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Definition

“A disturbance in a child’s awareness or 
attention to his/her environment with disorientation 
and perceptual alterations including hypersensitivity 
to stimuli and hyperactive motor behavior in the 
immediate post anesthesia period”

- Eckenhoff and colleagues in 1960s



1960
• Smessaert and Eckenhoff describe postanesthetic excitement. 

1990
• Sevoflurane introduced in Japan

1991
• Post operative agitation first described with Sevoflurane in Japan. 

1995
• FDA approves Sevoflurane in United States

1996

• Welborn and Lerman in United States report emergence agitation 
with Sevoflurane.

2003

• Voepel-Lewis describes 18% incidence of emergence agitation in 
children 3–7 years old which can last an average of 14 minutes.

2004
• The PAED scale presented for children greater than 2 years age

K. P. Mason. British Journal of Anaesthesia, 118 (3): 335–43 (2017)



Incidence

20-30% incidence of ED 
in children 3–7 years old

Lee, J Perioper Crit Intensive Care Nurs 2018, 4:1



 Risk of harming self and 
surgical wound dehiscence

 Risk of harming caregivers

 1.43 times greater risk of 
having maladaptive 
behavioral change

Does it matter?



Causes

• Remains unknown

• Various theories suggest 
that from the immature 
nervous system

Lee, J Perioper Crit Intensive Care Nurs 2018, 4:1



Risk factors

• Volatile anesthesia 

• Preschool children

• Male

• Otorhinolaryngology and ophthalmology procedure

• Preoperative anxiety

• Child temperament

• Parental anxiety

ENT 25%

Ophthalmo
logic 27%

Urologic
15%

Orthopedic,
15%

General 
surgical

12%

others 6%

(Terri Voepel-Lewis Anesth Analg 2003;96:1625–30)



Zeev N. Kain.Anesth Analg 2004;99:1648–54

 Included 8 Prospective studies related to 
• Preoperative anxiety
• Emergence status
• Postoperative behavioral changes over the past 6 years

 Children with a physical class of ASA I–II, undergoing surgery with 
general anesthesia



Results

ED were increased by approximately 10% as a result of an increment of 10 
points in the mYPAS(95% CI1.0017– 1.0171, P=0.0168)



Clinical presentations 

Non-purposeful movement

Kicking

Thrusting their head backward

Failing to make eye contact

Inconsolable demeanor



ED PAIN

Inconsolability

Crying

Abnormal facial 
expression

No awareness 
of surroundings

No purposeful 
action 

No eye contact

Arthura D. Moore. Springer International Publishing Switzerland 2016



Occur within 30 min 
of termination of 

anaesthesia

Last for 15-30 min

(up to 2 days)

Resolve spontaneously 
within around 20 min 

Lee, J Perioper Crit Intensive Care Nurs 2018, 4:1



Clinical approach

Ensure their 
safety 
 Placing pillows

 Padded boards around 
the patient 

 Securing IV lines and 
dressings

 Excluding life 
threatening conditions

Lee, J Perioper Crit Intensive Care Nurs 2018, 4:1



Differential 
diagnosis

Pain (most common)

Hypoxia / Hypotension

Hypocarbia/Hypercarbia

Hypothermia

Hypoglycemia

Full bladder

Raised intracranial pressure

Lee, J Perioper Crit Intensive Care Nurs 2018, 4:1



The Paediatric
Anaesthesia
Emergence Delirium 
(PAED) scale 

 A score of ≥ 10 displays 
64% sensitivity and 
86% specificity.

 A score of >12 yields 
100% sensitivity and 
94.5% specificity for 
the diagnosis of ED.

≥ 10



The Watcha
scale 
 A child with a score of >2 

on the Watcha score can 
be considered to have 
emergence delirium. 



The Cravero
scale

A score of >= 4 (from crying 
and difficult to console to 
wild thrashing) for a 5 or 
more min duration despite 
active calming efforts is 
regarded as indicative of ED

 A score of ≥ 4 (from crying 
and difficult to console to 
wild thrashing) for a 5 or 
more minute duration 
despite active calming 
efforts is regarded as 
indicative of ED



Preventative 
strategies

• Non-pharmacological

• ADVANCE

• Anxiety reduction

• Distraction on the day of 
surgery

• Video modelling and education

• Adding parents

• No excessive reassurance

• Coaching of parents by staff

• Exposure/shaping of the child 
via mask practice

• Avoid volatile agents

K. P. Mason. British Journal of Anaesthesia, 118 (3): 335–43 (2017)





Non-pharmacological interventions for assisting the induction of anaesthesia in children (Review) 
Copyright © 2010 The Cochrane Collaboration. 

Intervention Results Difference  (95%CI)

Parental presence No significant differences in child 
anxiety compared with not having 
a parent present 

Standardized mean difference 
(SMD) 0.03, 95% CI -0.14 to 0.20

Mask introduction No significant differences in child 
anxiety

RR 0.59, 95% CI 0.31 to 1.11

Video of the child’s choice 
was played during induction

Significantly less anxious
than controls

mYPAS 31.2, 95% CI 27.1 to 33.3

A video fairytale or Music 
therapy

No significant differences in co-
operation at induction

Video games before 
induction

Significantly less anxious at 
induction

mYPAS mean difference (MD) -9.80, 
95% CI -19.42 to -0.18

Clowns/clown doctors
and sedative premedication

No significant differences in child 
anxiety in the operating room 
between clown VS medication.

mYPAS MD -9.67, 
95% CI -21.14 to 1.80

Results 



International Journal of Pediatric Otorhinolaryngology 104 (2018) 32–35



69 children 

(3 to 6 years) 
tonsillectomy under 

sevoflurane

Preop Visit OR 
(Group PV)

Routine 
preoperative 

visit (Group RV)

Routine 
preoperative visit 

plus propofol 
(Group RP)



Results

presented as mean ± SD. Multiple comparisons using error 
discovery rate were obtained as follows.                                                  
a = P < 0.05 PV group vs. RV group; 
b = P < 0.05 PV group vs. RP group; 
c = P < 0.05 RP group vs. RV group.

Significantly lower 
than routine preop 

visit group 

Significantly shorter 
than routine preop 
visit plus propofol

group

Preop visit OR

Routine visit  

Routine+propofol



Volatile agents ?





Outcome 

Des

flurane

Iso

flurane

Sevo

flurane

Halo

thane



Isoflurane

Desflurane

Favor other Favor Sevoflurane



Pharmacological prevention

Midazolam 

Propofol

Fentanyl

Ketamine

α2-adreno 
ceptor

Local 
anaesthe

tics

5-HT3

inhibitors



Sevoflurane 
inhalational 

GA

Propofol as 
an adjunct to 
sevoflurane 

GA

Propofol 
TIVA 

techniques

AANA Journal : December 2010 



The use of a propofol TIVA technique and adjunctive
propofol can reduce the incidence of emergence delirium.



Midazolam

Oral premedication 

• No overall reduction in risk of ED

• RR 0.81, 95% CI 0.59-1.12

IV before induction 

• No significant difference in PAED score

• PAED score 6.3 VS 7.2

IV at the end of anaesthesia

• Significantly reduced the risk of ED

• RR 0.57 95%CI [0.41,0.81]

Cochrane Database of Systematic Reviews 2014; Effects of sevoflurane 
versus other general anaesthesia on emergence agitation in children.



Midazolam IV at the end of anaesthesia

fl

©



0.03 0.05 Saline

Anesthesiology. 2014 Jun;120(6):1354-61.

Midazolam IV before
the end of surgery



Results 

0.03mg/kg of midazolam before the end of surgery reduces the 
incidence of emergence agitation in children having strabismus surgery 
without delaying the emergence time or causing adverse events.



Clonidine before induction

Clin Ther. 2013 Oct;35(10):1622-31

 7 clonidine trials (767 children); 
Clonidine IV or caudal route 0-45 minutes before induction

Significantly decrease incidence of EA 
either via intravenous or caudal route



PLOSONE|DOI:10.1371/journal.pone.0123728 April13,2015



Dexmedetomidine

Parameters Risk ratio (95% CI) Results 

Incidence of EA M-H. 0.37 [0.30, 0.46] Favours experimental Decreased incidence of ED

Post-anesthesia 
nausea and vomiting

M-H. 0.57 [0.38, 0.85] Favours experimental Decreased PONV

Emergence time IV. 1.16 [0.72, 1.6] Favours control Delayed emergence time

Time to extubation IV. 0.61 [0.27, 0.95] Favours control Prolonged time to extubation

Time to discharge 
from recovery room

IV. 2.67 [0.95, 4.39] Favours control Delayed time to discharge 
from recovery room

A total of 1364 patients from 20 prospective RCTs were included in the meta-analysis.



 Dexmedetomidine IV after induction 10 min before 
surgery, continue infusion and stop 3-5 min 
postoperative

Journal of International Medical Research 2017



0.25 0.5 1.0

Saline           0.25 mcg/kg    0.5 mcg/kg     1.0 mcg/kg
(n=24)              (n=23)               (n=25)             (n=25) 

Conclusion 



• Included 10 RCT (718 patients)
• Compared fentanyl (1 mcg/kg) and placebo 

• Sevoflurane inhalation was used for maintenance.

• Children 0-14 years old

Paediatr Anaesth. 2017 Sep;27(9):885-892.



Results 

Fentanyl around the end of surgery 
significantly decreased EA incidence

The end of surgery

10-20min before the end of surgery



Length of PACU stay 

The end of surgery

10-20min before the end of surgery

Receiving fentanyl at the end of surgery delays PACU stay.



• 93 children, ASA I-II, 2-14 years old, undergoing  
adenotonsillectomy.

• Three groups : receiving saline(C), ketamine 0.25 mg/kg 
(K0.25) or ketamine 0.5 mg/kg (K0.5)

• Administered IV the study drugs 10 minutes before the end 
of surgery

Korean J Anesthesiol 2010 May; 58(5): 440-445



Result

Katamine gr : lower incidence of ED 
than control group

No hallucination or nightmare were 
observed in ketamine gr

No significant differences



Ketamine and ED

Oral premedication

• Effective intervention with reduction in risk of EA  (Abde lmawgoud 2012; 

Khattab 2009) 

Ketamine IV bolus after induction

• No reduction in risk of ED compared with placebo  (Tsai 2008)

Ketamine 0.25 mg/kg IV bolus at end of anesthesia

• Effective reduction in risk of EA (Abu-Shahwan 2007; Dalens 2006; Lee 2010a) 

Effects of sevoflurane versus other general anaesthesia on emergence 
agitation in children.Cochrane Database of Systematic Reviews 2014



Which’s good?



• 67 randomized control trials

• The relative risk of EA associated with eight 
anesthetic adjuvants was analyzed : ketamine, 
propofol, dexmedetomidine, clonidine, midazolam, 
fentanyl, remifentanil, and sufentanil

Mol Neurobiol (2017) 54:7312–7326





Results 

• Based on the surface under the cumulative ranking curve (SUCRA) values
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Summary
Drugs Prevention Treatment

Propofol TIVA or 1 mg/kg iv at the end of surgery 0.5-1 mg/kg iv

Midazolam 0.03 mg/kg iv at the end of surgery 0.1 mg/kg iv

Fentanyl 1 mcg/kg iv at 10-20 minute before surgery
2 mcg/kg intranasal after induction

1-2 mcg/kg iv

Dexmedetomidine 0.2 mcg/kg iv preoperative
0.3 mcg/kg iv at the end of surgery
0.2-1 mcg/kg/hour intraoperative infusion 
1 mcg/kg caudal

0.3 mcg/kg iv

Ketamine 0.25 mg/kg iv preoperative or before the end of surgery

Magnesium sulphate 30 mg/kg iv bolus then 10 mg/kg/hr infusion 

Dexamethasone 0.2 mg/kg iv before induction

Clonidine 2-4 mcg/kg iv after induction
4 mcg/kg oral or intrarectal preoperative

Ketorolac 1 mg/kg iv during surgery

Gabapentin 15 mg/kg oral preoperative 



Take home 
message

• Mostly in preschool-children after 
inhaled anesthetics

• ED must be prevented as a result                          
of risk  for self-injury

• Diagnosis : rule out pain and 
potentially dangerous causes of 
agitation (hypoxia, hypotension, 
hypercarbia, hypoglycemia)

• Mostly, resolves over 20 minutes, 
and requires no treatment other 
than support, presence of parental, 
prevention of harm


