
1

Pain Management and 
Procedural Sedation for 
Infants and Children
Samina Ali 
Naveen Poonai 

REFERENCES

 1. Todd KH, Ducharme J, Choiniere M, et al: Pain in the emergency department: results of 
the pain and emergency medicine initiative (PEMI) multicenter study. J Pain 8: 460, 
2007. [PMID: 17306626]

 2. Poonai N, Cowie A, Davidson C, et al: Reported provision of analgesia to patients with 
acute abdominal pain in Canadian paediatric emergency departments. CJEM 18: 323, 
2016. [PMID: 26804807]

 3. Robb A, Ali S, Poonai N, Thompson GC: Canadian pediatric emergency department 
pain management for acute appendicitis. CJEM 17 (Suppl 2): S79, 2015.

 4. Trottier ED, Ali S, Le May S, Gravel J: Treating and reducing anxiety and pain in the 
pediatric emergency department: the TRAPPED survey. Paediatr Child Health 20: 239, 
2015. [PMID: 26175559]

 5. Ali S, Chambers AL, Johnson DW, et al: Paediatric pain management practice and poli-
cies across Alberta emergency departments. Paediatr Child Health 19: 190, 2014. [PMID: 
24855415]

 6. Drendel AL, Brousseau DC, Gorelick MH: Pain assessment for pediatric patients in the 
emergency department. Pediatrics 117: 1511, 2006. [PMID: 16651304]

 7. Downey LVA, Zun LS: Pain management in the emergency department and its relation-
ship to patient satisfaction. J Emerg Trauma Shock 3: 326, 2010. [PMID: 21063553]

 8. Ali S, Weingarten LE, Kircher J, et al: A survey of caregiver perspectives on children’s 
pain management in the emergency department. CJEM 18: 98, 2016. [PMID: 26205823]

 9. Magaret ND, Clark TA, Warden CR, Magnusson AR, Hedges JR: Patient satisfaction in 
the emergency department: a survey of pediatric patients and their parents. Acad Emerg 
Med 9: 1379, 2002. [PMID: 12460841]

 10. Taddio A, Ipp M, Thivakaran S, et al: Survey of the prevalence of immunization non-
compliance due to needle fears in children and adults. Vaccine 30: 4807, 2012. [PMID: 
22617633]

 11. Taddio A, Shah V, Gilbert-MacLeod C, Katz J: Conditioning and hyperalgesia in new-
borns exposed to repeated heel lances. JAMA 288: 857, 2002. [PMID: 12186603]

 12. Pate JT, Blount RL, Cohen LL, Smith AJ: Childhood medical experience and tempera-
ment as predictors of adult functioning in medical situations. Child Health Care 25: 281, 
1996.

 13. Phillips DM: JCAHO pain management standards are unveiled. Joint Commission on 
Accreditation of Healthcare Organizations. JAMA 284: 428, 2000. [PMID: 10904487]

 14. Hatfield LA, Ely EA: Measurement of acute pain in infants: a review of behavioral and 
physiological variables. Biol Res Nursing 17: 100, 2015. [PMID: 25504956]

 15. Drendel AL, Kelly BT, Ali S: Pain assessment for children: overcoming challenges and 
optimizing care. Pediatr Emerg Care 27: 773, 2011. [PMID: 21822093]

 16. Kellogg KM, Fairbanks RJ, O’Connor AB, Davis CO, Shah MN: Association of pain score 
documentation and analgesic use in a pediatric emergency department. Pediatr Emerg 
Care 28: 1287, 2012. [PMID: 23187984]

 17. Merkel SI, Voepel-Lewis T, Shayevitz JR, Malviya S: The FLACC: a behavioral scale for 
scoring postoperative pain in young children. Pediatr Nursing 23: 293, 1997. [PMID: 
9220806]

 18. Manworren RC, Hynan LS: Clinical validation of FLACC: preverbal patient pain scale. 
Pediatr Nursing 29: 140, 2003. [PMID: 12723828]

 19. Lawrence J, Alcock D, Kay J, McGrath PJ: The development of a tool to assess neonatal 
pain. J Pain Symptom Manage 6: 194, 1991.

 20. Blauer T, Gerstmann D: A simultaneous comparison of three neonatal pain scales during 
common NICU procedures. Clin J Pain 14: 39Y47, 1998. [PMID: 9535312]

 21. Tsze DS, von Baeyer CL, Bulloch B, Dayan PS: Validation of self-report pain scales in 
children. Pediatrics 132: e971, 2013. [PMID: 23999954]

 22. Stinson JN, Kavanagh T, Yamada J, Gill N, Stevens B: Systematic review of the psychometric 
properties, interpretability and feasibility of self-report pain intensity measures for use in 
clinical trials in children and adolescents. Pain 125: 143, 2006. [PMID: 16777328]

 23. Todd KH, Funk KG, Funk JP, et al: Clinical significance of reported changes in pain 
severity. Ann Emerg Med 27: 485, 1996. [PMID: 8604867]

 24. Tsze DS, von Baeyer CL, Pahalyants V, Dayan PS: Validity and reliability of the verbal 
numerical rating scale for children aged 4 to 17 years with acute pain. Ann Emerg Med 
71: 691, 2018. [PMID: 29107409]

 25. Hjermstad MJ, Fayers PM, Haugen DF, et al: Studies comparing numerical rating scales, 
verbal rating scales, and visual analogue scales for assessment of pain intensity in adults: 
a systematic literature review. J Pain Symptom Manage 41: 1073, 2011. [PMID: 21621130]

 26. Bailey B, Daoust R, Doyon-Trottier E, Dauphin-Pierre S, Gravel J: Validation and proper-
ties of the verbal numeric scale in children with acute pain. Pain 149: 216, 2010. [PMID: 
20188471]

 27. Malviya S, Voepel-Lewis T, Tait AR, et al: Pain management in children with and without 
cognitive impairment following spine fusion surgery. Pediatr Anesth 11: 453, 2001. 
[PMID: 11442864]

 28. Buffum MD, Hutt E, Chang VT, Craine MH, Snow AL: Cognitive impairment and pain 
management: review of issues and challenges. J Rehab Res Dev 44: 315, 2007. [PMID: 
17551882]

 29. Crosta QR, Ward TM, Walker AJ, Peters LM: A review of pain measures for hospitalized 
children with cognitive impairment. J Specialists Pediatr Nursing 19: 109, 2014. [PMID: 
24612473]

 30. Breau LM, MacLaren J, McGrath PJ, Camfield CS, Finley GA: Caregivers’ beliefs regard-
ing pain in children with cognitive impairment: relation between pain sensation and 
reaction increases with severity of impairment. Clin J Pain 19: 335, 2003. [PMID: 
14600533]

 31. Le May S, Ali S, Khadra C, et al: Pain management of pediatric musculoskeletal injury in 
the emergency department: a systematic review. Pain Res Manag 2016: 4809394, 2016. 
[PMID: 27445614]

 32. Hartling L, Ali S, Dryden DM, et al: How safe are common analgesics for the treatment 
of acute pain for children? A systematic review. Pain Res Manag 2016: 5346819, 2016. 
[PMID: 28077923]

 33. Kelly LE, Sommer DD, Ramakrishna J, et al: Morphine or ibuprofen for post-tonsillectomy 
analgesia: a randomized trial. Pediatrics 135: 307, 2015. [PMID: 25624387]

 34. Derry CJ, Derry S, Moore RA: Single dose oral ibuprofen plus paracetamol (acetamino-
phen) for acute postoperative pain. Cochrane Database Syst Rev 6: CD010210, 2013. 
[PMID: 23794268]

 35. Bailey E, Worthington HV, van Wijk A, Yates JM, Coulthard P, Afzal Z: Ibuprofen and/
or paracetamol (acetaminophen) for pain relief after surgical removal of lower wisdom 
teeth. Cochrane Database Syst Rev 12: CD004624, 2013. [PMID: 24338830]

 36. Bondarsky EE, Domingo AT, Matuza NM, Taylor MB, Thode HC, Singer AJ: Ibuprofen 
vs acetaminophen vs their combination in the relief of musculoskeletal pain in the ED: a 
randomized, controlled trial. Am J Emerg Med 31: 1357, 2013. [PMID: 23896011]

 37. Le May S, Ali S, Plint AC, et al: Oral analgesics utilization for children with musculoskel-
etal injury (OUCH trial): an RCT. Pediatrics 11: e20170186, 2017. [PMID: 29021235]

 38. Drendel AL, Gorelick MH, Weisman SJ, Lyon R, Brousseau DC, Kim MK: A randomized 
clinical trial of ibuprofen versus acetaminophen with codeine for acute pediatric arm 
fracture pain. Ann Emerg Med 54: 553, 2009. [PMID: 19692147]

 39. Clark E, Plint AC, Correll R, Gaboury I, Passi BL: A randomized, controlled trial of 
acetaminophen, ibuprofen, and codeine for acute pain relief in children with musculo-
skeletal trauma. Pediatrics 119: 460, 2007. [PMID: 17332198]

 40. Ali S, Drendel AL, Rosychuk RJ, et al: LO049: Ibuprofen or oxycodone? An observational 
cohort study of post-emergency department discharge management of children’s fracture 
pain. Can J Emerg Med 18: S47, 2016.

 41. Poonai N, Bhullar G, Lin K, et al: Oral administration of morphine versus ibuprofen to 
manage postfracture pain in children: a randomized trial. CMAJ 186: 1358, 2014. [PMID: 
25349008]

 42. https://www.fda.gov/Drugs/DrugSafety/ucm549679.htm. (U.S. Food and Drug Admin-
istration: FDA Drug Safety Communication: FDA restricts use of prescription codeine 
pain and cough medicines and tramadol pain medicines in children; recommends 
against use in breastfeeding women.) Accessed January 21, 2019.

 43. http://healthycanadians.gc.ca/recall-alert-rappel-avis/hc-sc/2013/33915a-eng.php. 
(Health Canada: Health Canada’s review recommends codeine only be used in patients 
aged 12 and over.) Accessed August 18, 2017.

 44. Friedrichsdorf SJ, Postier AC, Lander TA, Tibesar RJ, Lu Y, Sidman JD: Tramadol versus 
codeine/acetaminophen after pediatric tonsillectomy: a prospective, double-blinded, 
randomized controlled trial. J Opioid Manag 11: 283, 2015. [PMID: 26312955]

 45. Saunders M, Adelgais K, Nelson D: Use of intranasal fentanyl for the relief of pediatric 
orthopedic trauma pain. Acad Emerg Med 17: 1155, 2010. [PMID: 21175512]

 46. Holdgate A, Cao A, Lo KM: The implementation of intranasal fentanyl for children in a 
mixed adult and pediatric emergency department reduces time to analgesic administra-
tion. Acad Emerg Med 17: 214, 2010. [PMID: 20070272]

 47. Graudins A, Meek R, Egerton-Warburton D, Oakley E, Seith R: The PICHFORK (Pain 
in Children Fentanyl or Ketamine) trial: a randomized controlled trial comparing intra-
nasal ketamine and fentanyl for the relief of moderate to severe pain in children with 
limb injuries. Ann Emerg Med 65: 248, 2015. [PMID: 25447557]

 48. Motov S, Rosenbaum S, Vilke GM, Nakajima Y: Is there a role for intravenous subdisso-
ciative-dose ketamine administered as an adjunct to opioids or as a single agent for acute 
pain management in the emergency department? J Emerg Med 51: 752, 2016. [PMID: 
27693070]

 49. Reynolds SL, Bryant KK, Studnek JR, et al: Randomized controlled feasibility trial of 
intranasal ketamine compared to intranasal fentanyl for analgesia in children with sus-
pected extremity fractures. Acad Emerg Med 24: 1430, 2017. [PMID: 28926159]

 50. Yeaman F, Oakley E, Meek R, Graudins A: Sub-dissociative dose intranasal ketamine for 
limb injury pain in children in the emergency department: a pilot study. Emerg Med 
Australas 25: 161, 2013. [PMID: 23560967]

 51. Ali S, Drendel AL, Rosychuk RJ, et al: LO049: Ibuprofen or oxycodone? An observational 
cohort study of post-emergency department discharge management of children’s fracture 
pain. Can J Emerg Med 18 (S1): S47, 2016.

 52. Poonai N, Bhullar G, Lin K, et al: Oral administration of morphine versus ibuprofen to 
manage postfracture pain in children: a randomized trial. CMAJ 1: 140907, 2014. [PMID: 
25349008]

 53. Fein JA, Zempsky WT, Cravero JP; Committee on Pediatric Emergency Medicine and 
Section on Anesthesiology and Pain Medicine; American Academy of Pediatrics: Relief 
of pain and anxiety in pediatric patients in emergency medical systems. Pediatrics 130: 
e1391, 2012. [PMID: 23109683]

 54. Stevens BJ, Abbott LK, Yamada J, et al: Epidemiology and management of painful proce-
dures in children in Canadian hospitals. CMAJ 183: E403, 2011. [PMID: 21464171]

C H A P T E R

115

Tintinalli_Ch115_References.indd   1 17/07/19   3:25 pm



2   SECTION 12: Pediatrics

 55. Friedrichsdorf SJ, Postier A, Eull D, et al: Pain outcomes in a US children’s hospital: a 
prospective cross-sectional survey. Hosp Pediatr 5: 18, 2015. [PMID: 25554755]

 56. Farion KJ, Russell KF, Osmond MH, et al: Tissue adhesives for traumatic lacerations in 
children and adults. Cochrane Database Syst Rev 3: CD003326, 2002. [PMID: 12137689]

 57. Karounis H, Gouin S, Eisman H, Chalut D, Pelletier H, Williams B: A randomized, 
controlled trial comparing long-term cosmetic outcomes of traumatic pediatric lacera-
tions repaired with absorbable plain gut versus nonabsorbable nylon sutures. Acad Emerg 
Med 11: 730, 2004. [PMID: 15231459]

 58. Stevens B, Yamada J, Lee GY, Ohlsson A: Sucrose for analgesia in newborn infants undergo-
ing painful procedures. Cochrane Database Syst Rev 1: CD001069, 2013. [PMID: 23440783]

 59. Poonai N, Alawi K, Rieder M, Lynch T, Lim R: A comparison of amethocaine and lipo-
somal lidocaine cream as a pain reliever before venipuncture in children: a randomized 
control trial. Pediatr Emerg Care 28: 104, 2012. [PMID: 22270502]

 60. Taddio A, Soin HK, Schuh S, Koren G, Scolnik D: Liposomal lidocaine to improve pro-
cedural success rates and reduce procedural pain among children: a randomized con-
trolled trial. CMAJ 172: 1691, 2005. [PMID: 15967972]

 61. Lander JA, Weltman BJ, So SS: EMLA and amethocaine for reduction of children’s pain 
associated with needle insertion. Cochrane Database Syst Rev 3: CD004236, 2006. 
[PMID: 16856039]

 62. Stoltz P, Manworren RC: Comparison of children’s venipuncture fear and pain: random-
ized controlled trial of EMLA® and J-Tip Needleless Injection System®. J Pediatr Nursing 
37: 91, 2017. [PMID: 28823623]

 63. Jain S, Hegenbarth MA, Humiston SG, Gunter E, Anson L, Giovanni JE: Increasing ED 
use of jet injection of lidocaine for IV-related pain management. Pediatrics 139: 
e20161697, 2017. [PMID: 28280209]

 64. Caltagirone R, Raghavan VR, Adelgais K, Roosevelt GE: A randomized double blind trial 
of needle-free injected lidocaine versus topical anesthesia for infant lumbar puncture. 
Acad Emerg Med 25: 310, 2018. [PMID: 29160002]

 65. Jain S, Hegenbarth MA, Humiston SG, Gunter E, Anson L, Giovanni JE: Increasing ED use 
of jet injection of lidocaine for IV-related pain management. Pediatrics 139: e20161697, 2017. 
[PMID: 28280209]

 66. Harman S, Zemek R, Duncan MJ, Ying Y, Petrcich W: Efficacy of pain control with topi-
cal lidocaine-epinephrine-tetracaine during laceration repair with tissue adhesive in 
children: a randomized controlled trial. CMAJ 185: E629, 2013. [PMID: 23897942]

 67. Godwin SA, Burton J, Gerardo CJ, et al: Clinical policy: procedural sedation and analge-
sia in the emergency department. Ann Emerg Med 63: 247, 2014. [PMID: 28395927]

 68. Coté CJ, Wilson S; American Academy of Pediatrics; American Academy of Pediatric 
Dentistry: Guidelines for monitoring and management of pediatric patients before, dur-
ing, and after sedation for diagnostic and therapeutic procedures: update 2016. Pediatrics 
138: e20161212, 2016. [PMID: 27354454]

 69. Bhatt M, Johnson D, Taljaard M, et al: Association of preprocedural fasting with out-
comes of emergency department sedation in children. JAMA Pediatr 172: 678, 2018. 
[PMID: 29800944]

 70. Cravero JP, Blike G, Beach M, et al: Incidence and nature of adverse events during pedi-
atric sedation/anesthesia for procedures outside the operating room: report from the 
Pediatric Sedation Research Consortium. Pediatrics 118: 1087, 2006. [PMID: 16951002]

 71. Bhatt M, Johnson DW, Chan J, et al: Risk factors for adverse events in emergency depart-
ment procedural sedation for children. JAMA Pediatr 171: 957, 2017. [PMID: 28828486]

 72. American Society of Anesthesiologists Committee: Practice guidelines for preoperative 
fasting and the use of pharmacologic agents to reduce the risk of pulmonary aspiration: 
application to healthy patients undergoing elective procedures. An updated report by the 
American Society of Anesthesiologists Committee on Standards and Practice Parame-
ters. Anesthesiology 114: 495, 2011. [PMID: 21307770]

 73. Dial S, Silver P, Bock K, Sagy M. Pediatric sedation for procedures titrated to a desired 
degree of immobility results in unpredictable depth of sedation. Pediatr Emerg Care 17: 
414, 2001. [PMID: 11753184]

 74. Sacchetti A, Senula G, Strickland J, et al: Procedural sedation in the community emer-
gency department: initial results of the ProSCED registry. Acad Emerg Med 14: 41, 2007. 
[PMID: 16946280]

 75. Hogan K, Sacchetti A, Aman L, et al: The safety of single-physician procedural sedation 
in the emergency department. Emerg Med J 23: 922, 2006. [PMID: 17130600]

 76. Hartling L, Milne A, Foisy M, et al: What works and what’s safe in pediatric emergency 
procedural sedation: an overview of reviews. Acad Emerg Med 23: 519, 2016. [PMID: 
26858095]

 77. Green SM, Roback MG, Krauss B, et al: Predictors of emesis and recovery agitation with 
emergency department ketamine sedation: an individual-patient data meta-analysis of 
8,282 children. Ann Emerg Med 54: 171, 2009. [PMID: 19501426]

 78. Langston WT, Wathen J, Roback MG, et al: Effect of ondansetron on the incidence of 
vomiting associated with ketamine sedation in children: a double-blind, randomized, 
placebo-controlled trial. Ann Emerg Med 52: 30, 2008. [PMID: 18353503]

 79. Green SM, Johnson NE: Ketamine sedation for pediatric procedures: part 2, review and 
implications. Ann Emerg Med 19: 1033, 1990. [PMID: 2203290]

 80. Sener S, Eken C, Schultz CH, Serinken M, Ozsarac M: Ketamine with and without mid-
azolam for emergency department sedation in adults: a randomized controlled trial. Ann 
Emerg Med 57: 109, 2011. [PMID: 20970888]

 81. Bleiberg AH, Salvaggio CA, Roy LC, Kassutto Z: Low-dose ketamine: efficacy in pediat-
ric sedation. Pediatr Emerg Care 23: 158, 2007. [PMID: 17413431]

 82. Green SM, Roback MG, Kennedy RM, Krauss B: Clinical practice guideline for emer-
gency department ketamine dissociative sedation: 2011 update. Ann Emerg Med 57: 449, 
2011. [PMID: 21256625]

 83. Shah A, Mosdossy G, McLeod S, et al: A blinded, randomized controlled trial to evaluate 
ketamine/propofol versus ketamine alone for procedural sedation in children. Ann 
Emerg Med 57: 425, 2011. [PMID: 20947210]

 84. Erden IA, Pamuk AG, Akinci SB, et al: Comparison of propofol-fentanyl with propofol-
fentanyl-ketamine combination in pediatric patients undergoing interventional radiol-
ogy procedures. Paediatr Anaesth 19: 500, 2009. [PMID: 19453582]

 85. Green SM, Andolfatto G, Krauss B: Ketofol for procedural sedation? Pro and con. Ann 
Emerg Med 57: 444, 2011. [PMID: 21237532]

 86. Green SM, Roback MG, Krauss B, et al: Predictors of airway and respiratory adverse 
events with ketamine sedation in the emergency department: an individual-patient data 
meta-analysis of 8,282 children. Ann Emerg Med 54: 158, 2009. [PMID: 19201064]

 87. Conway A, Rolley J, Sutherland JR: Midazolam for sedation before procedures. Cochrane 
Database Syst Rev 5: CD009491, 2016. [PMID: 27198122]

 88. Leroy PL, Schipper DM, Knape HJ: Professional skills and competence for safe and effec-
tive procedural sedation in children: recommendations based on a systematic review of 
the literature. Int J Pediatr 2010: 934298, 2010. [PMID: 20652062]

 89. Mace SE, Barata I, Cravero JP, et al: Clinical policy: evidence-based approach to pharma-
cologic agents used in pediatric sedation and analgesia in the emergency department. 
Ann Emerg Med 44: 342, 2004. [PMID: 15459618]

 90. American Academy of Pediatric Dentistry: Guideline on use of nitrous oxide for pediat-
ric dental patients. Pediatr Dent 35: E174, 2013. [PMID: 24290547]

 91. Jalota L, Kalira V, George E, et al: Prevention of pain on injection of propofol: systematic 
review and meta-analysis. BMJ 342: d1110, 2011. [PMID: 21406529]

 92. Miner JF, Burton J: Clinical practice advisory: emergency department procedural seda-
tion with propofol. Ann Emerg Med 50: 182, 2007. [PMID: 17321006]

 93. Finsterer J, Segall L: Drugs interfering with mitochondrial disorders. Drug Chem Toxicol 
33: 138, 2010. [PMID: 19839725]

 94. Moro-Sutherland DM, Algren J, Louis PT, et al: Comparison of intravenous midazolam 
with pentobarbital for sedation for head computed tomography imaging. Acad Emerg 
Med 7: 1370, 2008.

 95. Chun TH, Amanullah S, Karishma-Bahl D, et al: Comparison of methohexital and pen-
tobarbital as sedative agents for pediatric emergency department patients for computed 
tomography. Pediatr Emerg Care 25: 648, 2009. [PMID: 21465691]

 96. Plambech MZ, Afshari A: Dexmedetomidine in the pediatric population: a review. 
Minerva Anestesiol 81: 320, 2015. [PMID: 24824958]

 97. Kim HJ, Shin W, Park S, Ahn HS, Oh JH: The sedative effects of the intranasal adminis-
tration of dexmedetomidine in children undergoing surgeries compared to other seda-
tion methods: a systematic review and meta-analysis. J Clin Anesth 38: 33, 2017. [PMID: 
28372674]

 98. Yuen VMHT, Irwin MG, Yao TJ, Wong GL, Yuen MK: Optimal timing for the adminis-
tration of intranasal dexmedetomidine for premedication in children. Anaesthesia 65: 
922, 2010. [PMID: 20645951]

 99. Talon MD, Woodson L, Sherwood ER, Aarsland A, McRae L, Benham T: Intranasal 
dexmedetomidine premedication is comparable with midazolam in burn children 
undergoing reconstructive surgery. J Burn Care Res 30: 599, 2009. [PMID: 19506498]

Tintinalli_Ch115_References.indd   2 17/07/19   3:25 pm


