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Objectives

• Discuss pain in children

• Discuss means of managing pain in acute pediatric care settings

• Apply pharmacological means of controlling pain to alleviate pain



Pain in Children
• One of the most common reasons for children to seek emergency healthcare

• Children are less likely than adults to have pain treated adequately.

• Pain treatment does not confuse diagnostic evaluation or mask important 
symptoms.

• Pain exposure can alter pain processing, development, and behavior in infants 
and neonates. 

• Untreated pain in children is known to cause harm, and the effects extend into 
adulthood. 



Reporting pain

• The expression of pain is highly subjective and is modulated, in part, by 
emotional state, developmental age, cultural influences, context of disease, 
and prior pain experience.

• A child’s pain experience is influenced by their developmental abilities to 
report pain, especially in times of severe pain or stress. 

• Children should be encouraged to self-report their pain whenever possible.

• Utilizing an appropriate pain measure for a child’s age and developmental 
abilities is necessary to guide effective treatment.



Non-pharmacological Intervention in Children
• Use of physical, behavioral, cognitive measures 

• When analgesia provided, these measures may prevent the need for 
procedural sedation

• When used complementary to pharmacological interventions can

-reduce pre-procedural agitation

-allow for easier transition to sedation

-may reduce amount of meds required for effective sedation

-may decrease the freq. of adverse events, e.g. emergence rxn

• Child life specialists are particularly helpful in facilitating these 
techniques



Case 1

• 10-year-old girl is brought in via wheelchair by her mother.
• The girl is developmentally delayed, nonverbal, writhing and moaning, and keeps batting 

your hands away when you try to examine her. 
• Her temperature is 39.2°C, and her heart rate 150 beats/min. 
• Her mother is tearful, saying that she has never seen her daughter in so much pain. 
• How would you manage her pain?

(1) IV Ketamine 
(2) IN Midazolam +/- IN Fentanyl
(3) IV Dexmedetomidine 
(4) Inhaled Nitrous Oxide
(5) IV Morphine and IV Ketorolac



Case 1 Progression

• You provide 
• 1.5 mcg/kg of IN fentanyl
• 15 mg/kg dose of acetaminophen through her g-tube

• Her writhing settles. 
• On exam, you find RLQ tenderness. 
• Topical anesthetic cream is applied to her hand. IV is established. 
• You administer 

• morphine 0.05 mg/kg dose IV
• ketorolac 0.5 mg/kg dose IV

• The diagnosis of appendicitis is confirmed on US. 
• The girl heads safely to the operating room. 



TREKK 
Recommendations 

for Analgesic 
Medication Dosing 

for Children Aged ≥1 
Year 



Case 2
A 10-year-old falls off a monkey bar and sustains an 
angulated fracture of distal radius. You would like to 
proceed with a reduction. Which of the following is 
most appropriate agent for the procedure?

(1) IV Ketamine 

(2) IN Midazolam +/- IN Fentanyl

(3) IV Dexmedetomidine 

(4) Inhaled Nitrous Oxide

(5) IV Morphine and IV Ketorolac



Ketamine Effects
• Phencyclidine derivative 
• Dissociative state through binding of NMDA receptor
• Provides sedation and analgesia 
• Preserves airway protective reflexes and spontaneous breathing
• Short onset of action (1-2 minutes)
• Ideal for brief, painful procedures such as fracture reduction or 

complex laceration repair
• Ketamine’s dissociative effects occur at a certain threshold rather 

than on a dose-response continuum; once the state is reached, 
additional meds don’t enhance the effect



Ketamine Adverse Effects 
• The adverse events are not heightened by increased dosing so long as 

one stays withing the standard dosing range
• Fasting times are not associated with adverse events
• IV dose is 1-2 mg/kg over 30-60 seconds to avoid transient respiratory 

depression
• IM dose is 4-5 mg/kg and a repeat dose 2-4 mg/kg could be given 10 

minutes following the first dose, if required
• IM dose associated with higher rates of apnea and vomiting
• Laryngospasm occurs more commonly in children 0.39% vs. 0.11% 

and is potentiated by rapid infusion
Bhatt M, et al. JAMA 2017
Bhatt M, et al. Acad Emerg Med 2020



Case 3

• You are performing a procedural sedation. After administration of 
medication(s), you note a drop in SpO2 and the ETCO2 drops to 0. The 
chest is not moving. You suspect laryngospasm. Which of the 
following is the likeliest culprit?

(1) IV Ketamine 
(2) IN Midazolam +/- IN Fentanyl
(3) IV Dexmedetomidine 
(4) Inhaled Nitrous Oxide
(5) IV Morphine and IV Ketorolac



Laryngospasm

This study in 2016 showed the 
incidence is highest with Ketamine. 

This Study in 2022 showed the 
incidence is lowest with Ketamine.



Ketamine-induced laryngospasm
• A rare potentially life-threatening complication of a common procedure. Overall incidence is 

0.3-0.4%.
• Spasmotic closure of the glottic aperture
• Associated with lack of chest wall excursion, decrease in oximetry, a sudden drop of EtCO2 to 0 

with flatlining of capnography
• More likely to occur with age < 1 yr, comorbid URTI, and airway procedures
• Usually occurs shortly after administration of ketamine; typically transient and self-limited
• Idiosyncratic reaction: no association with dose
• When it occurs, first perform a jaw-thrust maneuver followed by PPV with 100% oxygen using 

BMV
• If this fails, administer succinylcholine to relax vocal cord musculature then BMV or intubate 

until paralytic is worn off
• Larson maneuver: firm pressure applied to the ‘laryngospasm notch’ bilaterally while lifting the 

mandible and providing PPV using 100% oxygen could relieve laryngospasm within a few 
breaths. 



Case 4

A 13 year old twists her knee at soccer and comes in with a 
lateral patellar displacement. 
On exam the patella is displaced laterally and the patient is 
screaming in pain. 
What sedation modality is most appropriate when you 
attempt a reduction? 

(1) IV Ketamine 

(2) IN Midazolam +/- IN Fentanyl

(3) IV Dexmedetomidine 

(4) Inhaled Nitrous Oxide

(5) IV Morphine and IV Ketorolac



Inhaled Nitrous Oxide (N2O) - Entenox

• Anesthetic gas 
• Nitrous oxide with 30-50% oxygen
• Requires cooperation through a demand valve
• Minimal age of use 4 years
• Provides mild analgesia, sedation, amnesia, and anxiolysis
• Preserves airway protective reflexes, and hemodynamic status 
• Rapid onset
• Excellent safety profile 
• Minor side effects include nausea, vomiting (7%), and dysphoria



Case 5

• A 2-year-old boy is not tolerating his BiPAP for severe bronchiolitis. 
What sedation modality would be most appropriate?

(1) IV Ketamine 
(2) IN Midazolam +/- IN Fentanyl
(3) IV Dexmedetomidine 
(4) Inhaled Nitrous Oxide
(5) IV Morphine and IV Ketorolac



Dexmedetomidine (precedex)

• Selective alpha-2 adrenergic agonist
• Relatively longer onset of action (8-16 minutes) but longer duration of action (30 

minutes)
• Can be given IN – an area of emerging interest
• Minimal respiratory depression in children
• Maintains ventilation and preserves upper airway tone 
• Is often used for children requiring neuroimaging or for compliance during NIV
• Laryngospasm is an uncommon side effect occurring in 0.3% 
• IV dose is 1.5 mcg/kg in < 2 year-olds and 2 mcg/kg in 2-18 year-olds
• For continuous sedation, the dose 1.5 mcg/kg could be given followed by 2 

mcg/kg/hr thereafter
• IN dose is 2.5-3 mcg/kg



Case 6
• A 6 year-old runs into a pole and sustains a laceration to his 

forehead. He is agitated and anxious. Which sedation modality 
is best to consider in this setting?

(1) IV Ketamine 

(2) IN Midazolam +/- IN Fentanyl

(3) IV Dexmedetomidine 

(4) Inhaled Nitrous Oxide

(5) IV Morphine and IV Ketorolac



IN Midazolam

• Benzodiazepine
• Anxiolytic and amnestic
• Rapid onset of action
• IN associated with most rapid onset of sedation but shorter duration 

of sedation
• May result in paradoxical agitation if lower doses are used e.g. 0.3 

mg/kg IN vs. 0.4-0.5 mg/kg IN
• May opt to use Fentanyl if painful procedure



Agents not commonly used

• Chloral hydrate
• Delayed onset of action
• Prolonged and unpredictable effect
• High frequency of adverse effects

• Propofol 
• No analgesic properties 
• Require combination with an analgesic agent 
• Can impair hemodynamic stability
• Maybe used in combination with other agents such as ketamine



Sedation in the Neurodivergent Patient

• Make environmental adaptation changes
• Reduce stimuli
• Dark quiet rooms

• Consider sedation for non-painful procedures e.g. physical 
examination

• Opt to use non-intravenous routes e.g. IN
• Dosing required is similar
• More likely to have paradoxical agitation
• Use full dose of medications (low doses associated with disinhibition)



Comparative Analysis
Routes Dose Min. 

Age
Onset Effects Side Effects Procedures

Ketamine IV
IM

1-2 mg/kg
2-4 mg/kg

3 mo. Rapid Sedation
Analgesia

Vomiting
Laryngospasm

Fracture reduction
Complex laceration

Dexmedetomidine IV
IN

1-2 mcg/kg 6-18 m Sedation
Limited Analgesia

Ventilation
Neuroimaging

Midazolam
+
Fentanyl

IN

IN

1.5 mcg/kg Sedation

Analgesia

Laceration Repair
Burn Dressing
FB removals
EUA

Nitrous Oxide Inhaled 4 yr Rapid Sedation
Limited Analgesia

dislocation reduction
IV Starts

Morphine IV Analgesia Respiratory 
Depression
Vomiting

Abdominal Pain
Trauma

Ketorolac IV 6 mo. Opioid-sparing 
Analgesia

Migraine
Abdominal/Pelvic Pain



Summary

• Appreciate pitfall of inadequate pain control in children
• Use non-pharmacological measures to enhance response to medication
• Use opioids and opioid-sparing medications to treat pain
• Ketamine provides strong analgesia and sedation and is the ideal agent for severe pain 

control, such as in orthopedic reductions. 
• Ketamine as a single agent has the safest medication profile.
• Dexmedetomidine is a sedative with limited analgesia effects used for sedation in 

children requiring NIV. 
• Inhaled NO is ideal for short procedures requiring sedation and limited analgesia, such as 

patellar relocation. 
• IN midazolam +/- IN fentanyl can be used for anxiety-provoking procedures such as 

laceration repair. 
• When using procedural sedation, be prepared for laryngospasm…
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