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Abstract
Background: Emergence delirium is a challenge in pediatric anesthesiology, with
important unanswered questions concerning incidence, causation, diagnosis, treatment,
and sequelae. In this review, we will present the recent research with a particular focus
placed on treatment and prevention options.
Methods: A wide literature search was conducted across MEDLINE and other databases
using PubMed, Embase, Ovid, and the Cochrane Library (latest access: 23 November
2020). The collected publications were assessed for relevance. Only randomized
controlled trials and observational studies on postoperative emergence delirium in
children were included. Exclusion criteria were articles published before 2018, and
studies comprising children older than 12 years of age, mental retardation, or chronic
diseases.
Results: The final number of studies included in this review was 44. Risk
factors identified for emergence delirium were volatile inhalation anesthetics, young
age, child temperament, preoperative anxiety, male gender, and specific surgical
procedures. Preventive and/or intervention measures were pharmacological (e.g.
TIVA, α2 -adrenergic agonists (particularly dexmedetomidine), ketamine, propofol,
midazolam, opioids (fentanyl)) and non-pharmacological measures (e.g. video or tablet
distraction, familiarization with the operating environment, use of mother’s voice, visual
preconditioning in eye surgery).
Conclusion: ED should be considered a “vital sign” and recorded and documented in all
children in the PACU. There is an urgent need for future research to fill in missing gaps
of knowledge regarding ED. Implementation of a standardized and validated screening
tool for ED are high priorities as is the impact of perioperative monitoring of children at
risk to prevent ED.
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1. Introduction
Within the field of pediatric anesthesia, postoperative emergence delirium (ED) remains an area with room for improvement. Questions unanswered concern causation, incidence,
prevention, optimal treatments, and long-term prognosis. In
this article, we present the recent research on this topic, in
light of previous knowledge with a particular focus placed
on pharmacological and non-pharmacological treatment and
prevention options.
The definition of ED sometimes also referred to as Emergence Agitation (EA) is “an alteration in consciousness manifesting as disorientation, averted eyes or staring, psychomotor
agitation and hyperactivity or non-purposefulness” [1]. It may
present within the first 45 min after cessation of anesthesia and
usually lasts for 15-20 minutes. The phenomenon may occur in

both children and adults, however with an increased incidence
in young children and the elderly [2]. Although the terms
ED and EA are often used interchangeable, it is important
to emphasize that ED is not fully similar to EA. Because
ED can also comprise hypoactive signs or mixed forms and
hyperactive signs or agitation. The challenge is to separate ED
and EA from pain, and from postoperative delirium [2].
The choice of tool to diagnose ED is a topic of controversy,
as it affects the assessment of incidence-reported to range
from 10%-80% [3]. Predisposing factors include inhalational
(sevoflurane) anesthesia, young age of the child, preoperative
anxiety, child temperament, male gender [2], and certain specific surgical intervention, e.g. ophthalmology and oto-rhinolaryngology surgeries [3]. Emergence delirium may result in
unnecessary harm to the child and frightening of parents, as
well as disturbing other patients present in the Post Anesthetic
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Care Unit (PACU) and be associated with long-term sequelae
[1–3].

TA B L E 1. Paediatric anaesthesia emergence delirium
(PAED) scale.

2. Method
A search was conducted across MEDLINE and other databases
using PubMed, Embase, and the Cochrane Library (Latest
access on 23 November 2020). The following keywords
and search terms, including their corresponding synonyms,
were used to retrieve articles according to standard PICOS
(population, intervention, comparison, outcome, study design)
criteria: child [MeSH], paediatrics [MeSH], anaesthetic drugs
[MeSH] or anaesthetic effect [MeSH] postoperative behaviour
[MeSH], emergence delirium or agitation [MeSH], randomised
controlled trial [MeSH], observational study [MeSH]. Studies
published before 2018 were screened but only studies published after 2018 were included in the actual review process.
Randomized clinical trials and observational studies comprising children younger than 12 years who received general anesthesia were included. All studies comprising children with
mental retardation, cancer, and chronic lung, heart, or kidney
disease were excluded. Articles written in other languages
than English were also excluded. Besides, papers of impact
found through references in these were reviewed and included
if relevant.

3. Results
The selection process resulted in the inclusion of 44 original
research articles (Fig. 1).

4. Background
4.1 Assessment of emergence delirium
Many scales have been used to identify ED. The limitations
of the majority of these are that they have not been psychometrically tested and that they follow emotional stress and
psychomotor agitation as a surrogate for delirium.

4.1.1 PAED scale
In 2004, Sikich and colleagues developed the Pediatric Anesthesia Emergence Delirium (PAED) scale to assess the incidence of ED in children > 2 years of age [4] (Table 1). This
scale has been psychometrically validated and is considered
to be a relatively reliable and accurate tool to diagnose ED
in children. The scale consists of five items. The first and
third reflect changes in the child’s consciousness-the third item
more specifically addresses cognition. The second, fourth, and
fifth items evaluate disturbance in psychomotor behavior and
emotion. Importantly, the last two items may, in addition to
ED, reflect symptoms of pain, stress, and discomfort. A high
PAED score is indicative of ED.
The scale has been assessed for inter-observer reliability
(0.84; 95% CI: 0.76-0.90), sensitivity (0.64), and specificity
(0.14), given a threshold value of ≥ 10 for the diagnosis of
ED [4]. The appropriate PAED scale threshold for defining
ED remains unclear. A recent study found that the incidence
of ED varies between 17.2%-29.5%, depending on a scale
threshold value (≥ 10, > 12 or ≥ 16) [5]. Furthermore, the

Note that items 1, 2 and 3 are scored from 4-0, while items 4
and 5 are scored reversely from 0-4. A higher score correlates
with a higher degree of ED. Usually; a threshold value is set
for diagnosis.

study confirmed an acceptable degree of inter-rater reliability,
thus, supporting the use of the PAED scale for the diagnosis of
ED.
The PAED scale is currently the most widely used tool for
the assessment of ED in scientific research. However, there
are limitations when using the scale. The subjective nature of
some assessments, relatively high inter-rater variability, high
false-positive rate and qualifying behavior which overlap with
pain. Furthermore, there is a lack of consensus regarding
which threshold value to apply, which makes it difficult to
compare scientific data. Given pain is a confounding factor
with the PAED scale, the incidence of ED will undoubtable be
influenced e.g. type of surgery and analgesics administered.

4.1.2 Aono's four-point scale
Aono’s four-point scale, developed in 1997, is another tool
currently used to assess ED in children (Table 2) [6]. Its main
limitation is a profound lack of ability to differentiate between
ED and pain.

4.1.3 Other scales
Emergence delirium in children is also diagnosed by employing other scales, though not validated. Among these, are the
Cravero and the Watcha scales, commonly used in clinical
settings due to their simplicity. They both correlate well with
results obtained with the PAED scale [7]. The Cravero scale is
scored as 1 = obtunded with no response to stimuli, 2 = Asleep,
but responsive to movement and stimuli, 3 = Awake and
appropriately responsive, 4 = Crying and difficult to console,
and 5 = Wild thrashing behavior that requires restraint. Here,
4 and 5 are indicative of ED. In the Watcha scale, patient
behavior is scored as 0 = Asleep, 1 = Calm, 2 = Crying, but can
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F I G U R E 1. Flowchart of the articles selection process.
TA B L E 2. Aono’s four-point scale.

be consoled, 3 = Crying, but cannot be consoled, 4 = Agitated,
and thrashing around. The scale defines ED to be present at
scores 3 and 4.
The Objective Pain Score (OPS) [8] (Table 3), mainly used
for the evaluation of pain, has also been used in studies on

ED. The Richmond Agitation and Sedation Scale (RASS) [9]
(Table 4) and The Cole 5-point scale (CPS) [10], have both
been used for the assessment of ED. The CPS is scored as
1 = sleeping, 2 = awake, calm, 3 = irritable, crying, 4 =
inconsolable crying, 5 = severe restlessness, disorientation.
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TA B L E 3. The Objective Pain Score (OPS).

4.2 Pain scales for younger children
The FLACC scale is a behavioral pain assessment scale used
to evaluate pain in children aged 2 months to 7 years or other
individuals (including adult patients in intensive care units)
who are unable to communicate their pain. The scale is scored
in a range of 0-10 with 0 representing no pain. The scale has
five criteria (Face, Legs, Activity, Cry, and Consolability),
which are each assigned a score of 0, 1, or 2 [11]. A similar
behavioral pain assessment scale is the CHEOPS (Children’s
Hospital of Eastern Ontario Pain Scale) for children aged 1-7
years. The scale has six different categories of pain behavior
(cry, facial, verbal, torso, touch, and legs). A score ranging
from 0 to 2 or 1 to 3 is assigned to each of these with a total
score ranging between 4 and 13 [12]. The cut-off point for
the FLACC is < 3 and the CHEOPS < 6; values above these
are considered as the presence of pain. The sensitivity and
specificity of the FLACC scale are higher than those of the
CHEOPS.

4.3 Comments
All the above-listed scales have many shortcomings. Either
they are somewhat too complicated to be used in a busy clinical

setting, or they are too simple to be able to address ED/EA
properly. Importantly, it has been demonstrated that issues
such as “no eye contact” and “no awareness of surroundings”
are indicative for ED, whereas “abnormal facial expression”
and “crying and inconsolability” indicate acute pain in the
immediate postoperative period [13].

4.4 Impact of general anesthesia
As previously mentioned, ED is more common following
inhalation anesthesia (particularly sevoflurane) than following
total intravenous anesthesia (TIVA). A meta-analysis of data
comprising 1100 children from 14 randomized clinical trials
concluded that ED had a lower incidence after general anesthesia with propofol than with sevoflurane (pooled odds ratio
= 0.25; 95% CI: 0.16-0.39, P = 0.0000) [14]. Another metaanalysis, comprising 4 non-randomized and 154 randomized
clinical trials and a total of 14,045 children came to a similar
conclusion; i.e. ED occurred less frequently after propofol than
sevoflurane (RR = 0.35; 95% CI: 0.25-0.51; 1098 participants)
[15]. Currently, it is unknown why the risk of ED is higher
after sevoflurane anesthesia compared with all other anesthetic
agents. It was initially speculated to be caused by the newer
inhalational agents having lower blood-gas solubility coeffi-
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TA B L E 4. The Richmond Agitation and Sedation Scale (RASS).

cients, resulting in faster emergence. However, this does not
seem to be the case. Exposed to rapid emergence, the number
of children experiencing ED was still six times lower with
propofol anesthesia (4%) compared to sevoflurane (24%) [16].
Similarly, in a recent study using sevoflurane where children
were randomly assigned to abrupt discontinuation or gradual
emergence, the incidence of ED was not significantly different
[17].
Recently, a randomized, clinical trial was conducted to
correlate the effect of sevoflurane anesthesia and Total Intravenous Anaesthesia (TIVA) with propofol on emergence
delirium and recovery characteristics. This study included
children (3-7 yrs) under general anesthesia for outpatient dental
treatment. The PAED scale was used to assess ED. There
was a significant difference between the two groups, where
65.5% of the children administered sevoflurane developed ED,
compared to 3.4% in the TIVA group (P = 0.000) [18].

4.5 Impact of surgery and interventions
Some surgeries have a higher incidence of ED than others. In
a prospective cohort study by Voepel-Lewis and co-workers
[19], a higher incidence of ED was found in children undergoing otorhinolaryngology (26%; relative risk = 1.69; 95%
CI: 1.2-2.4; P = 0.004) and ophthalmology (28%; relative
risk = 1.66; 95% CI: 1.1-2.5; P = 0.017) surgery compared
to orthopaedic (15%), urological (15%), and general surgery
(12%).

4.6 Preventive measures
Although commonly used for general anesthesia in pediatrics,
volatile inhalational anesthetics such as sevoflurane and desflurane are associated with a high incidence of ED [15, 20].
Minimizing the utilization of these in favor of TIVA with
propofol would therefore constitute a major preventive measure, as well as minimizing the use of mask induction whenever
possible and use IV induction.
Perioperative drugs can also help in lowering the incidence
of ED. For instance, administration of IV propofol, midazolam, opioids, or α2 -adrenergic receptor agonists (particularly
dexmedetomidine) may be beneficial. Changing agent dose,
route or perioperative timing of administration may lead to
contradicting results. Strategies chosen, vary among clinicians
[21, 22], and are of international controversial discussion.
A range of different perioperative agents recently studied as
means of ED prevention are listed in Table 5.

5. Pharmacological interventions
Although ED is mainly self-limiting, it may in some cases
require pharmacological treatment. Few studies have systematically addressed treatment strategies. Current knowledge
regarding the optimal management of ED is thus incomplete.
This is reflected in the large variety of pharmacological agents
used - e.g. propofol, midazolam, fentanyl, morphine, and
dexmedetomidine [21].
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TA B L E 5. Effective and ineffective drugs used to prevent ED.

5.1 Propofol
In addition to its use in TIVA, propofol may be administered at the end of sevoflurane anesthesia to prevent ED.
In a prospective randomized controlled trial, children (1-12
yrs) who received general anesthesia for magnetic resonance
imaging were randomized to receive either propofol 3 mg/kg
over 3 minutes or no propofol at the end of anesthesia. In
the propofol group, a significantly lower incidence of ED was
observed, using two different scales: PAED (29% vs 7%; P
< 0.001) and Watcha (39% vs 15%; P < 0.001) [23]. These
findings have been confirmed in a recent study where the
infusion of 3 mg/kg propofol over three minutes also was found
to reduce ED frequency [24]. Furthermore, a study with an IV
propofol administration of 2 mg/kg near the end of sevoflurane
anesthesia also reported a significant decrease in the incidence
of ED, measured by PAED scale (5.66 ± 1.74 vs 9.87 ± 3.15; P
< 0.01) [25]. Fewer adverse events of the gastrointestinal tract
and respiratory response (5% vs 13.75%; P = 0.03) were also
found. It may be noted that results are given as mean PAED
score, which does not necessarily correlate with ED incidence
that is defined by a score threshold value.
On the other hand, IV administration of a lower dose of
propofol (1 mg/kg) towards the end of sevoflurane anesthesia
may not be sufficient to reduce ED incidence. Here, two
similar studies present contradicting results [26, 27] - one
shows the preventive effect, the other not. However, the
recovery time might be some-what prolonged if propofol is
administered at the end of the procedure.

5.2 Midazolam
It has been researched whether the benzodiazepine midazolam
may attenuate ED incidence. Studies show that the route,
dosage, and timing of midazolam administration give different

results. Used as rectal premedication, it does not affect ED
frequency [28]. A recent study investigated the efficacy of
an IV bolus of 0.01 mg/kg midazolam for premedication in
children aged 1-6 years undergoing cochlear surgery. No
effects on ED were found [29]. In contrast, IV midazolam
(0.03 mg/kg) administered at the end of surgery reduced the
incidence of ED compared with saline. (PAED scale; 17% vs
43%; P = 0.036) [30]. Another study compared the effect of
midazolam (0.04 mg/kg) to propofol (0.8 mg/kg) infusion five
minutes before the cessation of sevoflurane anesthesia [31].
Midazolam was found to be superior to propofol in preventing
sevoflurane-induced ED, though it may be noted that the study
did not include a control group and that the propofol dosage
was low.

5.3 Opioids
ED may also be prevented by the use of opioids, e.g. intraoperative IV remifentanil (0.05-0.15 µg/kg/minute) or intranasal or IV fentanyl (0.5-1 µg/kg) [32]. A very recent study
has investigated whether a continuation of low-dose remifentanil (0.05 µg/kg/min) administered throughout the recovery
phase of sevoflurane anesthesia can affect the incidence of
ED. Remifentanil was administered until specific discharge
criteria were met (modified Aldrete post-anesthesia recovery
score > 9). The authors found a significant reduction of ED
incidence using The Cole five-point scale (33.3% vs 68.3%; P
= 0.002) and PAED scale for scores > 12 (5.1% vs 34.0%; P =
0.001), while length of stay in the PACU remained similar to
the control group [33].
Another recent study evaluated the effects of IV Nalbuphine
on ED in children (3-6 yrs) under Sevoflurane anesthesia. ED
was measured using Aono’s four-point scale and PAED scale.
Patients in the Nalbuphine group had a significantly lower ED
score compared to the control group (Aono’s scale: 21.43% vs
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57.14%; PAED scale: 21.43% vs 54.76%; both P < 0.01) [34].
The above studies showed a lower incidence of ED in patients receiving opioids, compared to control groups, which
supports the notion that pain may contribute to the development of ED.

5.4 α2 -adrenergic receptor agonists
A study where dexmedetomidine was administered as oral
premedication (1 µg/kg) before sevoflurane anesthesia did not
show an attenuation of ED incidence [35]. Two recent studies
have compared oral dexmedetomidine in higher doses (2 µg/kg
and 4 µg/kg, respectively) to oral midazolam (0.5 mg/kg) as
premedication [36, 37]. They both used the PAED scale to
assess ED incidence, and both studies found Dexmedetomidine
to be superior to Midazolam in preventing ED (P < 0.05 and
P = 0.000, respectively). Another recent study looked at a different administration route - IV infusion of Dexmedetomidine
(1 µg/kg) over ten minutes before induction of anesthesia to
prevent ED. The PAED score showed a significantly lower ED
incidence (P < 0.001) [38]. Intraoperative Dexmedetomidine
has also been used as a preventative measure in two recent
studies. In one of them, 0.5 µg/kg was administered IV
over ten minutes after anesthesia induction, which resulted in
significantly lower ED incidence compared to saline control
(31.1% vs 53.3%; P = 0.033) [39]. In the other study, a
continuous IV infusion of 0.2 µg/kg/hour was administered
after induction of anesthesia until the end of the surgery, which
reduced incidence of ED markedly, measured by OPS (15.0%
vs 82.5%; P < 0.001) [40]. A recent systematic review
suggested that dexmedetomidine may be the drug of choice in
preventing ED/EA [41].

5.5 Regional anaesthesia
The use of regional anesthesia has been shown to have an
impact on ED incidence, even more so than opioids. A randomized controlled, observer-blind study examined the effect
of regional pain relief through brachial plexus block (BPB) versus opioid on children 2-7 years of age, undergoing humerus
fracture surgery with sevoflurane anesthesia. The BPB group
was given a nerve block with 0.2% ropivacaine (0.5 mL/kg),
and the opioid group was administered 1 µg/kg of IV fentanyl
at 2-3 min before incision or pinning, 0.5 µg/kg of IV fentanyl
at 5 min before the end of surgery. The PAED scale score was
found to be significantly lower in the BPB group compared to
the opioid group, as well as the incidence of ED [42].
Another study has compared peri-bulbar block (0.3 mL/kg
of 0.25% bupivacaine + 2% lignocaine) to opioid (fentanyl
2 µg/kg) in children 2-10 years old undergoing strabismus
surgery. The anesthesia was induced by sevoflurane and
maintained by desflurane. Incidence and severity of ED,
measured by the PAED score, was significantly attenuated in
the block group compared to the fentanyl group [43].
The addition of dexmedetomidine to a nerve block has also
been studied. Children 2-7 years old undergoing vitreoretinal surgery were divided into three groups: one receiving
retrobulbar 0.5% ropivacaine 0.1 mL/kg + dexmedetomidine
1 µg/kg (RD group), the other a ropivacaine-only block of
the same dose (RB group), and the third was administered IV

remifentanil 0.1 µg/kg/min (F group) and operated without a
nerve block. All three groups received propofol for anesthesia
induction and maintenance. The study found a significant
difference in ED prevalence, being the lowest in the RD group,
followed by the RB group and with the highest number in the
F group. Also, the need for intraoperative rescue fentanyl and
postoperative pain scores were lower in the RD group [44].

5.6 Magnesium sulfate
The effect of intraoperative magnesium sulfate on the incidence and severity of ED was studied in children undergoing
adenotonsillectomy under sevoflurane anesthesia [45]. Children in the intervention group received an IV loading dose of
30 mg/kg over 10 minutes, which was followed by continuous
infusion of 10 mg/kg during the whole surgery. Patients in
the control group received the same amount of saline. Using
PAED scale, the intervention group showed a significantly
lower ED incidence, compared to the control group (36% vs
72%; P = 0.004). Further research on the use of magnesium
sulfate to prevent ED is needed.

5.7 Melatonin
Kain and colleagues [46] conducted a randomized controlled
trial in 2009 to investigate the effects of melatonin on ED
prevention. The children (3-7 yrs) were divided into groups
receiving different oral melatonin dosages (0.05 mg/kg, 0.2
mg/kg, and 0.4 mg/kg, respectively) as premedication. A
fourth group received 0.5 mg/kg of oral midazolam. The study
results showed that the incidence of ED was highest in the
midazolam group (25.6%), whereas in the melatonin groups
the incidence of ED was markedly decreased following an
increase in the dose (25%, 8.3%, and 5.4%, respectively; P
< 0.05). Studies comprising melatonin in higher doses are
underway.

5.8 Ketamine
It has previously been stated that children undergoing strabismus surgery and anesthetized with sevoflurane had a lower
incidence of ED when they additionally received Ketamine 1
mg/kg IV followed by an infusion at 1 mg/kg/hour [47]. A recent study comprising 3-12 years old children undergoing tonsillectomy has compared IV propofol (100 µg/kg/min) and IV
ketofol (ketamine 25 µg/kg/min and propofol 75 µg/kg/min)
anesthesia concerning ED. The incidence and severity of ED
were measured by PAED score. Interestingly, no statistical
difference could be found [48].

5.9 Gabapentin
This anti-epileptic agent gabapentin also used to treat neuropathic pain, has recently been investigated for a possible
effect on ED incidence. Badawy and colleagues [49] gave oral
gabapentin (5 mg/kg) as premedication to children (2-6 yrs),
undergoing strabismus surgery, and compared it to placebo.
Desflurane anesthesia was employed. Their study found a
20% reduction in the incidence of ED in the gabapentinpremedicated group, using the Cravero scale (P = 0.006).
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5.10 Ondansetron

6.3 Interactive distraction

It has been investigated whether ondansetron, a serotonin 5HT3 receptor antagonist and commonly used antiemetic drug,
can reduce the incidence of emergence delirium. An administration of IV ondansetron (100 µg/kg) after induction of
sevoflurane anesthesia did not significantly impact the incidence of ED (measured by the PAED scale in 2-12 years old
children undergoing strabismus surgery) [50].

A review of studies using video for distraction published between 2005 and 2017 showed a reduction in preoperative anxiety but little evidence of ED reduction [57]. However, a study
published in 2019 [58] compared the effect of oral midazolam
premedication with the effect of tablet-based interactive distraction (TBID). The PAED scale was used to assess ED. There
was no significant difference between the groups regarding
the mean total PAED scores. Despite this, the PAED score
measured at 15 minutes after awakening was significantly
lower in the TBID group, compared to the midazolam group
(P = 0.001). The use of video for distraction is emerging, but
so far only reduces preoperative anxiety and not ED [58].

5.11 Miscellaneous
A trial hypothesized that the frequency of ED would be reduced
by the use of esmolol, an adrenergic ß-1 receptor antagonist
with sedative effects. It also investigated the effect of IV
lidocaine, a local anesthetic that may reduce airway responsiveness, as well as a combination of the two. Emergence
delirium was measured using OPS, CPS, and RASS. The
group where esmolol and lidocaine were combined had a lower
incidence of ED, compared to the other groups, including the
saline control group [51]. Compared to succinylcholine the use
of rocuronium/sugammadex reduced the incidence, severity,
and duration of ED in adults (including teenagers) undergoing
reduction of nasal fractures [52].

6. Non-pharmacological interventions
6.1 Perioperative anxiety reduction
A possible effect of perioperative anxiety on ED in children
has been addressed by several researchers. Two separate
studies conducted in 2004 and 2006 both showed a significant
positive correlation between preoperative anxiety and ED [53,
54]. They used the modified Yale Preoperative Anxiety Scale
(mYPAS) immediately before anaesthesia. Berghmans and
colleagues [49], using the Child Behavior Check List (CBCL)
to assess behavior over the 6 months prior to operation, found
no connection between longer term anxiety behavior and ED
assessed using the PAED scale. Thus, it remains unclear
whether preoperative anxiety is related to ED incidence in
pediatric patients. In addition to medical anxiolytics, several
non-medical means of perioperative anxiety reduction have
been tested.

6.2 Mother's voice during emergence
Several studies have investigated the effects of listening to
the mother’s recorded voice during emergence compared to a
stranger’s voice. One trial investigated the effect of a mother’s
recorded voice compared to a stranger’s voice at the end of
the operation. The recorded voice was delivered to the child
by noise-canceling headphones. This was continued until the
arrival of the patient to the PACU and ED was measured using
both the PAED scale and Watcha scale. This trial revealed that
the incidence of ED during PACU stay was significantly lower
in children (2-8 yrs) listening to their mother’s voice compared
to children listening to a stranger’s voice (P = 0.006) [55].
These findings have recently been confirmed [56].

6.4 Preoperative visit to the operating room
The unfamiliarity of the operating theatre can give anxiety. A
prospective, randomized controlled trial [59] was conducted to
compare the effects on ED incidence of a preoperative visit to
the operating room (PVOR) to the administration of propofol
at the end of sevoflurane anesthesia on children (3-6 yrs) and
routine care (sevoflurane only). Both the PAED scale and
Aono’s four-point scale were used to assess ED. The results
showed a significantly higher incidence of ED in the group
that received routine care compared to the PVOR group the
propofol group (P < 0.05). There was, however, no significant
difference in the incidence of ED between the PVOR group and
the group that received Propofol.

6.5 Acupuncture
Alternative medical interventions to prevent or treat ED have
also been investigated. A prospective, double-blinded randomized clinical study published in 2016 investigated the effect of
anxiety-reducing acupuncture of the “Heart 7” (HT7) point,
located on the ulnar side of the wrist by bilateral electrical,
stimulation [60]. This intervention was found to reduce the
incidence of ED, consistent with the known link between
anxiety and delirium. In 2018, the results of a similar trial by
the same group of researchers showed that unilateral electrical
stimulation of the same point (HT7) did not affect the incidence
of ED [61].

6.6 The effect of intraoperative monitoring
on ED prediction
A prospective, predictive study was conducted to investigate
if changes of EEG monitored intraoperatively could predict
the incidence of ED in children (1-6 yrs) under sevoflurane
anesthesia. Emergence Delirium was measured using the
Cole 5-point scale. This study found a positive correlation
between intraoperative EEG changes and ED incidence [62].
Another prospective, observational cohort study investigated a
possible correlation between EEG epileptiform discharges during induction of anesthesia in children (0.5-8 yrs) undergoing
elective surgery and the incidence of ED. The PAED scale was
employed. One type of discharge, the interictal spikes, were
associated with ED (P = 0.004) [62]. The variety of drugs
administered to patients was not accounted for. Koch and
colleagues [63] performed a study to evaluate whether the oc-
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currence and the duration of burst suppression on EEG during
general anesthesia are related to subsequent development of
ED. Using the PAED scale, the results indicated that there was
no significant difference in burst suppression between children
who developed ED and those who did not. Further studies are
needed to determine the effects of intraoperative monitoring
on ED - e.g. using intraoperative EEG or heart rate variability.

6.7 Preoperative fasting and ED
Khanna and colleagues [64] conducted a prospective observational study to investigate if there was any correlation between
the length of preoperative fasting and the incidence of ED in
children (2-6 yrs). Emergence delirium was assessed using the
PAED scale with a significant positive correlation being found
between preoperative fasting and the PAED score at 15 and 25
minutes postoperatively (P = 0.02).

6.8 Management of established EA/ED
ED is a self-limiting condition usually lasting less than 10
min. Hence, the mainstay of its treatment is to eliminate
any causative factor(s) (pain, anxiety, PONV, the presence of
invasive devices, and the lack of parents). So far, only one
randomized controlled trial has been published on this issue.
Funk and colleagues compared the effects of physostigmine
and placebo on ED in preschool children and failed to show
any effect [65]. Most practitioners prefer to use a sedative (e.g.
propofol, ketamine, midazolam, clonidine, or dexmedetomidine) and/or opioids (fentanyl, morphine). Dexmedetomidine
is increasingly considered the most appropriate prophylactic
medication given its intrinsic analgesic and sedative properties
to prevent ED [2]. When PONV is a problem many anesthetists
chose clonidine as it is known to reduce PONV in addition to
providing analgesia. Much more work is warranted on these
issues.

7. Conclusions and thoughts for the
future
The incidence of ED amongst young children is too high and
carries the potential for self-inflicted harm, as well as the
possibility of long-term sequelae, hitherto unknown. Despite
major advancements in the neuroscience of anesthesiology,
the pathogenesis of ED has yet to be sufficiently elucidated.
Although several risk factors for ED are known (e.g. volatile
inhalation anesthetics, age, gender, type of surgery), and preventive measures have been sought and found (e.g. TIVA,
α2 -agonists), there is an urgent need for future research to
fill in gaps of knowledge. Administration of melatonin, for
instance, has shown promising results in reducing ED incidence, but further research is needed to properly validate its
efficacy. A consensus within the research community on the
implementation of a standardized and validated screening tool
for ED would aid in comparing research data and results, which
today is hampered by the use of a broad range of scales.
The PAED scale is the most commonly used and validated
screening tool developed; however, the use of the PAED scale
poses a challenge when it comes to distinguishing ED from
pain and anxiety, especially in the youngest children, and in

those with mental retardation and other challenges. To improve
the assessment of ED incidence, Mason [60] has suggested
implementing a preoperative PAED score to assess a baseline
for each individual, which may be used for postoperative
comparison. Hopefully, the future will bring novel agents that
may remove ED in pediatric anesthesia.

7.1 Limitations of this review
In this review, we aimed to present the most recent research in
the field of postoperative pediatric ED. Our search scope was
thus restricted. In doing so we may have excluded relevant
studies published before 2018. However, the scientific quality
of more recent studies may be higher compared to older ones.
Moreover, recent studies have better taken into account pain as
a confounding issue when assessing ED.
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