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Abstract: Ketamine is a commonly used anesthetic drug, but its clinical use declined in the late 1990s due to its postoperative

nightmares, extrapyramidal syndrome, and a tendency to abuse. As an isomer of ketamine, esketamine is applied in a small

dose than racemic ketamine, with strong analgesic and sedative effects, fewer cardiovascular and psychiatric adverse reactions.

It has a significant application value in pediatric anesthesia with fast metabolism and high clearance rate /n vivo, slight impact

on children’s respiratory and circulation, and rapid awakening and recovery.
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Esketamine is a multi-target drug that interacts with
the N-methyl-D-aspartic acid (NMDA) receptor, opioid
receptor, cholinergic receptor, monoamine receptor,
sodium and calcium channels to produce hypnotic,
sedative and analgesic effects. Esketamine has a rapid
onset of action, higher potency, faster clearance and
requires lower doses. It has minimal effects on respiratory
circulation in pediatric patients, with rapid awakening and
recovery. Therefore, it has significant application value in
pediatric anesthesia. Additionally, its neuroprotective
properties, bronchodilatory effects, and anti-nociceptive
actions provide more options for its clinical use. In this
article, we discuss the pharmacological characteristics of
esketamine and its indications in pediatric clinical
applications, aiming to provide references for its clinical
use.

1 Pharmacological properties of esketamine

Esketamine is the levoisomer of ketamine [1], with
an average elimination half-life of about 4 hours and a
distribution volume of 5-10 L/kg. It is mainly
metabolized by cytochrome (CYP) 450, with
demethylation as the primary metabolite, and
approximately 78% is excreted in the urine. Esketamine
intravenous infusion takes effect within 30 seconds,
reaching peak blood concentration in 1 to 2 minutes, with
effects lasting 30 to 45 minutes. It can be administered
through various routes such as intramuscular injection,
oral, and intranasal administration. The bioavailability of
intramuscular, oral, and intranasal administration is 93%,
16%-24%, and 45%-50%, respectively. The clearance of
ketamine was 14.8 mg/(kg-min), while that of esketamine
was 26.3 mg/(kg'min). Esketamine metabolites have a

faster plasma clearance, resulting in faster recovery after
a single intravenous dose. Therefore, esketamine is more
controllable in anesthesia and perioperative analgesia,
providing patients with rapid and comfortable recovery.
The loss of consciousness and analgesic effects of
esketamine are dose-dependent. The blood concentration
required for analgesic effects is much lower than that
required for loss of consciousness. The minimum blood
concentration required for pediatric general anesthesia is
0.4-2.0 mg/L, while a concentration >0.05 mg/L can
increase the pain threshold. Therefore, the analgesic
effect can persist after the anesthesia effect fades.

1.1 Effects on the NMDA receptors

Ketamine contains two stereoisomers, S(+) ketamine
and R(—) ketamine, which can competitively antagonize
the binding site of phencyclidine (PCP) on the NMDA
receptor in the central nervous system [2]. Compared to
the R(—)isomer, esketamine has approximately four times
higher affinity/potency for the PCP site of NMDA
receptors, which is twice that of the racemic mixture.
NMDA receptors, composed of two GIluN1 and two
GluN2 subunits, are widely expressed in pain
transmission pathways such as the brain, spinal cord, and
dorsal root ganglia. Their activation is involved in pain
transmission. Esketamine can act as a receptor channel
blocker (effectively shortening the opening time) and as
an allosteric modulator, reducing the frequency of
channel opening. It can slowly dissociate from receptors
(even after glutamate dissociation), resulting in prolonged
blockade and extended channel blocking time. Pain
stimuli can lead to sustained over-activation of sensitive
synapses of pain-transmitting C-fibres in the dorsal horn
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of the spinal cord, leading to excessive entry of calcium
ions into neurons and activation of protein kinase C
(PKC), resulting in phosphorylation of NMDA receptors
[3]. Inhibiting NMDA receptors can directly block the
pain transmission pathway, reduce calcium influx, and
block the pain transmission pathway directly.

Activation of NMDA receptors is involved in the
development of spinal hyperexcitability and persistent
pain [4]. Esketamine can effectively prevent the
development of long-term potentiation (LTP) induced by
pain stimulation. In addition to phosphorylating NMDA
receptors, PKC may regulate the function of NMDA
receptors by participating in interactions with
postsynaptic density and cytoskeletal proteins, especially
postsynaptic density protein-95 (PSD9S5), which interacts
with  NMDA receptors and may participate in the
processing of spinal nociceptive signals [5]. Esketamine
can block NMDA receptors and the pathological changes
mentioned above, reduce central nervous system
sensitization reactions, and prevent acute pain from
becoming chronic and pain memory from developing.

1.2 Effect on opioid receptors

The binding affinity of esketamine for p and «
receptors is 2 to 4 times that of R(—) ketamine [6].
Naloxone is a p receptor-specific antagonist with weak
effects on o and « receptors. At high doses, naloxone can
only partially antagonise the analgesic effects of
esketamine. The mechanism by which esketamine
induces hallucinations may involve k receptor activation.
Opioids can promote the excitability of NMDA receptors
by activating p receptors, inducing pain hypersensitivity
associated with LTP. Esketamine can improve function of
p receptor, and pre-injection of low-dose esketamine
before using opioids can prevent pain hypersensitivity.

1.3 Effects on the cholinergic and adrenergic
receptors

The affinity of esketamine for M cholinergic
receptors is three times that of R(—) ketamine.
Esketamine can inhibit the reuptake of dopamine and
serotonin (5-HT), possibly enhancing the activity of
central dopaminergic neurons. Esketamine can cause
catecholamine release, inhibit norepinephrine reuptake,
activate the sympathetic nervous system indirectly, and
causing cardiovascular stimulation, leading to increased
blood pressure and heart rate. It enhances the
bronchodilator effect of catecholamines, improving lung
compliance in patients with reactive airway disease or
bronchospasm. Esketamine can relieve pain by activating
descending pain inhibitory pathways by enhancing the
monoaminergic system or by directly activating
corresponding brain areas. Low-dose esketamine can
activate regions of descending inhibitory pathways such
as the anterior cingulate cortex, insula, prefrontal cortex
and brainstem in healthy volunteers, which correlates
with pain scores. Pretreatment with a 2-adrenergic

receptor antagonists or 5-HT receptor antagonists can
completely reverse the analgesic effects of ketamine [7-8].
Its sedative and analgesic effects may be related to the
regulation of the cholinergic and adrenergic systems,
leading to sensitization of the opioid system and
enhancement of the activity of endogenous analgesic
systems.

1.4 Other receptors

Esketamine can produce local anesthetic effects by
blocking voltage-gated sodium ion channels. It can
directly antagonize the bronchospasm induced by
histamine on bronchial smooth muscle and relax airway
smooth muscle by blocking L-type calcium ion channels.
The hypnotic effect of esketamine is attributed to its
blockade of  hyperpolarization-activated cyclic
nucleotide-gated ion (HCN) channels, which are involved
in and mediate hyperpolarization (HCN-1 is mainly
expressed in the cortex, affecting neuronal excitability by
altering cell resting potential and membrane resistance)

[9].
1.5 Neuroprotective effects

Activation of NMDA receptors is crucial in the
pathophysiological process leading from ischemia to
apoptosis, and antagonizing NMDA receptors inhibits
calcium influx into cells, reducing glutamate-induced
neurotoxicity and exerting a protective effect on neurons.
Diffuse cortical depolarization can occur in patients with
severe traumatic brain injury (with an incidence of 54%
to 100%), with these depolarizations spreading
throughout the cortex at a rate of 2-7 mm per minute,
leading to decoupling of neurovascular coupling and thus
causing brain damage [10]. Studies have shown that
esketamine can reduce the process of diffuse
depolarization [11]. Esketamine has anti-inflammatory
effects and can alleviate neural damage and tissue pain
caused by inflammatory reactions, exerting a
neuroprotective  effect [12]. The neuroprotective
properties of esketamine may be related to the early
regulation of balance between pro-apoptotic and
anti-apoptotic proteins [13].

2 Clinical application of esketamine

2.1 Application in sedation

Due to fear of the hospital environment and surgery,
over half of children exhibit significant anxiety before
surgery, making preoperative sedation necessary.
Preoperative administration of dexmedetomidine 1 pg/kg
combined with esketamine 0.5 mg/kg nasal drops in
children yields better anesthetic induction effects, shorter
sedation onset time, higher success rates (90%), and
lower incidence of agitation after anesthesia [14]. For
pediatric patients undergoing outpatient dental surgery,
preoperative esketamine 0.5 mg/kg nasal drops
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significantly shorten the onset time of sedation compared
to dexmedetomidine nasal drops, with significant
analgesic effects during and after surgery, high patient
satisfaction, and completion rates [15]. For children
receiving 0.5 mg/kg oral midazolam, the EDos of
esketamine nasal drops is 1.99 mg/kg [95% CI, 1.95- 2.01
mg/kg]. Combined therapy not only improves patients’
satisfaction with sedation, but also does not increase
awakening time or the incidence of adverse events [16].
Preoperative esketamine 0.25 mg/kg nasal drops can
reduce the EDgp dose of oral midazolam by
approximately 45.2% (0.461-0.253 mg/kg), shorten
sedation onset time and postoperative recovery time, and
reduce the incidence of adverse events caused by the use
of midazolam alone [17]. In children with coronary artery
disease, esketamine used for preoperative sedation has an
EDso of 0.7 mg/kg when administered nasally, with a
sedation onset time of (16.39 + 7.24) minutes, which is
safe and effective [18]. Combined use of esketamine with
dexmedetomidine or midazolam, and other drugs for
sedation in pediatric emergencies is safe and effective.
This regimen can shorten the onset time of sedation,
reduce the side effects of using a single sedative, and
improve the comfort and satisfaction of children during
the diagnostic and therapeutic process.

2.2 Applications in diagnostic and therapeutic
procedures

Esketamine intravenous infusion takes effect in 30
seconds, has a short elimination half-life, rapid
awakening, mild respiratory depression, intrinsic
sympathetic activity, and fewer psychiatric side effects,
making it suitable for various clinical diagnostic and
therapeutic procedures. In pediatric upper gastrointestinal
endoscopy under sedation, low-dose esketamine [EDso
0.143 mg/kg (95% CI 0.047- 0.398 mg/kg)] combined
with propofol (3 mg/kg) achieves satisfactory sedation
effects, with good safety and feasibility [19]. Esketamine
0.7 mg/kg combined with propofol 3 mg/kg can improve
the tolerance of school-age children during endoscope
insertion (initial insertion success rate of 83.30%),
maintain hemodynamic stability in children, reduce the
number of additional doses of propofol and the total dose
of propofol, and increase the satisfaction of endoscopists
[20]. A multicenter study involving 200 pediatric patients
found that the success rate of initial endoscope placement
in the esketamine group (esketamine 0.5 mg/kg, propofol
2 mg/kg) was higher than that in the nalbuphine group
(nalbuphine 0.2 mg/kg, propofol 2 mg/kg) (97% vs 66%,
P<0.01) [21]. For pediatric patients undergoing flexible
fiberoptic bronchoscopy (FFB) examination, Zhong ef al.
[22] found that the use of subanesthetic doses (0.3 mg/kg)
of esketamine combined with propofol/remifentanil
resulted in faster onset time, more stable intraoperative
hemodynamics, and lower score on the postoperative
Pediatric Anesthesia Emergence Delirium (PAED) scale.
The incidence of propofol injection pain during
anesthesia induction in the esketamine group was

significantly reduced. Esketamine combined with
midazolam can provide deep awake sedation without
intubation for children undergoing cardiac catheterization
[23]. Compared with propofol alone, the combination of
esketamine and propofol results in faster recovery and
better quality of awakening for pediatric MRI [24]. The
combined use of esketamine with other sedatives helps
improve the success rate of diagnostic and therapeutic
procedures, stabilize hemodynamics, and enhance the
safety of moderate and deep sedation and anesthesia, as
well as the quality of postoperative recovery.

2.3 Application in pre-surgery and anesthesia

The NMDA glutamate transmission system is
directly involved in inflammatory cascade responses,
including peripheral nerve sensitization, spinal cord
sensitization, glial activation, and reflex
mechanisms[25]2. Studies have shown that preoperative
use of esketamine can reduce postoperative pain and
promote recovery by regulating acute inflammatory
reactions and stress-induced immune dysregulation
caused by surgery [26-27]. In children undergoing
laparoscopic tonsillectomy, the group induced with
preoperative esketamine (1 mg/kg) anaesthesia had
significantly lower levels of c-fos mRNA, c-jun mRNA
and FLACC (Face, Legs, Activity, Cry, Consolability)
scores after surgery compared to the group induced with
fentanyl anaesthesia [28]. FOS and JUN proteins can
sensitively and quantitatively reflect stress levels.
Preoperative use of esketamine can improve
postoperative stress responses and pain. An anesthesia
induction regimen with0.5 mg/kg esketamine, 5%
sevoflurane, and 10 pg/kg alfentanil can improve
intubation conditions in children, maintaining stable
spontaneous respiration and hemodynamics [29]. In
children aged 7-12 years, using esketamine in
combination with propofol and sufentanil at doses not
exceeding 0.5 mg/kg does not increase intraocular
pressure (IOP) compared to the pre-induction state [30].
This combination can inhibit the increase in IOP caused
by laryngeal mask insertion. When used in pediatric
forearm fracture surgery, esketamine has effects on
sedation and analgesia comparable to the use of nitrous
oxide combined with intranasal morphine [31]. Compared
to morphine, intraoperative use of esketamine in children
undergoing reduction of intussusception leads to higher
success rates, lower recurrence rates, and shorter recovery
and hospital stay times [32]. Administering esketamine
(0.2 mg/kg) at the end of anesthesia can effectively
reduce the incidence and severity of emergence delirium
(ED) in pre-school children undergoing tonsillectomy
and/or adenoidectomy, without prolonging extubation
time or increasing adverse events [33]. Esketamine has a
high level of safety and efficacy and positively impacts
postoperative recovery in children. Therefore, its use
should be considered as an option for anesthesia
management in clinical practice.
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2.4 Prehospital emergency analgesia

Children requiring rapid and effective analgesia for
acute traumatic pain (such as fractures, burns, scalds)
during prehospital emergency care (ED) need prompt
treatment. Nasal administration of esketamine in 88% of
ED patients can reduce VAS pain scores to clinically
significant levels [34]. Nasal administration of 1.0 mg/kg
esketamine can provide effective analgesia for 30 minutes
for children aged 3-13 with moderate to severe (VAS >
6/10) pain in the ED, with high patient satisfaction and
mild and transient adverse reactions [35]. Children aged 4
months to 16 years using esketamine (4 mg/kg) combined
with midazolam inhalation can rapidly relieve pain,
improve child cooperation by reducing anxiety, and no
respiratory, circulatory depression, or excessive sedation
were observed even after repeated administration [36]. In
situations where establishing a intravenous line is
difficult, intranasal esketamine administration is a reliable
and minimally invasive route of administration that
provides effective and rapid analgesia for patients with
ED.

2.5 Postoperative analgesia

Nasal esketamine drops can improve pain symptoms,
shorten recovery time, and promote the formation and
shedding of pseudomembranes in children after
tonsillectomy [37]. A  prospective, randomized,
double-blind study of children aged 1-5 years with burns
covering up to 10% of the total body surface area showed
that oral midazolam and esketamine provide good
analgesic effects. Continuous intravenous infusion of
esketamine (initial dose of esketamine 0.3 mg/kg,
maintenance dose of esketamine 0.15 mg/kg/h combined
with flurbiprofen ester 5 mg/kg) after urethroplasty can
provide effective analgesia in children after surgery,
significantly reducing the incidence of hypotension and
respiratory depression, and significantly shortening the
time to first bowel movement [38]. Esketamine can
provide safe and effective analgesia for children after
surgery  through  multiple  pathways, reducing
postoperative adverse reactions, accelerating
postoperative recovery, and providing new clinical ideas
for multimodal analgesia in children after surgery.

2.6 Intraspinal application

Esketamine does not contain preservatives and can be
used alone or in combination with other local anesthetics
for intraspinal anesthesia. Giving the same dose of
esketamine, caudal anesthesia provides longer analgesia
time than intramuscular injection. During pediatric
inguinal hernia repair, epidural injection of esketamine 1
mg/kg can provide analgesia for 8.8 hours, and using
esketamine alone is equivalent to 0.25% bupivacaine
(0.75 mg/kg) for analgesia during and after surgery [39].
Combining esketamine (0.5 mg/kg) and 0.2% ropivacaine
(2 pgkg) for epidural anesthesia can provide

approximately 12 hours of postoperative analgesia with
no significant side effects [40]. Esketamine at 1.0 mg/kg
combined with 1 or 2 pg/kg clonidine for caudal block
can provide 24 hours of perioperative analgesia for
children with minimal side effects.

3 Conclusion

Esketamine, as the only intravenous anesthetic that
can maintain spontaneous respiration and has sedative
and analgesic effects, has significant value in pediatric
sedation, anesthesia application, and emergency pain
management. Esketamine, with its advantages of diverse
routes of administration, controllability, and few side
effects, can be widely used in pediatric clinical practice.
In the future, multicenter clinical randomized controlled
studies can further explore the application of esketamine
in more areas, providing new ideas for personalized
treatment for children.
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racemic ketamine, with strong analgesic and sedative effects, fewer cardiovascular and psychiatric adverse reactions. It has a significant

application value in pediatric anesthesia with fast metabolism and high clearance rate in vivo, slight impact on children’s respiratory and

circulation, and rapid awakening and recovery.
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