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Emergence agitation in pediatric anesthesia:
current features

Leopoldo Muniz da Silva,1 Leandro Gobbo Braz,2 Norma Sueli Pinheiro Módolo3

Abstract

Objective: Postoperative agitation in children is a well-documented clinical phenomenon with incidence ranging

from 10% to 67%. There is no definitive explanation for this agitation. Possible causes include rapid awakening in

unfamiliar settings, pain (wounds, sore throat, bladder distension, etc.), stress during induction, hypoxemia, airway

obstruction, noisy environment, anesthesia duration, child’s personality, premedication and type of anesthesia. The

purpose of this paper is to discuss the possible causes of postoperative agitation in children, providing a foundation for

better methods of identifying and preventing this problem.

Sources:MEDLINEandPubMedweresearchedusing the followingwords:emergence,agitation, incidence,etiology,

diagnosis, treatment, children, pediatric, anesthesia.

Summary of the findings: This study includes a review of potential agitation trigger factors and a proposal for a

standardized diagnostic score system, in addition to measures to improve prevention and treatment.

Conclusion: No single factor can identified as the cause of postoperative agitation, which should therefore be

considered a syndrome made up of biological, pharmacological, psychological and social components, and which

anesthesiologists and pediatric intensive care specialists should be prepared to identify, prevent and intervene

appropriately as necessary.

J Pediatr (Rio J). 2008;84(2):107-113: Agitation on emergence, incidence, etiology, treatment, pediatric anesthesia,
children.

Introduction

Postoperative agitation, also referred to as emergence
delirium in international literature, is a well-documented clini-
cal phenomenon, particularly in children. It is characterized
by confusion mental, irritability, disorientation, inconsolable
crying, and increased recovery time in the post anesthesia

recovery room, increasing parents’ concern and anxiety with

respect to the clinical condition of their children. It can also

lead to lost intravenous catheters, and disconnected cables

and monitoring instruments.

It is during the first 30 minutes after emergence that the
greatest incidence of agitation is observed, and duration is
generally limited and recovery spontaneous. However, pro-
longed episodes of agitation lasting for up to 2 days have been
described.1

There is no definitive explanation for emergence agita-
tion. Many different causes have been suggested, such as

rapid return of consciousness in an unfamiliar environment,

the presence of pain (wounds, sore throat, bladder disten-

sion, etc.), stressful induction, airway obstructions, a noisy
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environment, the duration of anesthesia, the child’s person-

ality, anesthetic premedication and the anesthetic technique

used.2 The difficulty with establishing etiology explains the

major variation in the prevalence rates reported in the litera-

ture, which vary from 10 to 67.3-5

Many studieshaveuseddifferentmeasurement scales and

definitions, making it difficult to compare studies in terms of

incidence rates, risk factors and techniques for the control and

prevention of postoperative agitation.

The authors comment that 16 comparative scales and two

visual analogue scales have been created in order to assess

emergence agitation. The criticism of these scales is that they

are deficient in two aspects: psychometric assessment and

content. Behavior such as crying, agitation and failure to

co-operate, which are included in these scales, are not spe-

cific to agitation and are common to children who are in pain,

hungry, scared or anxious. Furthermore, some of these scales

were developed for adolescents and are inappropriate for

school age and preschool children.6

As a response to this, the Pediatric Anesthesia Emer-

gence Delirium (PAED) scale was developed with the objec-

tive of minimizing errors in the clinical assessment of agitation

in children.7 This scale is made up of five items:

1) the child makes eye contact with the caregiver;

2) the child's actions are purposeful;

3) the child is aware of his/her surroundings;

4) the child is restless;

5) the child is inconsolable.

Items 1, 2 and 3 are scored from 4 to 0, where 4 = not at

all; 3 = just a little; 2 = quite a bit; 1 = very much; 0 =

extremely, while items 4 and 5, are scored from 0 to 4, where

0 = not at all; 1 = just a little; 2 = quite a bit; 3 = very much;

and 4 = extremely.

Once the answers to each item have been converted into

scores, they are summed, with the degree of agitation corre-

sponding to the total score; the higher the score, the more

agitated the child.

Although the PAED scale has proven useful and reliable,8

certain limitations have been identified, the principal of which

is the difficulty in differentiating postanesthetic agitation from

the symptoms of postoperative pain.7,8 Nevertheless, there

is agreement that the use of the PAED scale is useful for

improving the methodology of investigations into this area,

particularly when postoperative pain has been ruled out as

the cause of postoperative agitation. Challenges remain,

related to the basic definitions and the need for accurate clini-

cal instruments in order to diagnose and assess emergence

agitation.8

It is possible that the adoption of an age-based pain scale

in combination with the PAED scale could be useful for defin-

ing diagnosis and assessment of emergence agitation.

Factors linked with emergence agitation

A range of factors may have an impact on the postopera-

tive behavior of patients, as will be described below.

Age

The greatest incidence of agitation, after anesthesia with

sevoflurane, is observed in preschool age children, compared

with school-age children. Other studies have confirmed these

results and, since then, the group that has received most

research attention is that from 2 to 4 years of age.7-9 The

cause of the increased incidence in this group appears to be

that their emotional lability is exacerbated when faced with a

stressful situation in an unfamiliar environment, in addition

to the physiological condition of the hippocampus, which is

still immature at this age.10

Psychological, social and environmental factors related to

the operation

Younger children, those with impulsive and emotional

behavior, those who are less sociable and whose parents are

more anxious, appear to be more prone to developing this

clinical phenomenon.5,11 When children are separated from

their parents andsent to theoperating roomalone, this is trau-

matic and increases the risk of emergenceagitation.12 Experi-

mental research has demonstrated that separating mother

rats from their young during the preoperative period trig-

gered postoperative agitation.13

High scores on preoperative anxiety scales are predictive

of adverse postoperative events, such as emergence agita-

tion, or even behavioral changes during the postoperative

period. A study of 791 children demonstrated that the risk of

emergence agitation symptoms appearing increases by 10%

for each increase of 10 points on the preoperative anxiety

assessment score.14

Although countless studies have assessed the effect of

parents being present on the quality of anesthetic induction,

there is no consensus in the literature on whether this is an

independent causal factor of the occurrence of postoperative

agitation or merely a bias. No relationship was observed

betweenpsychosocial andbehavioral factorswhen thesewere

compared in termsof postoperativeagitation.However, in that

study, a standardized agitation scale was not used, being

based on an observational analysis of the event, and the

sample size was small.9

Risk factors for the occurrence of agitation had been

assessed and no association was detected with the presence

or absence of parents in the anesthetic recovery room. Agita-

tion appears to primarily reflect a partially conscious process,
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in which the presence of parents does not have any signifi-

cant impact on the behavior of the child. Analyses have also

been made of the relationship between parents' anxiety, chil-

dren's behavioral history and sleep disorders and postopera-

tive agitation. It was concluded that children who exhibit

frequent tantrums and those who suffer traumatic separa-

tion from their parents on the way to the operating room, tend

to exhibit postoperative agitation more frequently, but with-

out exhibiting long term psychological consequences.15 Nev-

ertheless, even if the presence of parents is not a definitive

protective factor against agitation, itmakes the recovery room

environment less hostile, transmitting greater safety and

comfort to the child.

There were reports16 of negative consequences for the

long-term behavior of children who have been subjected to

anesthesia, and the relationship between postoperative agi-

tation and behavioral changes over the long term was inves-

tigated, and no cause-and effect relationship could be

detected.14

Postoperative pain

Postoperativepainhasbeenoneof theprincipal confound-

ing factors when analyzing trigger factors for emergence agi-

tation. In many studies, the use of preemptive analgesia

resulted in a significant reduction in emergence agitation. The

occurrenceof agitationhasbeenobserved tobe reducedwhen

intravenous ketorolac has been used intraoperatively in

otorhinolaryngological surgical procedures of short duration

where the peak of the pharmacological agent’s analgesic

effect was after emergence.17 Nevertheless, even when post-

operative pain is treated effectively or even absent (anes-

thetic procedures used for magnetic resonance imaging),

postoperative agitation may still occur. Two groups of patients

who underwent volatile anesthesia with sevoflurane for

non-surgical procedures were studied. The control group

exhibited an emergence agitation incidence of 47% and, in a

group given dexmedetomidine during the operation, this was

just 4.8%.18 furthermore, emergence agitation has been

observed in patients given a general anesthetic who had

received caudal blockades, effectively providing analgesia.19

Therefore, postoperative pain appears to be an aggravat-

ing factor, and its behavioral manifestations may confound an

emergence agitation diagnosis. However, it does not appear

to be an independent etiologic factor, since even patients free

from pain can exhibit agitation, making it a clinical phenom-

enon that remains irrespective of postoperative pain. Never-

theless, it is recommended that postoperative pain be

removed from the equation through the use of adequate anal-

gesia for all patients who exhibit signs compatible with emer-

gence agitation.

Type of surgery

Otorhinolaryngological surgical procedures, such as ton-

sillectomy, thyroidectomy and ophthalmological operations,

appear to exhibit an increased incidence of agitation.11,20 It

is speculated that the sensation of suffocation in otorhino-

laryngological procedures may be responsible for these

events; although scientific evidence indicating that this is a

causative factor of agitation is scarce and inconsistent.

Inhaled and intravenous anesthetics

Many studies have been carried out to determine whether

the appearance of emergence agitation could be related to

anesthetic technique or to the anesthetic used. Since anes-

thesia depresses central nervous system inhibitory centers

and causes imbalances in neurotransmitters such as seroto-

nin and dopamine and acetylcholine, it too may contribute to

the appearance of this adverse event.

Several authors have detected an increased incidence of

the complication with inhaled general anesthesia using sevof-

lurane, when compared with halothane.21-23 Other inhaled

anesthetics, suchasdesfluraneand isoflurane, havealsobeen

linkedwith theoccurrenceof emergenceagitation.11,24 Emer-

gence agitation incidence rates of 50 to 80% have been

observed when desflurane was being used.24

Emergence agitation was detected in 2/3 of patients who

underwentmyringotomy for ventilation tubeplacementunder

anesthesia with sevoflurane.

In response to these results, the authors stated that this

pharmaceutical was contraindicated for anesthetic mainte-

nance in cases where minimum effort is desired in order to

avoid ventilation tube displacement and consequent compro-

mise to the procedure.3

Adding nitrous oxide to anesthesia with sevoflurane

reduces the minimum alveolar concentration (MAC) of sevof-

lurane, meaning that lower concentrations of the anesthetic

can be used, thereby reducing the incidence of postoperative

agitation.25

When compared with isoflurane, sevoflurane appears not

just to increase the incidence of emergence agitation, but also

to prolong the duration of that agitation, which is a problem

that was detected in children maintained under anesthesia

with sevoflurane, where the occurrence of the complication

was 20%, compared with an incidence of 7% when isoflurane

was employed.26

One of the hypotheses offered to explain this increased

incidence of emergence agitation when sevoflurane is used,

is the low solubility of this agent in blood, when compared with

halothane, promoting earlier emergence from anesthesia and

emergence agitation.4,17 However, anesthesia with propofol

also favors rapid emergence, but with lower agitation inci-

dence rates than those observed with sevoflurane.27 Further-

more, gradually reducing the concentration of sevoflurane,

resulting in more prolonged emergence, did not result in a

reduction in the incidence of agitation associated with this

agent.28
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Electroencephalographic changes caused by the effects of

sevoflurane on the central nervous system have also been

suggested as a possible causative agent of agitation. How-

ever, epileptiform activity was observed equally in patients

with agitation and in patientswhodidnot exhibit this phenom-

enon when anaesthetized with sevoflurane.29 furthermore,

there are no scientific data confirming neurotoxic effects from

the degradation products of sevoflurane and its interaction

with other types of anesthetic medication in the emergence

agitation phenomenon.1 On the other hand, sevoflurane, isof-

lurane and desflurane all induce similar electroencephalo-

graphic changes during anesthesia, which are different to

those provoked by halothane. This fact might explain the low

incidence of agitation when patients are anesthetized with

halothane.29-31

However, other authors have observed that there was no

significant difference between the use of sevoflurane and the

use of halothane in the incidence of emergence agitation or

behavioral changes during the postoperative period or sleep

disorders in children.32

Thus, facedwith this evidence, it is clear that inhaledanes-

thetics, particularly sevoflurane and desflurane, are poten-

tial trigger factors of emergence agitation, but that there is

not yet any definitive explanation for the triggering cause.

Anesthetic premedication and adjuvant drugs

The literature is contradictory on whether premedication

is capable of reducing the incidence of emergence agitation.

The pharmaceutical most often used for child premedication

ismidazolam.Someauthorshaveobserveda reduction inpre-

operative anxiety, have found it easier to separate children

from parents and have observed a reduction in agitation when

midazolam is used as premedication, followed by sevoflurane

as anesthetic.3 However, some authors have observed that

emergence time was prolonged when midazolam was

used.3,33

Combining midazolam with small doses of diazepam, for

premedication, improved thequality of recovery,with reduced

incidence of agitation after anesthesia with sevoflurane.34

However, other authors have found that children premedi-

tated with midazolam exhibited increased incidence of emer-

gence agitation than children who did not receive these

pharmaceuticals , offering the anti-analgesic effects of mida-

zolam as an explanation. Nevertheless, the process of select-

ing patients for that study involved no type of randomization,

and the results should be analyzed with caution.12

Although there are contradictory results, the use of

short-action medication, without residual effects after the end

of surgery, is supported by the fact that it reduces preopera-

tive anxiety which could cause emergence agitation.5

In the same manner, long-acting medication, such as oxy-

codone, used for premedication, reduced the incidence of the

complication when anesthesia was achieved using hal-

othane, but theprotective effectwasnot observedwhenanes-

thesia was with sevoflurane.35

Other medications, used for premedication, have been

analyzed for their potential to block the appearance of post-

operative agitation. Although its degree of preoperative anxi-

ety relief is similar to that of midazolam, melatonin exhibited

a lower incidence of postoperative agitation or sleep disor-

ders during 2 weeks' postoperative observation.36 Another

pharmaceutical used as premedication, ketamine, at a dos-

age of 6 mg/kg-1 given orally, reduced the incidence of emer-

gence agitation by 34% in children under anesthesia with

desflurane for adenotonsillectomy.37

Comparingnalbuphine (0.1mg/kg-1)with ketamine (0.25

mg/kg-1), administered at the end of inhaled sevoflurane

anesthesia to children aged 6 months to 8 years before cere-

bral magnetic resonance imaging, a lower incidence of

post-emergence agitation was detected in the group of

patients given nalbuphine. Agitation occurred more fre-

quently in the control group.38

Adrenergic α2-agonists are being used in pediatrics with

an ever widening range of indications, such as, for example,

premedication, adjuvants for central and peripheral block-

ades, analgesic for intrathecal perfusion, and for the control

of withdrawal symptoms and tolerance of other sedatives. We

can add to this list the prevention and treatment of emer-

gence agitation.39

Therefore, the use of α2-agonists for prevention of emer-

gence agitation could be justified on the basis of the action of

these pharmaceuticals in reducing secretion of noradrena-

line from the locus ceruleos, facilitating release of inhibitory

neurons, such a those of the gamma aminobutyric acid sys-

tem.40,41 The incidence of agitation was compared in chil-

dren on premedication with midazolam (0.5 μg/kg-1) and

clonidine (at dosages or 2 and 4 μg/kg-1). The group given

the larger dose of clonidine exhibited a statistically the lower

incidence than the groups given lower doses of clonidine or

midazolam, although this result does not enjoy consensus in

the literature.42

In children anaesthetized with sevoflurane, administra-

tion of intravenous clonidine (2 μg/kg-1), as an adjuvant drug,

reduced the incidence of emergence agitation.43,44 Other

authors have compared the effectiveness of clonidine, at

doses of 1 and 3 μg/kg-1, given caudally, together with bupi-

vacaine 0.175%, with intravenous clonidine at a dosage of 3

μg/kg-1 in combination with sevoflurane for anesthesia. The

authors concluded that clonidine, at a dose of 3 μg/kg-1 of

body weight, prevents emergence agitation, irrespective of

route of administration. Notwithstanding, this appears to

occur with clonidine, given caudally at a dosage of 1 μg/kg-1

body weight.45
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Tropisetron (0.1 mg/kg-1) and clonidine were compared,

at a dose of 1.5 μg/kg-1 administered after anesthetic induc-

tion, to children being anaesthetized with sevoflurane for

adenotonsillectomy. Tropisetron proved effective for reduc-

ing emergency agitation, but clonidine did not.46

Intravenous clonidine (2 μg/kg-1), administered after

induction of anesthesia, reduced the incidence of emergence

agitation, although there was greater postoperative somno-

lence, while no adverse cardiorespiratory events were

observed.44

Using more selective α2-agonists, an agitation incidence

of 4.8% was observed among patients given dexmedetomi-

dine, at a dosage of 1 μg/kg-1intravenously, compared with

47.6% in a placebo group, without detecting increases in

emergence time or intraoperative hemodynamic

repercussion.18

The administration of dexmedetomidine at dosages of

0.15 and 0.3 μg/kg-1 of body weight, after induction of anes-

thesia with sevoflurane, was compared with a placebo group.

There was a reduced incidence of emergence agitation in both

of the groups given dexmedetomidine, without causing any

difference in emergence time. There was also no relationship

between agitation during anesthetic induction and emer-

gence agitation.47

Dexmedetomidine, used in continuous infusion at a dose

of 0.2 μg/kg-1/h-1, proved effective for reducing the inci-

dence of emergence agitation after anesthesia maintained

with sevoflurane.18 In a similar manner, it was effective for

preventing this complication at a dosage of 0.5 μg/kg-1 body

weight.48

Therefore, α2-agonists appear to be useful for reducing

postoperative agitation in children.

Conclusions

In summary, no single factor in isolation could be identi-

fied as causing postoperative agitation, and the condition

should be considered to be a syndrome with biological, phar-

macological, psychological and social components and one

which anesthetists should be prepared to identify and to pre-

vent and to intervene appropriately when necessary.

For children, certain measures are recommendable in

order to avoid or minimize the occurrence of postoperative

agitation

- Wake the child in a silent environment, avoiding physical

or verbal stimulation during transport to the post anesthe-

sia recovery room, until the child is completely awake and

able to perceive external stimuli.

- Maintain the child at normal body temperature with suffi-

cient supplementary oxygen whenever there is a need.

- If necessary, administer analgesics if pain is suspected,

suchasdipyrone, tramadol andanti-inflammatories, or any

other analgesic that may be indicated.

- Allow parents or whoever is accompanying the child to

remain in the anesthetic recovery room, helping to reduce

agitation. According to the current literature, α2-agonists

appear to be the group of drugs most effective for prevent-

ing and treating this complication.

Post anesthetic agitation is a self-limiting phenomenon,

and there is no evidence that these short episodes of agita-

tion prejudice the recovery or behavior of children over the

long term. Nevertheless, a turbulent recovery is unpleasant,

in addition to being incompatible with good anesthetic prac-

tice. An agitated or crying child are factors that reduce par-

ents' satisfaction with the anesthetic care received by their

children.
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