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Abstract

Background: Sevoflurane is a popular inhalational anesthetic agent used for induction and maintenance of
anesthesia in pediatric patients. Because of its low blood solubility, it allows rapid induction and emergence
from general anesthesia. However, when it is used as sole anesthetic agent, it is associated with a high incidence
of emergence agitation (EA) that may be harmful to patients.

Objective: Our review Article aimed to discuss Preoperative Oral Dextromethorphan versus Ketamine or
Midazolam for Attenuating Sevoflurane Emergence Agitation in Preschool Children Undergoing
Adenotonsillectomy.

Methods: Relevant citations were extracted from Pubmed, Google scholar, Clinical key, Scopus, Med-line, and
Cochrane to discuss Preoperative Oral Dextromethorphan versus Ketamine or Midazolam for Attenuating
Sevoflurane Emergence Agitation in Preschool Children Undergoing Adenotonsillectomy

Review Article will cover the followings:

» Dextromethorphan

* Midazolam

» Ketamine

» Emergence agitation

« Effects of sevoflurane versus other general anaesthesia on emergence agitation in children

Conclusion: Premedication with ketamine is more effective than midazolam and dextromethorphan in
preventing EA during the early emergence period after sevoflurane anaesthesia in children in comparison to
placebo treated group in children undergoing adenotonsillectomy without reported side effects including
(vomiting, hallucination, respiratory center depression except for nausea occurred and being lower in
dextromethorphan group than other groups).
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INTRODUCTION

anesthesia care providers. Post anesthetic excitement,

Children account for approximately one-third of all
patients undergoing ear, nose, and throat (ENT)
surgery. Procedures range from simple day-case
operations, such as myringotomy, to complex airway
reconstruction surgery undertaken in specialist
centers (1). Tonsillectomy with or without
adenoidectomy is one of the most frequent surgical
procedures that are carried out globally (2).

The plan of Anesthesia must to be general anesthesia.
Intubation is facilitated by muscle relaxant with
rocuronium, deep inhalational anesthesia or a
propofol bolus (3).

Emergence from general anesthesia can be
complicated by the presence of agitation in children
and thus presents a challenging situation for post
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emergence delirium, and emergence agitation (EA)
are terms used interchangeably to describe this acute
phenomenon. This agitation is characterized by a
change in perception of the environment with signs
of disorientation, hypersensitivity to stimuli, and
hyperactive motor behavior. In addition, paranoid
ideas have been observed in combination with these
abnormal emergence behaviors in the preschool age
group. Although generally self-limiting, EA can be
severe and may result in physical harm to the child.
Severe EA may require  pharmacological
intervention, resulting in a prolonged stay in the post
anesthesia care unit (PACU). In rare cases, agitation
and restlessness associated with EA have lasted for
longer than 2 days (4). The long-term psychological
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implications of EA remain unknown (5). Early
epidemiologic study demonstrated a 5.3% incidence
of EA in all postoperative patients with a more
frequent incidence in children (12%-13%). This
phenomenon has been associated with specific
anesthetics, in particular sevoflurane, a variety of
perioperative medications, pain and patient related
factors (4).

Sevoflurane is widely used in pediatric anesthesia
because it is well tolerated by inhalation, gives fast
induction and recovery, has lower level of hepatic
toxicity and offers hemodynamic stability.
Regardless of its advantages, there is a growing
concern that sevoflurane causes post anesthesia
agitation (PAA) in pediatric patients. Research shows
that the incidence of agitation may be as high as 67%
(6).

Dextromethorphan, the D-isomer of the codeine
analog levorphanol, is another non competitive N-
methyl-D-aspartate receptor (NMDA) antagonist
which has been used for a long period as a central
cough suppressant and analgesic adjuvant. The cough
suppressant effect and the analgesic effect were
attributed to its codeine analog structure and its
NMDA receptor antagonistic action respectively (7).
It is metabolised in the liver to active metabolite,
dextrorphan, which is responsible for its side effects
through acting on phencyclidine receptors (8).
Ketamine, a competitive (NMDA) receptor
antagonist, has been reported in many studies to be
effective in reducing the incidence of EA when
administrated orally (9) or intravenously (10).
Midazolam is a short-acting hypnotic-sedative drug
with anxiolytic, muscle relaxant, anticonvulsant,
sedative, hypnotic, and amnesic properties. It belongs
to a class of drugs called benzodiazepines.
Midazolam acts on the benzodiazepine binding site of
Gamma  aminobutyric  acid  receptors  type
A(GABAA) receptors and results in inhibitory effects
on the central nervous system (11).

Objective: Our review Article aimed to discuss
Preoperative ~ Oral  Dextromethorphan  versus
Ketamine or Midazolam for Attenuating Sevoflurane
Emergence  Agitation in  Preschool Children
Undergoing Adenotonsillectomy.

Methods: Relevant citations were extracted from
Pubmed, Google scholar, Clinical key, Scopus, Med-
line, and Cochrane to discuss Preoperative Oral
Dextromethorphan versus Ketamine or Midazolam
for Attenuating Sevoflurane Emergence Agitation in
Preschool Children Undergoing Adenotonsillectomy

Review Article will cover the followings:

1. Dextromethorphan

2. Midazolam

3. Ketamine

4. Emergence agitation

5.Effects of sevoflurane versus other general
anaesthesia on emergence agitation in children.
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1. DEXTROMETHORPHAN

Mechanism of Action

Dextromethorphan has multi-faceted
pharmacodynamic and pharmacokinetic properties.
The drug is a lipophilic molecule with an ionizable
amine at one end. It is structurally related to alkaloid
opioids such as morphine but does not interact with
the mu receptor. It derives from levorphanol, first
designed as a morphine alternative. The main
mechanism of action for its use in the cough
suppressant is not completely understood. One
proposed mechanism is that DM works on the
nucleus tractus solitarius, the estimated site where the
pulmonary vagal afferent fibers synapse in the central
nervous system. This site in the brainstem functions
as a gate for the cough reflex. DM is known to have
many interactions with several different receptor sites
(12).

DM is a synthetic analog of codeine and undergoes
rapid metabolism upon initial absorption. Its
metabolism is via cytochrome P450 2D6 (CYP2D6)
into major O-demethylated metabolite, dextrorphan
(DX). DX is further glucuronidated by uridine
diphosphate-glucuronosyltransferase to form
dextrorphan-o-glucuronide, the most prevalent form
of DX present in the plasma (98%). Dextrorphan-o-
glucuronide is permanently charged and has less
permeability to the blood-brain barrier. DM also gets
metabolized into  3-methoxymorphinan  via
cytochrome P450 3A4 (13).

DM has low oral bioavailability due to its extensive
first-pass metabolism; however, this is also
dependent on different metabolizers. People may fall
under different metabolic groups: ultrarapid,
extensive, intermediate, and poor metabolizers. Most
of the population falls under the extensive
metabolizer. A single oral dose of 30mg of DM
showed a median half-life of 2.4 hours with an oral
bioavailability of 1 to 2%. Approximately 9% of the
population are poor metabolizers. The median half-
life of DM after a single dose orally is 19.1 hours,
with an oral bioavailability of 80%. Poor
metabolizers have approximately four-fold higher
plasma levels of DM (14).

Although structurally similar, DM does not have a
direct action on the opioid receptors that produce
classic CNS effects of opioid agonists. DM is known
for its main site of action at N-methyl-D-aspartate
(NMDA) receptors as a non-competitive antagonist.
However, studies have found many sites of action
with which DM and DX interact (12).

Other sites of action include:

» Sigma-1 receptors agonist

« Nicotinic receptors (a3b4, adb2, a7) antagonists

« Serotonin transporters inhibitor

* Norepinephrine transporters inhibitor

» Voltage-gated calcium channels inhibitor
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Indications
Dextromethorphan (DM) received FDA approval in
1958 for its use as a cough suppressant. It is one of
the most common compounds found in the majority
of the over-the-counter antitussives for the past 50
years (13).
In 2010, the FDA approved the use of DM for
pseudobulbar affect (PBA) in combination with
quinidine. Pseudobulbar affect (PBA) is a neurologic
dysfunction of emotional expression characterized by
outbursts of crying or laughing inappropriately and
disproportionately to the mood. The pathology of
PBA is still incompletely understood, but the leading
hypothesis suggests that it is due to a loss of
descending cortical control of brainstem motor nuclei
and the cerebellum. This loss of control disrupts
inhibitory mechanisms for motor control of
emotional expression (15).
There are many other potential therapeutic uses for
DM that are currently under investigation in clinical
studies. Most of these use the property that DM has a
neuroprotective agent. These indications include
(14):
» Depression: DM has a fast-acting antidepressant
activity for its similarity to ketamine
« Stroke: Studies have shown that DM has a role in
the improvement of some neurological and
psychiatric complications, however, not the overall
functional outcomes
» Traumatic Brain Injury: Although the studies have
shown limited effects, there are proposed
mechanisms that confer the benefits of DM in TBI
including its activity at NMDA and sigma-1
receptors.
* Seizure: Some clinical studies have shown that DM
has efficacy in refractory seizures
» Pain: There are studies on the analgesic effects of
DM for pain conditions such as cancer-related,
post-operative, neuropathic and gastrointestinal

pain
» Methotrexate Neurotoxicity: DM showed a
complete resolution in  neurologic deficits

associated with MTX toxicity in 5 cases
 Parkinson's Disease: DM meliorated primary
Parkinson's disease in 2 studies

« Autism: contradicting data regarding DM's role in
behavioral improvement

Administration

Dosing and administration of dextromethorphan are
mostly via the oral route. There are many
formulations for administration:

» Combination liquid cough syrups; the common
over-the-counter (OTC) formulation contains 15
mg/tsp of DM; recommended adult dosing is 2 tsp
(10ml) every 4 hours

» Sustained-release cough syrup  suspensions;
another OTC product contains 30 mg/5mL

+ Liquid filled capsules containing 15 or 30 mg of
DM
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« Oral strips containing 7.5 or 15mg of DM
 Lozenges containing 5, 7.5, 10 mg of DM

The recommended dosing for DM is 0.5 mg/kg up to
30 mg, administered three or four times a day.

Some animal studies have suggested that to reach the
potential neuroprotective effects requires the
ingestion of doses higher than typically used for
antitussive effects (60 to 120 mg/d) (16).

For PBA, the Food and Drug Administration (FDA)
has approved the use of DM in combination with
quinidine, a CYP2D6 inhibitor. The approved dose is
20/10mg (16).

Adverse Effects

Adverse effects from cough suppressants are rare.
The most common are nausea and gastrointestinal
discomfort, while drowsiness and dizziness can also
occur. One study showed at high doses (greater than
4 mg/kg), up to 64% of patients felt euphoria, and
some experienced various CNS effects such as visual
hallucinations and persecutory delusions. These
episodes were associated with agitation, leading to
patient management difficulties. The most common
side effects in this study were the sensation of a
drunk feeling or a "high" (20%), nausea and vomiting
(17%), nystagmus (15%), and dizziness (15%). Most
side effects resolved within a day after the final dose,
and no cardio-respiratory compromises were noted.
Serum levels of DM exceeding 400 ng/ml presented
in 87.5% of patients with these side effects. More
than 60% of the patients who experienced side effects
with DM had serum levels exceeding 120ng/ml and
brain levels of 700 ng/g (17).

Contraindications

Dextromethorphan is contraindicated for patients
with known or established hypersensitivity as well as
those with an idiosyncratic reaction upon
administration of the drug. (18).

Monitoring

Dextromethorphan is well tolerated and has a wide
therapeutic window, which makes it an amenable
drug for clinical use. (18).

Toxicity

One concern regards to dextromethorphan toxicity is
its OTC misuse that has been increasing since the
2000s. DM misuse is known as "going pharming,"
"robotripping,” and "dexing." In 2006, three different
OTC product formulations accounted for 66% of
reported instances of DM misuse in the USA. One
life-threatening toxicity associated with DM abuse is
serotonin syndrome. Due to its action on serotonin
reuptake inhibition, if patients are already on
common SSRI or MAOI antidepressants, DM
toxicity potentiates excess serotonin in the body and
produces a group of symptoms called serotonin
syndrome. These include agitation, confusion, dilated
pupils, headache, tachycardia, hypotension, high
fevers, seizures, irregular heartbeat, and can lead to
unconsciousness (19).
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2. MIDAZOLAM

Mechanism of Action

Midazolam has poor oral absorption and has an
elimination half-life of 1.5 to 2.5 hours. Midazolam
converts into its active metabolite alpha-1 hydroxy
midazolam, which contributes to 10% of drug action.
Midazolam metabolism occurs via hepatic CYP450
enzymes and glucuronide conjugation. The
mechanism of action of midazolam indirect and is
related to GABA accumulation and its affinity to the
benzodiazepine receptors. Two separate receptors for
GABA and benzodiazepine couple to a common
chloride channel. It increases the frequency of
chloride channel opening. Occupation of both the
receptors cause membrane hyperpolarization and
neuronal inhibition. The anticonvulsant activity of
midazolam is related to the excess GABA action on
motor circuits in the brain. Midazolam acts on
glycine receptors and produces muscle relaxation
effect. Almost all the pharmacologic effects,
including sedation, anxiolysis, anterograde amnesia,
and anticonvulsant effect, can are explainable
through its action on GABA receptors. Age-related
deficits, hepatic, and renal insufficiency, also affect
the pharmacokinetics of midazolam. Midazolam has
both hydrophilic and lipophilic properties, depending
upon the pH (20).

Indications

Intravenous midazolam is used for the induction of
anesthesia and in the management of acute seizures.
Because of its water-soluble nature, midazolam has a
rapid onset of action and can be used to manage
status epilepticus when intravenous administration of
other medications is not feasible. Midazolam has a
high rate of tolerance, and dose can be increased to
maintain the therapeutic effect. Because of its easy
mode of administration through the buccal and
intranasal routes, it is a viable option in children for
the management of seizures. For its use in anesthesia,
the response to the induction dose is more variable
compared to thiopental. Midazolam can be used for
anxiolysis and hypnosis during the maintenance
phase of general anesthesia and is also superior to
thiopental in the maintenance of anesthesia because
of the less need for adjunct medications. Midazolam
is used as an adjunct medication to regional and local
anesthesia for a wide range of diagnostic and
therapeutic procedures and has greater patient and
physician acceptance (21).

Administration

Midazolam administration can be through oral,
intranasal, buccal, intravenous, and intramuscular
routes. For the perioperative use of midazolam, the
induction dose is 0.15 to 0.40 mg/kg via the
intravenous route. For the premedication, the dose is
0.07 to 0.10 mg/kg with the intramuscular route. For
intravenous sedation, the dose is titrated at 0.05 to
0.15 mg/kg. For children 1 to 5 months old, the
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recommended intranasal dose is 0.2mg/kg. For
children six months and older, 0.2 to 0.3 mg/kg
intranasal dose is the recommendation (22).

Adverse Effects

The common adverse effects associated with
midazolam use are hiccoughs, cough, nausea, and
vomiting. Thrombophlebitis, thrombosis, and pain on
injection are other adverse effects. The incidence of
thrombophlebitis is less than with diazepam but
similar to that of thiopental. Midazolam causes
anterograde amnesia, drowsiness, ataxia, falls, and
confusion in the elderly. Residual hangover effect
can happen with nighttime administration of
midazolam, which can impair the cognitive and
psychomotor abilities, which can result in falls in
elderly and impaired coordination during driving.
Hypotension and tachycardia can occur with rapid
intravenous administration. A higher dose can result
in midazolam infusion syndrome and respiratory
depression. Instances of midazolam infusion
syndrome require continuous ventilator support.
Paradoxical effects of midazolam are possible in
individuals with a history of alcohol abuse and
aggressive  behavior, potentially leading to
involuntary movements, verbalization, uncontrollable
crying, and aggressive behavior. Respiratory
depression can happen with a dose of 0.15 mg/kg,
and the risk increases when used along with fentanyl.
Concomitant use of midazolam with other CNS
depressants can result in severe respiratory
depression and death even at therapeutic doses. (23).
Long-term use of midazolam is associated with
lasting memory deficits, which are only partially
reversible after the discontinuation of the drug. For
pregnant women, the administration of the drug in
third-trimester causes benzodiazepine withdrawal
syndrome in the neonate resulting in hypotonia,
cyanosis, and apnoeic spells. Neonates may suffer
from diarrhea, tremors, and hyperexcitability. About
one-third of individuals receiving midazolam can
suffer from tolerance after using the drug for four
weeks. Withdrawal syndrome can occur if the dose
tapers too rapidly. Symptoms due to the withdrawal

of benzodiazepine include irritability, clonus,
hypertonicity, nausea, vomiting, diarrhea,
tachycardia, and hypertension. Sudden

discontinuation of midazolam can result in status
epilepticus (24).

Contraindications

Contraindications for the use of midazolam include
acute angle-closure glaucoma, hypotension, and
shock. Careful dose adjustment is necessary in cases
of kidney and liver diseases, alcohol, and drug-
dependent individuals. Caution is necessary for
pregnant individuals, children, and individuals with
comorbid psychiatric conditions. Administration in
elderly individuals and acutely ill patients requires
caution to prevent the accumulation of active
metabolites. Extra precautions should be taken in

5685



Preoperative Oral Dextromethorphan versus Ketamine or Midazolam for
Attenuating Sevoflurane Emergence Agitation in Preschool Children

Undergoing Adenotonsillectomy

critically ill individuals as dose accumulation can
occur (25).

Monitoring

Frequent monitoring of blood levels of midazolam
and its metabolites is a requirement during the
treatment of midazolam overdose. Levels of
midazolam and its metabolites can are measurable in
blood, plasma, and serum. Monitoring is essential for
elderly individuals and individuals with liver and
kidney disease. The elimination of both the drug and
its metabolite decreases with renal insufficiency.
Monitoring is also necessary for drug interactions
with  erythromycin,  clarithromycin, diltiazem,
sertraline, protease inhibitors, rifampin, phenytoin,
phenobarbital, carbamazepine, opioids,
antipsychatics, and alcohol. Induction and inhibition
of CYP450 3A4 play a role in decreased and
increased levels of the drug in the circulation.
Grapefruit juice reduces the activity of the CYP 450
enzyme and increases the level of the drug. St. John's
wort induces the enzyme and reduces the blood level
of midazolam (26).

Toxicity

Toxicity with midazolam is rare but can happen when
combined with other CNS depressants like alcohol,
opioids, and other tricyclic antidepressants. The risk
increases with intravenous administration and in
elderly individuals with COPD. Symptoms of
overdose include ataxia, nystagmus, hypotension,
slurred speech, slurred speech, impaired motor
coordination, coma, and death. Impaired reflexes,
impaired balance and dizziness, dysarthria, and
vasomotor collapse can also occur. Flumazenil is the
antidote for midazolam toxicity. Supportive treatment
is the initial therapy course. Activated charcoal is an
option within 1 hour of intoxication. In many
instances, flumazenil is not prudent, as it can
precipitate seizures when used in a mixed overdose
of CNS depressants. Rapid intravenous infusion in
elderly individuals having COPD can also result in an
overdose (27).

3. KETAMINE

Mechanism of action

Its mechanism of action is mainly by noncompetitive
antagonism of the N-methyl D-aspartic acid (NMDA)
receptor. It also interacts with opioid receptors,
monoamine, cholinergic, purinergic and
adrenoreceptor systems as well as having local
anesthetic effects (28).

Newly found mechanisms of action with newer
clinical applications

1. NMDA receptor interaction with ketamine
plays a role in the opioid induced antihyperalgesic
effects of ketamine (28).

2. Subanesthetic doses of ketamine via NMDA
receptor blockade potentiate opioid analgesia (29).
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3. Ketamine by suppressing the induction of
NO synthase activity and protein expression by
endotoxin exerts a protective antiinflammatory effect
against sepsis process (30).

4, The hypnotic effects of ketamine are caused
by a combination of immediate channel blockade of
NMDA and hyperpolarization-activated cation
channels

5. Its ant proinflammatory effects may be
responsible for its antihyperalgesic effects (28).

6. Its immediate analgesic effects are mediated
predominantly by a combination of opioid system
sensitization and antinociception

7. Ketamine inhibits tumor necrosis factor-
alpha and interleukin-6 gene expressions in
macrophages. (28) NMDA receptor blockade by
ketamine inhibits extracellular signal regulated kinase
%% pathway and proliferation of carcinoma cells by
cell cycle arrest (29).

8. Downstream "postdrug" effects such as
activity induced increase in structural synaptic
connectivity lead to the prolonged antidepressant
effects of ketamine.

Basic chemistry

Ketamine is a water-soluble phencyclidine derivative.
The ketamine molecule contains an asymmetric
carbon atom with two enantiomers: The S(+) isomer
and the R(—) isomer (31).

Pharmacokinetics

Ketamine is highly lipid soluble and undergoes rapid
breakdown and redistribution to peripheral tissues. It
is metabolized extensively in the liver by N-
demethylation and ring hydroxylation pathways.
Norketamine is the main metabolite and is one-third
to one-fifth as potent as ketamine as an anesthetic.
Ketamine is excreted in urine and faeces as
norketamine and as hydroxylated derivatives. It has a
cumulative effect. Gradual resistance builds up on
repeated administration (32).

Pharmacodynamics

Ketamine stimulates the cardiovascular system
resulting in an increase in heart rate, blood pressure
and increase in cardiac output, mediated principally
through the sympathetic nervous system. It has
minimal effects on central respiratory drive and
produces airway relaxation by acting on various
receptors and inflammatory cascades and bronchial
smooth muscles. It increases salivation and muscle
tone. It has cataleptic, amnestic, profound analgesic,
and dose dependent anesthetic actions. The cataleptic
state is an akinetic state with the loss of orthostatic
reflexes, but without impairment of consciousness.
The dissociative state produced by ketamine is
unique in which the patient appears awake but is
detached from the surroundings with eyes remaining
open (31).
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Current clinical applications of ketamine

Old well-established applications where the role of
ketamine remains unchallenged.

1. As an IV induction agent in the emergency setting
in shocked or hypotensive patients: The combination
of rapid blood - cerebral transfer Kkinetics,
sympathomimetic hemodynamic effects and absence
of idiosyncratic adverse effects like impaired
steroidogenesis all confer distinct advantages on
ketamine when used for rapid sequence induction in
hemodynamically compromised patients. A study
showed that ketamine is a safe and valuable
alternative to etomidate for endotracheal intubation in
critically ill patients with sepsis. Its free radical
scavenging property, neuroprotective effects against
cerebral ischemia, anticonvulsant activity, potential
to limit hypotension and hypotension related
secondary brain injury are favorable in patients with
traumatic brain injury. In patients with cardiac
tamponade and restrictive pericarditis, ketamine
provides excellent anesthetic induction, and
maintenance (33).

2. For patients with reactive airways disease:

a. Ketamine by virtue of its bronchodilating property
and profound analgesia allowing use of high oxygen
concentration is considered to be the IV induction
agent of choice in patients with active bronchospasm.
Some researchers have found that ketamine not only
protected against precipitation of asthma in
asymptomatic surgical patients, but it also alleviated
bronchospasm in patients with respiratory distress
prior to induction of anesthesia (31)

b. Ketamine is considered to be the bronchodilator of
choice in rescue therapy for refractory bronchospasm
in OT and refractory status asthmaticus in the
intensive care unit (ICU). A loading dose of 0.1-0.2
mg/kg followed by an infusion of 0.15-2.5 mg/kg/h
can be used in these cases.

3. For induction of patients especially children with
congenital heart disease with right to left shunt:
Ketamine is the anesthetic drug of choice in these
cases due to its beneficial cardiovascular effects of
increasing systemic vascular resistance and the
resulting decrease in right to left shunt. Furthermore,
by increasing pulmonary blood flow, it improves
oxygenation. In a study, IV or intramuscular (IM)
ketamine as induction agents did not significantly
affect SaO 2 % in patients with fallots tetralogy.
Ketamine appears as a good alternative to
sevoflurane for induction in patients with congenital
heart disease where it preserves intra- and post-
operative hemodynamic stability (34).

4. Burns: Ketamine has been widely used to provide
analgesia in burn dressing changes, during excision
and grafting and for sedation. It has a major role in
repeated anesthetics for burns dressings. The major
advantage of ketamine in burns is that unlike other
agents, it usually preserves airway and spontaneous
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respiratory function in addition to providing good
sedoanalgesia. It is the most desirable agent for IM
administration in patients with extensive burns where
there a difficulty in finding a suitable vein. A recent
study has shown that ketamine is generally effective
and well-tolerated in pediatric burns patients. Oral
and IV ketamine have been used as an analgesic and
sedative for wound care procedures in children with
burns and provides improved analgesia and sedation.
Ketamine in combination with
midazolam/dexmedetomidine  provides effective
sedoanalgesia without causing any significant side-
effects. Ketamine can be used in combination with
propofol for burns dressings in adults and children. A
recent study showed that ketamine therapy given 15
min after burns injury in rats improves survival in
severe burns injury probably by eliciting heat-shock
response as evidenced by the expression of heat-
shock protein 70 in myocardial cells and cerebral
tissues (35).

5. Prehospital and battlefield medicine: Ketamine is
the anesthetic of choice when supplies of oxygen and
monitoring and disposable equipment are limited.
The United States Defense Health Board notes that
morphine is the slipping gold standard in Tactical
Combat Casualty Care pain management and
recommends ketamine as a new alternative to
battlefield analgesia. Ketamine is an effective agent
in facilitating endotracheal intubation in the
Helicopter Emergency Medical Services setting. In
military practice, ketamine is currently used
throughout the entire military chain of evacuation
from the point of wounding, through the field
hospital and on to the receiving hospital in the United
Kingdom. All doctors joining the army are given
training in the use of ketamine for the treatment of
pain. Ketamine is added to opioids like morphine or
transmucosal fentanyl to help the combat medic to
control pain without the risk of opioid induced
hypotension. Ketamine 50-100 mg IM or 50 mg
intranasally using atomizer is given and repeated
every 30 min to 1 h or until nystagmus appears.
Ketamine is an invaluable agent for treatment of the
trapped casualty or even in the mass casualty
situation. It is used for sedation of the trapped
casualty and also for pain control to facilitate
extraction of the trapped casualty (36).

6. In low doses (IV 0.5 mg/kg) in combination with
IV diazepam or midazolam as an 1V supplement to
local and regional anesthesia techniques including
spinal anesthesia in adults and children. Low dose
ketamine infusions (5-25 mg/kg/min) can be used for
sedation and analgesia during local or regional
anesthetic procedures. They can be used before the
application of painful blocks but are more commonly
used for sedation or supplemental anesthesia during
long uncomplicated procedures or supplemental
analgesia for inadequate blocks in combination with
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IV diazepam. IV ketamine 0.5 mg/kg given
prophylactically just before neuraxial blockade
decreases the incidence of shivering, improves

hemodynamic profile, provides good sedation and
prevents recall. 1V ketamine 1 mg/kg given before
spinal anesthesia results in good hemodynamic
stability in elderly patients undergoing transurethral
resection of the prostate (37).

4, EMERGENCE AGITATION

Introduction

Emergence agitation (EA) involves restlessness,
disorientation, excitation, non-purposeful movement,
inconsolability, thrashing, and incoherence during
early recovery from general anesthesia. The
incidence of EA varies, from approximately 0.25% to
90.5%, with age, assessment tool used, definitions,
anesthetic techniques, type of surgery, and time of
EA assessment during recovery. The clinical
consequences of EA are similarly varied. It is
typically short lived and resolves spontaneously, and
its clinical consequences are often considered
minimal. However, it may have clinically significant
consequences, such as injury to the affected patient or
their medical staff, falling out of bed, bleeding at the

surgical site, accidental removal of drains or
intravenous  catheters, unintended  extubation,
respiratory depression, and increasing medical care
costs (38).

Emergence delirium (ED) is an acute confusion state
during recovery from anesthesia; patients with ED
may present with disorientation, hallucination,
restlessness, and purposeless hyperactive physical
behavior. ED is not fully equivalent to EA; ED can
involve hypoactive signs or mixed forms and
hyperactive signs similar to agitation. Nevertheless,
the terms EA and ED have been used interchangeably
in several studies. Moreover, the same assessment
tools (e.g., Riker Sedation-Agitation Scale or
Richmond Agitation-Sedation Scale) have been used
for both conditions. EA and ED should be
differentiated ~ from  postoperative  delirium.
Postoperative delirium involves ED; ED represents
the early onset of postoperative delirium in the
operating room or on arrival at the postanesthesia
care unit (PACU) immediately after the anesthesia
period. EA and ED in the PACU are strong predictors
of postoperative delirium, which is associated with
prolonged hospital stay and increased morbidity (e.g.,
pulmonary complications), mortality, and the need
for institutionalization of adult patients. The terms
EA and ED are used interchangeably in this review,
as in previous studies (39; 40).

Mechanism of emergence agitation

The precise pathophysiological mechanism of EA
after general anesthesia is unknown. In children,
proposed causes of EA include high levels of anxiety
regarding surgery, new environments, Separation
from parents, and encounters with unfamiliar medical
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staff. These may lead to increased sympathetic tone
and prolongation of the excited state during
anesthesia recovery (41).

The advent of volatile agents with low blood
solubility, such as sevoflurane and desflurane, has
increased the incidence of EA in children. A
proposed explanation for this is that sevoflurane and
desflurane cause differential recovery rates in brain
function, due to differences in clearance of
inhalational anesthetics from the central nervous
system; whereas audition and locomotion recover
first, cognitive function recovers later, resulting in
EA. In addition, elevated lactate and glucose
concentrations in the parietal cortex due to
sevoflurane anesthesia, and the occurrence of
clinically silent sevoflurane-induced epileptogenic
activity have been proposed to induce EA (42).
Functional magnetic resonance imaging has been
used to study the mechanisms underlying the
alteration of consciousness during anesthesia. Studies
have reported that alterations of brain network
connectivity vary with the level of sedation. During
emergence from general anesthesia, thalamocortical
connectivity in sensory networks, and activated
midbrain reticular formation are preserved. However,
delayed recovery of impaired functionality of
subcortical  thalamoregulatory  systems  could
contribute to defects in cortical integration of
information, which could lead to confusion or an
agitated state (43).

Proposed risk factors for emergence agitation.

The etiology of EA is multifactorial. It is important to
identify the causes and risk factors of EA, and
modify them, when applicable, to reduce incidence
and prevent adverse consequences. Results from
previous studies have been inconsistent due to the
application of different assessment tools, definitions,
and study designs (e.g., prospective randomized
controlled studies, prospective observational studies,
or retrospective studies). In addition, proposed risk
factors of EA have been different for children and
adults. Potential risk factors for EA in children are as
follows: preschool age (2-5 years), no previous
surgery, hospitalization or high number of previous
interventions, poor adaptability, attention-deficit
hyperactivity disorder, patient pre-existing behavior,
psychological immaturity, preoperative anxiety,
parental anxiety, patient and parent interaction with
healthcare providers, lack of premedication (with
midazolam), paradoxical reaction to midazolam
stated in child’s medical history, type of surgery, use
of inhalational anesthetics with low blood—gas
partition  coefficients (e.g., sevoflurane and
desflurane), excessively rapid awakening (in a hostile
environment), and pain (44).

The proposed risk factors for EA in adults are age,
sex, obesity (body mass index > 30 kg/m2), African
ethnicity, number of intubation attempts, type of
surgery, emergency operation, method of anesthesia
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(inhalation anesthesia), duration of surgery or
anesthesia, pre-existing mental health problems (e.g.,
psychiatric problems or cognitive impairment),
chronic lung disease, recent smoking, history of
social drinking, substance misuse, anticholinergics,
doxapram, premedication with benzodiazepines,
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voiding urgency, postoperative pain, postoperative
nausea and vomiting, and the presence of invasive
devices (e.g., urine catheter, chest tube, or tracheal
tube) (Table 1). We review common risk factors and
other related issues presented in literature (45).

Table (1). Possible Risk Factors for Emergence Agitation (45).

Risk factor Children Adult
Preschool age (2-5 years) Age
No previous surgery Sex

interventions

Hospitalization or high number of previous

Poor adaptability

African ethnicity

Patient related

Attention-deficit hyperactivity disorder

Patient preexisting behavior

Psychological immaturity

Preoperative anxiety

Chronic lung disease

Parental anxiety

Recent smoking

providers

Patient and parent interaction with healthcare

History of social drinking

Anesthesia

related

Lack of premedication (with midazolam)

Number of intubation attempts

medical history

Paradoxical reaction to midazolam stated in child’s

Obesity (body mass index > 30 kg/m?)

Pre-existing mental health problems (e.g.,
psychiatric problems or cognitive impairment)

History of substance dependence

Method of anesthesia (inhalation anesthesia)

Duration of surgery or anesthesia

Use of inhalational anesthetics with low blood—gas

partition coefficients (e.g., sevoflurane and desflurane)

Premedication with benzodiazepines

Neuromuscular blocking agents and

anticholinergics

Excessively rapid awakening (in a hostile environment)

Doxapram

Voiding urgency

Pain

Postoperative pain

Postoperative nausea and vomiting

Presence of invasive devices (e.g., urine catheter,

chest tube, or tracheal tube)

Surgery related

Type of surgery

Type of surgery

Emergency operation
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Duration of surgery/anesthesia

The duration of anesthesia changes with the duration
of surgery. Caution is needed when interpreting
studies that suggest a longer duration of surgery or
anesthesia is a risk factor for EA; only one of these
parameters (i.e., anesthesia time or surgery time) may
have been measured and analyzed in the given study.
In a study that analyzed both surgery and anesthesia
time, patients with EA had significantly longer
surgery and anesthesia times than patients without
EA. Furthermore, in a prospective observational
study of 1868 adult patients, a longer duration of
surgery was identified as a risk factor for hypoactive
ED (46).

Inhalational anesthetics

Halothane, isoflurane, desflurane, and sevoflurane
can all serve as triggers of EA; however, EA is more
common with inhalational anesthetics with low
blood-gas solubility, such as sevoflurane and
desflurane. In a meta-analysis of pediatric patients
performed in 2015, desflurane induced EA less
frequently than sevoflurane. Similarly, in a
randomized controlled double-blind study of adult
patients with orthognathic surgery, desflurane
reduced the incidence of EA compared to sevoflurane
(24% vs. 71%, respectively) (47).

Nitrous oxide is an inhalational anesthetic agent
commonly used in general anesthesia as an adjunct to
other inhalational anesthetics; its use is reportedly not
associated with EA. Nitrous oxide was shown to
attenuate EA in pediatric patients, but few studies
have investigated its effects in adult patients.
Therefore, further studies are needed to determine the
impact of nitrous oxide on EA in adult patients (48).

Rapid awakening from anesthesia

In studies of pediatric patients, rapid awakening by
strange medical staff in unfamiliar environments has
been identified as a potential risk factor for EA.
However, the rapid awakening process did not cause
a higher incidence of EA after sevoflurane anesthesia
in children. Moreover, a study of adult patients
revealed that desflurane was associated with a lower
incidence of EA compared to sevoflurane, although
desflurane was associated with a more rapid recovery
time (49).

Neuromuscular blocking agents and reversal
agents
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Anticholinergics (e.g., atropine and scopolamine) are
known risk factors for EA. Neuromuscular blocking
agents and reversal agents, such as anticholinergics
(e.g., glycopyrrolate and atropine), cholinesterase
inhibitors (e.g., pyridostigmine and neostigmine), and
sugammadex, are commonly wused for general
anesthesia. However, only a few randomized
controlled trials have been conducted to assess the
effects of neuromuscular blocking agents and/or
reversal agents on EA. In a prospective randomized
controlled study, rocuronium-sugammadex reduced
the incidence, severity, and duration of EA in patients
undergoing closed reduction of nasal bone fracture
compared to succinylcholine. The authors speculated
that elevated lactate and potassium concentrations,
incomplete neuromuscular blockade during surgery,
increased intraocular pressure, and histamine release
due to administration of succinylcholine may have
led to more negative effects on EA, relative to those
caused by the use of rocuronium-sugammadex.
Studies comparing the effects of sugammadex and

cholinesterase inhibitors on EA have shown
inconsistent results. In a retrospective study of
children undergoing strabismus surgery,

sugammadex showed no EA-preventive effect
compared to pyridostigmine + glycopyrrolate. In
contrast, a prospective randomized controlled study
of children undergoing adenotonsillectomy revealed
that the use of sugammadex decreased the severity of
EA resulted in less EA compared to the use of
neostigmine + atropine. Studies of EA-related drugs
have mainly focused on sedatives and analgesics.
Further studies are needed to investigate the effects
of the depth of intraoperative neuromuscular
blockade, sugammadex, and cholinesterase inhibitors
on EA (50).

Pain

Pain is a major risk factor for EA in both children and
adults, although EA has been reported in spite of
pain-free procedures and may occur regardless of
pain intensity. These findings indicate that EA and
postoperative pain are separate clinical phenomeng;
however, it is difficult to distinguish between EA and
behavioral changes due to postoperative pain. In
adults, when postoperative pain was assessed with a
numerical rating scale, a score > 5 points was found
to increase the risk of EA. Nonetheless, EA may
increase postoperative pain. Therefore, adequate
perioperative pain control may influence onset of EA
(51). Presence of invasive devices

The presence of invasive devices (e.g., urine
catheters, nasogastric tubes, chest tubes, and tracheal
tubes) during emergence is a well-known risk factor
for EA. It can cause embarrassment, distress,
discomfort, and pain in patients during emergence; it
can also exacerbate delirium in the PACU by
increasing the use of opioids and benzodiazepines
(52).
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Prediction of emergence agitation

Prevention is preferred over treatment, for EA; EA
can have serious consequences for patients, and
increase the patient care burden. Recently, Hino et al.
(53) developed and validated the EA risk scale
(consisting of four domains—age, Pediatric
Anesthesia Behavior score, operative procedure, and
anesthesia time) for children receiving sevoflurane
anesthesia in a single-center study. The EA risk scale
showed excellent predictive performance. Therefore,
the EA risk scale may be used to predict and prevent
EA after sevoflurane anesthesia in pediatric patients.
However, the EA risk scale is not validated for use in
patients anesthetized with drugs other than
sevoflurane.  Further studies are needed to
demonstrate external validity in other hospitals. In
addition, for effective prevention of EA, it would be
helpful to identify a biomarker that could predict the
occurrence of EA, based on preoperative blood
sample examination. In elderly patients undergoing
gastrointestinal surgery, the plasma level of brain-
derived neurotrophic factor (BDNF) collected at skin
closure via blood sampling was significantly
increased in patients with EA. However, the study
showed that the level of plasma BDNF collected
before induction of anesthesia did not differ between
patients who did and did not show EA. The study
included only a limited number of well-selected
patients. Thus, larger-scale clinical trials are needed
to ensure the validity of BDNF as a predictive
biomarker for EA. In addition, if the occurrence of
postoperative EA can be predicted through objective
monitoring during surgery, it may contribute to
improved postoperative outcomes by preventing the
occurrence of EA. In a prospective observational
study published in 2019, the occurrence of specific
electroencephalogram patterns (burst suppression and
emergence trajectory) during anesthesia was
associated with PACU delirium. The authors could
not provide information regarding agitation during
emergence because all patients underwent assessment
for PACU delirium after the return of consciousness.
However, they suggested that EA could be predicted
through intraoperative patient monitoring (54).
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Assessment tools for emergence agitation

Although several scales and their variants have been
proposed as tools for assessing EA in children, the
most commonly used in pediatric EA studies is the
Pediatric Anesthesia Emergence Delirium (PAED)
scale developed in 2004 (Table 2). It provides a score
from 0 to 20 and reportedly shows validity for
assessment of EA in children. However, the PAED
scale has disadvantages of inherent subjectivity in
assessing each behavior item and suboptimal
interrater reliability. In addition, the cutoff point for
defining the presence of EA is controversial (55).
Bong and Ng (56) suggested that PAED score > 10
was the ideal cutoff for EA. In contrast, Bajwa et al.
(51) reported that PAED score > 12 had greater
sensitivity and specificity than PAED score > 10 in
the assessment of EA PAED. In another study, PAED
score > 16 was adopted as an indicator of EA without
an obvious rationale.
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Table 2. Assessment Tools for Emergence Agitation (55).

Children

Pediatric Anesthesia Emergence Delirium scale

Adults

Riker Sedation-Agitation Scale

Richmond Agitation-Sedation Scale

Aono’s 4-point scale

Nurses Delirium scale

Three-point scale (graded as mild, moderate, or severe)

In adults, the Riker Sedation-Agitation Scale
(RSAS, 7-point scale with three levels of agitation),
Richmond Agitation-Sedation Scale (RASS, 10-
point scale with four levels of agitation), Aono’s 4-
point scale, Nurses Delirium scale, and the 3-point
scale (graded as mild, moderate, or severe) have
been introduced for assessment of EA (Table 2).
Although the RSAS and RASS have been
commonly used, and show high interrater reliability
in adult intensive care unit patients, none of the
scales have been validated in the operating room
and/or the PACU. There have been few studies of
EA in intensive care unit patients; the majority of
EA studies have been performed in PACUs or
operating rooms. Consequently, the reported
incidence of EA differed with the evaluation site
(e.g., operating room vs. PACU), assessment tool
(e.g., RSAS vs. RASS), and definition of EA (e.g.,
RASS > +1 vs. > +2 vs. > +3). The reported
incidence of EA was higher in the operating room
when emerging from general anesthesia than in the
PACU (e.g., 3.7% vs. 1.3% and 54.3% vs. 28.6%,
respectively). The RSAS tended to show an

incidence of EA that was similar to or higher than
the incidence indicated by the RASS for the same
patient group (13.8% by the RSAS vs. 11.2% by
the RASS, respectively) or same type of surgery
(50% by the RSAS vs. 22% by the RASS,
respectively). Fields et al. (57) used RASS > 43 as
an indicator of EA, while Jee et al. (41) and Ham et
al. (58) adopted RASS > +2 as an indicator of EA;
most other groups defined RASS > +1 as an
indicator of EA.

Strategies to prevent emergence agitation.

In this section, we review strategies to prevent EA,
classified into pharmacological and non-
pharmacological methods (Table 3). Caution is
needed when interpreting the results of studies
comparing the preventive effects of drugs or agents
on EA; the same drugs may not have identical
effects depending on the dose, method of
administration (e.g., continuous infusion or single
bolus), timing of administration, or patients (e.g.,
children, adults, or elderly patients) (41).

Table (3). Strategies to Prevent Emergence Agitation (41).

Pharmacological methods

Total intravenous anesthesia

Propofol

Opioids

Ketamine

Magnesium sulfate

Tramadol

Nefopam

Dexmedetomidine

Regional analgesia

Multimodal analgesia

Avoidance of premedication with benzodiazepine (especially in adults)

Non-pharmacological methods

Informing the patient of predictable pain or discomfort prior to anesthesia

Removing indwelling invasive devices as early as possible

Parental presence during induction of anesthesia and recovery (in pediatric patients)

Family-centered behavioral preparation for surgery

Eur. Chem. Bull. 2023, 12(Special Issue 4),5682-5700
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Effects of ketamine and midazolam on
emergence  agitation after  sevoflurane
anaesthesia in children receiving caudal block
Emergence agitation (EA) is a common
postanaesthetic ~ problem in  children after
sevoflurane anaesthesia. However, the aetiology of
EA has not yet been identified clearly. The
predisposing  factors are  preschool age,
preoperative anxiety, lack of premedication, type of
surgery, awakening in a strange environment. The
incidence of EA had been reported between 10%
and 80% in different studies. Although EA is also
seen in pain-free procedures, pain is thought to be
the major contributing factor for EA. In addition to
pain treatment, benzodiazepines, opioids, ketamine,
alpha-2 agonists and propofol have also been used
to prevent EA. (59).

Pain, rapid emergence in an unknown environment,
separation from parents, and preoperative anxiety
are major factors contributing to EA (59).

Different definitions and scales exist for evaluation
of EA, but PAED scale is preferred in most of the
studies. A score of 10/20 on the PAED scale was
reported as the best threshold point for determining
the presence of EA. (61) However, Bajwa et al.
(51) reported that a PAED score greater than 12
had greater sensitivity than a score of >10. In our
study, we used a score of >10 on PAED scale for
the assessment of EA.

Pain is thought to be the major factor that
contributes to EA. In previous studies several
analgesics including acetaminophen, Kketorolac,
fentanyl were administered to prevent EA after
sevoflurane anaesthesia. In most of these studies,
addition of analgesics reduced the incidence of EA.
(60) Caudal block is another preferred technique
for pain relief in children. Aouad et al. (61) had
shown that the incidence of EA and pain scores in
patients receiving caudal block were significantly
lower compared to those receiving intravenous
fentanyl under sevoflurane anaesthesia for inguinal
hernia repair. However, Aono et al. (62) reported
EA in 40% of children with caudal block following
sevoflurane anaesthesia for minor urologic surgery.
We used modificada Children's Hospital of Eastern
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Ontario Pain Scale (mMCHEOQOPS) scoring system to
evaluate and to exclude pain as a contributing
factor of EA.

Although pain is thought to be important in
aetiology, EA is also seen in pain free procedures.
(63; 64) This may due to rapid emergence in an
unknown environment with altered cognitive
function which is another risk factor for EA. It is
difficult for the children to cooperate to a strange
environment upon rapid emergence following
anaesthesia. Therefore, agents that provide sedation
at the time of emergence may be helpful in
prevention of EA. (65; 66) This point was one of
the reasons to establish this study.

Low doses of midazolam and ketamine are safely
used for sedation. Chen et al. (66) found that 0.05
mg kg—1 midazolam in combination with 0.5 pg
kg—1 of fentanyl at the end of surgery was effective
in reducing the incidence and severity of EA.
Ozcengiz et al. (67) found 0.5 mg kg—1 oral
midazolam, given for premedication, very effective
in reducing EA. Kararmaz et al. (9) had shown that
oral ketamine reduced the incidence of EA after
desflurane anaesthesia without delaying recovery.
Abu-Shahwan and Chowdary (68) showed that
administration of 0.25 mg kg—1 iv ketamine at the
end of anaesthesia reduced significantly the
incidence and severity of EA in children
undergoing dental repair. Dalens et al. (69)
administered 0.25 mg kg—1 ketamine, 0.1 mg kg—1
nalbuphine and saline in three groups of patients,
and they found significantly lower EA in ketamine
and nalbuphine groups compared to control without
a delay in awakening and discharge. In contrary to
literature, ketamine and midazolam did not affect
EA in children in whom pain was relieved by
caudal block in the present study.

Parental presence may be another important factor
that influences the incidence of EA. Arai et al. (70)
studied the effect of parental presence on EA and
found that parental presence during induction of
anaesthesia enhanced the effect of oral midazolam
on EA of children compared with midazolam and
parental presence alone groups. In our study,
parents were present at the arrival to PACU.
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6. Effects of sevoflurane versus other general
anaesthesia on emergence agitation in children
Sevoflurane is an inhaled volatile anaesthetic that is
widely used in paediatric anaesthetic practice. First
described in 1975 (71), its use commenced in Japan

in 1992 and became widespread in 1995 (72).
Sevoflurane is a non- pungent, insoluble agent that
facilitates smooth, rapid induction and emergence.
However, since its introduction, postoperative
behavioural disturbance, observed predominantly in
the paediatric population (73), has become an
important clinical issue.

Some studies suggest that sevoflurane is associated
with the highest risk of behavioural disturbance of all
current general anaesthetics, while others show
conflicting results (74).

These behavioural changes have been described in
the literature using a variety of descriptive terms,
such as emergence agitation (EA), emergence
delirium (ED) and postanaesthetic excitation. No
consensus has been reached regarding a definition;
however the condition has been described as a mental
disturbance during recovery from general anaesthesia
that may consist of hallucinations, delusions and
confusion manifested by moaning, restlessness,
involuntary physical activity and thrashing about in
the bed (75).

Emergence delirium appears to represent a subset of
EA, as not all agitated children are truly delirious
(76).

The term ‘emergence agitation' will be used to
encompass this clinical entity. Until recently, no
reliable and validated scale has been available to
measure EA. Concern has been expressed as to the
reliability of research results and the ease of
comparing studies; this probably played a part in the
development in 2004 of the Pediatric Anesthesia
Emergence Delirium (PAED) scale (77).

Although the PAED scale is now the most frequently
used scale in research studies, at least one
investigator has descriped a PAED scale
modification, and some study authors are now
reporting EA by using two scales simultaneously—
typically PAED plus one other scale (78).

In addition, some trial authors are using different
PAED scores as cutoffs for the presence of EA . This
suggests that no one scale currently fulfils all relevant
requirements in determination of EA (51).

The potential adverse effects of EA are mostly short
lived. It would be unusual for children with EA to be
discharged from the postanaesthetic care unit
(PACU), as a restless child may cause self- injury,
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the dressing or surgical site may be disrupted and
indwelling devices have the potential to become
dislodged. To prevent such outcomes, the child may
require pharmacological or physical restraint.
Pharmacological management  provides  the
disadvantage of exposing the child to medications
such as opioids and sedatives. These drugs
themselves could have adverse effects, and their
administration could delay discharge from the PACU
or hospital. The psychological and long- term
consequences of EA are largely unknown, but it has
been suggested that maladaptive behaviours, for
example, withdrawal, sleeping and eating problems,
may be associated with EA. Extra care is required to
manage a patient with EA, and this might strain
already limited nursing resources. Caregivers are at
risk of injury when managing these children and may
feel dissatisfied with the quality of available
anaesthetic care. Parents who witness EA may
become concerned regarding future anaesthetic
experiences for their child. Additional costs and
potential delays to discharge may be significant (79).
The exact aetiology of EA remains unclear; however
research to date suggests numerous predisposing
factors. Anaesthetic factors may include rapid
emergence and the intrinsic characteristics of the
anaesthetic. The newer volatile anaesthetic agents,
such as sevoflurane, allow faster emergence, which
potentially results in early manifestation of acute pain
and anxiety. Some authors have suggested that
sevoflurane exerts a stimulating or even neurotoxic
effect on the central nervous system (80).

Patient- related factors include age, preoperative
anxiety and the temperament of the child. The risk of
EA is highest in preschoolers, potentially because of
psychological immaturity in this age group (71).
Surgery- related factors include pain and type of
surgery. Pain may increase the risk of EA, and the
behaviour of a child in pain may mimic EA.
Otorhinolaryngology and ophthalmological
procedures carry an increased risk of EA; however
this phenomenon has been observed even after non-
painful imaging procedures (71).

Sevoflurane may be a major contributor to the
development of EA. Therefore, an evidence- based
understanding of the risk/benefit profile regarding
sevoflurane compared with other general anaesthetic
(GA) agents and adjuncts would facilitate its rational
and optimal use.

« Sevoflurane versus halothane

All studies (34 trials) for this comparison reported
risk of EA and show that halothane has a lower risk
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of EA when compared with sevoflurane (RR 0.51,

95% CI 0.41 to 0.63).

« Sevoflurane versus isoflurane

All six studies investigating this comparison reported

risk of EA. No difference in EA was found (82).

 Sevoflurane versus desflurane

Six studies investigating this comparison reported

risk of EA. No difference in EA was found. One

study used a five- point scale and reported no

difference in agitation scores (82).

e Sevoflurane versus propofol induction and
maintenance (including total intravenous
anaesthesia [TIVA])

Fourteen studies investigated risk of EA for this

comparison and found that propofol anaesthesia

reduced risk of EA (RR 0.35, 95% CI 0.25 to 0.51). It
should be noted that in one of these studies, the TIVA
arm included ketamine 1.5 mg/kg at induction of
anaesthesia, and that another study compared TIVA
with sevoflurane anaesthesia with 1 mg/kg of
propofol at the end of anaesthesia, yet showed TIVA

propofol to be superior in reducing EA (83).

One additional study reported lower mean PAED

scores in the propofol group.

» Sevoflurane versus propofol maintenance (after
sevoflurane induction)

Some studies reported risk of EA and found that the

propofol group had a lower risk of EA (RR 0.59,

95% CI 0.46 to 0.76). Two further studies found

lower EA scores in the propofol group. One study

used a five- point scale, and another small study
reported that PAED scores indicated a greater
frequency of EA in the sevoflurane group without

reporting the risk (71).

 Sevoflurane versus ketamine anaesthesia

One small study included only 20 participants and

showed no difference in risk of EA (80).

« Sevoflurane versus midazolam anaesthesia

One study found lower risk of EA, although it should

be noted that the outcome assessor was not blinded

(84).

 Sevoflurane versus other GA combinations

Two further comparisons were reported in one small

study (85).

Comparison 2. Adjuncts to sevoflurane anaesthesia

Studies investigating the effectiveness of an adjunct

for EA while sevoflurane anaesthesia was

administered. Results of different individual adjuncts
compared with no adjunct or placebo are reported
below.

 Propofol bolus

At induction
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One study investigated propofol 3 mg/kg induction
and showed no effect on risk of EA, whilst another
study investigated 2 to 2.5 mg/kg propofol induction
with no difference in EA scores between groups (80).
Two studies investigated 1 mg/kg of propofol just
after sevoflurane induction. The former showed no
difference in scores for EA whilst the latter showed
no effect on risk of EA (80).

At the end of anaesthesia

Five studies investigating the effect of 1 mg/kg of
propofol administered at the end of anaesthesia
showed decreased risk of EA (RR 0.58, 95% CI 0.38
to 0.89) (58).

Two further studies reported only EA scores. They
gave propofol 1 mg/kg and found lower PAED
scores, whilst they compared propofol 1 mg/kg
versus 2 mg/kg vs intralipid placebo and found no
difference in mean EA scores across the three groups
(86).

In view of 12 > 40%, we investigated heterogeneity
and found that when we removed the trial with an
MRI setting, 12 decreased from 62% to 49%, and EA
was still significantly reduced (RR 0.66, 95% CI 0.46
to 0.93). When only the two studies of
adenotonsillectomy were analysed, the reduction in
EA was no longer evident (RR 0.74, 95% CI 0.42 to
1.32) (12 = 52%).

« Thiopentone

One study reported no difference in risk of EA
following thiopentone induction, and another study
administered 2 to 3 mg/kg thiopentone after
sevoflurane induction and found reduced risk of EA
and lower PAED scores in children undergoing MRI
scans with mean duration of less than 20 minutes
(87).

« Clonidine

Some studies investigated risk of EA and showed an
overall reduction in risk of EA (RR 0.45, 95% ClI
0.31t0 0.66) (12 = 61%) (88).

Bergendahl (89) compared midazolam and clonidine
premedication and showed reduced EA scores in
children younger than five years of age receiving
clonidine. Mikawa (90) investigated oral clonidine
premedication 4 mcg/kg and found that it was more
effective when compared with clonidine 2 mcg/kg,
midazolam 0.5 mg/kg, diazepam 0.4 mg/kg or
placebo, without influencing discharge readiness.

In view of 12 > 40%, we investigated heterogeneity
with respect to studies with regional block analgesia
versus systemic analgesia and route of administration
(IV vs caudal). 12 for these analyses remained
unaffected, as did the effectiveness of this
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intervention. When clonidine (all routes) was used in
conjunction with a regional block (seven studies), it
was effective in reducing EA (RR 0.37, 95% CI 0.23
to 0.59) (12 = 55%), whereas in the two systemic
analgesia  studies (one of which was an
adenoidectomy study), this effect was no longer
evident (RR 0.74, 95% CI1 0.49 to 1.12) (12 = 19%).

» Dexmedotomidine

Some studies investigating this intervention found a
large overall reduction in risk of EA, with 12 =0 (RR
0.37, 95% CI 0.29 to 0.47). An additional four
studies reported lower EA scores for this intervention
(912).

» Ketamine

Oral premedication

Two studies have shown this to be an effective
intervention with an overall reduction in risk of EA
(92; 93).

Ketamine 0.25 mg/kg bolus at end of anaesthesia
Three studies show an overall reduction in risk of EA
(RR 0.30, 95% CI 0.13 to 0.69) (66).

In view of 12 > 40%, we investigated heterogeneity
with respect to potentially inadequate analgesia for
painful surgery versus any other setting such as MR,
or painful surgery with analgesia. When the study in
which no analgesia was reported to be administered
to the control group undergoing adenotonsillectomy
was removed, 12 decreased from 44% to 0%, yielding
RRs of 0.30 (95% CI 0.13 to 0.69) and 0.43 (95% ClI
0.22 to 0.81), respectively (10).

* Fentanyl

Fifteen included studies showed an overall decrease
in risk of EA (RR 0.37, 95% CI 0.27 to 0.50) (12 =
54%). One further study investigating intranasal
fentanyl 1 mcg/kg reported no difference in risk of
EA (but did not present the risk data) or mean EA
scores (data were reported) (94).

In view of 12 > 40%, we investigated heterogeneity
with respect to potentially inadequate analgesia for
painful surgery versus any other setting such as MR,
or painful surgery with analgesia or route of
administration.

When the three studies of
adenotonsillectomy/adenoidectomy in which limited
(rectal paracetamol only) or no analgesia was
reported to be administered to the control group were
removed, 12 remained high at 61% but still showed
fentanyl to be an effective means of decreasing EA
(RR 0.34, 95% CI 0.23 to 0.49) (95).

Analysis of IV fentanyl versus non- IV fentanyl
(intranasal, transmucosal) studies showed that this
intervention was still effective in the 12 IV fentanyl
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studies (RR 0.35, 95% CI 0.24 to 0.51) (12 = 55%)

had an RR of 0.42 (95% CI 0.22 to 0.77) (12 = 59%)

(96).

 Other opioids (including tramadol)

Five studies show an overall reduction in risk of EA

when remifentanil is administered (RR 0.50, 95% CI

0.30 to 0.85) (97).

Two studies show no overall reduction in risk of EA

when sufentanil is administered (98).

One study administered alfentanil and reduced the

risk of EA (99).

One study found nalbuphine to be effective in

reducing the risk of EA (74).

One study administered dextromethorphan and found

it to be effective in reducing the risk of EA (90).

One study found that oxycodone premedication was

ineffective in reducing the risk of EA (100).

Two studies investigated tramadol. One showed

reduced risk of EA, and the other found lower PAED

scores (101).

* Midazolam

Oral midazolam premedication

Some studies showed no overall reduction in risk of

EA (RR 0.81, 95% CI 0.59 to 1.12) (12 = 50%) (102).

One study compared 0.5 mg/kg versus 1 mg/kg oral

premedication and found no difference in the risk of

EA (70).

In view of 12 > 40%, we investigated heterogeneity

with respect to midazolam dose; studies with regional

block analgesia versus systemic or no analgesia and

adenoidectomy versus other procedures. The only

difference was found when the two adenoidectomy

studies were removed, resulting in 12 = 4% and an

overall reduction in EA (RR 0.68, 95% CI 0.53 to

0.87).

* Non- steroidal
(NSAIDs)

Three studies were suitable for meta- analysis. Two

investigated  ketorolac, and one, ibuprofen

premedication; these studies showed a decrease in

risk of EA (RR 0.43, 95% CI 0.26 to 0.73). One

further study investigating ketorolac reported no

difference in risk of EA (but did not present the risk

data) nor mean EA scores (data were reported), and

another, investigating diclofenac, showed lower

PAED scores (12).

e 5- HT3 antagonists

Three studies investigated this intervention—two

with ondansetron and one with tropisetron—with no

overall effect in EA (103). Erden (103) reported no

difference in agitation scores but did not report the

anti- inflammatory drugs
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risk of EA, so this study does not appear in Analysis
2.1.25.

e Hydroxyzine

One study, which added this intervention to a
midazolam premedication, showed reduced risk of
EA (104).

* Melatonin

One study showed no reduction in risk of EA with
melatonin compared with placebo (Analysis 2.1.28),
although study authors reported lower risk of EA
(72).

e Magnesium sulphate

One study showed no effect on risk of EA or PAED
scores (105), whilst Apan (106) also showed no
difference in agitation scores.

e Gradual cessation of sevoflurane

One study showed no difference in risk of EA when
compared with rapid cessation of sevoflurane (107).

« Sevoflurane concentration

One study showed no difference in PAED scores
with lower concentrations of sevoflurane titrated to
BIS (Bispectral Index) (108).

* Nitrous oxide washout

One study showed lower agitation scores when
inhaled nitrous oxide concentration was maintained
at the end of surgery until BIS had reached 80 to
wash out sevoflurane (109).

» Diazepam

Diazepam 0.25 mg/kg added to midazolam 0.25
mg/kg for premedication showed decreased EA
scores compared with midazolam 0.5 mg/kg alone
and placebo (110).

 Sufentanil + clonidine (multi- modal)

One study investigated a multi- modal approach to
EA and found that sufentanil and clonidine in
combination (four of 20 participants experienced EA)
decreased the risk of EA further than when either
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