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Learning Objectives

 At the end of this session you will be able to manage acute pediatric pain 

in 5 different scenarios:

 Persistent postoperative pain after hospital discharge

 Neuropathic pain

 Infancy

 Opioid tolerant patient

 Opioid Use Disorder on Buprenorphine maintenance 



What Is Pain?

 An unpleasant sensory and emotional experience associated with, or 
resembling that associated with, actual or potential tissue damage and:

 Pain is always a personal experience that is influenced to varying degrees 
by biological, psychological and social factors.

 Pain and nociception are different phenomena.  Pain cannot be inferred 
solely from activity in sensory neurons.  

 Through life experiences, individuals learn the concept of pain

 A person’s report of an experience as painful should be respected.

 Although pain usually serves an adaptive role, it may have adverse effects 
on function and social and psychological well-being.

 Verbal description is only one of several behaviors to express pain;  inability 
to communicate does not negate the possibility of the experience of pain



Theories Describing the Mechanism of 

Pain Sensation

 300 BC   Aristotle

 1643  Rene Descartes   

 1811  Specificity Theory 

 1849  Intensity Theory 

 1929   Pattern Theory

 1965   Gate Theory

 2016   Brain Plasticity Theory 



Aristotle

 Son of a physician

 Treatise:  De Partibus Animailus 300 B.C.

 Heart was the center of intelligence and sensation

 Skin conveyed pain to the heart via blood vessels

 Dominated beliefs on pain for centuries



Rene Descartes

 1662   Treatise of Man



Specificity  Theory of Sensation/Pain

 1811  Charles Bell    Idea of a New Anatomy of the Brain, Submitted for the 

Observation of His Friends

 Pain in a dedicated region of the brain

 Controversy over whether pain had its own specific pathway



Intensity Theory of Pain

 1849  Wilhelm Erb Intensity Theory of Pain

 Intensity of the stimulus:  pain vs touch



Pattern Theory of Pain

 JP Nafe 1929  Quantitative Theory of Feeling

 Frequency and duration of nerve impulses encodes 

type and intensity of sensation



Gate Theory of Pain

 1965  Melzak and Wall

 Specific pain nerve fibers

 Gating at the first synaptic relay in the substantia gelatinosa

 Large non-nociceptive afferent fibers 

inhibit nociceptive afferents via 

inhibitory interneurons

 Gating is modulated by central control



Neuroplasticity Theory of Pain

 2016  Mansour, Farmer 

 Brain structure and function change in response to pain 





Treating Pain:  The First Question

 What type of pain is this?

 Nociceptive

 Neuropathic

 Inflammatory



Treating pain:  The Second Question

 What is the level of pain?

 Children are more susceptible to under treatment of pain

 Under 3 can’t verbalize

 Physicians, Nurses, Parents inability to assess pain

 Fear of Opioid Addiction

 Belief neonates experience less pain

Nerves for pain sensation present by 24-29 weeks

Untreated pain, occurring during neural development, worsens long-term 

outcomes



Objective Measures Of Pediatric Pain

 Self-reported measures:  over 7 years of age

 Behavioral measures:  ages 2-7 years 

 and when self-reported measures are inconsistent with appearance

 Behavior and symptoms for infants/neonates



Self-reporting Scales

 Visual Analogue Scale Greater than 7 years

 Wong-Baker Faces Scale

 0-3  Mild Pain

 4-7  Moderate Pain

 8-10 Severe pain

 Treatment based on pain score



Behavior Pain Scores



Neonatal CRIES Pain Scale



Question one:  What Type of Pain Is 

This?

 A thorough understanding of Pain Physiology is required to identify the 

interventions most likely to provide benefit

 Pain perception is the balance of facilitatory and inhibitory processes 

occurring centrally and peripherally



Nociceptors

 Sensory neurons with specialized receptors only for pain

 Skin, viscera, muscles, joints, meninges

 Respond to painful stimuli (mechanical, thermal, chemical) 

 Convert to an electrical action potential

 Cell bodies originate in the dorsal root ganglia

 Infammatory mediators: ( serotonin, prostaglandins, 

cytokines, bradykinin) release from damaged tissue, 

reducing activation threshold of nociceptors



Primary Afferent Pain Fibers

 A delta:  

 Thinly myelinated

 Conduction velocity:  5-15 m/sec

 Rapid, sharp, localized pain

 Synapse in dorsal horn, releasing 

neurotransmitters substance P

and Glutamate



Primary Afferent Pain Fibers

 C fibers

 Unmyelinated

 Small diameter

 Conduction velocity < 2 m/s

 High threshold

 Slow, diffuse, dull pain



Primary Afferent Fibers Involved in Pain

 A Beta fibers

 Touch

 Highly myelinated

 Large diameter

 Conduction velocity 40 m/s (C 2, A delta 15)



Ascending Tracts

 Spinothalamic

 Secondary neurons decussate and ascend contralateral spinothalamic tract

 Terminate in nuclei in thalamus

 Third order neurons to somatosensory cortex

 Important in pain localization



Ascending Tracts

 Spinoreticular

 Secondary neurons decussate and ascend contralateral cord

 Terminate in brainstem reticular formation

 Third order to thalamus and hypothalamus

 Emotional aspects of pain



Descending Inhibition

 Descending pathways

 High concentration opioid receptors

 Endogenous opioids

 Project to dorsal horn

 Noradrenaline and

Serotonin neurotransmitters



Pain Processing



Signaling Pathways of Pain



Pain Neurotransmitters and Receptors





Management of Acute, Nociceptive,  

Pediatric Pain

 Identify type(s) of pain 

 Nociceptive (Somatic/Visceral), Inflammatory, Neuropathic

 Level of pain

 Manage expectations

 Discuss analgesic strategies

 Multi-modal analgesia



Multimodal Approach Somatic Pain 

Management

 Use of analgesics with different mechanisms of action to reduce side 

effects and maximize pain control

 Acetaminophen

 NSAIDS

 Gabapentin

 Opioids



Multi-modal Analgesia



Acetaminophen

 Most common analgesic pediatric population

 Works primarily centrally at brain and spinal cord via TRPVl, opioid, CB1 and 
5HT3 receptors

 Minimal anti-inflammatory properties, not an NSAID

 No effect on platelet, renal function, GI tract

 Multiple studies demonstrating opioid sparing effect

 Hepatic toxicity  (most common cause acute liver failure, second most 
common cause liver transplant)

 Dose:  15 mg/kg every 6 hours

 Max 1000 mg dose, 4 grams in 24 hours



Acetaminophen



NSAIDs

 Main mechanism of action is inhibition of the COX (cyclo-

oxygenase)enzyme and the production of thromboxanes, prostaglandins 

and prostacyclines from arachidonic acid, which decrease the 

nociceptive threshold of the nociceptors

 COX 1 

 Maintains gastrointestinal mucosal lining, kidney function, platelet aggregation

 COX 2

 Expresses during inflammatory response

 Celecoxib, COX-2 selective



NSAIDs



Ibuprofen

 Most used NSAID

 Risk of renal impairment no greater than acetaminophen with short term 

use in children 

 Dose:  10 mg/kg q 6 hours, Max 1200 mg/day peds, 3200 mg/day adults



Bone Growth Inhibition with NSAIDs?



Celebrex in Pediatrics

 Only COX 2 specific NSAID available in US

 Disappointing results in acute pediatric pain

 May be BID dosing, with more rapid metabolism in children

 Some use for chronic pain in juvenile rheumatoid arthritis

 Paucity of studies evaluating Celebrex but none have been favorable



The Combination of Acetaminophen 

and NSAIDs

 First studied in 2004

 Preponderance of evidence supports the benefit of the combination although 

not all studies have shown a clear benefit

 Acetaminophen 15 mg/kg q 6 hours and ibuprofen 10 mg/kg q 6 hours 

alternating, receiving a dose q 3 hours 

 Advil Dual Action  Acetaminophen 250 mg/ Ibuprofen 125 mg  1 tab q 4-6 hours



NSAIDs and Development of Chronic 

Pain

 New York Times warning NSAIDS can lead to chronic pain.  July, 2022

 “Acute Inflammatory Response via Neutrophil Activation Protects Against the 
Development of Chronic Pain”  May, 2022.  Translational Medicine.

 Patients who developed chronic pain had a dramatic decrease in neutrophils

 Mice treated with NSAIDS took twice as long to recover from acute injury

 Individuals treated with NSAIDS for acute back pain were 1.76 times more likely 
to develop chronic pain. (retrospective)

 Not observed with non-anti-inflammatory drugs

 Neutrophils may prevent the development of chronic pain

 We need a large, prospective, randomized trial



Gabapentin

 Interacts with voltage gated calcium channels, decreasing the release of 

excitatory neurotransmitters

 Dose:  5 mg/kg q 8 hours

 Sedation generally mild at this dose

 Other side effects:  dizziness, nausea, blurred vision, dry mouth



Gabapentin



Opioids

 3000 BC Opium cultivated for pain relief

 1806 Morphine extracted from opium poppy 

 1853 Hypodermic needle

 1898 Heroin introduced by Bayer

 1916 Oxycodone synthesized

 1923 Hydrocodone

 1960 Fentanyl



Opioids

 Endogenous opioids

 Endorphins

 Enkephalins

 Dynophins

 Endomorphins



Opioid Receptors

 5 Different Opioid Receptors (10 with subtypes)

 Mu  1,2,3 analgesia, dependence, side effects

 Kappa 1,2,3 analgesia, dysphoria

 Delta 1,2 analgesia, decreased motility

 Noci hyperalgesia

 Zeta developmental events tissue cells



Opioids

 All are capable of treating pain if dosed appropriately

 For moderate to severe pain: VAS 4-10 (with FLACC)

 Primary oral opioids acute pain pediatric patients

 Hydrocodone

 Oxycodone

 Hydromorphone

 At equipotent doses side effects are similar



Opioid Side-effects

 Nausea/Vomiting (most common)

 Constipation (most common)

 Respiratory depression 

 Sedation – unconsciousness

 Physical dependence

 Dry mouth

 Pruritis

 Tolerance

 Dizziness



Opioid Side-Effects

 Less common

 Myoclonus

 Delayed gastric emptying

 Muscle rigidity

 Urinary retention

 Hyperalgesia

 Immunologic dysfunction (Decreased proliferation macrophages)

 Hormonal dysfunction (inhibits testosterone production)



Which Opioid?

 Pain intensity

 Coexisting disease

 Other pain medications

 Potential drug interactions

 Provider preference

 Patient preference/Previous experience



Hydrocodone

 All are combined with acetaminophen 

 Lortab/Vicodin/Norco 

 Indicated moderate-severe pain (4-10)

 Oral Morphine Equivalent (OME) 1:1

 Onset 20 minutes

 Duration 3-4 hours

 Dose 0.05 – 0.1 mg/kg q 3 hours

 Tabs, 2.5/5/10 mg

 Elixir:  2.5 mg/cc



Oxycodone

 Frequently combined with acetaminophen (Percocet)

 Best to dose separately to avoid hepatotoxicity

 Severe pain:  VAS 4-10

 OME 1.5:1

 Dose:  0.05 – 0.1 mg/kg q 3 hours

 Tablets:  5 and 10 mg

 Elixir:  2.5 mg/cc



Hydromorphone

 Alternative to oxycodone when not effective or not tolerated

 Dose:  > 50 kg:  2-4 mg q 4 hours

 Dose:   <50 kg:  50 mcg/kg/dose q4 hours

 OME 4:1

 Tabs:  2 and 4 mg

 No elixir



Codeine and Tramadol

 Both have Black Box warnings 

 Contraindicated for children under 12 and children under 18 having ENT surgery 

or history sleep apnea

 Both act solely via active metabolites (morphine and M1) (Prodrugs)

 Genetic polymorphism: Cytochrome P450 CYP2D6 UM (ultra-metabolizers)

 Has led to respiratory depression and death

 Genotyping and phenotyping are on the horizon 

 Genotyping:  DNA sequencing from blood or saliva



The Future:  Biased Signaling G-protein 

Coupled  Mu opioid Receptors 



The Future:  Synthesized Alpha-2 

Agonists Without Sedation

 Dexmedetomidine

 High-resolution cryo-electron microscopic imaging of alpha-2 receptor

 Synthesized molecules as alpha-2 receptor agonists

 Successful in animal model, equivalent to opioids





Neuropathic Pain

 Pain caused by lesion or disease of somatosensory nervous system

 Common examples

 Post-herpetic, Trigeminal neuralgia

 Radiculopathy, Stroke, Diabetes

 Can be difficult to treat

 Characteristic symptoms are spontaneous, continuous or interrupted

 Burning

 Electric shock

 Allodynia

 Hyperalgesia



Transected Nerve Regeneration



Lesions of the Somatosensory Nervous 

System 



Ion Channel Dysregulation



 A delta, C and A beta fibers genetically modified to fluoresce specific 

colors when bombarded with photons in live mice

 Spared nerve injury model

 Evaluate nerve regeneration and mice behavior 

 Nociceptors from the sural nerve sprouted  in the identical pattern of 

touch fibers along blood vessels

 Nociceptors connected with touch receptors with reduced activation 

threshold

 Light touch fibers failed to regenerate









Treatment Neuropathic Pain

 Drugs with moderate evidence

 Pregabalin/Gabapentin

 Serotonin Norepinephrine reuptake inhibitors (SNRI)

 Other anti-seizure medications 

 Tricyclic antidepressants

 Drugs with weak evidence

 Lidocaine patches

 Capsaicin 8% patches

 Botox A



Treatment Neuropathic Pain

 Pregabalin (Lyrica)

 2.5-10 mg/kg/day

 Duloxitene (Cymbalta)

 30 – 60 mg daily in children





Inflammatory Pain

 Tissue damage activates inflammatory mediators potentiating pain

 Neurogenic inflammation

 Nociceptors recruit immune cells mediating inflammation

 Triggered by CNS



Inflammatory Pain

 Post-operative pain

 Trauma

 Osteoarthritis

 Rheumatoid arthritis



Pharmacologic Management 

Inflammatory Pain

 Acetaminophen is devoid of anti-inflammatory properties

 NSAIDs

 Ibuprofen

 Diclofenac

 Ketoprofen

 Ketorolac

 All have potential renal, GI and platelet toxicity

 Not all have the same profile

 All should not be taken for longer than 3 weeks continuously



Ibuprofen

 Most popular NSAID

 Inhibits 

 COX enzymes

 Leukocyte inactivation

 Spinal transmission

 Ibuprofen prevents prolonged anti-platelet effect of aspirin (10 days to 24 hours)

 Celebrex does not affect the anti-platelet effect of aspirin



Clinical and Experimental Evaluation 

of NSAIDs



Ketoprofen

 Best NSAID for anti-inflammatory/analgesic properties meta-analysis 13 

randomized trials

 Analgesic, antipyretic and anti-inflammatory

 Does not interfere with antiplatelet effects of aspirin

 Dose: 75 mg po tid 7-14 days



Ketorolac (Toradol) 

 IV or PO

 Oral dose 10 mg every 4 to 6 hours

 Not over 40 mg per day

 Similar side-effects to all NSAIDs



Ketorolac



Topical NSAIDs (Diclofenac)

 Topical NSAIDS recommended first-line therapy acute musculoskeletal 

injury  (AAFP) except low back pain

 Lower risk AE compared to oral  (GI, renal, platelet effects)

 Diclofenac only topical available in US

 1.3% patch, 1% gel, 2% solution

 Patch BID

 Gel 2 gms QID

 Solution  2 pumps BID





Treating Pain in Patients With Opioid 

Use Disorder (OUD)

How does the chronic use of opioids affect opioid requirements for acute 

pain?

 Three million US citizens using opioids chronically

 Exact mechanism for addiction remains unclear



Opioid Use Disorder

 Minimal:  < 1 month fill (90 pills)

 Intermittent:  2- 8  months

 Chronic: > 9 months



 44% reduction in opioid prescriptions in past decade

 Prescription Drug Monitoring Programs

 Increases in opioid use disorder and overdose deaths continue

 Decreasing opioid prescriptions is not the only answer

 What else?

 Increase access to medications to treat OUD (Buprenorphine)

 Naloxone services

 Ensure access to care for patients with pain, including opioid therapy

Prescription Opioids and the Opioid 

Epidemic





Acute Pain Management in Patients 

Treated with Medications for OUD

 Patients with history of OUD who receive opioid agonists are at increased risk for recurrence 

or exacerbation

 Medications for OUD

 Methadone

 Naltrexone

 Buprenorphine

 Buprenorphine has become the drug of choice for OUD

 Office based settings

 Less sedation

 Lower risk of toxicity

 Fewer withdrawal symptoms



Buprenorphine

 Mixed opioid agonist-antagonist not displaced by pure agonists

 Agonist at Mu receptor

 Antagonist at Kappa receptor

 Antagonist diminishes euphoric effects

 Combined with naloxone to prevent IV drug use

 Subq, buccal, sublingual or transdermal routes



Buprenorphine and Acute Pain

 Some Mu receptors remain unoccupied

 Current recommendation is to continue current dose of buprenorphine

 Add pure opioid agonists as needed

 Use multi-modal treatments as usual

 Taper opioid dose once pain resolves

 Collaborate with  buprenorphine prescriber





Pain Control in Infancy: 

Acetaminophen

 Acetaminophen recommended for the first line treatment of acute pain in 

infancy

 No age limit on dosing

 Several large studies have reported maternal prenatal acetaminophen is 

associated with behavior problems for the child

 There is no indication that postnatal acetaminophen is associated with 

adverse events



Ibuprofen in Infancy

 Drug insert recommends to not administer ibuprofen to infants under 6 

months of age

 Studies have shown no increased risk of renal or GI  side effects in infants 

under 6 months of age.

 Most recent recommendation is ibuprofen is indicated after 3 months of 

age and greater than 5 kg.



Ibuprofen in Infancy



Opioids in Infants

 Infants more susceptible to opioid respiratory depression

 Decreased protein binding

 Clearance decreased up to 80%

 Hepatic enzymes may not reach maturity up to 6 months

 Blood brain barrier more permeable



Oxycodone in Infancy



Opioids in Infancy

 Opioids:  Neonates and infants up to 6 months  will  require alternative 

dosing compared to older children:   

 dose decreased by 50%  

 twice the interval

 Opioids should be initiated in a monitored environment



Sucrose for pain control in infants



What Will Your Patients Who You Refer 

to Shriners Hospital Receive for Pain?

 Multi-modal analgesia

 Lidocaine infusions:  Sodium channel blocker

 Magnesium:  NMDA receptor mediator

 Precedex: Alpha 2 agonist

 Ketamine:  NMDA antagonist 

 Duloxitene:  inhibit norepi and serotonin reuptake, promoting inhibitory pathway

 Methocarbamol/Valium:    Centrally acting muscle relaxant

 Local anesthetics:  Sodium channel blockers



Neuraxial Blockade

 Epidural:  Posterior Spinal Fusion and Periacetabular osteotomy for CHD

 Caudal:  Periacetabular osteotomy infants with CHD

 Spinal:  MAGEC Rods



Peripheral Nerve Blockade

 Ultrasound guided

 Nerve and needle visualized

 Local anesthetic visualized

 Catheter placement  position confirmed

 Extremities, clavicle, proximal femur, hip 



Popliteal Sciatic Nerve Block



Anatomy Popliteal Sciatic Nerve Block



Ultrasound Anatomy Popliteal Sciatic 



Popliteal Sciatic Nerve Block



Anterior Sciatic Block

 Knee surgery



Ultrasound Anatomy Anterior Sciatic 

Nerve Block



Anterior Sciatic Block



Adductor Canal Block and Catheter



Adductor Canal Catheter



Home With a Catheter and Pain Ball



Local Anesthetic Systemic Toxicity 

(LAST)

 Intralipid Emulsion Therapy

 1.5 cc/kg over 1 minute

 0.25 cc/kg/min infusion

 Repeat bolus if no response

 Double infusion rate if BP allows

 Continue infusion for at least 10 minutes after return circulatory  stability



Case 1

 16 year old female patient of yours is 2 weeks s/p posterior spinal fusion for 
adolescent idiopathic scoliosis at Shriners Children’s Spokane.  It’s Friday 
afternoon and she is complaining of severe pain and has completely run 
out of pain meds and cannot reach her surgeon.   What should you do?

Is her wound infected?

 What type(s) of pain is this?

 How can you best assess her level of pain?

 What multi-modal pain medications should you use?

 Opioid?



Case 2

 15 year old girl 7 weeks s/p foot reconstruction with  peripheral nerve blocks 
(popliteal sciatic catheter, single injection adductor canal) for postoperative 
pain control.  She has had her cast off for a week and she presents to you with 
persistent burning pain and allodynia in her foot.  How should you proceed?

 What type(s) of pain is this?

 How can you assess her level of pain?

 What type of agents are most likely to help?

 What can you tell her about her prognosis for this pain?

 Seattle Children’s Pediatric Pain Clinic  866-987-2000



Case 3

 A 3 month old infant is 3 weeks s/p periacetabular osteotomy for 

congenital hip dysplasia and the parents present because they believe 

she is still in pain.  She has been on no pain medications for the past 10 

days.  How should you proceed?

 What type of pain is this?

 How can you best assess her level of pain?

 How should you best treat this?

 Would you use an opioid?



Case 4

 You are referring a 15 year old boy for posterior spinal fusion to Shriners 

Children’s hospital for adolescent idiopathic scoliosis.  Because of pain 

associated with his scoliosis he has been on oxycodone for the past 10 

months.  He asks what he should expect in terms of pain medication 

requirements after surgery because of his chronic opioid use.  How can 

you advise him?

 What data do we have on opioid use in patients taking chronic opioids?



Case 5

 An 18 year old female previously addicted to heroin now on 

buprenorphine maintenance presents to your office complaining of pain in 

her right ankle after falling off her bike.  X-rays are negative.  How should 

you proceed with treatment of her pain?

 What kind of pain is this?  Level of pain?

 What should you do with her buprenorphine?

 Can you prescribe opioids to someone on buprenorphine?  Agonist/antagonist?



Thank You!


