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Abstract: Although ketamine is primarily used for induc-
tion andmaintenance of general anesthesia, it also presents
sedative, amnestic, anesthetics, analgesic, antihyperalgesia,
neuroprotective, anti-inflammatory, immunomodulant, and
antidepressant effects. Its unique pharmacodynamics and
pharmacokinetic properties allow the use of ketamine in
various clinical settings including sedation, ambulatory
anesthesia, and intensive care practices. It has also adopted
to manage acute and chronic pain management. Clinically,
ketamine produces dissociative sedation, analgesia, and
amnesia while maintaining laryngeal reflexes, with respira-
tory and cardiovascular stability. Notably, it does not cause
respiratory depression, maintaining both the hypercapnic
reflex and the residual functional capacity with a moderate
bronchodilation effect. In the pediatric population, keta-
mine can be administered through practically all routes,
making it an advantageous drug for the sedation required
setting such as placement of difficult vascular access and in
uncooperative and oppositional children. Consequently,
ketamine is indicated in prehospital induction of anesthesia,
induction of anesthesia in potentially hemodynamic unstable
patients, and in patients at risk of bronchospasm. Evenmore,
ketamine does not increase intracranial pressure, and it can
be safely used also in patients with traumatic brain injuries.
This article is aimed to provide a brief and practical summary
of the role of ketamine in the pediatric field.
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1 Introduction

Given its respiratory and cardiovascular stability, keta-
mine is considered an ideal anesthetic drug, especially
in prehospital and emergency department settings [1].
Furthermore, due to the peculiarity of its pharmacological
properties, this drug presents several potential applica-
tions, such as sedation during pediatrics procedures, acute
and chronic pain management, ambulatory anesthesia,
and intensive care practices [2,3]. Ketamine has hypnotic,
amnesic, analgesic, anti-inflammatory, and sympathomi-
metic properties and determines dissociative anesthesia
while maintaining laryngeal reflexes, with respiratory
and cardiovascular stabilities [4]. Remarkably, ketamine
does not cause respiratory depression, maintaining both
the hypercapnic reflex and the residual functional capacity
with a moderate bronchodilation effect [5].

Besides the many advantageous properties, ketamine
is burdened by undesirable side effects related to its psy-
chomimetic (i.e., delirium, psychosis, perceptual, and
thought disorders with hallucinations) and sympathomi-
metic actions (i.e., arterial, and intraocular hypertension,
airway mucus hypersecretions) [6,7]. Conversely, psy-
chomimetic reactions during recovery are rare, transient,
and generally not disturbing in children. The incidence of
severe recovery agitation is about 1.4% [8,9]. The admin-
istration of benzodiazepines to overcome the psychomi-
metic effects of ketamine is widely used by practitioners.
Nevertheless, it is still controversial, and the optimal
midazolam doses are not already confirmed [10–13]. Gen-
erally, ketamine is not used in psychiatric patients due to
the theoretical risks of exacerbating psychosis in such
patients; however, evidence is arising that a single dose
of ketamine should not exacerbate psychiatric symp-
toms [14,15].

Even more, ketamine has shown some interesting
anti-inflammatory, immunomodulant, and antidepres-
sant properties that warrant further research [6].

A very important concern is the theoretical risk of
apoptosis and neurodegeneration caused by drugs used
to provide sedation, analgesia, and anesthesia for infants
and young children (particularly those under the age of
3 years). In this regard, in the last years, a flourishing
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debate is grown on the possible neuroprotective and
proapoptotic effects of ketamine [16], mostly about its
dose-dependent neurodegenerative effect [17]. Most the
anesthetic drugs have been associated with an increase
in the rate of apoptosis in laboratory animals [17,18].
Consequently, some fears are raised concerning the use
of these drugs in pediatrics. However, at the same time,
inadequate pain-control measures are associated with
long-term sequelae [19]. Up to now, preliminary data
focused on anesthetics drugs are inconclusive, and it is
not possible to draw any conclusion regarding a safety
margin for the use of ketamine in vivo compared to other
anesthetics currently used in the clinical setting [17]; this
aspect is worth to evaluate deeply in further in vivo and
in vitro trials [20,21].

Despite these undesirable properties, ketamine still
represents a drug with a lot of potential in the practice of
pediatric anesthesia. In this article, we aimed to provide a
brief and practical summary of the role of ketamine in the
pediatric field.

1.1 Pharmacokinetics and pharmacodynamic
notes

Ketamine is a noncompetitive agonist of the N-methyl-D-
aspartate (NMDA) receptor and inhibits the glutamate
activation of the channel; consequently, ketamine inhi-
bits the excitatory effects of glutamate on the CNS [22].
Evenmore, ketamine inhibits the voltage-dependent sodium
channels (hypnosis and local anesthesia effect), blocks the
acetylcholine receptors (bronchodilator effect), and interacts
with opioids receptor, adenosine receptor, and purinergic
receptor. Due to its lipophilicity, the drug crosses easily
the blood–brain barrier.

Ketamine can be administered through practically all
routes, although the intravenous and intramuscular ones
are by far the most used especially for sedation purposes,
in uncooperative patients and in emergency settings
[23,24]. Since this drug is poorly bound to plasma pro-
teins (10–30%), in the child, who has a peculiar and
variable body composition based on the age group, keta-
mine presents a lower volume of distribution, in compar-
ison to the adult; it is rapidly active (distribution half-life
7–11min)with short elimination half-life (2–4 h) [6]. When
intravenously administered, the onset of action ranges
from 30 to 40 s, and the average duration of action is short
(5–10min) with a mean recovery period of 60–90min. In
the case of longer procedures, further incremental doses
of 0.5–1.0mg/kg can be administered intravenously [1].

Intramuscularly, ketamine is absorbed from 90 to 93%,
and the time to onset of effects can be reached in 5min
with a mean recovery period of 90–150min; the duration
of effective dissociation after a single dose via this route is
of about 20–30min [6]. In addition to the intravenous and
intramuscular routes, ketamine can be administered rect-
ally, orally, or intranasally [25].

Ketamine is metabolized by the liver within the P450
cytochrome system and accumulated in the body fat during
a continuous infusion. It is mainly excreted (almost 90%) in
the urine and by 5% is recovered in feces [1].

The pediatric peculiarities make the kinetics of drugs
less predictable than in the adult patient due to the
incomplete maturation of organs and systems in the first
periods of life. In particular, at birth and in the first
months of life, liver function is reduced and character-
ized by an immature glucuronic-conjugation system and
inefficient albumin synthesis [26,27]. Even more, body
water composition varies widely during growth, influen-
cing the distribution of the drugs [28].

An overview of proposed dosages of ketamine and
bioavailability is presented in Table 1. A summary of
the potential applications of ketamine in children care
is presented in Table 2.

1.2 Racemic ketamine vs S-(+)-ketamine

Chemically, ketamine is an enantiomeric, lipid-soluble
phencyclidine derivative. It consists of two optical iso-
mers, namely, S- and R-ketamine [24]. Ketamine is now
available in racemic and pure form. The chiral form con-
sists of two optical isomers, namely, S- and R-ketamine
[24]. The pure dextrorotatory enantiomer of ketamine,
S(+) ketamine, shows fourfold greater affinity for the

Table 1: Proposed dosages of ketamine and bioavailability

Route of
administration

Starting dose
(mg/kg)

Bioavailability (%)

Intravenous 0.25–2° 100
1–2*

Intramuscular 4–5° 93
8–10*

Intraosseous 0.5–2° 100
1–2*

Rectal 8–10* 25–30
Oral 6–10° 16–20
Nasal 0.25–4° 45–50

3–9*

Legend: °Analgesia and sedation; *Anesthesia dose.
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NMDA receptor than the R-ketamine [29]. Even more,
S(+) ketamine presents a four-time higher anesthetic and
analgesic potency than R(–) ketamine. Consequently, lower
dosages are neededwithminor psychotomimetic side effects,
compared with R-ketamine [30].

The pharmacological properties of the S-enantiomer are
comparable to those of the racemic mixture although the
analgesic andhypnotic power of the S-enantiomer is approxi-
mately double that of the racemic. The S-(+)-ketamine deter-
mines a faster induction of anesthesia with fewer adverse

reactions compared to the racemic. S-(+)-ketamine showed
a faster recovery of psychomotor functions after anesthesia
than for R-(−)-ketamine [31]. The higher anesthetic potency
and lower psychotomimetic adverse effects suggest that
S-(+)-ketamine has a higher therapeutic efficacy than the
racemic mixture [32]; consequently, the pure enantiomer
as a pharmaceutical preparation has been widely used
nowadays.

After the administration of racemic and S-(+)-keta-
mine, the evaluation of cardiovascular parameters in

Table 2: Summary of the potential applications of ketamine in children care

Clinical use Notes Doses Ref.

Premedication Alone or in combination with midazolam. Mostly in children
with difficult venous access or when venous access is
required for induction to provide better conditions for the
insertion of a venous catheter

4–6mg/kg (orally) [37–41]
2–4mg/kg (im)

Placement of the venous
access

Ketamine plays a key role in the sedation of children
undergoing various procedures in different clinical settings

5 mg/kg (orally) [25,36,42]

Caudal regional anesthesia In addition to local anesthetic, ketamine may prolong
postoperative pain relief with minimum adverse effects
compared with local anesthetic alone. Animal model
showed that in doses commonly used for regional
anesthesia, it did not show neurotoxic effect

0.5 mg/kg [94–98]

Pediatric non-operating
room anesthesia

Ketamine has rapid action, short duration, safety profile,
possible administration by almost any route, and sedative/
analgesic effects. It can be used in combination with other
sedatives (e.g., propofol)

0.5 mg/kg (ev) [79–84]
Other routes allowed

Upper respiratory tract
infections

Prevention of airway reactivity during the perioperative
period

4–6mg/kg (orally) [61–69]
2–4mg/kg (im)

General anesthesia in
patients with special needs

Induction of anesthesia in potentially hemodynamic
unstable patients, induction of anesthesia in patient at risk
of bronchospasm, neuromuscular disorders, and at risk of
malignant hyperthermia

1–2 mg/kg (ev) [74–76]

Difficult airways Effective sedation for fiber-assisted intubation. The
sympathomimetic properties can be counterbalanced by
the sympatholytic effects of dexmedetomidine

4–6mg/kg (orally) 55–60
2–4mg/kg (im)

Rapid sequence intubation It allows rapid onset of action, short duration of action,
effective and reliable in producing adequate sedation,
maintaining laryngeal reflexes, with respiratory and
cardiovascular stability

1–2 mg/kg (ev) [1,45–54]

Specific concerns include the possible increase in
intracranial pressure, intraocular pressure, myocardial
depression, and psychotomimetic effects

Analgesia It is a NMDA receptor antagonist, inhibits nitric oxide
synthase, and acts via opioid receptors (opioid-sparing
effect, and prevention of hyperalgesia phenomenon). It can
be used for the prevention and treatment of perioperative
pain and pain not related to surgery

5 mg/kg, 0.1 mg/kg/h
(intranasally)

[22,99,102–113]

Prevention of emergence
delirium

Several studies reported that the use of ketamine can
significantly prevent the occurrence of the complication

0.25 mg/kg (iv) [121–126]
5 mg/kg (orally)

Pediatric intensive care Sedation of mechanically ventilated patients. It maintains
lung compliance by reducing airway resistance (e.g., in
children with asthma). Beneficial effects on the
cardiovascular system

0.2–6mg/kg/h [131–136]
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young healthy volunteers was similar; however, S-(+)-keta-
mine offered clear advantages as an anesthetic drug, with a
significant improvement in recovery times and a quantita-
tive reduction of the dose administered [33]. There is also
evidence that S-(+)-ketamine offers up to 50% better perfor-
mance in terms of faster recovery of cognitive performance,
greater acceptance by healthy volunteers, and identical
depth of anesthesia after injection, compared to racemic
ketamine [34]. There is evidence that subanesthetic doses
of S-(+)-ketamine produce hallucinations and a sense of
anxiety has led to the recommendation that, in clinical
use, S-(+)-ketamine should always be combinedwith a hyp-
notic drug or sedative [35].

2 Clinical applications in children

2.1 Premedication

Psychological distress and preoperative fear have been
reported in up to 60% of the children, especially in those
aged 1–5 years [36–39]. Furthermore, it was demon-
strated that anesthesia is the most frightening aspect of
the hospital stay by children [40]. Unfortunately, anes-
thetic premedication is not a standard practice. As a
further issue, children who receive intravenous premedi-
cation always refer to the event as a painful experience
and one of the most common sources of perioperative
pain [41]. Conversely, intranasal, oral, or endorectal drug
administration is easily accomplished with minimal dis-
comfort. Furthermore, there is no risk of needle injury, and
no special technical skills are required.

The most common agent used for pre-anesthesia in chil-
dren is the benzodiazepine midazolam. However, there are
concerns regarding its ability to prevent emergence delirium
(ED) or to cause adequate anxiolysis in children [42,43]. Keta-
mine, alone or in combination with midazolam, has gained
popularity also for premedication purposes [44–46]. When
orally administered, ketamine (4–6mg/kg) combined with
atropine (0.02mg/kg) and midazolam (0.1–0.5mg/kg, up
to 10–15mg) can produce deep sedation [47]. A dose of intra-
muscular ketamine (2–4mg/kg), combined with atropine
(0.02 mg/kg) and midazolam (0.05 mg/kg), is generally
reserved for children who refuse oral premedication or
those in which lighter premedication has previously
failed. Higher doses of intramuscular ketamine (up to
10 mg/kg), in combination with atropine and mida-
zolam, can be administered to children with difficult
venous access or when venous access is required for

induction to provide better conditions for the insertion
of a venous catheter [48].

2.2 Placement of the venous access in
uncooperative children

Children commonly experience anxiety and fear during
venipuncture [49]. The emotionally traumatic event experi-
enced during medical care can determine or reinforce a
child’s negative view of medical personnel, and this can
negatively affect any future care needs [50]. Consequently,
it is mandatory to address such experiences. Among the
various nonpharmacological measures proposed, sedation
is the option commonly used to facilitate this process.
Among other drugs, ketamine plays a key role in the seda-
tion of children undergoing various procedures in different
clinical settings [43,51].

Even more, an uncooperative child represents a spe-
cial challenge; in this clinical scenario, the attempt to
find venous access would represent a difficult task to be
accomplished. In fact, the sight of a needle often causes
considerable anxiety and fear, and the trauma associated
with needle puncture, especially in cases of repeated
attempts or clinical history with previous episodes of
venipuncture, can further enhance these anxious states
with consequent possible harm to the child or the health-
care staff involved. In the case of the uncooperative and
combative child, the risk associated with this procedure
would be amplified.

The choice of sedative may depend on the profes-
sional preferences of the operator, the local context,
and the practices commonly used within each facility.
However, the pharmacological properties of ketamine
make it an advantageous drug for the sedation required
for this procedure [25]. Administered orally or intramus-
cularly in combination with other drugs such as mida-
zolam or in a cocktail to be taken orally “masked” with
glucose solution or fruity syrups, it has been shown to
provide adequate procedural sedation in various clinical
contexts including emergency room, pediatric cardiac cathe-
terization laboratory, and the preoperative area [47,48].
Uncooperative and oppositional children may be more sus-
ceptible to a pleasant oral route or rapid intramuscular injec-
tion. These routes may produce a more gradual sedation
with fewer psychological sequelae. Intramuscular ketamine
sedation also provides a rapid onset of action, which can be
of paramount importance when rapid vascular access is
needed. Furthermore, its ability to preserve the airways
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and sympathomimetic properties favor its use in emergency
situations. In these contexts, the risk of inhalation is high,
and hemodynamic instability precludes the use of other
sedatives, which can compromise the hemodynamics and
pose a risk of airway obstruction or apnea [1].

2.3 Rapid sequence induction

Rapid sequence intubation (RSI) is a well-known method
of anesthesia induction performed generally in emer-
gency setting with the objective of preventing pulmonary
aspiration of gastric contents [52]. Together with a fast-
acting neuromuscular blocking agent, the ideal induction
agent to facilitate endotracheal intubation is represented
by a drug with fast-acting and short duration of effect. In
the emergency setting, patients are at high risk of aspira-
tion due to altered conscious levels, resulting in impaired
laryngeal reflexes and inadequate starvation periods.
Delayed gastric emptying, incompetent lower esophageal
sphincter, hiatus hernia, pregnancy, and neuromuscular
and metabolic disease represent other risk factors for
aspiration [53]. Consequently, RSI plays a crucial role in
airway management in the emergency setting. In this
scenario, a serious safety concern is the risk of severe
hypotension. The hemodynamic control is particularly
important for patients in shock. According to the pathophy-
siology of the shock, the child responds to hypovolemia
with an increase in heart rate, and if this compensation
fails, hypovolemic shock may occur. Thus, because of its
limited effects on hemodynamic function, ketamine has
become increasingly popular as an induction agent for
RSI [54].

Taken together, ketamine fits the profile of an ideal
sedative for RSI: rapid onset of action, short duration of
action, effective and reliable in producing adequate seda-
tion, and maintaining laryngeal reflexes, with respiratory
and cardiovascular stabilities.

Practically, when ketamine is administered intrave-
nously (1–2 mg/kg), dissociative anesthesia is achieved
in 1 or 2 min without suppressing the reticular activation
system [1]. The patient experiences sedation, analgesia,
and amnesia while maintaining normal respiratory func-
tion and protective airway reflexes.

Specific concerns about ketamine include the possible
increase in intracranial pressure (ICP), increased intraocular
pressure (IOP), paradoxical myocardial depression, and
psychotomimetic effects. Nevertheless, the traditional con-
cerns about the relation between ketamine and increased
ICP and IOP were questioned by more recent evidence that

do not show a significant increase in the ICP level following
the infusion of ketamine in the context of head injury
[55–59]. Filanovsky et al. [60] defined as a “medical
myth” ketamine-induced ICP increment. Even more, in a
prospective study of 30 children with increased ICP, Bar-
Joseph et al. [61] showed that intravenous bolus doses of
ketamine (1–1.5mg/kg) reduced ICP while maintaining
stability in mean arterial pressure and cerebral perfusion
pressure (CPP). It is important to highlight that, in patients
with head injuries, any episode of hypoxia or hypotension
can contribute to secondary injuries. Consequently, avoiding
hypotension from RSI induced by anesthesia is a more
realistic concern than hypothetical problems with the
increased ICP.

2.4 Difficult airways

Managing difficult airways in the pediatric population can
often be a challenge for the anesthetist. Unlike most adult
patients, children are uncooperative and intolerant to
noxious stimuli. Therefore, in these circumstances, it is
advisable to prepare an adequate analgo-sedation plan.
Furthermore, informing the anesthetic and surgical team
in advance and planning the conduct with any rescue
approaches and all the material readily available can guar-
antee a faster response by the surgical team in case a
surgical approach to the airway is necessary. These mea-
sures can reduce the time to hypoxia if airway control is
not guaranteed.

Ketamine has been shown to be useful in some pedia-
tric patients with difficult airways, both congenital and
acquired [62,63]. Combined with dexmedetomidine, keta-
mine has been shown to be useful as a sedative for fiber-
assisted intubation in a child with Treacher Collins
syndrome with severe developmental delay [62]. Similarly,
children with other difficult airway syndromes, such as
Pierre Robin and Goldenhar, may benefit from using keta-
mine in addition to other anesthetics while securing the
airway [64]. The risk of causing airway obstruction or
apnea in patients with these problems, always difficult
to ventilate in a face mask and intubate, precludes the
use of other intravenous (e.g., propofol) or inhaled (e.g.,
sevoflurane) anesthetics as induction agents because
they can increase the risk of apnea. In fact, the level of
anesthesia necessary for the child to tolerate fiber-assisted
intubation can often cause apnea and/or airway obstruc-
tion, particularly in the case of propofol [65]. Apnea and
airway obstruction in a syndromic child with a potentially
unmanageable airway wearing a face mask and cannot be
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intubated can lead to catastrophic consequences. In these
circumstances, the combination of ketamine and dexme-
detomidine may be indicated as it preserves respiratory
function, keeps the airways open, and provides adequate
analgo-sedation to allow successful fibro-assisted intuba-
tion [62,66]. Furthermore, this drug combination shows
some mutually complementary qualities. The sympatho-
mimetic qualities of ketamine can be counterbalanced by
the sympatholytic effects of dexmedetomidine. Conver-
sely, the excess secretions caused by ketamine can be alle-
viated by the xerostomia effect of dexmedetomidine. Even
more, since ketamine does not depress cough and swallow
reflexes, usage of local anesthetics, such as a lidocaine
spray, may be indicated to decrease reactivity during the
procedure [67].

2.5 Reactivity of the upper airways

In pediatric anesthesia, upper respiratory tract infections
(URIs) and asthma are common problems. In these patients,
during the perioperative period, the high airway reactivity
predisposes to the development of a range of respiratory
complications including laryngospasm, bronchospasm,
and episodes of desaturation [68]. Case referral is common
when a patient presented with signs and symptoms of URIs
or asthma for the increased risk of perioperative pulmonary
complications. However, evidence has supported the use of
an individualized risk assessment [69–71]. A recent URI, a
history of airway hyperactivity, and the presence of active
nasal congestion with secretions predispose the patient to a
greater likelihood of developing complications [72]. More-
over, asthma can also lead to a life-threatening situation for
a patient who is a candidate for general anesthesia. Like
URI, asthma can sensitize the airways to any stimulus and is
associated with a significant increase in the production of
airway secretions. Indeed, the incidence of bronchospasm
in asthmatics under general anesthesia has been reported
between 0.17 and 4.2% [73]. Furthermore, the complications
of the disease vary widely among patients, which requires
careful individual risk assessment before any elective
regimen anesthesia. Factors such as the use of bronchodi-
lator medications and a recent symptomatic exacerbation,
particularly those requiring medical attention, should be
of concern during preoperative evaluation and may also
require further medical evaluation before proceeding [74].

Prevention of the production of secretions and other
causes of airway stimulation are key components in the
anesthetic management of patients with a history of
URI and asthma. Typical measures include aspiration of

secretions under deep anesthesia, using a laryngeal mask
as an adequate alternative to the endotracheal tube, prefer-
ring the face mask when possible, and ensuring adequate
depth of anesthesia before any manipulation of the airways
[75,76]. Premedication with anticholinergics and bronchodi-
lators to reduce secretions and prevent bronchospasm are
additional precautionary measures to consider [72].

Ketamine may play an important role in the induction
and maintenance of anesthesia in patients considered at
risk for active airway disease, especially in emergency
situations when anesthesia cannot be postponed. Indeed,
its usefulness in asthmatics has been recognized for dec-
ades; its bronchodilator effects can counteract the risk of
bronchospasm induced by airway stimulation [75].

In an early study, the authors demonstrated that this
effect is primarily mediated by ketamine-induced inhibi-
tion of neuro-mediated bronchoconstriction [76]. Further-
more, in the perioperative period, preservation of respiratory
and lung function can reduce the incidence of desaturation
and obviate the need for mechanical ventilation and endo-
tracheal intubation, the latter being recognized as a risk
factor for respiratory complications in patients with a URI
or asthma [77,78]. Furthermore, given the risk of increased
secretion production with ketamine, which is undesirable in
these cases, premedication with anticholinergics may be a
useful countermeasure.

2.6 General anesthesia in patients with
special needs

Ketamine can represent a valid choice as a general anes-
thetic agent also in particular categories of patients [79,80].
It is indicated during prehospital induction of anesthesia,
induction of anesthesia in potentially hemodynamic
unstable patients, and induction of anesthesia in patients
at risk of bronchospasm.

Even more, ketamine can be indicated in patients with
neuromuscular disease at risk of malignant hyperthermia
and for the induction of anesthesia in potentially cardiac
unstable patients [81]. Children with neuromuscular dis-
orders, potentially at risk of developing malignant
hyperthermia, can receive ketamine for general anesthesia
without increasing the clinical risk. In such cases, the use
of ketamine can prevent the use of volatile anesthetic
agents and neuromuscular blockers that can trigger malig-
nant hyperthermia. Ramchandra et al. [82] used ketamine
for general anesthesia in children (aged 3 months to 12
years) with floppy infant syndrome and who required
diagnostic muscle biopsy. In children who received both
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intramuscular and intravenous ketamine, adequate anesthesia
was obtained, suggesting that ketamine may be considered a
safe and effective agent for children with neuromuscular
disorders.

Ketamine can also be used for induction of anesthesia
in children with cyanogenic heart disease, without wor-
sening left-to-right shunt. Tuğrul et al. [83] reported excel-
lent hemodynamic stability when ketamine was used for
maintenance of anesthesia in children (aged 3 months to
12 years) undergoing cardiac surgery for the correction of
Fallot’s tetralogy.

2.7 Procedural sedation and Non-Operating
Room Anesthesia

Over the past decade, the number of procedures performed
on children outside the operating room has increased sub-
stantially [84,85]. Depending on the nature of the exam-
ination, procedure, or treatment, various levels of sedation
will be required (from mild to deep up to general
anesthesia). An ideal “sedation plan” should eliminate
fear and anxiety, gain the child’s cooperation, achieve
immobilization to the degree necessary for the planned
procedure or treatment, reduce awareness, induce amnesia,
decrease pain, and maintain safety.

Nowadays, several pharmacological agents are avail-
able for the Pediatric Non-Operating Room Anesthesia
(NORA) for pediatric patients (i.e., midazolam, fentanyl,
ketamine, dexmedetomidine, etomidate, propofol). An
optimal drug for NORA presents the following character-
istic: rapid onset, short duration of action, no active meta-
bolites, minimal respiratory and cardiovascular side effects
optimal hypnotic, and pain control with minimal risk of
delirium. Consequently, the growing trend toward more
outpatient surgery outside the operating room has gener-
ated interest in ketamine for its rapid action, short duration,
safety profile, possible administration by almost any route,
and sedative/analgesic effects [86]. Pediatric sedation tech-
niques involving the use of ketamine are therefore devel-
oping rapidly. Ketamine has always been largely used in
remote areas, disaster situations, and limited recourses due
to its effectiveness at low cost [87]. Nowadays, ketamine has
become a popular drug also during dentistry, emergency,
dermatology, and for interventional radiology procedures in
children [88,89]. Ketamine has also been used successfully
in awake, uncooperative children with blunt trauma for
procedural sedation and analgesia [86].

Ketamine can be used in combination with other seda-
tives. The association with propofol, called “Ketofol,” is
increasingly used, especially in emergency [90,91]. The

most described and used mixture is made up of 0.5mg/kg
ketamine and 3mg/kg plus propofol. Since ketamine and
propofol present opposing properties, the association of
these two drugs is favorable: less hemodynamic instability,
less vomiting, and recovery agitation. Ketamine can also be
combined with short-acting benzodiazepines (i.e., 0.05
mg/kg midazolam up to 0.1 mg/kg) or other sedatives;
however, if the combination of these drugs is capable of
decreasing the risk of emergency phenomena is still
debatable [11,92]. Even more, ketamine can be adminis-
tered in combination with atropine (0.01 mg/kg) to
diminish hypersalivation.

Besides intravenous administration of ketamine, intra-
nasal administration, using a mucosal atomization, repre-
sents a practical option, especially in uncooperative
patients or with the difficult placement of the venous
access (e.g., burn patient).

2.8 Locoregional anesthesia

In children, regional anesthesia provides excellent intrao-
perative and postoperative pain control. It can also positively
modulate the surgical neuro-endocrine stress response and
can facilitate early extubation after neonatal surgery [93–95].
There is a broad consensus among pediatric anesthetists that
the use of different regional anesthesia techniques is extre-
mely useful in the context of pediatric surgery [85].

Despite the increasing use of peripheral nerve blocking
techniques, especially in children older than 3 years, central
blocks are still popular and are frequently used in the pedia-
tric setting [96]. Therefore, the cornerstones of pediatric
regional anesthesia are still caudal and epidural blocks
[97]. Nevertheless, the choice to perform a nerve block
implies the goal of obtaining the best possible effect for
the patient. Consequently, the use of continuous blocking
techniques can represent an optimal choice to extend the
effect of the blockade as much as possible in the postopera-
tive period. Even more, it has become popular to use a
mixture of different drugs, in addition to local anesthetic,
to achieve prolonged beneficial effects of the block [98].

Evidence is increased regarding peripheral nerve
blocks and the additional use of ketamine and α2-agonists
[99–101]. As regard neuraxial blocks, the matter is sub-
stantially more complex. A quantitative systematic review
of randomized controlled trials on the efficacy and safety
of ketamine used for caudal block showed that ketamine in
addition to local anesthetic prolonged postoperative pain
relief with minimum adverse effects compared with local
anesthetic alone [102]. Also, the coadministration of ketamine
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and clonidine for caudal block in pediatrics has been
described to provide nearly 24 h of effective analgesia after
inguinal hernioplasty [103]. However, the fear of possible
neurotoxical effects after the administration of ketamine
for neuraxial application has led to a limited use of keta-
mine for neuraxial block. The current problem related to
exposure to anesthetic agents at an early age has made
it necessary to test for any potential neurodegenerative
effects [104]. It is advisable that drugs used as adjuvants
in nerve blocks, in particular in neuraxial blocks, have an
appropriate safety profile. The drugs must be free of exci-
pients as various preservatives are known to possess neu-
rotoxic properties. It is also important to evaluate the pos-
sible toxic role of repeated doses of ketamine in relation to
children’s age. The animal model showed that in doses
commonly used for regional anesthesia, ketamine did
not show neurotoxic effect [105,106]. However, the con-
cern regarding the safety profile of these adjuvants due
to their potential neurotoxicity and neurological complica-
tions necessitates a deeper understanding.

2.9 Analgesia

Ketamine presents an important analgesic action. In addi-
tion to its role as an NMDA receptor antagonist, ketamine
induces an analgesic effect by inhibiting nitric oxide
synthase and via opioid receptors [24,107]. Over the past
decade, renewed interest has centered on the use of keta-
mine as a co-analgesic infusion for intraoperative and
postoperative pain, tumor-related pain, or neuropathic
pain [108]. Consequently, ketamine can be used for the
management of acute or chronic pain and for the preven-
tion of pain chronification [22]. Even more, ketamine pre-
sents an opioid-sparing effect, and it is useful in the reduc-
tion of hyperalgesia phenomenon.

Ketamine is widely used as an adjunct to other
analgesics during the perioperative period. Studies report
the potentiation of opioid-induced analgesia and the
opioid-sparing effect of ketamine. Tucker et al. [109]
investigated the dose of ketamine that can provide clin-
ical benefit through co-administration with opioids. A
serum concentration of ketamine around 30–120 ng/mL
can potentiate the antinociceptive effect of fentanyl.

Ketamine can be used for the prevention and treatment
of perioperative pain and pain not related to surgery, espe-
cially in combination with other analgesic drugs. Continuous
subcutaneous injections of ketamine (0.1mg/kg/h) provided
sufficient analgesia with minimal adverse events in trauma
patients [110]. Continuous infusion of low-dose ketamine
and patient-controlled analgesia (PCA) with morphine for

postoperative analgesia in a 13-year-old girl undergoing sco-
liosis correctionwas also reported [111].White andKarsli [112]
reported the use of a long-term infusion of ketamine, as an
opioid adjuvant, for 37 days in a 9-year-old boy with a 42%
body surface burn. The authors reported that ketamine
provided excellent analgesia and was well tolerated. Becke
et al. [113] administered low-dose intraoperative ketamine
to reduce postoperative pain and morphine consumption
in infants and children undergoing urological surgery.
Ketamine has also been effectively used intravenously
and via peritonsillar infiltration to reduce postoperative
pain after adenotonsillectomy [114,115]. The combination
of intranasal sufentanil and midazolam was compared
with intranasal ketamine and midazolam for sedation
and postoperative analgesia in children undergoing tooth
extractions [116]. Children in the sufentanil group received
1 μg/kg sufentanil and 0.3mg/kgmidazolam 20min before
induction of anesthesia. Children of the ketamine group
received 5 mg/kg ketamine and 0.3 mg/kg midazolam
intranasally. In both groups, effective postoperative analgesia
was provided for multiple tooth extractions; in the sufentanil
group, 72% of the children did not need rescue analgesia,
compared with 52% in the ketamine group.

Finally, there are numerous reports of the use of keta-
mine for the management of cancer-related pain [117,118].
In a 2-year-old child with severe cancer pain, Tsui et al.
[119] demonstrated the effective analgesic properties of a
ketamine infusion used in combination with morphine.
Furthermore, several studies showed the efficacy of con-
tinuous infusion of low-dose ketamine for the control of
neuropathic pain [120,121].

2.10 Prevention of emergency delirium

This complication is defined as “perceptual disturbances
and psychomotor agitation that most commonly occurs in
preschool children in the early post anesthetic period”
[122,123]. Emergence from general anesthesia is often
uneventful; however, delirium may arise during awa-
kening from anesthesia, with a variable incidence ran-
ging from 10 to 80% [124,125]. This variability in reported
rates is likely due to a lack of real understanding of ED
and definition variations [126]. Episodes of ED are usually
short-lived; however, they increase the risk of self-harm
and delayed discharge, require additional nursing care,
and may increase medical care costs [127]. Furthermore,
the long-term psychological implications of ED have not
been thoroughly evaluated; there may be an association
between ED and certain behaviors such as eating disorders,
sleep disturbances, and separation anxiety [38]. Recent

Ketamine and children  1141



literature discusses the cause-and-effect relationship
between ED and pain, suggesting that they often occur
simultaneously but are sometimes independent.

Ketamine has been used in several studies with various
dosages and methods of administration for the prevention
of postoperative delirium [46,128]. When administered
nasally in children premedicated with oral midazolam,
it causes a significant reduction in ED (3.8%) compared
to the group administered with alfentanil (36%) or with
placebo (40.7%). Compared to propofol (1 mg/kg) or pla-
cebo after sevoflurane induction in patients premedicated
with oral midazolam, an intravenous bolus of ketamine
(0.25mg/kg) reduced ED by 15% [129]. The ketamine group
also presented symptoms of ED but with severe insensi-
tivity than the propofol and placebo groups. In another
study in patients undergoing adenotonsillectomy, an intrao-
perative bolus of low-dose ketamine (0.15mg/kg) followed
by dexmedetomidine (0.3 μg/kg) before the end of surgery
under anesthesia with sevoflurane decreased the incidence
and severity of ED compared to that experienced by a control
group that received placebo (11 vs 47%) [130]. Two studies
examining the administration of 0.25mg/kg ketamine as a
bolus at the end of a procedure (tonsillectomy/adenoi-
dectomy) compared to placebo showed a reduced risk of
ED [131,132]. The incidence of ED was also lower in the
groups that received 0.25 or 0.5mg/kg ketamine compared
to the control group. However, there was no significant dif-
ference in the incidence of ED between the two groups [132].
Abu-Shahwan and Chowdary [131] conducted a double-
blind study involving 85 patients undergoing dental repair.
The authors found that ED occurred in 16.6% of the children
in the ketamine group in comparison to 34.2% in the placebo
group. A study evaluating a propofol-based ED prevention
strategy for repetitive radiotherapy sessions in children
reported that adding low-dose ketamine to propofol infu-
sion in a 1:10 ratio may reduce incidence by ED [133]. One
study used a nonopioid approach to manage pain and
reduce the incidence of ED in children undergoing adeno-
tonsillectomy and found that oral premedication with dex-
tromethorphan (1mg/kg) or ketamine (5mg/kg) significantly
reduced the incidence of sevoflurane-related postoperative
ED with no reported side effects [134].

2.11 Pediatric intensive care

In pediatric intensive care units (PICUs), adequate seda-
tion of mechanically ventilated children is critical to
ensure patient comfort and safety, to improve adaptation
to mechanical ventilation, and to prevent accidental extu-
bation [135,136].

Although opioids and benzodiazepines are often used
as first-choice drug for analgosedation in PICUs, numerous
adverse effects including hemodynamic instability, decreased
gastrointestinal motility, delirium, and iatrogenic withdrawal
symptoms are observed. Furthermore, tolerance develops
rapidly in many children, and careful de-escalation of
drugs must be planned to maintain an effective level of
sedation and avoid abstinence during drug de-escalation.
Therefore, while opioids and benzodiazepines remain the
mainstay of sedative agents used in PICUs, effective alter-
natives are warranted. Despite propofol infusion is com-
monly used in sedative intensive care regimens for adults,
it exposes children to a high risk of severe metabolic
acidosis and cardiovascular collapse, the so-called pro-
pofol infusion syndrome [137]. In the last year, dexmede-
tomidine has increasingly been used for PICU sedation
and, although this α2 agonist has the distinct advantage
of minimal respiratory depression, its side effect profile
may include hypotension and bradycardia, which may
limit its use in some patients [138]. Ketamine is a fast-
acting general anesthetic with analgesic and sedative
activity that represents an additional option for sedation
in PICU patients. Moreover, among other properties, keta-
mine maintains lung compliance by reducing airway resis-
tance and has been shown to be beneficial in children
with asthma [139]. Unlike other medications used in
PICU sedation, ketamine has mainly beneficial effects on
the cardiovascular system. Due to its favorable profile on
hemodynamic and respiratory functions, ketamine has
been used for sedation of mechanically ventilated patients
[140–142]. On these bases, Tobias et al. [143] first described
the use of continuous ketamine infusion to successfully
provide sedation and analgesia to five seriously ill children.
Later, Hartvig et al. [144] reported a study of 10 children
who received continuous ketamine infusion after heart
surgery with effective analgesia and sedation.

The optimal dosage of ketamine in continuous infu-
sion for the sedation of children in PICU ranges from
0.2 to 6 mg/kg/h in relation to the goal to be achieved
(i.e., sedation, prevention of tolerance to opioids and
benzodiazepines, pharmacological weaning) and to the
various phases of the planned clinical path [142,145].
Even more, in the PICU, ketamine can be used as a part
of a multimodal pharmacological approach to reduce
the dose of short-acting benzodiazepine and opioids
with the aim of reducing the side effects of these drugs.
It can be concluded that ketamine certainly represents
an alternative agent for pediatric patients requiring seda-
tion and analgesia during mechanical ventilation, but
further randomized studies are needed to better define
its role [135].
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3 Conclusions

Ketamine represents a fundamental drug for anesthetists
and intensive care practitioners. Besides its leading role
in prehospital and emergency settings in respiratory or
cardiovascular unstable patients, this drug can also be
used as an adjuvant to prolong the duration and potentiate
the effect of a single medication. However, a very impor-
tant concern is the theoretical risk of dose-dependent neuro-
degenerative effect for infants and young children. This
aspect is worth to evaluate deeply in further in vivo and
in vitro trials. However, ketamine still represents a drug
with a lot of potential in the practice of pediatric anesthesia.
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