovery time, although under-
going sedation by anesthesiologists may result in additional costs
associated with hospitalization. The balance between the benefits
and harms can be judged according to the characteristics of the
patient and the procedure. In low-risk patients undergoing short

and simple procedures, the financial burden may be higher; how-
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ever, even in low-risk patients, the possibility of unintentional
deep sedation cannot be completely ruled out. If respiratory de-
pression lasts longer than a few minutes, serious complications,
such as hypoxic organ damage or subsequent cardiac arrest or
death, may occur.

A study analyzing 105 medical dispute cases in South Korea be-
tween 2009 and 2014 reported that 92.4% of disputes were related
to sedation performed by non-anesthesiologists. Even if the inci-
dence of sedation-related complications is low in patients in the
low-risk group, a serious risk of complications (e.g., hypoxic brain
damage, organ damage, cardiac arrest, or death) resulting from
respiratory depression secondary to unintentional deep sedation
is still present.

Patients and caregivers prefer to receive sedation from an anes-
thesiologist with specialized knowledge and skills in airway man-
agement, hemodynamic monitoring, and emergency responses.
When asked, “Do you think a skilled sedation provider who only
manages the sedation is necessary for patient safety and successful
completion of procedures?”, most patients who had undergone
sedation (94%; 43/46 patients) reported that a skilled sedation
provider should monitor sedation. When asked, “If the patient’s
condition is critical, do you think that sedation by an anesthesiol-
ogist will improve patient safety?”, 87% (40/46) of the respondents
responded “yes,” and the remaining 13% (6/46) reported that they
did not know. According to the results of this survey, patients un-
dergoing sedation prefer to be monitored by a skilled anesthesiol-
ogist, especially when the patient’s condition is critical.

Sedation can be safely performed in patients with an ASA status
of I or II by a non-anesthesiologist with appropriate monitoring.
However, the type of procedure and degree of invasiveness must
be considered. Patients undergoing complicated, long, or painful
procedures that require deep sedation; those with a history of an-
esthesia or sedation complications; those with an ASA status of I1I
or higher; and elderly patients is recommended to undergo seda-
tion performed by an anesthesiologist to ensure that deep seda-
tion is prevented, the airway is properly managed, and appropriate

emergency responses are performed (Table 6).

Table 6. High-risk Groups for Moderate and Deep Sedation

Medical conditions or comorbidities that potentially increase the risk
of sedation-related complications
ASA score III or higher

Anticipated difficult airway (compromised neck mobility and
mouth opening, facial anomaly, or a history of difficult airway)

History of anesthesia-related adverse events
Anticipated high level of procedural complexity and invasiveness
ASA: American Society of Anesthesiologists.
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Consensus on the recommendation level and direction was
reached among all participating members of the development
committee for patients with an ASA status of III or higher or for
high-risk patients with suspected airway management complica-
tions. A total of 91.4% of the respondents to the user opinion sur-
vey of the draft clinical practice guidelines agreed with the recom-
mendations. However, external expert reviews had a low agree-
ment rate (20%). Therefore, future research must be conducted to
provide a clearer definition of high-risk groups and to compare
the incidence of complications between high-risk patient groups
that undergo sedation performed by anesthesiologists and
non-anesthesiologists. However, because of the lack of prospective
comparative literature that directly compares sedation-related
complications when sedation is performed by an anesthesiologist
versus a non-anesthesiologist in high-risk patients, the level of ev-
idence for this practice guideline is low. As most previous research
has been conducted on low-risk patients, accurately comparing
the incidence of sedation-related complications between different
high-risk groups is challenging. However, sedation performed by
an anesthesiologist skilled in rapid airway maintenance and he-

modynamic management would improve the safety of sedation.

Key Question 5. Is fasting before the procedure
necessary for adult patients undergoing sedation?

Recommendation: Adult patients scheduled for sedation are
advised to fast from clear fluids for two hours and from solid
foods for six hours prior to the procedure.

Recommendation level: Elective use (Do, conditional)

Level of evidence: Very low

Conditions: Fasting criteria for patients undergoing sedation
should be comprehensively analyzed based on the urgency of the
procedure and the depth of sedation.

Background: Sedation is used to facilitate various procedures.
Although pulmonary aspiration is rare, it can result in consider-
able harm or even death. The aim of this clinical practice guide-
line is to prevent pulmonary aspiration. Although pulmonary as-
piration related to general anesthesia has been extensively studied,
only a few studies and publications have reported pulmonary as-
piration during sedation. Most previous studies in the field of gas-
troscopy have been case reports or retrospective audits. Strategies
to prevent pulmonary aspiration during sedation are similar to
those traditionally recommended for general anesthesia.

Evidence summary: Studies related to fasting (including fast-
ing time) in adult patients undergoing sedation were identified
through a literature search. Review articles, treatment guidelines,

and retrospective studies were excluded. As few studies directly
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comparing the benefits and harms of fasting were identified, one
randomized controlled trial and four non-randomized observa-
tional studies on patient risk factors for complications were in-
cluded in the meta-analysis.

Bell et al. (2007) [27] compared the safety of fasting and
non-fasting conditions. However, only the percentage of aspira-
tion, adverse respiratory events, and respiratory interventions,
were described; no blinded assessment of outcomes was provided.
Koeppe et al. (2013) [28] compared the ease of gastroscopy be-
tween fasting and non-fasting patients, although all conditions in
the study were considered fasting according to the ASA guide-
lines. Overnight fasting was compared with fasting from liquids
and solids for two hours prior to the procedure in terms of aspira-
tion prevention (benefit) and hunger, weakness, anxiety, and thirst
(harms). This study presented only indirect evidence and was
therefore considered an observational study. Fasting from liquids
for two hours prior to sedation was found to cause patient harm
[28]. Hamid [29] and Davies et al. [30] compared the results of
surveys conducted after the second and third education sessions.
However, the sample sizes were small, and the number of samples
was not accurate, as only percentages or average scores were pre-
sented. In addition, after the second and third education sessions,
all patients fasted according to the ASA guidelines, and only indi-
rect evidence was presented. Finally, as the researchers were not
blinded, no blinded assessment of the outcomes was performed in
any of these studies. All the studies analyzed cases of participants
fasting according to the ASA guidelines, even after the second and
third surveys, and analyzed the harm resulting from fasting before
sedation. In another study by Manchikanti et al. [31], all patients
underwent procedures without fasting, and the incidences of aspi-
ration and vomiting were simply described. Overall, the bias of
the study design was low; however, owing to the very small sam-
ple size, low incidence of complications, and the inconsistency
and indirectness, this recommendation was determined to have a
very low level of evidence.

Three of the five studies included in a previous meta-analysis
reported no observation of pulmonary aspiration [27,28,31]. Only
a few studies have reported pulmonary aspiration during seda-
tion. Based on case reports from 1985 to 2016, only nine cases of
aspiration during sedation have been reported, excluding those
that occurred during gastrointestinal endoscopy [32-36]. Howev-
er, estimating the incidence of aspiration during sedation is diffi-
cult. Among these reported cases, one death caused by pulmonary
aspiration during non-gastroscopic sedation was reported [32].
Fasting from solids for at least 4-6 h and from liquids for at least 2
h were reported in all nine case reports. The patients had signifi-

cant underlying diseases and propofol was the main sedative ad-
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ministered. The results suggest that fasting does not completely
prevent pulmonary aspiration.

One prospective non-randomized observational study described
the frequency of sedation-related adverse effects based on fasting
status. No cases of aspiration were reported among the 400 proce-
dures performed in the emergency department. Respiratory com-
plications occurred in 19.5% of patients who fasted and 22.4% of
patients who did not fast. Respiratory interventions were required
in 24.6% of the patients who fasted and 33.3% of the patients who
did not fast. Vomiting occurred in 0.8% of patients who fasted and
in 0.4% of patients who did not fast [27]. Among the 18,472 inter-
ventional pain treatment procedures performed under sedation in
3,179 patients, aspiration did not occur, but respiratory depression
occurred in two cases [31]. The patients in this study consumed
solids for up to 2 h prior to the procedure and liquids for up to 15
min prior to the procedure. Antiemetics were required in 15.4% of
the procedures based on previous episodes of nausea and vomit-
ing. Nausea was reported in 1.6% of the procedures, and vomiting
occurred in three cases. There was no conclusive or direct evidence
supporting the requirement for fasting.

One randomized controlled trial and four observational studies
were included in the meta-analysis of the harms of fasting. Fasting
from clear liquids for up to 2 h prior to gastroscopy resulted in
anxiety in 12% of patients, hunger in 44%, and weakness in 22%
[28]. When liquid intake was permitted until 2 h prior to sedation,
subjective dehydration was reported in 25% of patients, and clini-
cal and objective dehydration was observed in 25% of patients
[30].

Based on the available evidence, we cannot conclude that fast-
ing from clear liquids for 2 h and from solid food for 6 h prior to a
procedure requiring sedation reduces sedation-related complica-
tions. However, aspiration may result in serious complications,
and fasting is believed to reduce the gastric contents, thus mini-
mizing the potential harm that could result from aspiration. In
contrast, fasting can cause temporary discomfort, including hun-
ger, anxiety, lethargy, thirst, and dehydration. The harm caused by
fasting may be partially alleviated if liquids are permitted until 2 h
prior to the procedure.

All members in attendance agreed with the level and direction
of these recommendations, and none disagreed with the contents
of this clinical practice guideline. In a user opinion survey of the
draft of this clinical practice guideline, 94.9% of the anesthesiolo-
gists agreed with the recommendation. In the external review,
20% of the experts strongly agreed, 60% agreed, and 20% strongly

disagreed with this clinical practice guideline.
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Key Question 6. Are there any differences in the efficacy
and safety of intravenous propofol versus midazolam
monotherapy in adult patients undergoing moderate
sedation?

Recommendation: The use of intravenous propofol for seda-
tion in adult patients results in a significantly shorter recovery
time than that of intravenous midazolam. Both drugs are current-
ly widely used in clinical practice. The choice of sedative can be
selected based on the duration of the examination or procedure,
experience of the sedation provider, and healthcare environment.

Recommendation level: Elective use (Do, conditional)

Level of evidence: Moderate

Conditions: Propofol can be used to shorten the recovery time,
and midazolam can also be used to shorten the recovery time
when combined with flumazenil.

Background: Commonly used sedative drugs include propofol,
midazolam, ketamine, and dexmedetomidine. These medications
are also used in combination with other sedatives and narcotic
agents based on the clinical situation, examination or procedure
time, and level of stimulation. For this guideline, the efficacy and
safety of propofol versus midazolam monotherapy, both of which
are widely used to achieve moderate sedation in adult patients,
were compared. Studies that combined these sedatives with nar-
cotic preparations were excluded from the analysis.

Evidence summary: The benefits of propofol compared to
midazolam were examined in six prospective randomized studies.
These analyses primarily focused on efficacy (patient satisfaction)
and safety (frequency of hypoxemia and hypotension and recov-
ery time).

No significant difference in the incidence of hypoxemia (oxygen
saturation < 90%) during sedation was noted between the propo-
fol and midazolam groups in the meta-analysis (RR: 0.88, 95% CI
[0.56, 1.37]) [37-39]. The lowest peripheral oxygen saturation re-
ported during the procedure was significantly lower when propo-
fol was administered than when midazolam was administered
(mean difference [MD]: —1.55%, 95% CI [-2.75, —0.35]) [ 37,40].
As the average minimum peripheral oxygen saturation exceeded
90% for both drugs, it was difficult to determine which drug was
superior in preventing hypoxemia.

One of the six selected studies evaluated the frequency of hypo-
tension during sedation. The meta-analysis results showed no sig-
nificant difference in the incidence of hypotension (systolic blood
pressure < 90 mmHg) between the propofol and midazolam
monotherapy groups (RR: 0.75, 95% CI [0.14, 4.13]) [39].

Four of the included studies evaluated the time required to re-

cover consciousness after the completion of the procedure. The
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recovery time was significantly shorter after propofol than after
midazolam administration (MD: —8.88 min, 95% CI [-10.45,
-7.32]) [38,39,41,42]. Three of the included studies targeted pa-
tients with liver cirrhosis [38,39,42], and one included general pa-
tients [41]. The duration of the effect of propofol was shorter than
that of midazolam due to the large distribution volume and short
distribution half-life of propofol [43,44]. Both propofol and mid-
azolam are metabolized by the liver. Although the pharmacoki-
netics of propofol are not significantly affected by cirrhosis [45],
the pharmacokinetics of midazolam are dependent on liver func-
tion, resulting in a prolonged elimination half-life and a potential-
ly longer duration of action in patients with liver cirrhosis [46].
Thus, compared to propofol, the recovery time for midazolam
may be relatively delayed in patients with liver cirrhosis [38,39,42].
However, even in general patients, the recovery time with midaz-
olam was significantly longer than that with propofol [41]. Patient
satisfaction was similar for propofol and midazolam (RR: 0.38,
95% CI [-0.59, 1.36]) [38,42].

In our meta-analysis of studies on adult patients undergoing
moderate sedation, the average recovery time was 8.88 min short-
er when propofol was used than when midazolam was used.
However, the incidence of hypoxemia, hypotension, and patient
satisfaction were not significantly different between the groups.
Propofol and midazolam are widely used for sedation in primary,
secondary, and tertiary care institutions, and the views and prefer-
ences of sedation providers vary. However, the recovery time is
longer with midazolam than with propofol. Therefore, patients
should be provided with sufficient recovery time and caution
should be exercised when administering midazolam.

In addition to midazolam and propofol, various sedatives and
narcotics, including ketamine and dexmedetomidine, are cur-
rently used for sedation. Sedatives should be selected and used in
appropriate combinations based on factors such as the time re-
quired for the examination or procedure, level of stimulation, ex-
perience of the provider, and the healthcare environment. A drug
can be used alone or in combination with other drugs. When
sedatives and narcotic analgesics are administered concurrently,
the synergistic effects of sedation and analgesia require careful
dose adjustments.

In the external expert survey regarding this clinical practice
guideline, no significant differences or additional opinions were
noted (strongly agree: 20%, agree: 80%). In the user opinion sur-
vey, 98.3% of respondents agreed with the final version of this

clinical practice guideline.
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Key Question 7. Is oral chloral hydrate safer than oral
midazolam for sedation of pediatric patients?

Recommendation: As no significant differences have been re-
ported on the safety and efficacy of oral chloral hydrate versus
midazolam for sedation in pediatric patients, oral chloral hydrate
can be used based on the patient’s condition and availability of the
medication.

Recommendation level: Elective use (Do, conditional)

Level of evidence: Very low

Background: Oral sedation is widely used as an easy, safe, and
inexpensive method of drug-assisted sedation in pediatric pa-
tients. Chloral hydrate, which is mainly used for oral sedation and
is classified as a sedative-hypnotic, induces sleep in pediatric pa-
tients. When chloral hydrate is administered orally, its medicinal
effect begins within 15-30 min and the maximum effect occurs
after an hour and lasts > 5 h. In the United States, chloral hydrate
production was discontinued in 2012, which limited its use. In
addition, no antagonist is available for chloral hydrate. In pediat-
ric patients, midazolam is rapidly cleared and oral midazolam is
promptly absorbed from the gastrointestinal tract, reaching peak
plasma concentrations within one hour. Midazolam can produce
a paradoxical reaction, including agitation, irritability, hyperactiv-
ity, rage, and hostility toward caregivers. Impaired memory, pri-
marily anterograde amnesia, in which an individual is unable to
recall events experienced during the period of drug action, is a
potential side effect of midazolam. Flumazenil, an antagonist, can
be administered to reverse the effects of midazolam. The key
question for this recommendation was the safety and efficacy of
oral chloral hydrate versus oral midazolam for sedation in pediat-
ric patients.

Evidence summary: Among the seven selected prospective
randomized controlled trials, six included benefits that could be
analyzed. Our meta-analysis results showed a success rate of seda-
tion at 93.46% (357/382) among patients administered chloral hy-
drate and 74.94% (302/403) among patients administered midaz-
olam (RR: 1.26, 95% CI [0.72, 2.19], P = 0.41). Although the dif-
ference was not significant, the success rate of sedation was higher
in the chloral hydrate group than that in the midazolam group.
Oral chloral hydrate is used to achieve sedation in pediatric pa-
tients who have difficulty cooperating during diagnostic examina-
tions and invasive procedures, allowing for the success of these
examinations and procedures. Systematic reviews and meta-anal-
yses evaluating the safety of chloral hydrate and midazolam for
pediatric sedation have been conducted [47-53]. No major neu-
rological or respiratory adverse effects were reported when chloral

hydrate or midazolam was used for pediatric sedation. The fre-
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quency of minor adverse effects was 21.36% (91/426) among pa-
tients administered midazolam and 12.35% (50/405) among those
administered chloral hydrate. Although minor adverse effects
were less frequent with chloral hydrate, the difference was not sig-
nificant (RR: 0.90, 95% CI [0.34, 2.41], P = 0.84).

The most frequent adverse reactions were prolonged sedation,
paradoxical agitation, and gastrointestinal side effects. Oxygen
saturation decreased by > 10% in one patient who received chlo-
ral hydrate, and respiratory support was required in three patients
who received chloral hydrate and in one patient who received
midazolam.

Chloral hydrate may be used as an oral sedative in pediatric pa-
tients. Although the success rate of sedation is higher and fewer
adverse drug reactions are reported with chloral hydrate than
with oral midazolam, the incidence of respiratory side effects is
higher with oral chloral hydrate. Therefore, chloral hydrate should
be used with caution in patients with respiratory problems.

At the first internal committee meeting, 52.9% of the members
agreed with the direction of the recommendation. The contents of
this clinical practice guideline were revised, resulting in a 100%
agreement at the second internal committee meeting. A total of
80% of the external experts agreed with the level of reccommenda-
tion of this clinical practice guideline for sedation, and 90% of the
respondents to the user opinion survey agreed with the recom-

mendations.

Key Question 8. Is ketamine safer than midazolam for
sedation in pediatric patients?

Recommendation: (1) Although no significant differences in
the safety or efficacy of ketamine and midazolam for sedation in
pediatric patients were found, the use of oral ketamine should be
limited given its lower success rate of sedation.

Recommendation level: Limited use (Do not, conditional)

Level of evidence: Very low

Conditions: When additional dosing or titration is challenging.

(2) Intravenous administration of ketamine in pediatric patients
has a relatively faster time of onset but an equivalent success rate
of sedation and a similar safety profile to that of midazolam;
therefore, ketamine can be administered to some pediatric pa-
tients depending on the type of sedation needed, the patient’s
condition, and the preference of the sedation provider.

Recommendation level: Elective use (Do, conditional)

Level of evidence: Very low

Conditions: When rapid sedation is necessary, such as in cases
of primary sedation failure.

Background: The use of benzodiazepines is preferred as they
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allow for a desirable sedation effect and can be reversed using
flumazenil. At appropriate doses, benzodiazepines do not induce
respiratory depression; however, when used in conjunction with
opioid analgesics or multiple types of sedatives, they can lead to
dangerous complications such as apnea and hypoxemia.

In contrast, ketamine is a phencyclidine derivative classified as
a dissociative anesthetic. Ketamine exhibits analgesic, amnesic,
and sedative properties without the loss of protective reflexes,
making it an ideal sedative. Patients who receive ketamine may
appear awake in a tonic state, as they are unable to communicate,
but can perform involuntary movements.

In addition, the “emergence” phenomenon, wherein patients
may experience nightmares or frightening hallucinations upon
awakening from anesthesia, is a specific adverse reaction associ-
ated with ketamine. Administration of midazolam immediately
before awakening helps prevent the emergence phenomenon.
Ketamine should be administered slowly to avoid the malignant
arrhythmias associated with rapid bolus administration. Intra-
muscular ketamine has a similar safety profile to intravenous
ketamine.

The key question addressed by these recommendations is
whether the safety and efficacy of ketamine for sedation in pediat-
ric patients is superior to those of midazolam.

Evidence summary: Through a literature search and selection
process, three randomized controlled trials [54-56] with a total of
167 patients were included in the analysis. Overall, 80 and 87 pa-
tients received ketamine and midazolam, respectively. In all three
studies, the commonly reported outcomes were the success rate of
sedation; time to loss of consciousness; adverse drug reactions;
and frequency of hypoxemia, agitation, and postoperative nausea
and vomiting.

The study conducted by Rubinstein et al. [54] reported a seri-
ous risk of bias with the randomization process. The remaining
studies also reported a risk of bias, although not as severe. There-
fore, the overall risk of bias was high. The level of evidence for the
success rate of sedation, which was the key outcome, was rated
very low, as inconsistency and imprecision each reduced the level
of evidence by one. The level of evidence for the time to loss of
consciousness was rated low, as imprecision reduced the score by
one level [5]. The level of evidence for other adverse reactions was
rated very low, as inconsistency and imprecision each reduced the
level of evidence by one.

The number of individual studies and total patients included in
the meta-analysis was also small. Detecting significant differences
in the incidence of the outcomes of interest was difficult as pa-
tients were divided into oral and intravenous administration

groups and few patients were included.
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Considering these factors, the strength of the evidence was de-
termined to be low and the evidence did not fully reflect all pedi-
atric patients undergoing sedation.

In the case of oral administration, the success rate of sedation
was significantly higher with oral midazolam than with oral ket-
amine. In the study by Rubinstein et al. [54], sedation was admin-
istered to 68 pediatric patients (aged 1-10 years) who underwent
wound closure in the emergency room, and the effects of oral ket-
amine (5 mg/kg) and oral midazolam (0.7 mg/kg) were compared.
The success rate of sedation was significantly lower with ketamine
than with midazolam (RR: 0.72, 95% CI [0.57, 0.92], I = 0%, P =
0.008). However, no significant differences in pain scores accord-
ing to the visual analog scale were noted between the groups.
Considering the small patient population and the lack of statisti-
cal significance, the clinical significance remains unclear. Con-
versely, a previous meta-analysis [57] reported a higher success
rate of sedation with oral midazolam than with oral ketamine
(RR: 132, 95% CI [1.07, 1.62], I = 0%, P < 0.01).

Oral formulations of midazolam and ketamine are currently
unavailable in South Korea. Although intravenous drugs have
been mixed with syrups or glucose solutions in some cases, no
oral formulations have been officially approved for use. Therefore,
ketamine is typically administered parenterally (via a non-oral
route) in South Korea.

No significant differences were noted in the success rates of se-
dation between intravenous ketamine and midazolam. In the
study by Thevaraja et al. [55], sedation was administered to 34 pe-
diatric outpatients with an ASA status of I who were undergoing a
urodynamic study. Patients in the ketamine group received 0.25
mg/kg of intravenous ketamine followed by a continuous infusion
at 10-20 pg/kg/min. Patients in the midazolam group received
0.02 mg/kg of intravenous midazolam followed by a continuous
infusion at 1-2 ug/kg/min. Although the time to loss of con-
sciousness was shorter in the ketamine group than in the midaz-
olam group, the success rate of sedation was 100% in both groups.
Both intravenous midazolam and low-dose intravenous ketamine
provided satisfactory sedation, without affecting the urodynamic
test values in pediatric patients (RR: 1.00, 95% CI [0.94, 1.07]). No
studies comparing oral and intravenous ketamine were included
in the meta-analysis. A systematic meta-analysis by Cheng et al.
[57] reported no significant differences in the success rate of seda-
tion and hypnosis or in the duration of sedation between oral and
intravenous midazolam (P > 0.05).

Data from all three prospective randomized controlled studies
were included in the comparative analysis of drug reactions be-
tween ketamine and midazolam. Intravenous administration was

used in one study, whereas oral administration was used in the
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other two. Among the 167 patients (Younge and Kendall [56],
2001; Thevaraja et al. [55], 2012; Rubinstein et al. [54], 2016), ad-
verse effects were observed in 23 (13.8%). When calculated per
1,000 individuals, the incidence of adverse reactions was lower in
patients who received ketamine (126 per 1,000) than in those who
received midazolam (156 per 1,000). However, the difference be-
tween the two groups was not statistically significant (RR: 0.81,
95% CI [0.39, 1.69], ' = 0%, P = 0.58). Thevaraja et al. [55], in
their study involving 34 participants, reported no adverse reac-
tions in either the intravenous ketamine or midazolam groups.
Due to the rare incidence of severe complications, the total num-
ber of patients in this study was determined to be insufficient to
draw accurate conclusions.

Ketamine can increase salivary secretion, leading to coughing
and laryngospasms in severe cases. Therefore, ketamine should
either be avoided or used with caution in cases of airway proce-
dures and upper respiratory tract infections or when dealing with
uncontrolled asthma or hypertension. These effects can be miti-
gated by the complementary use of atropine or glycopyrrolate
[58]. Although ketamine is generally recognized as a safe sedative
that does not cause significant respiratory depression, apnea can
occur when it is administered rapidly or in conjunction with opi-
oids or other sedatives. In addition, ketamine can inhibit the re-
uptake of catecholamines, thereby increasing sympathetic nervous
system stimulation and potentially causing tachycardia. Although
it is safe for pediatric patients who are hemodynamically compro-
mised or at risk of bradycardia, it should not be used in pediatric
patients with increased intracranial pressure because it can in-
crease cerebral blood flow.

Systematic meta-analyses of adverse reactions to ketamine se-
dation in pediatric patients have not been reported. In a systemat-
ic meta-analysis of adverse reactions to sedation with oral midaz-
olam in pediatric patients reported by Cheng et al. [57], the inci-
dence of adverse drug reactions was 19.57% (189/966). Bellolio et
al. [58] conducted a meta-analysis of adverse reactions reported
for all pediatric sedation drugs used in an emergency room and
found that mild complications such as vomiting (55.5 episodes
per 1,000 patients, 95% CI [45.2, 65.8]) and agitation (17.9 epi-
sodes per 1,000 patients, 95% CI [12.2, 23.7]) were the most com-
mon, whereas dangerous complications such as hypoxia (14.8 epi-
sodes per 1,000 patients, 95% CI [10.2, 19.3]) and apnea (11.0 epi-
sodes per 1,000 patients, 95% CI [3.2, 0.11]) were less common.
The need for intervention with a bag-valve mask, oral airway, or
positive pressure ventilation was rare (5.0 episodes per 1,000 pa-
tients, 95% CI [2.3, 7.6]). The incidence of laryngospasm was 2.9
episodes per 1,000 patients (95% CI [1.1, 4.7]) and intubation was
required in 34 of the 9,136 patients.
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No aspiration was reported among the 3,326 patients. There-
fore, serious adverse reactions are rare during pediatric sedation
with various sedatives, and mild complications such as nausea,
vomiting, or nervousness are common. The incidence of hypox-
emia among all pediatric sedation cases was approximately 1.5%.
In a previous meta-analysis of the adverse reactions to sedation in
adult patients, the most common complication was hypoxemia
[59]. Although drug selection and co-administration of narcotics
differ between adult and pediatric patients, the incidence of severe
complications such as hypoxemia is significantly lower in pediat-
ric patients than in adult patients. Most patients who experienced
laryngospasms had received ketamine (33/34). Although ket-
amine is reported to be relatively safe in adult patients, pediatric
patients are at risk of severe adverse reactions such as rapidly pro-
gressing hypoxemia under sedation. Therefore, sedatives should
be administered at an appropriate initial dose, with additional
lower doses administered under continuous monitoring. The
American Society of Anesthesiology practice guidelines [1] also
recommend that the effects of sedatives should be judged by al-
lowing sufficient time for maximum effect when administering
sedatives. Even when administered via a non-intravenous route
(such as the oral or nasal mucosa), sufficient time should be pro-
vided for the absorption of the previous dose and observation of
the maximum effect before additional doses are administered. For
patients receiving intravenous drugs, the intravenous route should
be maintained until the patient is no longer at risk of cardiorespi-
ratory dysfunction. In addition, patients should be carefully mon-
itored for complications.

However, as this meta-analysis focused only on studies of pedi-
atric patients who received with a single sedative agent for a pro-
cedure, few studies and patients were included. The included pa-
tients were divided into oral and intravenous administration
groups owing to inconsistencies in usage and low or very low lev-
els of evidence due to inaccuracy and imprecision. Furthermore,
the incidence of events corresponding to harm was low given the
low number of patients, making it difficult to detect significant
differences. Due to these limitations, classifying one drug as supe-
rior was not possible.

As the direction of the recommendation differed between oral
and intravenous administration, less than 70% of the attending
committee members agreed with the original initial proposal,
which provided recommendations solely for intravenous medica-
tions. However, oral formulations of these drugs are not commer-
cially available in South Korea. However, as they may become
available in the future, recommendations for both oral and intra-
venous administrations were suggested in the first round of vot-

ing, and this clinical practice guideline was revised such that oral
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and intravenous administrations were classified separately. During
the second round of voting, no disagreements regarding the con-
tent of this clinical practice guideline were reported, with 100%
approval of the direction and level of recommendation. The user
opinion survey results indicated an approval rate of 80.8% for the
recommended direction, and the external expert review showed
an approval rating of 80%. The current clinical practice guideline
and level of recommendation were finalized without any addi-

tional adjustments.

Key Question 9. Is dexmedetomidine safer than
midazolam for sedation in pediatric patients?

Recommendation: In pediatric sedation, dexmedetomidine is
not considered as safe as midazolam, given its potential to cause
hypotension and bradycardia. However, it is considered effective
for deep sedation. Therefore, depending on the type of procedure
and the sedative provider’s preference, dexmedetomidine can be
used as an alternative to midazolam.

Recommendation level: Elective use (Do, conditional)

Level of evidence: Moderate

Conditions: Close monitoring and management of hypotension
and bradycardia in appropriate settings.

Background: Dexmedetomidine has a slightly longer time to
loss of consciousness, slightly delayed onset of action, and a lon-
ger half-life than other sedatives. As a strong Alpha-2 agonist,
dexmedetomidine does not cause respiratory depression, and ex-
erts analgesic effects. Indeed, dexmedetomidine use has increased
in various fields as hemodynamic stability and appropriate seda-
tion depth is maintained. Furthermore, it reduces post-procedural
agitation and decreases the occurrence of emergence delirium,
leading to increased satisfaction for both the operator and exam-
iner, and has thus been gradually replacing midazolam.

Evidence summary: The use of dexmedetomidine over midaz-
olam has increased because provider satisfaction is higher with
dexmedetomidine. After a literature search and selection process,
two randomized controlled trials were included in the analysis.
One study compared the sedative effects of oral midazolam versus
intranasal dexmedetomidine during CT examination, and anoth-
er compared the results of continuous intravenous infusions of
dexmedetomidine versus midazolam during EEG [60,61].

A total of 119 patients were included in the meta-analysis, 60 of
whom received dexmedetomidine and 59 received midazolam.
The sedation score was evaluated in both studies, while blood
pressure and heart rate were evaluated in only one study [61]. The
risk of bias was low for all assessments.

The level of evidence for maintenance of appropriate sedation
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scores (a key outcome), the incidence of side effects related to
blood pressure and heart rate, and the incidence of other adverse
effects were determined. The level of evidence was moderately re-
liable for the maintenance of appropriate sedation scores, and low
for side effects related to heart rate and blood pressure as incon-
sistency and imprecision each lowered the level by one.

According to the meta-analysis results based on the two select-
ed prospective randomized controlled trials, appropriate sedation
scores for performing the tests, as measured by the Ramsay Seda-
tion Scale (RSS), were higher for dexmedetomidine than for mid-
azolam (0.13 higher, 95% CI [-0.22, 0.47]). This finding indicates
a moderate level of evidence that maintaining appropriate seda-
tion scores with dexmedetomidine can reduce the need for addi-
tional medications, minimize the incidence of side effects related
to overdosing, and effectively achieve stable sedation.

However, a systematic review comparing dexmedetomidine ad-
ministration methods for pediatric sedation has not yet been con-
ducted. Indeed, established literature on dexmedetomidine ad-
ministration methods in pediatric patients is lacking, making it
difficult to draw accurate conclusions. Furthermore, owing to the
relatively delayed onset of action and unpredictable half-life of
dexmedetomidine, its potential as a standalone sedative for main-
taining sedation is limited. In addition, as the hemodynamic sta-
bility results of this meta-analysis show, dexmedetomidine may
induce similar side effects to midazolam, such as hypotension and
bradycardia. However, although the decrease in heart rate was
concerning (6.00 lower, 95% CI [-9.85, —2.15]), the decrease in
systolic blood pressure was not as concerning (16 lower, 95% CI
[-0.22, -0.47]). However, a 16 mmHg decrease in systolic blood
pressure may be clinically significant, and thus should be consid-
ered in decision making.

Because the meta-analysis results did not provide clear evidence
that dexmedetomidine is superior to midazolam in terms of safe-
ty, fewer than 70% of the participating members supported this
recommendation in the first round of voting. However, consider-
ing the increased use of dexmedetomidine in clinical practice and
evidence showing that dexmedetomidine is more effective at
maintaining sedation depth than intravenous midazolam, the rec-
ommendation was revised to include careful monitoring to ensure
patient safety as a condition. Therefore, dexmedetomidine can be
used as an alternative to midazolam, depending on the type of
procedure and the preference of the sedation provider. In the sec-
ond round of voting, more than 70% of the participating mem-
bers approved the direction and level of the recommendation that
dexmedetomidine be used in a setting where careful monitoring
and treatment of hypotension and bradycardia are possible. This

recommendation was approved by 74.2% of respondents in the
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internal user opinion survey and 100% of respondents in the ex-
ternal expert review. After discussions with the committee and in-
dividual members, the modified recommendations were con-
firmed without any further changes to the direction or level of

recommendation.

Key Question 10. Is it necessary to monitor and record
the depth of sedation, respiration, oxygen saturation,
and blood pressure and to obtain an electrocardiogram
during sedation?

Recommendation: Providers are recommended to monitor
and record the depth of sedation, respiration, oxygen saturation,
and blood pressure during sedation. Additional electrocardiogra-
phy (ECG) monitoring is recommended for patients with cardio-
vascular disease.

Recommendation level: General use (Do, strong)

Level of evidence: Expert consensus/survey

Background: Monitoring the patients condition during seda-
tion is important for the early detection and management of re-
spiratory and cardiovascular depression or hypoxia. Existing clin-
ical guidelines also recommend that the patient’s level of con-
sciousness, ventilation, oxygenation, and hemodynamics be mon-
itored and recorded during sedation [1,62]. With this key ques-
tion, evidence-based clinical practice guidelines for depth of seda-
tion, respiration, oxygen saturation, and blood pressure monitor-
ing in patients undergoing moderate sedation in South Korea can
be developed. Expert surveys were used as references in cases
where evaluation of the evidence level was not possible due to a
lack of research.

Evidence summary: The selection criteria for this meta-analy-
sis included studies related to basic monitoring and documenta-
tion during sedation. Editorials, clinical guidelines, retrospective
studies, and studies with specialized monitoring (such as end-tid-
al carbon dioxide pressure and bispectral index) were excluded.
To the best of our knowledge, no study has directly compared the
benefits or harms of basic monitoring during sedation in terms of
patient outcomes and complications. In addition, no study has
found whether monitoring and recording sedation depth im-
proves patient outcomes and reduces complications. As no ran-
domized controlled trials on oxygen saturation monitoring during
sedation have been reported, this meta-analysis included four ob-
servational studies with oxygen saturation monitoring during se-
dation using pulse oximetry, and three observational studies of
oxygen saturation in two patient groups. Owing to the paucity of
studies we were unable to adequately evaluate the level of evi-

dence; thus, sedation provider opinion surveys were collected.
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Recommendations were made based on the survey results, and
the level of evidence was an expert consensus/survey.

In the expert opinion survey, the majority of respondents
agreed (strongly agree: 67.8%, agree: 27.2%) that regular monitor-
ing of sedation depth helps to prevent excessive or shallow seda-
tion. Regular observation of the level of consciousness and seda-
tion depth allows for timely recognition and response when a pa-
tient transitions to minimal or deep sedation. Therefore, appro-
priately managing and recognizing changes in sedation depth can
reduce sedation (including minimal sedation) failure, which can
cause anxiety and pain and hinder the procedure, and result in re-
spiratory depression due to oversedation.

The majority of respondents to this survey agreed (strongly
agree: 79.7%, agree: 16.1%) that continuous oxygen saturation
monitoring during sedation helps to reduce the incidence of com-
plications such as respiratory depression, hypoxia, and airway ob-
struction. In four observational studies that measured oxygen sat-
uration during sedation, desaturation was observed in 49%
(60/122) of patients [63-66]. Another previous study reported a
decrease in oxygen saturation of 5% or more among 30% of pa-
tients aged > 60 years [67]. In addition, oxygen saturation de-
creased to < 90% in 68% and 58% of healthy pediatric patients
and those with cardiovascular disease, respectively. Although no
significant difference was found between the two groups, oxygen
desaturation was observed in more than half of the patients [68].
Similarly, a study conducted on both adults with cardiovascular
disease and healthy adults showed a similar degree of oxygen de-
saturation in both groups, with a lowest mean oxygen saturation
of 89.5% and 90.2%, respectively [69]. Considering the results of
these studies, monitoring oxygen saturation during sedation using
pulse oximetry in most patients, regardless of age or the presence
of cardiovascular disease, can aid in the early diagnosis and man-
agement of desaturation and hypoxemia, thereby helping to pre-
vent hypoxemia.

In the survey, the majority of respondents agreed (strongly
agree: 79.7%, agree: 16.1%) that monitoring blood pressure regu-
larly during sedation is helpful for the reduction of cardiovascular
complications, including hypotension and hypertension. Main-
taining an appropriate blood pressure is crucial for ensuring suffi-
cient perfusion of oxygenated arterial blood into tissues, thereby
maintaining circulation. Therefore, regular measurement of blood
pressure during sedation and prompt recognition and manage-
ment of changes in blood pressure can prevent cardiovascular
complications.

The majority of respondents to the expert opinion survey
agreed (strongly agree: 68.2%, agree: 28.4%) that continuous ECG

during sedation in patients with cardiovascular disease was useful
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for reducing the incidence of cardiovascular complications such
as bradycardia, arrhythmia, and cardiac arrest. An observational
study investigating the incidence of arrhythmias during sedation
in patients with cardiopulmonary disease found that 75% (9/12)
experienced arrhythmias such as tachycardia and premature ven-
tricular contraction [68]. In patients with clinically significant
cardiovascular disease, timely recognition and management of
changes in heart rate, arrhythmias, and myocardial ischemia
during sedation via ECG monitoring may help prevent cardiovas-
cular complications.

Most respondents agreed (strongly agree: 65.9%, agree: 28.4%)
that maintaining a sedation record is helpful for the effective
management of sedation and reduction in the occurrence of med-
ical disputes. Documentation of sedation records allows for ap-
propriate management of patients in the future; it can serve as
data for education, research, and statistics; and can be used as a
legal document to protect physicians and patients in case of medi-
cal disputes.

The results of the internal committee vote on this recommen-
dation was 94.4% and 88.2% for the direction and level of the rec-
ommendation, respectively. The user opinion survey results indi-
cated an approval rate of 96.7% for the recommendation direc-
tion, and the external expert review showed an approval rating of
60%.

Key Question 11. Does capnography (end-tidal

carbon dioxide monitoring added to the standard
measurement) during sedation in adult patients reduce
the occurrence of hypoxemia?

Recommendation: To reduce the occurrence of hypoxemia
during sedation in adult patients, capnography (end-tidal carbon
dioxide [ETCO,] monitoring) is recommended.

Recommendation level: Elective use (Do, conditional)

Level of evidence: Moderate

Conditions: If a monitor with ETCO, monitoring capabilities is
available and sensor placement is possible, capnography is recom-
mended during sedation.

Background: Respiratory depression caused by sedation is a
relatively common adverse reaction and one of the most critical
concerns during sedation. Failure to promptly detect and address
inadequate ventilation due to respiratory depression can lead to
hypoxemia, resulting in hypoxic tissue damage and potentially
progressing to severe outcomes, such as respiratory arrest and car-
diac decompensation. Although serious complications are rare,
they are irreversible and can be fatal. Therefore, appropriate respi-

ratory status monitoring during sedation is crucial for patient
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safety. Respiratory monitoring during sedation can be categorized
into oxygenation and ventilation. Pulse oximetry, the standard
device for monitoring oxygenation, does not directly reflect the
ventilation status. If only oxygenation is monitored, ventilation
failure may not be promptly detected.

Capnography (i.e., ETCO, monitoring) provides continuous
monitoring of ventilation status and allows for a more direct as-
sessment of ventilation during sedation. The Practice Guidelines
for Moderate Procedural Sedation and Analgesia 2018 also rec-
ommends capnography during sedation. However, the process
used to reach this conclusion is not described in the practice
guidelines. Additionally, clinical practice guidelines that reflect
the current healthcare situation in South Korea are needed. For
this recommendation, the key question was whether capnography
(ETCO, monitoring) contributes to enhanced patient safety
during sedation and whether the addition of capnography is asso-
ciated with a reduction in hypoxemia.

Evidence summary: The selection criteria for the literature
search were prospective studies on capnography during sedation,
with hypoxemia as an outcome. Twelve randomized studies with
groups based on capnography use that compared the incidence of
hypoxemia were selected [70-81]. Studies with fewer than 100 pa-
tients and those that included pediatric patients were excluded.
The criteria for hypoxemia were similar among the selected stud-
ies and the incidence data were clearly specified. A total of 4,932
patients were included in the meta-analysis.

The meta-analysis results demonstrated that the use of capnog-
raphy significantly reduced the risk of hypoxemia (RR: 0.67, 95%
CI [0.57, 0.80]); however, the heterogeneity of the results was high
(I* = 65%). The nine randomized studies with an average patient
age > 50 years were then analyzed separately. For this analysis,
the heterogeneity was not significant (I’ = 19%), and the results
showed a significant reduction in the risk of hypoxemia (RR: 0.61,
95% CI [0.55, 0.68]).

When hypoxemia was defined as an oxygen saturation (SpO,)
< 90%-95%, capnography led to a significant reduction in hy-
poxemia in 8 of the 12 included studies. According to the ran-
dom-effects model, the incidence of hypoxemia was lower (RR:
0.67, 95% CI [0.57, 0.80]). In two studies, hypoxemia occurred
more frequently in the group that received capnography monitor-
ing, although no significant difference was observed [73,76].
Among the nine studies that reported the incidence of severe hy-
poxemia, defined as arterial oxygen saturation (SpO,) < 85%-
90%, the risk of severe hypoxemia was lower when capnography
was used (RR: 0.62, 95% CI [0.51, 0.75]).

Therefore, capnography is effective at reducing the incidence of

severe hypoxemia. The need for increased oxygen supplementa-
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tion (RR: 0.88, 95% CI [0.75, 1.03]) and assisted ventilation (RR:
0.67, 95% CI [0.30, 1.46]) were reduced, although not significant-
ly.

Although patients may experience discomfort as the sampling
line for collecting exhaled gases is placed on the face, it is nonin-
vasive, and there is no risk of clinical harm to the patient. Howev-
er, capnography may increase healthcare costs [82,83]. The side-
stream sampling line is a disposable item, the price of which varies
depending on the equipment and product used (generally KRW
10,000-15,000). However, the cost is only reimbursable for gener-
al anesthesia under supervision. Water traps, which are recycled
consumable products, cost KRW 30,000-50,000 and are generally
replaced once or twice a year. However, no disposable equipment
is used in the mainstream method, and the sensor costs more
than KRW 2,000,000. The cost of the capnography module varies
depending on the type of equipment but is approximately KRW
3,700,000, with an average usage period of over 10 years.

However, the value of promptly detecting respiratory depres-
sion, which is the most concerning issue in sedation, and mitigat-
ing the risk of hypoxemia cannot be solely judged based on costs
and should be taken into consideration.

During the first round of voting, 100% of the participating
members approved the direction of the recommendation and
93.8% approved the recommendation level. However, while 86.7%
of the internal user group familiar with capnography approved the
clinical practice guideline, only 60% of the external experts agreed
with the guideline, which prompted the committee to present
specific indications, as capnography is not required for all seda-
tion procedures (such as endoscopy). After discussions between
the committee and individual members, the final recommenda-
tion was confirmed under the condition that capnography should
be recommended during sedation if a monitor with capnography

capabilities is available and sensor placement is possible.

Key Question 12. Does capnography (end-tidal
carbon dioxide monitoring added to the standard
measurement) reduce the occurrence of hypoxemia
during sedation in pediatric patients?

Recommendation: Adding capnography to standard monitor-
ing during sedation of pediatric patients may be considered.

Recommendation level: Elective use (Do, conditional)

Level of evidence: Low

Conditions: Capnography should be used electively when pro-
longed sedation is expected (e.g., an average expected time > 30
min).

Background: Effective methods of monitoring ventilation vary
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depending on the age and development of the pediatric patient.
Auscultatory and interactive monitoring may be sufficient for
most procedures requiring shallow or moderate pediatric seda-
tion. However, early detection of insufficient ventilation during
procedures in which the respiratory status of pediatric patients
cannot be closely observed (e.g., magnetic resonance imaging) is
limited with these traditional methods. In addition, a pulse oxim-
eter cannot be used to monitor a patient’s ventilation state as it
will not detect hypoxemia until a few minutes after ventilation
failure when supplemental oxygen is administered.

Capnography continuously monitors the state of ventilation
and is essential for patients undergoing general anesthesia. How-
ever, capnography is used selectively when sedation is performed
outside the operating room, depending on the guideline being
followed, depth of sedation, and duration of the procedure
[1,84,85]. In 2019, the American Academy of Pediatrics and the
American Academy of Pediatric Dentistry jointly published a re-
vised edition of their guidelines for pediatric sedation [14]. Cur-
rently, continuous capnography is strongly recommended for
monitoring ventilation during procedures that require moderate
sedation. However, the process used to develop this guideline was
not clearly described. The key question for this recommendation
is whether capnography during sedation in pediatric patients im-
proves patient safety.

Evidence summary: A literature search and selection process
for the main research question resulted in the identification of
two randomized controlled trials [86,87]. A total of 254 pediatric
patients were included in the meta-analysis: 127 who were moni-
tored using capnography (capnography monitoring group) and
127 who were not (control group). In both studies, the incidences
of hypoxemia, ¢, and interventions to improve ventilation (verbal
or physical stimulation, head tilt or chin lift, under-shoulder sup-
port, and supplemental oxygen) during sedation were noted.

The benefits were analyzed using data from the two prospec-
tive randomized controlled trials. However, no significant differ-
ence was noted in the incidence of hypoxemia between the cap-
nography and control (non-capnography) groups in this me-
ta-analysis (RR: 0.52, 95% CI [0.10, 2.56]). Langhan et al. [86]
conducted a randomized controlled study that included 154 pe-
diatric patients who underwent various procedures under seda-
tion in the emergency room and found 23 episodes of hypoxemia
(oxygen saturation < 95%) among the patients receiving contin-
uous ECG, impedance plethysmography, and pulse oximetry
monitoring, and 23 among those additionally receiving capnog-
raphy, indicating no significant difference between the groups. In
contrast, among the 100 patients who underwent upper gastroin-

testinal endoscopy under sedation who were included in the
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study conducted by Kilig and Gerenli [87], two patients in the
capnography group and 10 in the control group experienced hy-
poxemia (oxygen saturation < 90%) (P = 0.0014).

In this meta-analysis, no significant difference was noted in
the incidence of hypoventilation between the two groups (RR:
0.94, 95% CI [0.68, 1.29]). In the study by Langhan et al. [86], the
proportion of patients who reported hypoventilation increased
with increasing sedation time. The change in the ratio of patients
who reported hypoventilation per minute increased more signifi-
cantly in the control group than in the capnography group
(change in the rate of hypoventilation per minute: 7.1% vs. 1.0%,
P = 0.008, OR: 1.06, 95% CI [1.02, 1.11]). Although a longer se-
dation time seemed to increase the frequency of hypoventilation,
the total incidence of hypoventilation was not dependent on the
sedation time, indicating that the use of capnography did not sig-
nificantly reduce the incidence of hypoventilation.

Regarding airway management interventions performed when
oxygenation or ventilation impairment was suspected, the me-
ta-analysis results showed a significant reduction in the frequen-
cy of head-tilt or jaw-thrust maneuvers in pediatric patients
monitored via capnography (RR: 0.23, 95% CI [0.07, 0.71]). The
use of capnography appeared to be beneficial for reducing the
frequency of simple airway management interventions (head-tilt
and jaw-thrust maneuvers). In the study by Langhan et al. [86],
interventions were more likely to result from hypoventilation in
the capnography group (OR: 2.26, 95% CI [1.34, 3.81]). Interven-
tions that were not temporally consistent with hypoventilation
were associated with a high incidence of hypoxemia (OR: 5.31,
95% CI [2.76, 10.22]). These results suggest that sedation provid-
ers reduced the frequency of hypoxemia by performing appropri-
ate airway management interventions once hypoventilation oc-
curred, detected via capnography.

However, as only two studies were included in the analysis and
the level of evidence was low resulting from high inconsistency
and imprecision, the potential benefit that capnography reduces
the frequency of hypoxemia cannot be ruled out. One study re-
ported that capnography reduced the frequency of hypoxemia
and increased the frequency of airway management interven-
tions for hypoventilation as sedation time increased, reducing the
incidence of hypoxemia [86].

In pediatric patients undergoing moderate sedation, capnogra-
phy alone cannot reduce the incidence of hypoxemia. With ap-
propriate monitoring of ventilation (observation of chest move-
ments and auscultation of breath sounds) during sedation, most
patients can undergo moderate sedation without capnography.
However, for patients requiring continuous monitoring of venti-

lation status (e.g., prolonged procedure time or inability to close-
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ly observe the patient), additional monitoring with capnography
and timely airway interventions are expected to improve patient
safety (Table 7).

In the first round of voting, 100% of the participating members
approved the level and direction of the recommendations, with
no disagreement regarding the content of this clinical practice
guideline. In a user opinion survey of the draft of the clinical
practice guideline, 83.3% agreed with the guideline. In the exter-
nal review, 20% of the respondents strongly agreed, 40% agreed,
0% did not agree or disagree, and 40% disagreed with this clinical
practice guideline, indicating that it was generally agreed that

capnography should be used.

Key Question 13. Does the assessment of the depth
of sedation improve patient safety during pediatric
sedation?

Recommendation: The use of a sedation depth assessment tool
is reccommended for pediatric patients.

Recommendation level: Elective use (Do, conditional)

Level of evidence: Expert consensus/survey

Conditions: If observation and evaluation are not possible
during the procedure or examination or if evaluation is difficult
because of the patient’s age or developmental status, providers are
recommended to monitor the ventilation status and vital signs
more closely.

Background: The patient’s level of consciousness should be
monitored continuously during sedation to detect any uninten-
tional loss of consciousness or transition to deep sedation. Chil-
dren have varying abilities to control their behavior during proce-
dures and tests depending on their age and cognitive and emo-
tional development, and infants and children with developmental
delays may require deeper sedation. In particular, pediatric pa-
tients can show a rapid transition from minimal to deep sedation.
In deep sedation, serious adverse effects such as airway obstruc-
tion, apnea, and lung aspiration may occur [88,89]. The clinical
scales used to assess the depth of sedation include the RSS, the
Modified Observer’s

Assessment of Alertness/Sedation Scale, and the Pediatric Seda-
tion State Scale. These scales are subjective, and their clinical ap-
plication may be difficult because the stimuli used for evaluation
may interfere with the sedation state. The American Academy of
Pediatrics and the American Academy of Pediatric Dentistry have
published a series of guidelines regarding pediatric sedation, the
2019 amendments of which recommend ventilation monitoring
rather than the use of a specific sedation depth evaluation scale
[14]. The 2018 moderate sedation guidelines published in collab-
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oration with the American Society of Anesthesiologists and clini-
cal societies related to sedation recommend the level of conscious-
ness be monitored by measuring the patient’s response to com-
munication during moderate sedation, with no additional de-
scriptions for specific pediatric populations, although insufficient
evidence that assessing the patient’s level of consciousness im-
proves patient safety is currently available [1].

Monitoring devices using EEG have been developed as an ob-
jective method for assessing sedation depth in adult patients. Al-
though correlations with clinical scales have been suggested for
pediatric sedation, these monitoring devices do not provide a reli-
able distinction between moderate and deep sedation [90-92].
Currently, processed EEG is not recommended for routine clinical
practice.

Evidence summary: A literature search was conducted to de-
termine whether the assessment of sedation depth improves pa-
tient safety in the pediatric population. However, no suitable stud-
ies were identified for the meta-analysis. Recommendations were
therefore made based on a review of papers and expert surveys on
pediatric sedation, and the level of evidence was thus classified as
very low.

A total of 261 user experts responded to the user opinion sur-
vey on pediatric sedation. The majority of respondents agreed
(strongly agree: 57.1%, agree: 34.9%) that assessing the depth of
sedation in pediatric patients is helpful for effective sedation and
pain management and reducing complications. To assess sedation
depth during pediatric sedation, respondents reported using
MOASS (25.3%), EEG-based monitoring (19.9%), and RSS
(11.9%). However, the most common response was that only the
adequacy of ventilation was monitored (40%).

Both the level and direction of the clinical practice guideline for
the selective use of a sedation level assessment tool when per-
forming sedation in pediatric patients were approved by 100% of
the participating members. In the user opinion survey, 85% of the
respondents agreed with the recommendations, although only
60% agreed with the selective use of a sedation level assessment
tool for pediatric sedation in the external expert review of the

draft clinical practice guideline.

Key Question 14. Does the recommended standard
procedure for airway management (intubation,
laryngeal mast airway;, etc.) increase patient safety in
pediatric patients with dyspnea during sedation?

Recommendation: If respiratory complications, such as dys-
pnea, occur during sedation in pediatric patients, providers are

recommended to follow the appropriate recommendations for
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airway management.

Recommendation level: Elective use (Do, conditional)

Level of evidence: Expert consensus/survey

Conditions: Elective use in cases where intervention is required
for respiratory complications during sedation. Background: The
possibility of patients entering deep sedation or general anesthe-
sia, in which respiratory function is unexpectedly suppressed, is
present even during moderate sedation, and appropriate mea-
sures can have a considerable impact on patient safety. However,
in most sedation practice settings, individual treatment ap-
proaches are often adopted according to the clinical experience
and judgment of the sedation provider rather than based on spe-
cific recommendations on the management of respiratory com-
plications during sedation. Ultimately, the methods of managing
complications differ depending on the level of education and
training of individual sedation providers, which could signifi-
cantly affect patient safety. Therefore, this clinical practice guide-
line was established as a reference for managing respiratory com-
plications in pediatric patients undergoing sedation.

Evidence summary: A literature search of studies on the man-
agement of pediatric patients with complications during sedation
was conducted. Review articles, treatment guidelines, and studies
that included adult patients were excluded. As studies have di-
rectly compared the benefits and potential harm associated with
management methods in patients with complications during se-
dation were insufficient, no study was eligible for inclusion in
this meta-analysis. This may be attributable to the low incidence
rate of respiratory complications during sedation, ethical con-
cerns of intentionally not implementing the recommended man-
agement, and challenges in conducting the research. Because no
studies were identified that could be used to evaluate the level of
evidence for this key question, an expert opinion survey of seda-
tion providers was conducted to develop recommendations for
this clinical practice guideline.

Although it was excluded from the meta-analysis during the
study selection process, one retrospective observational study
was identified that indirectly estimated the effect of differences in
managing respiratory complications during pediatric sedation
[93]. The study reported that the incidence of respiratory com-
plications during sedation was not significantly correlated with
the location of sedation; however, secondary cardiac complica-
tions were more likely to occur in primary care settings than in
secondary or higher care-based settings. Furthermore, serious
harm, such as death and neurological damage, was more com-
mon in primary care settings than in secondary or higher care-
based settings [93]. Although the specific conditions of each set-

ting were not identified in the study, these results indirectly indi-
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cate that differences in the management of respiratory complica-
tions during sedation in pediatric patients can significantly affect
the development of more serious complications, such as brady-
cardia and cardiac arrest, as well as patient outcome. Therefore,
the majority of respondents to the expert survey reported that
guidelines regarding airway management in pediatric patients
with dyspnea during sedation would be helpful in ensuring pa-
tient safety (strongly agree: 70.5%, agree: 25.3%).

As respiratory complications are a common complication of
sedatives, sedation providers should continuously monitor
changes in respiratory patterns during the stages of sedation.
They should also be familiar with the appropriate treatments and
general approaches used in cases of respiratory failure (Table 7).
Additionally, they should receive sufficient education and train-
ing regarding treatment methods (including head tilt, jaw thrust,
under-shoulder support, oral [nasal] airway, and bag-mask venti-
lation) that can be used during the early stages of respiratory
complications. In addition, sedation providers should understand
that it is possible to insert a supraglottic airway and perform tra-
cheal intubation if respiratory failure progresses further, and ap-
propriate devices should be prepared prior to sedation. Accord-
ing to the expert survey, the most important methods used to
treat dyspnea during sedation in pediatric patients are as follows:
head tilt or jaw thrust (86.2%), bag-mask ventilation (76.6%),
oral (nasal) airway (71.6%), under-shoulder support (20.7%),
and supraglottic airway device (18.4%).

For this clinical practice guideline on the management of re-
spiratory complications during sedation in pediatric patients ac-
cording to appropriate standards, 94.4% of the clinical practice

guideline committee agreed on the direction and level of recom-

Table 7. Treatment of Respiratory Failure During Sedation (General
Approach)

Management of respiratory failure: general approach

Open the airway and keep it patent using:
o Adequate head and body alignment
o Head tilt-chin lift or jaw thrust
o Careful suctioning of secretions

Consider oropharyngeal airway in the unconscious child, in whom
there is no gag reflex

Consider nasopharyngeal airway in the semi-conscious child
To support ventilation:
« Bag-mask ventilation (recommended, first-line method)
« Tracheal intubation
« Supraglottic airways
Van de Voorde P, Turner NM, Djakow J, de Lucas N, Martinez-Mejias

A, Biarent D, et al. European resuscitation council guidelines, 2021:
pediatric life support. Resuscitation 2021; 161: 327-87.
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mendation. After consultation and review by external experts,
100% agreement with the recommendations was obtained, and
the user opinion survey showed 99.2% agreement. Therefore, this
clinical practice guideline was finalized by reflecting on the results
of voting by the clinical practice guideline committee, external ex-

pert consultation, and user consultation and voting.

Key Question 15. Are well-defined discharge criteria
essential for safely discharging patients after sedation?

Recommendation: Providers are recommended to apply ap-
propriate discharge criteria when discharging adult patients who
have undergone sedation after recovery.

Recommendation level: General use (Do, strong)

Level of evidence: Expert consensus/survey

Background: It is important to decrease the risk of sedation-re-
lated complications and ensure patient safety not only during but
also after the sedation procedure. To reduce complications related
to sedation and maintain patient safety after sedation, patients
should be assessed using well-established discharge criteria [94].

Evidence summary: A literature search was conducted for
studies assessing discharge criteria after sedation in adult patients.
Review articles, treatment guidelines, retrospective studies, and
studies with fewer than 100 participants or pediatric patients were
excluded. As there were insufficient studies that directly com-
pared the benefits and harms of patient evaluation based on dis-
charge criteria and the reduction in complications, expert opinion
surveys of sedation providers were collected. The recommenda-
tions were based on the results of the survey; hence, the level of
evidence was considered very low.

Patient assessment using appropriate discharge criteria is be-
lieved to improve patient safety after sedation and reduce seda-
tion-related complications. Most respondents to the expert survey
reported that the Modified Aldrete Score was a suitable scoring
system and assessment tool for determining a patient’s prepared-
ness for discharge after sedation. Most respondents also agreed
that assessing patients in a recovery area for 30 min after sedation
while recording their level of consciousness and vital signs at reg-
ular intervals reduces the occurrence of complications after seda-
tion. Furthermore, providing education on water and food intake,
emergency contact information, driving restriction instructions,
and discharge with a caregiver can help reduce the occurrence of
complications after sedation.

Discharge criteria focused on enhancing patient stability and
reducing potential complications following sedation, such as post-
operative nausea and pain, should be selected and presented in a

simple manner (Table 8).
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All participating members expressed 100% agreement with this
recommendation, and no objections were expressed. However,
due to the variety of possible procedures and sedation methods, sev-
eral members expressed that using a single set of discharge criteria is
inadequate and the sedation provider’s judgment is important. Ex-
ternal experts agreed with the recommendations (strongly agree:
20%, agree: 60%, disagree: 20%). Nevertheless, in the user-opinion
survey, a majority vote of 98.3% was obtained. After discussions with
the committee and individual members, a consensus was reached
that the benefits outweighed the potential harm, and the original
draft of the clinical practice guideline was finalized.

Conclusion

The present work, the Korean clinical practice guidelines for di-

Table 8. Post-sedation Discharge Criteria

Discharge criteria Score

Level of consciousness
Awake and oriented 2

Arousable with minimal stimulation

Responsive only to tactile stimulation 0
Physical activity
Able to move all extremities on command 2

Some weakness in movement of extremities

Unable to voluntarily move extremities 0
Hemodynamic stability

Blood pressure + 15% of baseline MAP value 2

Blood pressure + 15%-30% of baseline MAP value

Blood pressure + 30% below baseline MAP value 0
Respiration

Able to breathe deeply 2

Tachypnea with good cough

Dyspneic with weak cough 0

Oxygen saturation
Maintains value > 90% on room air 2

Requires supplemental oxygen (nasal prongs)

Saturation < 90% with supplemental oxygen 0
Postoperative pain

None or tolerable 2

Moderate to severe pain controlled with intravenous

analgesics

Persistent severe pain 0
Postoperative nausea and vomiting

Tolerable nausea without vomiting 2

Temporary vomiting

Persistent severe nausea and vomiting 0
Total score 14

MAP: mean arterial pressure.
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agnostic and procedural sedation, is developed as a clinical prac-
tice guideline in accordance with the clinical situation related to
sedation in Korea. The development method was "de novo", and
15 key-questions were selected based on the opinions of various
experts, and 15 recommendations were made. The purpose of
these evidence-based multidisciplinary clinical practice guidelines
is to ensure the safety and efficacy of sedation, thereby contribut-
ing to patient safety and ultimately improving public health. Al-
though proposed guidelines are not mandatory, we hope to assist
sedation providers and patients in sedation-related decision mak-

ing for diagnostic and therapeutic examinations or procedures.
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