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Procedural sedation has become increasingly common in endoscopy. Sedatives and analgesics induce anxiolysis and amnesia. In addi-
tion, an appropriate level of sedation is necessary for safe procedures including therapeutic endoscopy. Midazolam and propofol are the
most commonly used drugs in sedative endoscopy. In recent years, the need to ascertain the safety and effectiveness of sedation has in-
creased in practice. Therefore, new sedatives and analgesic drugs for optimal sedative endoscopy, have recently emerged. This article
reviews the characteristics of sedatives and analgesics, and describes their clinical use in gastrointestinal endoscopy.
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INTRODUCTION

Endoscopy plays a significant role in the diagnosis and treat-
ment of gastrointestinal diseases. Sedation has been used in
clinical practice to make the procedure more comfortable, and
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improve patient satisfaction by helping patients rest during the
procedure. Although sedation is widely used for these benefits,
it continues to pose some potential risks, requiring medical
teams to closely monitor patients during the procedure. Cur-
rently, the most widely used agents for endoscopic sedation
in Korea are midazolam and propofol.' Propofol is commonly
used for intravenous anesthesia in outpatient surgeries and
examinations, due to advantages such as rapid induction and
early return of consciousness. However, propofol also has dis-
advantages as it decreases both cardiovascular and respiratory
parameters and lacks antagonists.” The side effects of midaz-
olam include hypoxemia, paradoxical responses, and delayed
recovery. Therefore, there is a need for alternatives.’

Recently, newer sedatives that overcome these drawbacks
have been discovered and subsequently applied in endoscopic
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sedation. New drugs such as etomidate, dexmedetomidine,
and remimazolam, have emerged, and the benefits of ketamine
and remifentanil have also been highlighted.”” This review will
therefore discuss etomidate and other new sedatives that are

receiving attention in clinical practice.

ETOMIDATE

Etomidate is a short-acting intravenous anesthetic that is in-
dicated for the induction of anesthesia and sedation during
short procedures. It is an imidazole derivative that acts as a
gamma-aminobutyric acid (GABA)-A receptor agonist in the
central nervous system to induce sedation. The drug is mainly
distributed by binding to albumin in blood plasma, inducing
the opening of the chlorine ion permeation channels of GA-
BA-A receptors and amplifying the action of GABA for rapid
sedation.’ Although etomidate is often compared with propofol,
it was widely used in the field of general anesthesia even before
the development of propofol. Its duration of action is slightly
shorter than that of propofol because etomidate is redistributed
to peripheral tissues such as muscles, and is metabolized by
hepatic and plasma esterases. The resulting carboxylate metab-
olites are mostly excreted through the urine and bile, exhibiting
an elimination half-life of 2—5 hours. Etomidate has an onset
of action of 30—-60 seconds, with peak effect at approximately
1 minute. Additionally, its action lasts for approximately 3—5
minutes, showing pharmacokinetic properties similar to those
of propofol. When using etomidate, initial studies have recom-
mended an induction dose of 0.1-0.2 mg/kg with additional
0.05 mg/kg every 3—5 minutes for maintenance. Although there
are no dosage recommendations for etomidate in endoscopic
sedation, sedation is mainly achieved using intermittent in-
jections with an induction dose of 0.05 mg/kg, and additional
0.03-0.05 mg/kg for maintenance, in adult patients. In clinical
practice, etomidate is mainly used in intensive care units and
emergency medicine because it has a lower risk of respiratory
depression or hypotension than other intravenous anesthet-
ics.”” Thus, the advantages of etomidate include fast recovery,
reduced impact on the cardiovascular system, and reduced
respiratory failure. However, its disadvantages include pain as-
sociated with the injection as well as myoclonus. Additional ad-
ministration of midazolam (0.015 mg/kg), magnesium sulfate,
fentanyl (100-500 pg), or remifentanil (1 ug/kg) with etomidate
may reduce the risk of myoclonus.” The combination of propo-
fol and etomidate can reduce the adverse effects of propofol or
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etomidate alone.

Etomidate was approved in February 1999
by the US Food and Drug Administration (FDA) as an anes-

thetic agent.

DEXMEDETOMIDINE

Dexmedetomidine is a highly selective a2 agonist used for se-
dation in various procedures. It is 7—8 times more selective for
the a2 receptor than clonidine."” It is an anxiolytic, sedative,
and pain reliever with an elimination half-life of approximately
2 hours and a distribution half-life of approximately 6 minutes.
Dexmedetomidine activates 2-adrenoceptors and causes a de-
crease in sympathetic tone, with associated attenuation of neu-
roendocrine and hemodynamic responses to anesthesia; it also
reduces anesthetic and opioid requirements. There are several
review articles and meta-analyses of dexmedetomidine in the
field of endoscopic sedation.” ' The usual dose used for seda-
tion is 1 ug/kg for 6—-10 minutes, followed by an intravenous in-
fusion of 0.5-0.8 pg/kg/hr. However, some patients may require
combined sedation with midazolam (0.5-1 mg)."” Dexmede-
tomidine is considered safe for administration to patients with
spontaneous breathing, while ensuring that chin lift maneuvers
are performed to maintain their stable breathing. Patients re-
ceiving dexmedetomidine are easy to arouse and are less likely
to develop delirium than those receiving midazolam."* Howev-
er, it still has adverse effects, including bradycardia and hypo-
tension. Therefore, caution should be exercised when adminis-
tering it to patients with bradycardia, arrhythmia, heart failure,
and/or hypotension.”” In some cases, maintenance doses are
prescribed without a loading dose. Although dexmedetomidine
has fewer adverse effects on respiratory function than propofol,
it bears the risk of inducing insufficient sedation during endo-
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scopic procedures.

In summary, dexmedetomidine may be
useful for diagnostic endoscopy; additional agents, such as mid-
azolam or fentanyl, may be required for more time-consuming
procedures such as therapeutic endoscopy. Considering all of
these, dexmedetomidine was approved in December 1999 by

the FDA as a short-term sedative and analgesic.

REMIMAZOLAM

Remimazolam is a short-acting benzodiazepine used to induce
and maintain procedural sedation. Remimazolam modulat-
ed the effects of GABA-A receptors to enhance the effects of
GABA. The half-life of remimazolam is not prolonged after



discontinuing continuous infusion.”’ Therefore, the use of
remimazolam as an analgesic in intensive care units offers
some advantages over fentanyl. Unlike other sedatives that are
mainly metabolized in the liver, remimazolam is metabolized
by tissue esterases, regardless of their location in the body.
Thus, it may be administered regardless of body weight, rapid-
ly metabolizing in blood plasma and tissues.” Remimazolam
was observed to be well tolerated and effective after a single
dose of 0.1-0.2 mg/kg or an initial dose of 5.0 mg during en-
doscopic procedures.””* If necessary, supplemental doses of
2.5 mg can be administered. However, at least 2 minutes must
have elapsed after the initial dose, prior to the administration
of any supplemental dose. Its onset of action is 1-3 minutes
and its half-life is 7-8 minutes, which is slightly shorter than
that of midazolam, and remains consistent even during con-
tinuous intravenous infusion. As such, patients recover quickly
after discontinuation of remimazolam infusion. Notably, the
benzodiazepine receptor antagonist flumazenil can be used
to reverse the sedative effects associated with overdosing. Al-
though the sedative efficiency of remimazolam is higher than
that of midazolam, it is slightly lower than that of propofol.” In
a meta-analysis comparing remimazolam and midazolam, the
remimazolam group showed excellent results in terms of pro-
cedure success rates, proper sedation maintenance, and use of
antagonistic drugs.”” However, apnea or chest stiffness was ob-
served in rare cases. In severe cases, chest or thoracic stiffness
may affect jaw muscles. Remimazolam was approved for use by
the FDA in July 2020; however, it should be used with caution,
even during sedation, due to the risk of respiratory failure and
hypoxia.

KETAMINE

Ketamine is a phencyclidine derivative that was first used in
clinical practice in 1965.” It is a rapid-acting general anesthet-
ic and N-methyl-d-aspartate receptor antagonist. In terms of
pharmacokinetics, ketamine fits a two-compartment model.
Plasma concentration after intravenous infusion decreases rap-
idly at the early stage, which results in a slow elimination and
distribution period that is suitable for endoscopy.” Ketamine
is mainly metabolized in the liver and its major metabolite is
norketamine. It has an onset of action of less than 1 minute,
reaching its peak effect at approximately 1 minute. Its action
lasts for approximately 10—15 minutes, and the recommended
induction dose is 0.5 mg/kg. Additional doses may be admin-
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istered to patients after observing their degree of sedation.
Ketamine is beneficial in preserving breathing and airway re-
flexes during endoscopy. The anesthetic state it produces has
been termed “dissociative anesthesia” as it appears to selectively
interrupt association pathways of the brain before producing
a somesthetic sensory blockade. Ketamine also has anti-vagal
effects; it increases the secretion of endogenous catecholamines,
leading to excellent cardiopulmonary stability. Despite these
advantages, the usefulness of ketamine as a sedative is limited
because 10%—-30% of patients experience hallucinations, visual
distortions, and the sensation of floating during the recovery
period. It is also associated with a 0.3% incidence of laryngo-
spasms during endoscopic procedures. In the field of anesthesia,
ketamine is usually administered with diazepam or midazolam.
Currently, a combined administration of ketamine and midazol-
am is recommended for sedation rather than ketamine alone.”
In clinical practice, ketamine is considered as a useful drug with
a low risk of apnea during pediatric sedation.”” The combination
of midazolam and ketamine was most commonly used for pedi-
atric endoscopic procedures. In procedural sedation for pediatric
endoscopy, the sedation with midazolam 0.03 mg/kg + ketamine
0.65 mg/kg + propofol 2.5 mg/kg performed by an anesthesiolo-
gist was deeper and safer with fewer complications.”

FOSPROPOFOL

Fospropofol is a sedative-hypnotic agent used for monitored
sedation during anesthesia care. It is a water-soluble prodrug
of propofol, which is metabolized into propofol, formaldehyde,
and phosphate by endothelial alkaline phosphatase.” Due to
these pharmacokinetic properties, it exhibits the same rise in
blood concentration as propofol. However, the effect of fos-
propofol persists for 15-30 minutes, and its excretion is slightly
slower than that of propofol. Its disadvantages include the risk
of cardiovascular and respiratory failure, which are similar to
those of propofol. Additionally, side effects include itching and
perineal pain. Some studies have been conducted on its use in
endoscopic sedation, with one study attempting sedation with
various concentrations (2, 5, 6.5, or 8 mg/kg) in colonoscopic
procedures.” This study showed a high success rate for moder-
ate sedation in patients who received 6.5 mg/kg, and the results
were positive in terms of doctor and patient satisfaction. Al-
though the FDA approved the use of fospropofol in May 2008,
it was later required in December 2008 that it be used only by
individuals trained in the administration of general anesthesia.
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Therefore, it is usually indicated for monitored anesthesia care
sedation.

REMIFENTANIL

Remifentanil is a short-acting opioid analgesic and p-opioid re-
ceptor agonist. It is metabolized by plasma and tissue esterases,
and it has a short context-sensitive half-life of approximately
1-20 minutes.” The metabolism of remifentanil is unaffected
by changes in renal function; therefore, it is easier to predict its
clinical action and corresponding recovery period of the pa-
tient. It typically induces slight amnesic effects. The optimal in-
duction dose of remifentanil is 0.1-0.2 pg/kg for 2 minutes, and
its maintenance dose is 0.025-0.1 pg/kg/min. Administering
0.5-2 mg of midazolam 2—3 minutes before remifentanil ad-
ministration may lead to better sedative and amnesic effects. Its
sedative effect persists for 3—6 minutes, and several studies have
shown that it is effective in reducing pain during endoscopy, es-
pecially when it is necessary for the patient to remain conscious
during colonoscopy.” The opioid activity of remifentanil is
antagonized by opioid antagonists such as naloxone. Compared
to midazolam and meperidine for sedation during colonoscopy,
remifentanil shows increased hemodynamic stability, reduced
respiratory inhibition, faster recovery, and shorter discharge
times.” Considering these, remifentanil was approved by the
US FDA in July 1996.

OLICERIDINE

Oliceridine is a new p-opioid receptor agonist that avoids
beta-arrestin pathways and enhances G-protein-coupled sig-
naling pathways to exert analgesic effects.” It acts through
downstream signaling pathways to exert anti-nociceptive anal-
gesia in patients experiencing severe acute pain. Oliceridine is
primarily metabolized hepatically by CYP3A4 and CYP2D6.”
It shows significant analgesic benefits within 5-20 minutes of
administration, with a half-life of approximately 1.3—3 hours.
No dose adjustment was required for patients with renal im-
pairment. Additionally, regardless of the patient’s body weight,
sex, and age, the recommended dose is 1-3 mg by intravenous
administration. If necessary, supplemental doses of 1 mg may
be administered 15 minutes after the loading dose, for mainte-
nance. Its onset of action of approximately 5 minutes is slightly
slower than that of fentanyl. Oliceridine offers analgesic effects
and has a reduced propensity to cause side effects associated
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Table 1. Characteristics of sedative and analgesic drugs for gastrointestinal endoscopic procedure

effect

Reversal  Analgesic

agent

Cons

Pros

Duration

Onset

Repeat dose

Initial dose

Drug

Myoclonus

30-60 sec 3-5min Fast onset of action

0.05 mg/kg q 2 min

0.15 mg/kg

Etomidate

Adrenal suppression

Hemodynamic stability

Low risk of respiratory depression

Atipamezole

Slow onset and slow
offset of effect

Ability to preserve spontaneous
ventilation

2-4 hr

1 min

0f 0.2-0.7 pg/kg/hr

Continuous infusion
0.05-0.075 mg/kg 0.2 mg/kg

1 ug/kg

Dexmedetomidine

Flumazenil

Fast onset of action

30-60 sec 3-5min

Remimazolam

Short recovery time

30-120 sec 15-30 min Analgesic effect

++

Hallucination

0.5 mg/kg q 2 min

1-2 mg/kg IV

Ketamine

Increased salivation

Ability to preserve spontaneous

ventilation

Currently not available

Aqueous formulation

2-16 min

4-8 min

1.6 mg/kg

6.5 mg/kg

Fospropofol

+++

Naloxone

Hemodynamic stability

0.1-0.3 ug/kg 0.025-0.1 pg/kg/min ~ 30-60sec 3-6 min

Remifentanil

Low risk of respiratory depression

Short recovery time

+++

Naloxone

Slightly slow onset

Low risk of respiratory depression

1-3 hr No dose adjustment

5-20 min

1mg

1-3mg

Oliceridine

-, none; +, weak; ++, moderate; +++, strong; IV, intravenous.



with conventional opioids, including nausea, vomiting, respira-
tory failure, and/or constipation.” Respiratory depression after
administration of oliceridine is rare, particularly when using
small doses. When administered with propofol as a sedative
agent, it maintains sedation and reduces the required amount
of propofol, thereby lowering the risk of cardiovascular side
effects and respiratory failure. The combination of oliceridine
and remimazolam is expected to have positive effects during
colonoscopy. Its distribution tends to increase in patients with
hepatic impairment, but this does not seem to have any effect
on excretion.” Therefore, oliceridine may be used in patients
with hepatobiliary diseases. Oliceridine received the FDA’s
breakthrough therapy designation in 2016 and was approved by
the FDA in August 2020.”

CONCLUSIONS

Table 1 summarized the characteristics of sedative and analgesic
drugs for gastrointestinal endoscopic procedure.

Many endoscopists are looking for ideal drugs to be used in
endoscopic sedation. Drugs such as etomidate, remimazolam,
and dexmedetomidine may be useful for endoscopic sedation
and may help improve procedural sedation in the future. How-
ever, it is also critical to understand the characteristics of these
drugs and be aware of their strengths and risks in order to ade-
quately prepare countermeasures. Considering the advantages
and disadvantages of old and new drugs, it is necessary to have
a thorough understanding of conventional drugs, before con-
sidering the introduction and application of new drugs, and to
actively cope with recommended changes directed towards the
most ideal sedation practice.
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